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INTRODUCTION.

The Report —This Tirst Triennial Report of the Hydro Dlectric Survey of India contams a
considerable amount of techmcal matter which appeared 1n the Prelumimary and Second Reports,
the former 1s now out of date while the Iatter was of the nature of an wnterum report only The
present volume contams Information and directions which will enable the civil and electrical engineers
engaged on the practical work of the Survey to size up the potentialities of any possible source of
power under i estigation  If the explanations m Part I of this Report appear somewhat elementary
1t must be remembered that the officers 1n charge of the Survey 1n the Provinces have had, for the
most part, no previous experience of the specialized problem of water 1power , and, dealing with um-
mense areas, their subordinate staffs have necessarily had to work largely on therr own mitiative, with
no text books other than the earlter reports  Applications for coples of these reports continue to
come 1 from all parts of the world The first direct result was seen during the cold weather of
1920 21, when techmeal representatives of a number of large firms mterested 1 plant for hydro-
electric developments visited India to see for themselves what the prospects are and what are the
special 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 1s obviously called for The
Prelmimary Report was 1ssued n foolscap, and the Compiler was told that the public would not read
blue books , though 1n pownt of fact several thousand copes were actually distributed The Second
Report was consequently printed 1n quarto, 1n the style of the reprints of several Government Com-
muttees’ and Commissions Reports, this size however does not lend 1itself to the msertion of maps
and diagrams, which when placed m a pocket are often left there Now that a substantial amount
of work has been done _and the speculative “ sites ” of the earlter reports have i many cases erther
been written off as useless or found to be of value, an intermediate size of page has been defimtely
adopted The earlier reports also cease to be of value, as the present one contains what 15 still use-
ful from them, so that 1t 15 not necessary to bind them together with this volume The current
Report of the Inspector General of Irnigation 15 being 1ssued 1n a similar size, and the two subjects
will some day be more intimately connected than they are now -
The list of sites 1 Part, IT of the Report 1s set up m alphabetical order as far as possible, as
shown by the full hst of contents, but a complete 1ndex 13 also given :
The Suriey, Provincial —As a consequence of the “ Reforms ” the Government of India dectded,
m Qctober 1920, that ‘all outlay on water storage and water power will be Provincial charge, and
the necessary proviston for hy dro electric surveys should therefore be made 1n the Provincial esti-
mates from and after the year 1921 22" Consequently the funds required for carrying on the Survey
from the Ist Apnl, 1921, have been voted upon 1n the varous Legislative Councils, and 1 a good
many nstances reductions were moved As matters now stand tie Survey 1 m danger of falling
between the upper and the nether mllstone, as the Goy ernment of India 1s no longer able to provide
funds for the contimuance of the work Nevertheless the slender thread that binds the Chief
Engineer to his colleagues 1n the Provinces has proved to be of good material, and to one and all
of those colleagues and their assistants he tenders his heartfelt thanks for their cordsal co operation
It _cannot be too plamly urged that the completion of the survey 1s of the utmost importance to the
industrial future of India , and that 1t will be carried out more efficrently 1f the work 1s done quickly
and with as few changes in Eersonnel as possible  The subjects of Water Storage, Water power and
Llectricity are *“ Reserved ”  In techncal matters the officers mn charge 1n the Provinces are free,
as herctofore, to consult the Chief Engincer on technical questions erther by correspondence or when
the latter officer 1s on tour, but they remam under the direction and orders of their own Chief En-
gneers  1n the detalled scetions of Part 11 of this Report the facts stated are taken, 1 most cases,
directly from Provincial reconnaissance and Survey reports, the comments and (1n some cases)
estimates of power have been added by the present writer
»
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INTRODUCTION,

Persounel —3r F T Bull, Chief Engineer, left India preparatory to retirement m March 1921
was succeeded by Mr J W Meares, Llectriesl Adsiser to the Gosernment of India, who for the
»nd tune took over the direction of the Surve) m that capacity During his absence on leave
Meares spent a short time m Sweden and Norway and submitted a separate inspection note
arding the hydro electric works vsited, which has been circulated to all officers concerned
In Assam, Mr B A Blenkinsop has continued mn charge, except for a short part of the summer
1920 spent on leave in Europe  The survey 15 procecding
In Bengal, no one has itherto been apponted to the Survey, and no progress has therefore
n made , but steps are now being tahen to rectify this omission
In Bihar and Orssa, Mr Stevens took furlough m 1920 preparatory to retirement and hither-
no whole time officer has been appointed to take his place, the current duties have however
en carried onby Mr H Wardle Superintending Engineer It 15 hoped that an Lecutive
wneer will be appomted during the current cold weather
In Bombay, Mr P L Bowers, CIE, MC, has remamed in charge, except for short leave
mng the summer of 1920 Three addittonal officers were selected 1n England to assist Mr Bowers,
whom two took over therr duties during the cold weather of 1920-21 Meantime, bv Public
orhs Department Order No C W 12193 dated 8th August, 1921, the Government of Bombay
15 decided that the Survey shall cease forthwith A separate Report on the work done 15 being
ublished by the Gosernment of Bombay, and certain rain and nver gaugings are to be
sntinued
In Burma, Mr H Nimmo officiated for Mr B Raikes during the leave of the latter m 1920,
Ir Raikes took over charge again mn the cold weather of 192021 Two additional officers were
elected m England to assist Mir Rathes and they have taken up their duties
In the Central Provinces, there has been no progress in the survey, the whole staff hax ing reverted
o Trrigation owing to farine demands The present report deals fully with the admurable work
arried out by Mr Powys Davies and his successor Mr N C. Bhattachary during their one working
enson
InMadras, Mr R T Sneyd, M C, officer 1n charge, retired from Government service during the
vear , he was succeeded by Mr J Tate, Executive Engineer, and the survey 1s proceeding
Colonel B C Battye, RE, DS O, completed his detatled sur ey of the Sutle) River Hydro-
Electric project and its subsidiaries during 1921, and submutted his Report to the Punjab Go+ ernment.
Except for this project no officer has been appointed mn the Province, the enormous potentialities of
which, are practically unknown Steps are bemng taken to start a general reconnatsance this year,
if an officer can be spared
In the United Prc romar -
1921, when Ra1 Salub . ' .
Lmpire water pow . . . the Conjomt
Board of Scientific Soctettes has now been 1ssued The Report states that while “ more or less

v 1

leatve m May

adequate steps are being taken by varous Governments .... .. .... tahing the Empire as a
ER0 R - ' ' y methods
. + de or to
. . matters
stand —
HYDRAULIC HORSE POWER Per cent. of
available now
| Avadable | Developed. o
Egrope L 47,300 000 8430, 00 180
North Amenca (ncladng Canada) . . . . . . . 50 500 000 8,503 000 173
Batuh Fropire (except Canada) . . . . . . . . 41,200 000 603000 17




s INTRODUCTION. ix
Trom pages 54, 55 of the present Repoit 1t wall be seen that the probable water power of India

for ““ maximum des elopment ”* 15 some 12,680,000 halowatts, equal to 21 nullion water horse pover,
The proposed “ Imperral

of which only 11 per cent 1s developed or 1 course of development
Water-Power Board * 1s therefore much needed  Tables 4 and 5 on pages 36, 37 will also repay

perusal in compnning India with the rest of the Butish Empire.

J. W, MEARES.

S1MLa,
22nd November, 1921.






TRIENNIAL REPORT, 1921.

PART L.—TECHNICAL MATTERS .

Craprer I —Warer POWER

1. Basis of water power.—In order to obtan
power from water 1t 13 necessary to have—
1) a defimte flow of water, and
(n) a fall of sufficient amount, whether natural or
artificial
A perennial flow of water may be obtamed—
(a) from the natural flow of a niver or strears,
(b) from the artificial flow of an 1rngation or navi-
gation canal,
(c) from the regulated outflow of a reservoir of
sufficient size, or
{d) from a combmation of {a) and {c) or (m rare
cagses) of (b) and (¢)
By 1tself such a flow of water 13 not of any substantial
value, although the fact of flow existing at all shows
that there 1 a fall A sluggish mver meandening
through practically flat country, can seldom be harness
ed , and, without the creation of a defimte fall, never
The fall may be either— -
(¢} & patural waterfall, whether of the yertical
> and spectacular variety or a cascade,
(f) a sertes of rapids not amounting to 2 waterfall,
but equivalent to one from the present pont
of view ,
(9) an artificral fall created by a “hitmng dam™
or barrage 1n a Tiver or & Weir in a canal,
() an artfictal fall obtamed by ating the

Combmation be Malakhand canal project
» bt Meny canal rapids
» bg Ganges canal plant, Amntsar
5 bh Not posuitle
, bi Incongruous
”» ce Cordite factory, Rjukam, ote
" ef Trollhatten
” 3 Cauvery and Bbandardera daws eto.
» ch Tata H E P 8 Co
N ¢i Andbra Valley, Nila 3ula project
N ae 2} ag UVm Teu lower rapids
. db Most I;{mlectu i Central Provinces
. d1  Tons River Rewah

These examples may not always be exact, as there
are combinations of every sort to be found, all may
be made to yld power

3. Computation of wafer power.—The rafe at
which power can be generated (expressed m horse-
power or lnlowatts) varies directly as the product of the
ue:ﬁzl of water falling per unit of time and the 1ertical
height through whichat falls  The total amount of epergy
50 generated 1n any given time vares drwectly as the
product of the fofal weight of water fallng 1n that time
and the 2ertical herght throngh which st falls  In many
countries the umts used are, for the fall, metres, for
the flow, cubic metres per second In India the foot
and the cubic foot per second or * cusec” sre used
In America cusecs are called *“ seconds feet,” which 1s
a less self explanatory term The weight of a cube
oot of water may be taken as 624 lbs A metre 1s
328 ft and a cubic metre 353 cu ft

The various umts of power and the methods of

gradual drop of o stream or source over a
considerable length, by means of an art:f
cial water channel constructed on”a much
more gradual slope on the banks or hills
above the stream, or

(¢) an artificial fall created by diverting the waters
of a source at a high elevation through the

water parting
2. Examples of combmations of low and fall.—
Combinations of most of these types of fall with the
vaneties of flow can be found m actual or potential

power schemes, thus—

Combination a ¢ Cauvery falls Naagara ete ete
. of Um Tru projoct upper rapids.
. ag Notodden plants anl many suggested 1n
ry
. ah fimla Darjecl ng Mussoone
al Dykars nver

g are gnven 1 Appendix I It will be sufficrent
here to say that the klowatt 18 employed throughout
this Report as the unit of power and the klowatt-
hour as the corresponding umt of energy The power
obtainable from the flow of any source can be fonnd
approximately by— -

Kilowatts=fow m cusccsxhead m feet/15

The total energy obtamable from any source, whether
from flow or from stored water, can sumilarly be found
by~

Kilowatt-Eours==thousands of cubic feet of waterx

head m feet/56

TWhere large storages are 1n question the Lilowatt-
year, se. 8,760 kW h, 1s a more convenient unit, and
the corresponding formuls b

KW years=mullions of cubte feet of water X head

1 feet/500

c
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4 Abbreviations used —The abbreviations kW
for kilowatt , KWh or umit for kilowatt hour, b L p
for brake horse power  cusec for cubic foot per second ,
it for feet, cu ft for cubic feet; and m e ft
for mullions of cublo feet are used throughout thid
Report

5 Flow and Tall It 1s qute clear that, as the
product of flow and fall 1s the measure of the power,
an mmense variety of conditions can be met by vana
tion m one or the other Thus any product of head
and fall that comes to 15 000 cusec ft will on the for
mula given show 1000 kKW 1n resulting power

The followmng varations are all within the hmits of
actual practice and all make up the same power (neg
lecting mnor varations m efficiency) —

Feet

5000 cusces on 3 head or fall of 3
500 30
50 300
6w 3000

6 ¢ Working head ”—Thus the valuc of a given
total quantity or a given rate of flow of water 1n terms

Faveboay

Opts pramms Corck
Headt Caval |

-

Heao

F*; 2 Meprum nean

MATTERS [Para 4
of power 13 directly proportional to the worfing head,
this 1s the difference 1n lev el 1n feet between the forebay,
or pipe entrance or head waters (as the case may be)
and the pont where the water finally ceases to do work,
diminished by the losses 1n the passage exeept turbme
losses which come into the turbine efficiency This
18 illustrated by Figs 1to 3 Tig 1 represents a
very low head mstallation with open penstock setting
and draft tube Fig 2 represents & mediim head
plant fed by a pressure pipe and using a draft tube
to the tail race I'ig 3 represents & Iugh head 1m
pulse turbine and here the water has done 1its work
after striking the bucl ets and falls 1nto the tail race
freely , the draft head cannot therefore be used The
lowest head that 1s of practical use {except on a toy
scale) 18 about 3 ft , the Mhighest so far developed
1 one stage 13 over § 000 {t

7. Combined irmgation and power projects —
India contams a vast system of umgation worksn the
form of cansls fed both by perennial mvers and from
storage works Hitherto the combination of irmgation
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 & generation

Foratay

F&g 3 Hict nesp

Heap
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The mam disadvantage of such power s its disconts
nuity , m the first place, canals fed by tanks or lahes
with a limted supply can only be run when the water1s
needed for the crops, and, secondly, canals fed by it~
bearmg nivers have to be closed periodically for repawrs
and cleaning out To prevent breaches canals must
be closed when ram, suffictent to take care of the crops,
falls Very few, if any of the Northern India canals
have escapes capable of disposing of the supply once
the demand slickens and very few could be provided
with escapes at any reasonable cost, if at all  So long
as the power 18 bemng used to pump water up to wrngate
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 m abeyance Where however power 13 to be
used for ordinary mdustrial purposes 1t may be a scrious
matter 1f both the capital and labour employed are
kept 1dle for weeks Reserve steam or o plant may
then be necessary, and this nvolves large addittonal
capital cost
In any part of India where further irrigation works
are needed there may be an opeming for the combina
tion of thesc with power supply Where large reser
vorrs are mvolved this 13 evident for the tail waters
from the turbines may be discharged directly mto
canals It 13 probable that m order to get swtable
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 combmed project might pay where
1t would not do so 1f confined to erther wngation or
power The cost of the storage works would be met
by both undertahngs In the case of the canals fed
by perennial rivers the same combmation offers attrac
tions Hitherto as pomted out at the Punjab Engineer
g Congress 1n 1919 the possibihity of utibzing canal
falls for power purposes has not been taken defimtely
1nto account in their design and lay out , thus there will
often be several small falls m a few mles of canal
where a smgle fall would have beenpracticable and
would have been far better for power devel

TURBINFS 10R VARIOUS HEADS. 3

Cuarrer 2 —Varienios or Hibraviie Lay our

8. Turbmes for various heads —The many va
rietees of flow and fall deseribed 1 paras 1 to 4 above
may be developed also m & number of ways, and 1t 18
one of the man functions of the water power engmeer
to determme 1n any given mstance which method will
prove the most smitable, what working head should be
actually used, and so forth Thus, where high or

‘medlum heads are mvolved, 1t 15 often possible to find

several sites for the forebay and the power house, giving
different heads, one of which will almost certanly be
preferable to the others In low head projects nature
or works already constructed more often settle the head,
but here agam the Iay out may be of several kunds

On low heads, such as canal falls or rap:ds 1n nivers,
the reaction type of turbine 18 mvamably used—the
Francis wheel bemng the type at present employed The
disadvantage of very low heads 1s that only low speeds
can be obtaned mvolving either very large generators
or mdwect dnving of high speed generators Im
provements however are bemng made, see para 46
On very low heads an “ open penstock setting ” 1s often
employed, the open wheels bemg fixed at the bottom
of the forebay itself with the shaft passmg through
a water tight partition The reaction type of wheel
functions by water pressure, the wheel (and 1ts casing,
when there 15 one) bemg entirely full of water The
discharge from the wheel 15 conveyed by a draft tube,
or suction pipe, to the tail race level asshownmFig 1
It 1s immaterial up to the practical hout of suction
head (depending on the altitude and the atmospheric
pressure) whether the working head 1s above or below
fhe wheel, both contmbute 10 every case Often the
draft head accounts for a very large proportion of the
total power

On medwm keads, up to several hundred feet reac-
tion turbines are also generally used at the present day ;
but there 13 a zone at about 350 ft or 400 ft where
elther tion or mpulse wheels may be used The

It 13 to be hoped that m future this will be borno 1
mind  Several small falls are however preferred for
irngatton purposes on the score both of economy 1n
construction and of factlity of command

A good many combined irngation and power projects
will be found 1 this Report, espeaally 1n Bombay
Presid As & particularly o of
of a prehustortc storage scheme anticipating modern
engineering practice 1n the matter of watershed crossing,
tho reader may De referred to the Pinpihave project
the Palm Hills, Madras (para 105)  Here a fall of over
5,000 ft can be utilized before taling for ungation

latter may be considered as high head developments
The medium head reaction wheel 1s fed from pressure
pipes and a draft tube utilizes the available fall below
the wheel, as m low head installations (Ig 2) The
draft head 13 lumted to a matter of about 29 ft on
small turbines at low sltitudes and can not exceed
obout 9 ft with the very large pipes now often employ ed
on large wheels On medium heads the edditronal
power obtamned from draft 15 still substantial, but not
so vital 1s on low heads Moderate speeds, suitable
to what 13 required by the generators, can be obtamed
withmn fauly wide hmts
c2
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On Fugh heads the Jet ympulse turbine, or pelton wheel,

always used This does nob act by pressure, but
y the veloaty of a jet striking curved buchets The
smg of the wheel therefore contams air at atmos
herc pressure, and the water after stuling the buckets
uns off freely by gravity, and not in a pipe or draft
ube The height of the tail race water does not there
ore enter 1nto the caleulation of the head  High pert
sheral speeds, n tnfle less than half that of the pressure
et [V=97 100% of \/(2gh)], ate obtamnable with pelton
vheels, and the revolutions per mmute can therefore
be determmed by the diameter of the wheel itself

HEAD woaxs

BRANEH TO WEAD Wohuy &

FRESTURE
Piet

CRAET TUBE

CANAL BEO

MATTERS. [Para. 9
occurring sithin a short distance, this 1s only too
common (from the power pomt of view) on Indian
canal systems In order to combine such falls several
devices may be employed A subsidiary lugh level
head race canal may be constructed from the upper
fall to & pomt near the lower fall (Fig 4), the power
house bemng placed at the end of this so that the draft
tubes discharge below the lower fall Or agamn, as
shown 1 Fig 5, the pover house may be placed near
the upper fall, the draft tubes discharging nto a subsy
diary low level tail race channel, leading to a junction
below thelower fall  Other low fall lay outs are more

— g ~e CAHAL BED

LOW HEAD LAY OUT FOR DOUBLE CANAL FALL

WITH BUBGIDIARY HEAD AACGE CHANKREL .
Fio 4

9 Low liead lay-ouls —Confinng the low head
category to cases where an open penstock sctting s,
or can be, used the canal fall 13 typical  Very low niver
developments are possible on sumilar lines Figure 1

LOwSR
raLC

CanaL BED  *

conventently dealt with under medium heads, as there
are many Instances where the same type will do for both

10 Medwm (or low) head lay-ouls —All heads
too high for an open penstock setting, and therefore

MEAD wWoray

wMESL
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TAIL RACE BRANGH caNaL

LOW HEAD LAV-OUT FOR DOUBLE CANAL FAau.
WITH SugSIDIARY TAIL face CuanNgL
Fro
m para 6 above 13 illustrative of such a fall. Tbercl‘mvolvmg'_prcssure'blpes, up to the practical lmit of
18 however the special case of two or more such falls'{ireaction turbines twith draft tubes, may be classed as
2
HEAD WCRNK S, SCREENS
anp RoagBav
———

MED UM IR Low HEAD LM oo

©OF WATERFALL




Para 10,

medmm Loy outs swtable for such heads maf also
on occaston be the best also for Iugh and also for quite
low heads In the first place the natural waterfall
(Fig 6) may be considered Here a forebay 1s con
structed either 1n the mer, above the fall, or near by
A dnerting weir-will generally be required to ensure
that at low discharge seasons the forebay has the first
claim  If the weir bas to be some distance up stream
a short canal to the forebay muy be necessary From
the forebay pressure pipes are taken These are protect
ed by screens, with 1solating gates, so that the screens
and pipe entry arc accesmble for repars  The pipes
lead to the wheels m the.power house below the fall,
and the draft tubes discharge mnto o 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 a 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 13 most required  The pipe entry
chamber from the forebay must be open to the arr, or
the very large pipes involved on low heads may collapse
from air pressure if they are accidentally emptied when
there are valves on the pipe at the top Hence gates
to the chambers are used instead of valves to the pipes
A vanety of the above lay out 1s shown . Fig 7,
where the turbmes are placed at the bottom of a vertical

e e m e e e e e e e
1

1

'

.

: WATER FALL

H /)
|§ (Q® Rami03)

1

irarios
Ry >

MI'DIUNM HEAD LAY-0UTS

HEAD WORKS

—_— 1 n

|

t ping

! SHAFT

i

!

t

! .
— =S o] wizse

TAIL mACE
TUMNEL

HEDIUM OR LOW HEAD LAY OUY OF NATURAL

WATER FALL WITH_VERTICAL WHEEL SHAFY [
GENERATORS EITHER IN POWER HOUST UNDER GROUKD
OR CONNECTED BY VERTICAL SHAFT TO SURFACE
EXAMPLE 1 NTAGARA FALLS,

Fo 7

below Many such projects are recorded in this Report
The addittonal head obtamed, so long as 1its cost 13
reasonable may be of great value When the depend
able flow 1s known the continuous extra power due to
the extra head 1s found at once Converting this mto
umts (ze LW X 8,760) the probable sale value of the.e
umts can be taken at say, half an anna and this revenue
can be capitalized at 12 per cent to see what caprtal

“EAD WOANnS
ano SCAEENS

FORE BAV OFLM
pricet

MEDIUM OR LOW HEAD LAY QuY
OF WATER FALL AND RAPIDS wiTh
APEN CHANNEL £ TAL CAwAL

CEAMPLE  CAUVERY BCHEME

TAIL RAGE CANAL

Fio 8

wheel shaft The pipes are taken down this shaft
from the forebay, and a tal race tunnel 13 constructed
to below the falls In the ongmal Niagara Falls n
stallations this lay out was adopted, with vertical shafts
drnving the generators on the surface In nnother
Amecrican pov er scheme the whole pow er house 1 under
ground mn an cxcavated chamber—by no means a
desirable arrangement except 1n cases of dire necessity
Tig 8 shows the liyont m the very common
case where thero 1s a natural waterfall or cascade with
rapids eather above 1t, or below 1t, or hoth above and

expenditure 1s justified in order to get them The
general lay out 1s then the same as Fig G except
that open head channels, or tail chanmnels, or both,
are added

In Fig 9 an entirely new situation 13 met by means
of ¢ hfting dam ** The function of the dam 1s to back
up the Yraters and give a head where otherwise there
would be Dttle or none  Thus gentle rapids or a
moderate bed slope over a long stretch of river may be
conterted mto a still lahe, with sn artificial fall of the
whole smount concentrated at one pomt Provided
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On fugh keads the jet impulse turbine, or pelton wheel,
always used. This does not act by pressure, but
the velocity of a Jet stmking curved buckets The
wmg of the wheel therefore contamns ar at atmos
pressure, and the water after striking the buckets
na off freely by gravity, and not m a pipe or draft
be The height of the tail race water does not there
v enter mto the calenlation of the head  High peri-
heral speeds, a tnfle less than half that of the pressure
et[V=297 100% of /(2gh)], are obtamable with pelton
hecls, and the revolutions per mmute can therefore
se determmed by the diameter of the wheel itself
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oceurring within a short distance, this 1s only too
common {from the power pomt of view) on Indian
canal systems In order to combme such f1lls 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
house bemng placed at the end of this so that the draft
tubes discharge below the lower fall Or agamn, as
shown 1 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

— g —a CANAL BED
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HEAD

LOW HEAD LAY GUT FOR OOUBLE CANAL FALL
WITH BSUBSIDIARNY HEAD MACE QHANKREL .
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9 Low head lay-outs —Confining the low head
category to cases where an open penstock setting 1s,
or can be, uscd the canal fall 1s typical  Very low niver
developments are possible on sumlar Iines  Figure 1
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cony entently dealt with under medwm heads as there
are many mstances where the same type will do for both

10. Medium (or low) head Iay-ouis —All heads
too high for an open penstock setting, and therefore
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m para G sbove 13 ilustrative of such a fall Thetek
18 however the spectal case of two or more such falls

¥ myolving’ pressurc”pipes, up to the practical Lt of
{ reaction furbines with draft tubes, may be classed as
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medum  Lay outs swtable for such heads maff also
on occaston be the best also for Iugh and also for quite
low heads In the first place the natural waterfall
(Fig 6) may be considered Here a forebay 1s con
structed either 1n the river above the fall or near by
A dnertmg weir-will generally be required to ensure
that at low discharge seasons the forebay has the first
clam If the weir has to be some distance up stream
a short canal to the forebay may be necessary T'rom
the forebay pressure pipes are taken These are protect
ed by screens with isolating gates so that the screens
and pipe entry aré™uccessible for repaurs  The pipes
lead to the wheels i the.power house below the fall
and the draft tubes discharge into a tatl race below
low water level  As tail flood levels may be very much
higher the generators at least must be well above 16,
but 1f necessary the turbmes can be placed at a 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 15 most required The pipe entry
chamber from the forebay must be open to the awr or
the very large pipes mnvolved on low heads may collapse
from air pressure 1f they are accidentally emptied when
there are valves on the pipe at the top Hence gates
to the chambers are used instead of valves to the pipes
A vartety of the above lay out 15 shown ;n Tig 7
where the turbines are placed at the bottom of a vertical

e e — e e e e -
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below  Many such projects are recorded mn this Report
The additional head obtaned, so long as its cost 15
reasonable may be of great value  When the depend
able flow 15 known the contmuous extra power due to
the extra head 1s found at once Converting this mto
umts (e kW X8 760) the probable sale value of these
units can be taken at say, half an anna and this revenue
can be capitalized at 12 per cent to see what capital

“EAD WORKS

FORE B s anp SOREENS

MEDIUM OR LOW HEAD LAY OUT
©F WATER FALL AND RAPIDS WiTHh
OPEN CHANNEL £ TA( CAmAL
CXAMPLE  CAUVERY BCHEMT

TAIL RACE CANAL

Fra 8

wleel shaft  The pipes are taken down this shaft
from the forebay and s tail race tunnel 1s constructed
to below the falls In the omngmal Niagara Falls m
stallations this lay out was adopted with vertical shafts
dmving the generators on the surface In another
Amencan power scheme the whole pow er house 15 under
ground m an (xcavated chamber—by no means a
desirable arrangement exeept n cases of dirc necessity
Tig 8 shows the layout m the very common
case where thero 13 a natural waterfall or cascade with
rapids either above 1t or below 1t, or both above and

expenditure 15 justified m order to get them The
general lay out 1s then the same as iz 6 except
that open head channels, or tal channels or both,
are added

In Fig 9 an entirely new situation 13 met by means
ofa hfting dam ” The fanction of the dam 1s to back
up the Waters and gre a head where otherwise there
would be DLitle or none  Thus gentle rapids or &
moderate bed slope over a long stretch of river may be
comerted 1nto a still lake with an artificial fall of the
whole amount concentrated ot onc pomt Provided
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at the perenmal fow of the sontee 1s sufficient the full
ad due to the dam 15 alnays available though, by
wng a small amount of the top water for regulating
, oses, peak loads much m excess of the contimuous
pactty of the source can be dealt with  If the
,vupded water has a very large volume and water

{Para. 10

allows of considerable storage, and there 13 a natural
waterfall or series of rapids nmmediately below, the
resulting lay out 15 that of Tig 10  Here the maw
fall 18 supplemented by the hetght of the water behnd
the dam, between full supply and draw off levels 8o
loug as tho varation 1s nob too great the turbines can
be d d to worh satisfactonly on such a vamable

the storage iteelf may cven be sufficient to
iwcrease the werage pover over constderable periods
ithout seronsly reducing the head A succession of
veral Ifting dams 1s often employed as i the river
bich supphies the factories at Notodden m Norwav,

head The reservor then may be erther smmply 2
regulator for duly load variabions or, i large enongh,
a source of mam storage to tide over dry pensods or even
seasons The pipes are tahen off through the dam,
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1f floods van be regulated The epillnay for excess
water 1s generally the dam stself The supply pipe 1s
taken through the dam to the wheels, or the power house
(when no other better site exists) may be metde a hollow
dam  With Jow lifting dams an open penstock setting
may even be employed The draft tubes discharge
mto a tall race or (more often) durcctly mto the rver
below the fall

Where o Liting dam can be placed at a site that
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leavmg t © dead water* space below to collect

silt, and the power house 15 placed below the fall with
draft tubes leadmg to the tail race level Siltng up
18 of course a posstbility, which became a fact at the
Oordtte factory installation at Aruvankadu Under
sluteing at flood tumes 15 only a partial remedy  There
may be cases where the fall obtamable with this class
of lay out comes under the class * lugh,” i which
case pelton wheels would be used and the fall below the
wheels would not be used

HIGH OR MEDIUMNItaD LAIQUT
COMDINED FLOW AWD STORAGE .
ExAMPLE | CORDITE FAC TORY
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11. High (or medium) head lay outs —Where the
flow of a source 1s sufficient without storage the type
of lay out shown by Iig 11 1s common This only

HIGH HEAD LAY-OUTS.

7

at a level above that of the supply source, and any check
m the veloeity in the pipe sumply causes the water to
nise 1n the surge chamb, Both the chamber and the

daffers from Figs 6 and 8 m not ly mvolving
a natural waterfall ~ The pipe line may not be near

~
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tion bet 1t and the pipe may be cut m the
rock, 1 the case of tunnels, ns presently dlustrated
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the niver, but will be wherever the fall can be obtamed ,
thiy may be by short ciremting a bend in the mver,
which case a pressure tunnel may function as a pipe
through an mtervenng spur Agam the fall may be
mto a different river, or there may be a long steep bed
slope as 1 the Mussoore mstallation

More often cases where a water parting 1s penetrated
arg dealt with on the limes of Fig 12 which 15 also
appheable where the steep fall has a more gradual
but still useful, fall above 1t Tahmg first the case of
a pressure tunnel 1t 13 plamn that anything of the nature
of water hammer 1n 1t might be destructive At the
same time, 1f prpe and tunnel are one closed up umt,
water hammer 18 alnays a possibility m case of accident
A surge tower at the Junction of pipe and tunnel obviates
this possibility , 1t 15 open freely to the air (as a rule)*

SURGETOWER

" ean = HEAD —- -

Where the upper part of the pipe line has a compara-
tively small slope for a long distance a surge tower
may be built up at that pomt , this enables a Light pipe
to be used, and the pressure pipes for the steep slope
ongmates at the surge towef junction The surge
chamber has a second and equally mmportant function
m actng as & secondary forebay, supplymng the de
mand from 1ts storage while the column of water
m the tunnel or upper pipe accelerates The figure
illustrates the case where flow 1s utilized, but there conld
be exther a Lfting dam or a storage dem where the fore
bay 1s shown

 The compound surge tower may bo closed and employ air
under pressure  For theso and difforential 8 17go towers sea  books
on tho subject

Foatsay

PIPLLINE WITH SURGETOWER
APPLICATLE TO HIGH HEADS WiTH
LOMGLENGTH OF MOOTRATEAOE,

——
Taw. nact

Fra*12,
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The pressure tunnel l1y out 15 more often employed
aere the supply 1s from storage s illustrated by the
n Valley works shewn m Fig 13 The water

A here dnverts the monsoon fall from the Bay of
!

P e e~ - SURGE CHAMEER .

- =
FAOM FUNNEL
_? - HiNU

HEsD

& Lakg

{wuus

MIGH HEAD LAY DUT WORKING OM STORAGE ,
WITH PRESSURE TUNNEL CONNECTING PIPE LING
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the forebay so that sudden demands can be met while
tl e supply i the channel 18 mereased at the headworks
The only exception 18 when (or for so long as) the con
stant supply 15 1m excess of the mavimum demand

WATER $UED

VALYE CHAMBER

—_———— e

DEAD \WaATER

EXAMPLE ¢ ANDHRA VALLEY

———d
TALL RACE
Bengal into the Indian Ocean and utilizes the steep fall
on one side of the Western Ghats where there 1s only 2
very gradual fall on the other
The majonty of high head and many medmm head
works sre lud out on the Imes of Fig 14 which 1s
very smular to I'g 8  Here the mam feature 15 a
long open channel or several such channels which may
carry the supply along for many miles unti! sufl cient fall
113 been accumulate1 above the stream  This Iny out

Tie 13

A common yar ation of this lay out 1s where channels
are brought from two or more streams to a common
forebay above their junction the fall bemg then uts
hized to that junction

Finally Fig 15 illustrates a combination of Tigs
13 and 14 as carnied out st the Tata Hydro Electric
P 8 Cos works

Here 16 will be seen that the mam storage (Shirawta
Dam) 1s over the mam water partmg and 13 fed

CHANNEL MRADWORKS
BCRTEN, Toniaay opon ¥__,:.____.—__ STREAM
—— vy em o AN - —————
T_ vALVE Scmven
1
H
4 HIGH OR MEBIUM HEAD LAY OUT WITH ONE
< o& OR MORE OPEN CHAKNILS FROM HEADWORY S
i & OH STREAMS 75 YonC DAY | WORKING O FLOW
T < EXAMPLE  Simin MUMQPALITY
t
i
lmu
- T -
TanRace
YO STREAM Fio 14

1 therefore pecoharly smtal e for mountawmous country
T ere may or may not 1 ¢ storage at or abotve the head
works, il the canal or open channel 1s of great Jength
there must be sufficient regulating storage 1n or near

mto the Walvhan lale as required The whole
supply 13 from monsoon storage as there 13 very
heavy runfall over 4 small catchment and na flow
ot other times A long open chann
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leads to the forebay and pipe lme A third
lake (not shown) also exists some way along the
open channel, and 15 now used only durmng the
monsoon

12 Head works —In the cace of canals the supply
will generally be available without any special head
works  Sumilarly, mn the case of a large natural reser
voir, the dam itself will generally be the headworks
In both these cases the water used for power will not
usually have any silt that will affect the turbimmes, though
a reservorr Tl slowly silt up  In the case of niver
developments there 13 always present the hability of
bringing down mud and debris from the source of supply
to the turbmne wheels This lability increases with
the head as torrents take the place of larger rivers, and.
its effect on the wheel buckets also mereases with the™
head and the spoutng velocity of the jet or nozzle
Lven the finest grit under a head of 1,500 or 2,000 ft
1s most destructive, and loss of efficiency soon results
from worn ncedles and nozzles Where the head
worhs have a considerable dam there 1s no danger from
stones or heavy matter except that their deposition will
reduce the capacity of the lake , but m hull torrents this
m 1tself 13 so serious a matter that igh dams would
seldom be justified Such a lake could only be cleaned
out at great expense, though under sluices may enable
the debms to clear itself if there 13 enough water to
spare and if the lake 313 only of moderate smze 1§,
however, such a dam 1s necessary 1t will sometimes pay
to put another and smaller one further upstream,
simply as a means of arresting the sit for a few years
The capital charges would generally be less than the
cost of pertodical cleaning out With lower veloaity
m the stream such dams are often practicable, though
not necessarily at the pomnt where the water 1s
tapped off

Generally speakmg 1n the case of high and medm
head plants alow drcrston dam 1s all that 1s pecessary,
sufficient to ensure the possiblity of getting the water
mto the channel or pipe under normal conditions, ard
also to protect the stream at this pout from ecounmg
out the channel and endangenng the supply i times
of flood Cases have occurred where a few days'
abnormal rainfall has Iowered the level of a stream bed
30 or 10 ft I'or protectng the banks above and
below the herdworks boulder crates, made up of large
boulders enclosed m a frame work of heavy gauge
galvamzed wire, have been found imvalualle 1n every
sort of river truming norks  Caces will sometimes le
{ound where 4 permanent dam 15 not necesaary, the
natural he of the ground alone ensunng the supply
Tunber dams are sometunes used . Amenca for
Tevelling the bed
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In the absence of a dam, whether the water 1s taken
direct mto pipes or mto a channel-but more especially
m the former case—arrangements must be made at
the herdworks for catchung all debns ~ Generally there
will be a succession of screens through which the water
passes to a small tank, mn which any heavy matter
commg through will depostt This will need constant
cleanmg out, and should{in the absence of other reserves)
be m duplicate  Nothing but fairly fine silt should pass
beyond 1t If there 13 no open charnel this tank should
be large enough to remove even such silt as will deposit
readily, or there should be an adjonmng settling tank
for this purpose Where there 15 an open channel
there will alway s be the habihty of further debris bemg
collected along 1t, and a forebay 1s necessary at the
pomnt where the pipes take off, sometimes the he of
the ground makes 1t convement to put intermediate
silt tanks along the route  All these should be designed
for rapid clearance at several exits, controlled by gates
of substantial s1z¢ By sloping the floor from all pomnts
towards the exits the flow may to a great extent be
utilized to carry off the deposited mud The size of
these setthing tanks should be such as to reduce the
normal veloeity of flow to a few mches per second
Where there 15 a reservoir at the pipe head 1t 1s still

necessary as far as possible to prevent the accumula
tion of mud m 1it, as a large volume will become so
solid that its clearance 1s a matter of difficulty, end a
silt trap 1mmediately before 1t will assist mn this direc
tion Where water 13 considerably mn excess of actual
requirements 1t 13 possble to allow a proportion
to run off contmuously at the headworks chamber
through partly oven slmices which will pass out all
sohd matter rolling along the bottom
In the case of low heads the water 13 generally clear,
as low velocity postulates a small bed slope ard deposi
tion will occur 1 the mver itself In any case the
quantity to be dealt with 1s 50 great that artificial
settling cannot be arranged for Stramers are neces
sary to prevent floating matter entemng the pipes,
and a forebay may be required to catch anything that
may pass through as well as for regulation A long
canal 18 seldom necessary, and the forebay will erther
be at t e side of the fall, paralle]l with the niver, or across
it on or m a low dam It depends on the ground
whetler a diverting dam 1s requred or whether a fore
by can be opened directly mto the bed of the
mer In the mojonty of cates of very low heads
the power staton 1s bult acroes the mnver, and
tho water flons directly through the stramers into the
turbinea
13. Cana s and Open Channels —In the case where
avery lnrge canalis required in connection with o hydro-

TECHNICAL MATTERS
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electne development, the design 15 earried out on lnes
of wngation canals, to which no further reference is
necessary On medium and high heads the chanuels
if required, are of a smaller order They may vary mn
length from 2 few hundred yards up to many miles and
may be single duplieate or multiple The De Sabla
plant of the Valley Counties Power Company m Cali
fornia collects water from a number of streams by means
of ditches aggregating about 100 rmiles 1 length, like
an mverted ngation system, smaller channels feeding
larger ones up to the forebay

In the case of long channels a break might only be
discovered after many hours, and even if due only to
an earth fall drvertmng the supply without brealing
down the channel 1t would take time to get this cleared
and the water at the forebay agamn  In the absence of
a substantial reserve at the forebay end this would
mvolve complete breahdown Water level mdicators,
electrically controlled, are therefore often used m these
cases In the 10 mile flume of the Columbia Improve
ment Company at Tacoma Umited States of America,
the ndicator shows every mch of nse or fall, and the
large capacity of the flume itself forms no mconsiderable
reserve As a motor runs on rals above the flume
Iittle time 13 wasted 1 reachmng the source of
trouble * f

For very high heads a comparatively small discharge
as required and this will sometimes be collected from
more than one source and by more than one route
Earthwork channels can seldom be constructed i these
cases and the choice generally hes between galtamzed
1ron {for very small discharges) masonry, concrete or
timber  Wrought iron sem: crcular flumes of large
size are al<o used largely 1n Amenca carried on trestles
The first and last have the advantage that they can be
carried on a structure without cutting away the ground
at least m the majonty of cases As landslhps are
always lable to follow the cutting of a roadway on o
mountaim side this 13 a great consideration, and an 1
spection path can be carried alongs:de or over the chan
nel If masonry or concrete 1s used, water runmng down
the hillside behund 15 stopped at the channel, and erther
flows nto 1t with mud and stones or smhs mn and causes
shps  Catch water drams of substantial size, leadng
to the nearest culvert are i such cases essential
Smaller torrents may have to be crossed on bndges
and each of these should be used to afiord a discharge
outlet for the water i case of acerdents and for scounng
Sometimes where water 1s not o1 er plentiful 1t will pay
to divert these small torrenfs mto the channel through
a small setthng tank , for, though therr discharge may
be neghgible ordinanly, 1t may be sufficient i times of
heavy ramfall to tide over o breakdown i the channel
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higher up  Furthermore, when the mam stream 1s 1n
flood, the intake may have to be temporarly closed
owing to floating debrus, etc , Whereas the flood water
of small supplementary streams will probably be clear
and much collection of mud m the forebay may thus
be avorded This 1s not always $rue, but 1s borne out
generally by the wnters experience
_Fauly low velocities, not exceeding 3} ft per second
m unpitched earth channels and 6 ft per second m
other kinds, are generally necessary for the preservation
of the chamnel* The cross section may be square,
semicireular or trapezoidal, the latter bemg generally
the best as giving the larger hydraulic mean depth
In order to lose as httle head as possible (&fthough a
few feet on very high heads do not really count muchy
the slope should be kept small The inter relation
between slope, velocity, dimensions and the construe
tion and condstion of the channel are stated in a number
of rival formul®, none of which are umiversally apph-
cable , the most useful of these have been discussed by
the writer elsewheretand need not be referred to 1n detail
here In practice the slope 1s generally decided on first
—from 1 mn 500 for small channels, to 1 1n 1,500 or so
for large ones—and the dimensions are calculated to
smt, all rmgation engineers 1n India are faxmhar with
thissubject  It1svery
thatany data found by a formula dealing wnth astraight,
length of channel will need slteration where there are
bends or uregularities  An opening out of the width
by an extra 5 or 10 per cent, carried back to the himit
of the possible affiux, may be required to prevent over
flow, or a corresponding raising of the height or increase
i the slope  Uncontrolled overflow would be almoss
certam to produce landshdes and breakdowns As,
apart from the faults in design, a small fall of earth may
casily cawse such an overflow, 1t 1s sourd practice so
to regulate tho height of the side wall that overflow
will take place most easily at places where 1t can do no
baim, ¢ ¢, over sohd rock or mto streams passed by the
way, or, in the absence of these, down artificial spill
ways In order to prevent the channel being over
filled at the headworks a method often used 1s to place a
drverting place w the faurway at a powmnt near the head
worhs, such that any flow beyond the capacity of the
channel 15 skimmed off and discharged back to the
stream
Where masonry or concrete channels are used most
of the above considerations apply with equal force
lero 1t 1s necessary first to cut & readway for the found
ation, so that thoe labthty to landships and rock falls
1sgreatly increased  Where the ground 1s at all doubtful
cut and cover 18 necessary, and it 1s better to spend

FOREBAY RESERVOIRS

u

money on Tevetments to begm with, than to take the
chance of bad ground holding up It 15 essential
to mahe culverts under, or preferably over, the channel
for the very smallest lines of natural dranage both for
safety and to prevent the access of stones to the channel
Often 1t will be advisable to lay small drams down
such places, with cross collecting dramns to prevent a
wash out In extreme cases tunneling may have
to be xesorted to, for the avordance of bad
ground It may also pay at times to tunnel through
a biirff rather than go round 1t Tunneling on a large
scale 13 also sometimes required either to jomn up two
sources of supply mn different watersheds or to lead water
collected m one area to s different watershed, where
a more conventen or mgher fall can be obtamed  There
are many examples of this class of work in America
and elsewhere

While small works on medmm heads may be served
by the same methods as apply to high heads, canals
1n earth are generally necessary  The cost of an arfificial
channe] would generally be prohibitive over a certam
size  The largest timber flume the author has seen was
at Tacoma, United States of America, and was 8 ft
square and about 10 mules long, with a fall of 7 it
permile No other matenal could then be used for a
channel of this size, and tumber has its drawbacks
Unless the water 13 running full all the time warping
13 certamn to occur, while boring msects and rot have
to be faced  The large flume of the Jhelum hydro
clectric works has suffered severely m this way

14 Forebay Reservoirs —Wkether the forebay
15 mamly for regulation, or whether 1t also holds a cons
derable Teserve supply, 1t 18 an mmportant link 1n the
chain It must be so designed that, while acting as
gn effictent surge tank, and as a regulator to deal with
loads temporanly exceeding the capaeity of the channel,
1t does mot allow any foreign matter to get into the
supply pipes  Coarse and fine straners should be pro
wnded, and they should be of such brewdth that the
jull flow required by tho wheels can pass through them
if the water accidentally fallslow This 1s often over
looked 1 designmg In somesmall mstallations the
actual reservor 18 at a little distance from the forebny
or pentrough, and the two are connected by a closed
pipe largo enough to deal with the peak load Insuch
cases the reservarr performs these latter functrons,
whle the forebay proper becomes only a surge tank

The forebay, or forcbay reserveir where these are com
bned, should1f possible be sectionalized or duplicated
to admit of cleaning out, and the de.iga should be
such as to faclitate this, as suggested above for mit
traps Where the channdl discharges ioto at, whick

$ For dotals seo Captun Garreits
¢ Lioctrcal Enginering 1ractiot
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ould be at a pomnt as far as possible from the pipe entry

cre should first be 2 small chamber to take eddies
1d induce still water this will al<o catch some of the
sidualsilt andasits walls will stopa foot or two below
srmal water level only the clean overflow will pass
to the reservoir proper and mot the bottom layers

scept ab cleanmg out times  (This of course assumes
1at the width of the sillis greatly in excess of the width
f the chonnel) The spilt way and scour valves of the
servorr should be near this pomt where most of the
wd will collect The straner that finally ensures no
yreign matter gettmg into the pipe reguures careful
hought  Ihe obvious plan 15 to put rt immediately
ehind the bell mouths of the pipe and to close 1t 1o at
he top But there 15 a chance then that some part
1t may eventually rust anay and get mto a4 nozzle
Yepaiss would be difficult without empty ng the forebay
nd shutting down the plant and 1t has been found 1n

rractice that the arr t 15 not satisfactory

[Para 15

pipe turbme generator and step up transformer just
as m modern steam practice Where very lnrge umts
are nvolved no other arrangement 15 likely to be used
and on low heads no other arrangement 13 generally
possible  Intermediate cases must however be dis
cussed 'The divmeter of a short pipe on a moderate
head may be such a3 to give a veloaity as high as 01
/(29 H) or 10 per cent of the spouting veloetty  The
Joss of head with such seloities would soon become
too great and about 3 to 4 ft per sccond 1s a good
average On Ingh heads 9 to 12 ft  per second m thes
smallest section 13 about the hmrt used

With very high heads comparatively small pipes of
great strength are requied , the locality 15 likely to be
far from rail head so that carriage to site 1s an expensive
matter It therefore pays as a rule to keep down the
neight of mdiidual loads and to use a single pipe for
each turbme It 15 however often advisable to nter

[he slternative design which should be adopted 13
o put the strainers m the mam forcbay at the entrance
o a separate walled off chamber feeding the pipe
nd tlis chamber should be covered over  Rolim,
ercens of erated by a winel are useful because of the
factlities they ofter for cleaning A pomt of importance
1s that the screens must be capable of passing the full
flow when the forebay 13 nearly empty

\n emergency by pass from the channel also provided
with a screen should be made to discharge direct into the
bel mouth chamber 1 repairs are required to the re
sers otr thts will prove invaluable and waen the wateris
runnng ~lear it can be us d waile clewnmg out proceeds
Laes small pomts of de 1ign may spell the difference
b tyeer seewe s and partial fatlare  though of course
a gool dual dup nls on whether ¢ car or dicty water 1s
g 1 ully broizib i For ruasons already esplamed
b b healsnecd the most carcful treatment  Medium
b 11s may or may not ne 1 complicated forebays and
with lov heils 1 plan tank 1s generally sufficient

15 Pressure Pipes —\lthough primtne water
wheels and turbines such as arc found i flour mills
allover the hulls of India generally use an open shoot
m tuad of a i ¢ the advantages of n closed pipe appear

to hmve been long known  Lhus mn Dantes  Vision
of Hell Canto xxum, we find —
Nvrrowa ewtlaue )oer 11ce
Mwat 4 tatraat £ dswl ot
Boral totl ap hs
il mytyoep !

There 13 conad rable disersity of of mton as to the best
arratetm at of pipes for fecdin, 1 number of turbines
.‘;; st from 4l qu - tion of cost there can be no doubt
that the wdeal arrangement 15 self contamed umts of

t the vamous pipes at the forebay Lach pipe
should be capable of bemg mstantly elosed at the fore
bay 1n the event of 2 bad blow out eitherby an automa-
tic gate or valse or by electrictl control from the power
house 1n conjunction with an amr valve to prevent the
closed pipe collapsing Each pipe must also have an
ssolating valve at the forebay or a gate m the forebay
W here condrtions are favourable a single pipe 1s often
used to serve two or more units by means of a recerver
at the power house especially in the case of small plants,
but this 13 not ordinarily recommended
In order to reduce the thickness of the lower sections
of pipe 1t 13 customary to use two or more diameters
the smaller at the bottown and {his also economizes
m freght where they can be nested  Where individual
pipes serve each wheel 1t 1s advisable to interconnect
them at the power house so that m the event of a jomnt
blowing on one pipe while another generating umit 1s
out of service they can be cross served Ths mvolves
extra expense 1n 1solating valves but 1s generally worth
while It 1s not an 1dentical proposition with the re
cenver Long hines of pipe such as are required on igh
heads require very substantial anchonng not only at
the top and bottom but at several intermediate pomnts
These also provide safe positions for expanston jownts,
which can be dispensed with only where the tempera
ture variations are small or the lne has many angles in
it—and not always then Air valves are not often
required but will be where there 15 an unavoidable
nse i the pipe lme  Occastonally awr cushions are
provided m very long limes to take up shocks, at the
Ml Crech plant 1n Calforma the pipe 15 8700 ft
long for a head of 1,930 ft, and both air valves and
cushions are mstalled  The latter eonsist of dupheate

oylinders for recharging at the necessary high
Ppressure
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Carripng capocty and loss of head wn pipes

For convenience the following table 1s added to show
>r & pipe of any given diameter, the flow 1 cusecs Q
1th the correspondmg veloaity 1 feet per sccoud and
ss3 of head L per 100 ft of pipe  As however pipes
1vartably become encrusted to some oxtent, and some
unes to a very serious extent 1f 1s alnays advisable
o use & somewhat larger pipe than would serve at the
3t

anLE 1 —Carrywng capacity and loss of head wn pipes

Veloc ty In feet per second

Yameter
. hes

[Para 16

engineer can construct, bub as the sun’s elevation m
creases the flood gates are apt to be opened with discon
certing  suddenness In certam 1mportant respects
TIndia differs from most countries whose natural resources
1n water power are now being mvestigated , for the ramn
fall1s seasonal, and ducmg many months only occasional
thunderstorms break the monotony of dry weather
Generally speaking there 13 the monsoon period and
the dry pertod but m the south there ar. two distinet
monsoons the South West and the North East The
variattons in the ramnfall in different parts of the country
are enormous and the departures from the monthly
and annual normals 1n any given locality are also very
The normal rainfall for every month at the many
hundred ram gauge stations m Indix can be obtuned
from the ¢ Memours of the Indian Meteorological Depart
ment , Monthly and Annual Ramfall Normals ”

1.8 ‘monsoons *—Roughly speahing

thera are 8 dry months and 4 Web months with the
result that the majonity of the rivers i many parts of
India practically dry up sometime between February
and May Of the large perenmal rivers the majonty
are utihzed for wrngation, but as the canal headworks
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16 Ramfall and spow-fall ~Lewving aside deep
scited springs, which as a general rule are not of great
mmportance 1n water power (as distinet from water
supply) the day to day flow of streams and mvers 1s
dependent mamly on the day to day rawfall, 1t 1s mods
fied however by the deferred ramfall due to the delay
g effect of large and comparatively flat catchment
arews aud elso by snow fall  The latter factor 1s of
nmmense importance in the great riuges of the Himalay a,
with 1ast greis of perpetual snow {eeding the miers
by glaciers, but 1t 18 alvo of conuderable sigmficance
1 lower areas where the snow fall may le for a time
and by us gradusd melting regulate the run off A
sa0w field 15 an infimtely larger resers oir than any the

n the plams this does not prevent
them bemg harnessed for power higher upstream
Apart from canals, 1t 1s to the mountmnous regtons that
we must look for water power and here the ramnfall is
'natu:ally greatest, especially i those hills that first
catch the mowsture laden winds from the sea  The
great contral plains of India mostly have low ramfall
but here comparatively Little power would 1 ary case
be found owing to the extremely small slope of the
ground and the great varations wm the normal water
levels The and area m the North West covers moun
tawnous districts mostly trans frontier,and even if power
were avatlable 1t 13 doubtful 1f much use could be made
of 1t n such unsettled country Thislast consideration

applies also to various mountun ranges in the Northern
Burma regron, which are either “ Unadmmstered
Areas ™ or are whabited by uncivibized tmbes, but i
some of these areas there 1s good ramfall

Except in localities where storage on a very large
scale1s possmible, such as the Western Ghats and posstbly
the uplands of the Central Provinces, the greater part
of the monsoon rawfall of India must neceswarily pass
to the great nvers and canals undeveloped for power
purposes  Thus for example, take the case of the Jal
daha Ruiser 1 the Bengal Duars (para 80), a stream
with considerable possibilities, 1t has a catchment area
m the neighbourhood of 250 square miles above the
powt where 1t enters the plams and the annual ranfall
18 not less than 150 mches, probably 1t may average
200 mches This nearly all falls m the 7 months of
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Aprl to October and amounts to some 75000 m
¢ ft, giving an average flow of nearly 4 000 cusecs
and a maumum flow enormously greater Yet the
flow gauged m Apri! 1919 was no more than 170 cusecs
Clearly 1 the absence of a phenomenal resersorr site—
and the Himalayas appear to afford few such—most of
this water must run to waste Furthermore, the control
of such a mer, when a single day may brmg 10 inches
of ram or more, 18 no light problem , and this 1s one of
the smaller mivers m the district It serves however
as o good evample of many potential sources of power
The Bhakra dam project on the Sutle) now under
detarled mvestigation, has drawn attention to many
other mites that may prove suitable for storage on other
northern nvers
18 Perennial and d scontmuous power —As the
result of the conditions discussed n the precedmg
paragraph many of the nvers and streams of Indra fall
to a very low ebb, or dry up altogether m therr higher
reaches, before the end of the dry season  Where this
18 50 development by monsoon storage 1s the only method
of getting contmuous power and this 1s not possible 1
most locahities It 13 true that discontinuous water
power may be of value m particular mstances, either
for utihzatron m wndustries that are only manufacturmg
dunng the ramy season, such as tea, for which the power
demand for drymg and other processes 1s very large,
or for any purpose mn combmation with reserve plant
dmven by steam or other fuel In either of these in
stances however the cost of the power will be higher
than 1t would be if continuous as the captal charges
on the plant are higher m the second case and spread
over a shorter working period 1n the first
19 Measurement of a discharge —Although 1t will
generally pay to develop a miver or site on the basis
of the constant discharge which can ordnarly be
depended upon m the dry season 1t 15 very desirable
to dets itsactual h , thishowever
may mean watting for 30 years or so, if regulat records
are not kept A dry cycle has recently occurred m
India, 1918 19 gave exceptionally low results and the
{ollowing year was not a good one while 1920 21 has
been phenomenally dry m many distniets  Unfor
tunately in these transitional years after the Great War
local Governments have found 1t mpossible to spare
the Inrge staft which would be required to gauge even
o fraction of the myers of India  QOnly the nivers sup
plymg or likely to supply, irngation canals are regularly
gouged  The mummum discharge of any year 1 honever
of value, as some ndicatton of the true
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The amount of water in cubic feet per second (cusecs)
flowing past & grvep pont m any open channel 1s found
by multiplying the cross sectional area of the water
m square fect by 1ts mean relocty m feel per second
The first step 15 to select a straight reach of the stream
where the flow 15 umform, and where there are no
noticeable pools and to mark off with pegs any con
vewent length (say 100 ft) of farly umform width
Then measure as accurately as possible the width
of the stream, and find the aterage depth by soundings
at intervals across the stream If possible at least
three cross sections should be taken, one near each
end of the selected reach and one near the middle of 1t
The depth can then be measured at 10 or more pomnts at
equal distances across the width of each of these cross
sections If the same number of measures 15 taken
at all three places 2 mean cross section can then be
plotted which will give the mean area and hydraulic
mean depth But 1t must be emphasized that when
time does not admit of so much labour rough results
from a few measures of one cross section m a shorter
reach are better than the “no mformation ” so often
recorded m this Volume

To obtan 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 avaiable floats are uced, 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) & fairly accurate
mean surface veloeity can be obtamned, though m hill
streams the margin of probable error 15 uigh A single
observation with a bottle and an ordmary watch m the
hands of an enunent engineer has been known to grie a
result correct to less than one per cent as cheched by a
current meter , but such comneidences cannot be relied
on, and 1t 1s seldom likely that the results will be nearer
than 5 per cent

For rough work and conservative results the croes
sectional area mn squate feet multiplied by the surface
veloaity m feet per second and dirided by firo will give
the approximate discharge 1n cubic feet per second

For instance, suppose the length marked off 1s 100
ft and the floats take an average time of G0 scconds
1n passmg along this length 1n o stream having a width
of 40 ft and an average depth of 11 ft This gives
a cross sectional area of G0 sq ft The surface
velocity will then be 2 {t a second and the discharge
24t asecond X (0sq ft

5

may
then be obtmned by esammation of rminfall records
m the neighbourhood, espectally 1f the average run off
18 known

=60 cusecs

The reason for dividing by 2 13 that the mean veloaity
throughout the channel 1s much less than the rurfice
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locaty, and the rougher and shallower the bed may be
e greater will be the disproportion, in the worst
ses 1t 15 about half

More accurate results are obtamed by the use of
nwin's co-efficients dependg on the Tugime of the
rannel and 1ts hydraulic mean depth  The hydraulie
ean depth 15 found by dniding the cross sectional
ea 1 square feet by the wetted permeter m feet
he mean values of the several cross sections along the
0%en length of channel are used For most streams
nd 11y ers m the Tulls the co efficients i the Iast column
Al be used It will be obeers ed that with a hydrauhe
rean depth less than 05 foot the co cfficient 15 shghtly
elow the figure suggested above this however will
Imost always give conservative results  The co effi
tents are 28 follows —

asir 1 A —Co cffiaents for ascertamning mean weloca! 1

from greatest surface welocity . channels

Sen |y og Ro h
0 Very rougl | Channels
e Lamed | B, o s it U ) S
[\ (1 W il earth | detr tus
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[ 81 M i 2
1 EY 7 b { 23
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)
t
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1n the cxample given above the cross sectional area
was 60 sq ft  As the width was 40 £t the wetted pen
meter with so smll a depth wonld be about 45 ft This
wonld gneo 11 M D of 60/45 0or 132 In on encom
bered channel the co-efficient would be 06 or GO per
cent mstead of one half
20. Run-off or flow-off from a ¢atchment —
The catchment area or for <hort * catchment™ of a
mier at any parbewlar pomt where 1t 1 proposed to
utihze 1 1s the area of the country dramed by the
stream ot that point, and 15 bounded by the water
partines or watersheds from the vartous tmbutary
foutees up to the pomt where the water runs down
below the aute chosen
Cleaely all the ram that falls m a given catchment
arer will not at once (if ever) find 1ts way to the stream
w the valles , some will ey aporate altogether or sink
into the grownd to feed springs 1n other catchments or
teab srbed by xegetition and the more gradually the
run a3 preaptated the greater wall be these losses
Yery Light ram after g dry spell may net affect the
flow of the streum 1n the dhgbtest degree  Agun f the
rroun a3 ste p basr noanl roel y there will be a much
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more complete flow from 1t than if 1t 13 gently sloping
and covered with vegetetion The percentage of the
ratnfall that reaches the stream 18 called the © rup off*
If the ranfall over a particular catchment area m
any pertod 1s known and the stream flowing from 1t
can he gauged, the percentage of run oft can at once
be caleulated for the conditions obtaming durng that
period  hut the ram gauge readings must be taken at
a number of pomts m the catchment—the more the
better—m order to ascertam the actual amount of pre
aptation  In addion to the very large differences of
average ramfall n different localities ond the great
vamations from the average n particular years the
distribution of the fall month by month and day by
day must be taken ipto acconnt  Mimmum discharges
on small catchments may vary four or fivefold m
different years and are extremely difficult to calculate,
a long senies of rainfall averages will howeser, indicate
to some extent the relation between the unlmown
discharge of an exceptionally dry year and the known
discharge of a particular year It may however
be accepted that a study of the daily rainfall observa
tions over a period of 30 years will gne o farly
accurate 1dea of the conditions which are Itkely to occur
m fature Intclligent guesswork of this mature pre
supposes knowledge of local conditions and long
experience
Tormule for caleulating the run off from a catchment
have been devised by many engineers but they all
employ co efficients which 1t 15 1mpossible to ascertan
without a comprehensive study of the nature of the
area and the runfall There are two separate cases to
be dealt with , first the mozvmum Tun off of a catchment
which will cause a great flood discharge for a shert
period, secondly the ordinary run off over a longer
pertod of days or weel s or a year, which will sary from
trme to time but which gives the total water durng
that period whether 1n 4 heavy, average or light period
of ramfall
As run off 1s stated as a percentage of the total fall
the following equivalents of one inch of ramn with total
or 100 per cent run oft are useful —
1 mch of ram==100 tons per acre
==3 600 cu it per acre
=64 000 tons or 233 m ¢ ft per
sq mile
Under the like conditions rain falhing at the rate of
1 1nch an hour 13 equivalent to 1 cusee per acre per hour
or G40 cusecs per sq amile per hour
21 Short-perod maximum or flood run-off —
In 2 small and compact eatchment the maximum per
centage of the rumfall shich will rexch a grven spot 1n
the mver at o given time 13 {comparatively spenking)
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simple  If the ramnfall 1 fanly umform over the area,
and the nature and slope of the ground 13 also uniform
the condibions are the most favourable to the computer
Tn larger catchments, especially long and narrow ones,
the water falling near the site selected will have passed
away long before that at the source has had time to
travel down the slopes and the stream bed "In any
steep ca t  sudden pt 1 but short lived
fiood may be caused when, the ground bemng already
saturated, a heavy storm travels down the catchment
at about the same rate as the waters flow off In such
a case a flood may come down hke a tidal wave, the
writer has seen a hill stream nse from a few cusecs up
to 40 ft deep and 200 ft wide in less than 10 minutes
In the design of headworks spillway dams and waste
werrs or escapes these floods have to be allowed for In
larger reservoms they assist the fillmg process bub are
not a source of danger except when the reservow 1s
already full, when the flank or saddle escape or the
underslwces must be able to cope with the discharge
The whole question 1s full of difficulty ~Buckley *
has dealt fully with it and discusses Dickens’, Ryves,’
Rhind s, Fanning’s, Craig’s and Fuller’s methods It
1s therefore unnecessary to deal with these, but as
Colonel Dickens’ formula 15 very generally used in India
1t may be given

D=Cut

where D=maximum discharge of river 1 cusecs
C=a co efficient
M=area dramed by the river m sq mule
Dickens’ value of C was 825 for sunual ranfall of
about 36 inch, but he held 1t applicable to falls from
24 to 50 mch  * The farmula takes no cogmzance of
the size or shape of the catchment, nor of 1ts declivity,
and provides no factor taky g account of the variations
m the ramfall 4 Buekley gives the actual constants
found m 12 Indian nvery, varying from 1,795 for the
Tnns\a down to 120 for (t/h Ganges Experience however

wvaluable  ~

22 Long perjod aggregate run-off —An immense
flood lasting for half an kour may do incaleulable harm,
but (unless stored) cannot be of much value for power
It 18 the actual amount of water which flows past a parf:
cular pomt, either naturally or by man’s control, which
determines the power obtaunable Where there 13 o
storage reservour of sufficient size for a year’s ranfall

*Tert oty n Poelet Took W T10 0 p 200 o ne
I

LONG PERIOD AGGREGATE RUN-OFF.

17
the outflow or ““ draft "’ can be exactly controlled, and
the annual run off 18 the enterion  Even with smaller
storage capacity a measure of control 13 posmble, over
shorter periods In this latter case the normal flow of.
the niver, from subsoil dramage and springs, or from
snow flelds, may by 1tself be sufficient for the purpose
m hand, if 1 13 not sufficient, supplementary storage
1srequired , and if no sife for such storage can be found
the stream 13 useless for continuous power Under
Indian conditions except where thete 13 a double
monsoon, the streams fall rapidly from about October,
when the dry weather begins The dry period contmues
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 dimmushes, not only
50, but also often to supplement the flow during succes
sive years of poor monsoon rainfall (para 29) It 1s
therefore very important to be able to determme the
total run off from & given catchment, n mulhons of
cubic feet, during the whole monsoon period and also
m the case of casual heavy storms at other trmes

In the work cited i the previous paragraph Buckley
discusses the ealeulation of annual flow off } fully, with
many ftables of actuals The flow off for 8 large rvers
and groups vanes between 29 and 47 per cent., while the
Western Coast (Ghat area) 13 given as 87 per cent  The
average for Indis, excluding Burma, Eastern Bengal and
Assam, 1s gven as 416 per cent Averages are of
course, at best, only a very unrehable gude *‘The
total ramfall on these trrets in India averages 374 inch
The Indian Irrigation Commusston estimates that this
depth 13 disposed of as follows —

22 1nch or 59 per cent 1s absorbed (1) 1n sustammng
plant Iife, (2) m mamtammng the mowsture of the
soil, (3) m replemshing the subsod water supply,
and (4) by evaporation

225 mch or 6 per cent 1s utilized i artificial
ingation

1325 mnch or 35 per cent 13 carried away by the
nivers to thesea'§

23. Barlow’s method of determiming run-off —
The late Mr G T Barlow, CIT, the first Chief
Engineer of this Survey, studied the problem of finding
the aggregate run off in the United Pravinces with a
Ifetime of irmgation experience to baek his efforte
Realizing the radical madeqnary of alf Jormule based
on generalities at least i a mon<oon coustry, he tred
analyang the daily ramfall recorda M @ven catch

10p cit,p Iletreq -
a2

§O0pet'y »
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, where the run off-could al<o be ascertamed, 1n
Jrder to correlate the two By clasafying both cateh
ments and daily ramfalls and adopting empirieal con
stants he obtaned moderately nccordant results

Barlow’s classification of catchments 1s as follons —

A=flat ciltivate] aol bk cotton 1ateol flowemail

soil catrhment , alv et 1 and
D=flat partly cultivate]l anl stiff  Dw Jar e mn
souls o a1 Al

C=averane catchment
D=hls anl plains with 1 ttls cultha  Rata <[l whize
tion atror[t 1 ant
I=very hilly, steep anl rocky with  lows s1all run
verv ttle c1ltivation oT} 1

s clsaification of ramfall nto light medium and
heavy daily ramfall ivolses the entire omission of very
low rates of discontinuons ramnfall as follows —

Laght falls under 1 mchn 24 hours should be eatirels
omutted unless continttous for seseral days  f1lls from
1 nck to 1 inch m 24 hours should be omutted if there
has been no fall before or after Falls from ¥ inch to
1} 1nch m 21 hours when not followed or preceded by
similar or greater amounts are considered hight

Medvum falls are those from 1 1nch to 1} inch in 24
hours when followed or preceded by any but hght falls
also all falls from 11 nch to 3 mnch per diem

Heavy falls are those over 3 inch or continuous falls
at arate of over 21nch a day , also ali falls of an intenaity
of 2 1inch an kour or over

It will be observed that an ordmary rum gauge will
give all the daily figures and they are 1n fact on record
for all the meteorological stations m India  but falls of
any given alensity cannot be recorded on such gauges

Heavy falls of an intensity of 2 tnch an hour or more are
probably of frequent occurrence 1n some ctchments,
but such a fall, lasting even for 11 hours as recorded
on the dmly sheet would be classed as medum , 1f 1t

30 happened that - total fall for 1% hours 1t the rate

of 2 mch, occurred partly before and partly after the

daily hour of gauge reading (8 A ¥t ) then the heavy foll
would appear as a light one when classified frém the
datly records At present this dufficulty has not been
circumvented

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

Barlow to reach the stream —

Tasre 2 —Table showing percentage run off , Barlow's

Co effictents
Type of fall oaeot | oA I B louvmge) |
Light falls ] s
Medtum falls Ter :ent 5| ow
Heavy falla s | o0
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T1ke all other methods this 12 empirieal but it has the
advantage f taking inta account more factors than are
included i mo t of the methods teforred to by Buckles
m the werl eited  On the other hand, 1t involves the
Iihour of goins throu i and eleafymg the wlole of
the duly runfall records for the penod ivolsed and
uang commen sen<e n chsafung them  In consider
me this method 1t must te ramembered that 1t was
devy od from avert.e recards obtamned from one Pro-
vinee and masy be unrefinble in another where the conds
tions are different  Clearly there are two factors of
uncerty nty, owing to the fact that ranfull records give
daily fulls an ot 7 ourlgant it In the first plics
rohited falls on o wngle day and clae ed as “ hight?
may fave actualle occurred m an hour or two, when
the run off would generalls be much hr her than that
gnen by the table especrnlly in small catehments
Secomdly  exceptionally heavs rainfall woull certanh
@ive a much fugher yreld than that assumed at least on
certun elasses of catehment A fall of 20 or 30 inch
m one dayv occurning at Cherrapunp for exnmple,
wonld giie a run off of cent per cent  In the Central
Trovinces falls of 10 inch and upwards are by no means
uncommon in one dav and would certmnly vield far
more than 13 shown by the table, and these exceptional
falls are generatly (though not mvanably) an important
factor n the filhng up of depleted reserioirs At the
same time neither the records nor the methods of
calenlation lud down take account of these factors
though Anowen falls of 2 mch an hour or more are clas 1
fied as hetvy  Txammation of the ongmal data which
form the baass of the conclusions in the following para
graph shows, however, that 1 tabulatng daily ranfall
records 1t would generally be posuble to go further
than has been the case  Thus all hght falls continmng
for several davs even though evcluded by the mstrue
tions, should be counted Talls near the border hne
between light and medwm should be tabulated as
medium on the second and followmg days  Falls near
the border lme between medium and heavy should
simlatly be counted as heavy on the second and follow-
mg days  Falls of 6 inch and upwards should unques
tionably be allowed higher percentages than those 1n
the table It has been impossible m the time available
to re classify the thousands of falls on the above lines,
but the results wonld probably be nearer those in Table
2 To take only one example, 1n working out the
classaification, falls of 29 mch and 3 mch were marked
a3 “ medium ” while those of 3 1 inch were marked as
“heavy,” m accordance with the letter of the wmstruc
tions  Clearly the run off of the latter would not be
donble that of the former, even n the case of 1solated
falls, and still less after previous ram
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24 Calculated and actual run-off 1n the Cenfral
Provinc-s (Barlow’s method) —The rawnfall records
for a number of years have been examined (and tabu
lated to some extent) m the Central Provinces for
certamn areas where urgation tanhks take the run off
The actual mflow has been compared with that caleu
lated by Batlow s method, and the results are of great
mterest To what extent these can be applied mn the
case of far larger catchments 1s a matter of speculation ,
but the same method has been generally applied in
calculating the probable run off of the river catchments
dealt with 1n the list of sites for further mvestigation
m the Central Provinces Unfortunately the analysis
of results was not completed and (especially mn the
matter of falls to be omitted and those following contr
*nuous run) the classification 1s not always satisfactory
The present writer has however made the best of what
has been done and the following are the mean percen
tages found for the 3 classes of catchment available
with areas from 3 to 78 sq rmles

B [ D
Catchment A | (Bt7 [(10 )¢ (Bsq | L | Aversge
s wh | Cmy |
Light falls 143 28 1101 27
“Medium talls EY 3 20 2
Heavy falls 8 S0 | 8 &
Menu of percen 42 4 3
tages

The 1ndividual variations of percentage are, as would
be expected very great but the mean results all through
show that Mr Barlow s percentages are too low m the
Central Provinces  Laght falls espectally appear to give
consistently higher run off from medm catchments
than the first table gives even for class E  Classtfied
Light falls are found to vary from 9 to 28 per cent of
the total clasmified falls It would be rash to apply
these somewhat tentative conclusions at all widely,
but 1t 1s probably safe to assume at least that all caleu
lations of yield by this method 1n the Central Provinces
are very conservative An addition of 10 per cent.
would seem to be well within the mark

25 Automatic rammgauges —The standard run
gruge 13 mercly an air tight veseel to collect the preer
pitation from o 5 mch or 8 1nch eircular funnel generally
mvolving daily readings  Taoh gauges to hold the
fall for o considerable period are, however, often con
structed for use mplices where daily readmgs are
umpossble  In this case no mdication whatever 1s
given of the times or intenuity of the fall Lven with
dutly readings a3 pomnted out above a recorded fall of
2 inchmay have fallen tn one hour or 1n 2t heurs
Patent office records show that many devices myo'ving
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the use of tipping devices revolving wheels with buchets,
and float and cord arrangements have been invented,
most of them however have not stood the test of
practical use  The writer has no personal experience of
the Wilson * Pluviograph ** or the ‘‘ Serpentine ” regis
termg and recording ramngauge The former 1s
electrically operated while the latter 1s worked by =
mechanical tipping device Mr Tate, Officer mn charge
of the Survey m Madras has one of the Serpentine type
1 use and reports that except for mmor defects 1n the
recordmg pen and paper 1t works satisfactorly

A pomt frequently overlooked 1s that from the pomnt
of view of 1rnigation or power projects as distinct from
meteorological records a considerable percentage error
1s of small importance A run off can seldom be calcu
lated correctly even to 10 or 20 per cent If m a given
snall catchment area, possibly contaimng one gauge
statiofi ten other gauges ¥ere put up, all therr readings
would notoriously be discordant—especially i the Inlls,
where a heavy fall of ramn and a clear sky may be
separated by half a mile

The writer hopes shortly to be able to contnbute
a further step in the direction sought, and 15 carrymg
out experiments with that view

CHAPTER 4 —WATER STORAGE AND WATER POWEP

26 Load factor and Ikilowatt-years —The
importance of the annual load factor 1n hydro electric
schemes, 1€ theratio of the average load to the max
mum load during the year, was emphastzed 1 the Pre
himinary and Second Reports  Where a project depends
mainly upon storage, or where there 1s sufficient re
gulating storage on a project dependant upon perenmal
flow, the total horse power or kilowatts of working plant
(exclusive of spare sets) which can be wnstalled may be
far 1n excess of the continuous power capacity of the
source In TmIS REPOPT ALL POWER CALCULATIONS
ARF EXPRESSED ON THL EASILY UNDEPSTOOD DASIS
OF CO\STANT CONTIMNUOUS 2% HOUR POWER IN EILO
WATTS te IN RILOWATT YEARS, 60 that in any case
the actual possibilities of the site mn terms of umts of
clectricity which can be generated per annum are found
simply by multiplying the continuous kilowatts by
8760 These units, if the aboy e conditions as to storige
are fulfilled, can be genersted at any tume Thus,
for example the Tata Xl £ I’ S Co's plant generates
practieally the whole of its power during the 12 hours
when the mills are working, and very httle for the
remamder of the 2¢ hours The highest load factors
at present obtamed 10 India are betneen 10 and 50 per
cent o that the capacity of the working plant anstalled
1 these cases can be from 2 to 2} tunes the continuous

r:
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aproity of the st With o load factor of only 33
r cent the norhwg phint mstalled could apgregate
tumes the continmous capacaty  Clearly the latter

ase, though appirently pnng greater povar possibeh

wredly much lessfavoursble for water power work

s the total capital cost of a large part of the works
df bo proportionally higher then m the former cise

the uthration of the plant will be proportionally
¢ss, 1 other words the same numbez ol umts gene
ted will have to }ear Ingher capitaf charges  Should
lectro-chemical 1u lustries be started load factors

{ the order of 90 jir cent might be obtamed The
<casting of the  robable | ad factor 1 any particular
se mvolves o detarled examinatios of the conditrona
the whole of the probable consumer 3 loads and the

draving up of load curves based on thes dats  In

we early stages of determuiming tie probable yoser
ot n given mte this 13 upnecesary  but before actud
devclopment 13 un turtalen 1t 1s essential 1€ the conts

nuous power obtatnable s2 stated this 1 all that 1

required for the tune beng 1% 15 uselrs as a rule to

speculate on the uaknown lord facter i crder to arnve
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ata low fuee o ¢ hedow bt snstedled  Ina fow cvves
1 thes Report howes er 1t ks been § omnted out m generd
terms that on commeren foad factors  th re woull
benlow erst ¢ f hndrauhe development ¥t enaght how
ever happen m such 4 cuve that for eleetro e} mieat
worh, the by draulse des elopme ot would be too eyg rrnve,
s the whols eapit it cost woul 1 e sunh en 1y Fust of the
contiruous power® eapacity thown anl no more
Tor a practic} example of how regulnting sterige
combined with flow  deals with the problens of a load
curve aud e yes] the resder s referred to jam 28,
Masn snd Regubimg Storage  whmg for crample
the Um Tru Buer Assam A practiesd ease 15 there
wothed ont with an sHlustrotine diageam based on such
ilirination a8 1 avaubble It may howeser be as
vl gue charscterictie foad curve dingrims here
and to shaw what they smph  Of these Jur 16 shows
8 loid curse for o plant worling o continuous clectro
chenizeal process Lase A The maxrmum Ioad 18 5 200
W and the aversge foadss 5000 bW gving a Joad
factor of 95 per ¢ent  This 13 somenbat higher than
swould be obtunnble wn practice for the ethe of example
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Fig 17 shows 2 load curve for a plant mamly driving
factory loads for 12 hours a day Case B With a
maximum load of 5000 kW the load factor 13 now 56
percent  The 5 000 kW 1s required almost conttnuously
for 12 hours on end Tinally Fig 18 shows an ex
ceptionally poor town supply load curve with a predo

LOAD FACTOR AND KILOWATT YLARS P

mmant hghting peak load of 5000 kW for 1 hour,
Case € The load 1s 2t 4 000 kKW or more for 2 hours
and at 2 000 kW or more for 4 hours but the overall
load factor 1 only 27 per cent (In each case the load
factor may be found from the curve, as the ratio of 1ts
arca to the rectangle enclosing 1t)
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2 TECHNICAL MATTERS

These curtes may now be examined m reldtion to
e sepply by water power from flow or storage
ader + wous conditions  thus {ake huade of 20 ft,
0 ft nd 2000 f& Then the water required will be
3 follows —~

TasnLe $ —To dllustrate load fortor

Teat Queput x 560 1340 3o 000

u 374 o s 4w
u - 1 1w 55
‘ 37 L} i 3 W

Plant A will therclote regumire 1 constant supplh
hroughout the 2t heuts of 37 375 or 3 708 cumecs
wccordin, to the head  This mummwn tow must always
be avalable whether 3t 15 1 the form of mmnmmum
stream flow or drax off from a man storage 1§ de
pendence 1» placed updl storage to any extent 1t will
requare 8760 37} ow ft per diem on the highest
head and 100 times that amount on the [owest assumind
no mflow to the sesessoir {eg hoyna Valley project
w the dry weather)

Plant B with practically the same wmaxunum load
wilf requice the same constant supply of water as plant
A fue 37 cusecs en 2000 ft and so on} m the ab
sence of regulating storage ond durmg the whole
period of low load thus flow would then go to waste
Butas the load factor 18 56 per cent and therefore only
66 per cent of the full water supply (roughly} is bemg

[Para. 27.

1t be assumed that only 10 curecs are availible for 4 dry
period  Then alf actual fords over the 1350 KW, which
that flow cwn supply, must be talen from storage
These lowls from the curve total up to 11000 LW
hours and would requre some 310000 cu it of
stored water under 2000 £t bead, or 10 and 100 times
thet nmount on the lower heads named

Thus m the three cises A B €, the smallest constan
daity supply of water {whether from a runmmng strevm
or from 1 great lahe) wluch will guv ¢ the energy generated
1837} 21 and 10 cusees with suitable regulatig storage
but 374 cuees 3n all three cases without 1t under the
2000t head  Where there s @ mun starge resery o
with severd months supply 1t 18 of course unnecessary
to have subsidiary storage so long as the arrangements
are such that the requred water 15 alnays avatlable
when requred

27 Water storage generally —It was stated m
previous reports that water storage conld seldom
be uselully employed evcept under high heads and
this 18 geperally true  ‘The power obtunable from a
JZven quantity of stored water 1 evactly m proportion
to the worhng head on the turbimnes, aud therefore 16
w1l pay to construct great dams on heads of thousands
of feet when 1t will not pay 10 o so on heads reckoned
m tens of feet for one hundredth part of the power
There 15 no exact pomnt where 1t can be lard down that
the head 15 too small to justfy large storage works,
the lunit depends chiefly on the cost of the dam per
milbon cubwe feet of uvefal water stored behind i,
and tius depends m turn on the confisuration of the
ground and the nature of the submerged land  The cost

ntthzed for power 1t iollows that a much smaller b
flow will suffies of thers is regulatng storage  The nver
nge Joad throughout the 24 hours 15 1 fact 2 800 h¥¥
stead of 5 000 83 1 ¢ase A so that 21 cusecs can supply
i under 2 000§t head  But practically 12 hovra supply

rate of 37—21 or 16} cusecs equal to 70,000

be daily wmpounded during the hight

the daily beavy load penod with

8200 ft head 10 times and on &

. this storage must be provided

only the nummum of 210 or 2,100

¥ybe

the same maxmmum load of 5,000

will requre the same swount of

previous cases Here the load

oeat 50 onfy that proportion of the

Pe utthzed for pover Here wath

eould be worked on 10 or 100 or 1 (00

haads, 23 the average load 13 only

3,3503W  Taking the case of the

the others are proportional) et

of petang fucl-generated pover also has a far reach

g mnfiuence on the decwion m each case {tidz paras 16
to 18 of Prelimmary Report) Recent mvestigattons in
the matter of tidal power 1n Great Butam show clearly
that olthough the wmatter 13 lughly controvermal if
the conditions for v ast storage are sufhciently fan ourable,
1t may be possible to use i commercially even on low
heads There are however no cwewmstances other
than those of t:dat power of which thisis true  Never

theless the present report shows that in localities such
ay the Centrs) Provinces, whers the rivers sre mostly
not perenmial and the available falls ean seldom be
developed shove medium height even with long chanuels,
there 13 no alternatire to stornge ff power1s to be develop

ed on = large scale  Among the sites of which reconnas

sances have been ade and which are now recommended
for further defailed examination are meny of which
the *head lies between the limts of 100 and 1 000 £

At lagher sltitudes aboie plams level m this ares
the catehment areas are too small to give g useful
yield, especially when highly vanable annual rasnfalf
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and frequent failure of the monsoon are tahen mto ac
count The ground however offers facilifics 1 many
cases for large storage at moderate capital cost, as shown
by the many existing irnigation resers oirs and the detarls
of sites disclosed in thus volume
The Central Provinces linve been taken a< an example
here but the same considerations apply n a greater
or less degree clsenhere throughout India  Bombay
18 fortunste in having higher and less irregular ranfall
with elevated catchments 1n the Western Ghats con
tmmng scores of excellent storage sites Assam has
also very high runfall over the even more eclesated
plateaux of the Khasia hulls, but with fener discos ered
sites In the Punjab ard the United Provinces snow
fed perenmal riv ers may render storage of less impartaace
for the development of power, though it will be -
valuable for imgation hereafter Madras 1s better
placed as regards ramnfall than other Provinces having
two monsoons over a large arca but storage may play
an 1mportant part 1 power schemes there, m many
cases however perenmal mvers offer good promuse
Burma has enormous water power resources 1n which
storage will probably not figure pred ely  Bengal
and Bihar appear likely to have far less power than
other parts of India, but comparatively lttle recon-
nwussance has so far been made 1n either Province In
some of the Native States of India there are undoubted
posstbilittes m which storage s generally mvolved
The adjoming terntories in the Himalayan area un
questionaly have almost unhmited power, from snow
fed perenmal mvers, but these do not fall within the
scope of the Survey
28 Mamn and Regulating Storage —There has
been a certamn amount of misunderstanding regardmng
mamn and subsidiaty or regulating storage reservours,
also between the capacity which a site can contain,
the amount of water obtainable and the effective storage
The hmiting case of storage power schemes 13 where,
as 1n the Western Ghats there 1s very heavy ram over
limited catchments for a few months m the monsoon
and practically no imnflow mnto the reservoirs at other
times  The stored water then has to suffice for some
8 or 9 months of working, and if the ramfall varies
greatly (as 1t does throughout India) there should be
sufficient extra storage to make up the deficiency m
bad seasons It 15 generally found that the tuo conse
cutie driest years are a more severe tax than an 1solated
year of mmmum yamfall
Where larger catchments are involved the rivers
fed by them will generally have a considerable discharge
for 8,9 or 10 months 1n the year, but mam storage on
large scale 13 required to carry over the extess monsoon
water to the mcreasingly deficient hot weather months,
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with the possibility ever present of a late butst of the
monseon  Here, agamm extra storage may be required
to make up the deficiency 1 two bad seasons in succes
son  If sufficient carry over stornge 13 not or cannot
be, provided the constant discharge to be rechoned
on must be reduced accordingly The figure of 35
m ¢ ft has been generally adopted as a safe amount
of storage to give 1 cusec for a year after allowmg for
losses It should perhaps be pomted out that where
the storage site allows little or no carry over from jear
to sear the single 3 ear of absolutely lowest total run off
13 the cnitical period rather than the v orst combmation
of two less deficient years

It should also be pomnted out here that cases arise
where o constant discharge from n reservorr will be
necessary for wurigation purposes, at certamn seasons,
regardless of power requirements This should 1n these
cases bo allowed for in storage calculations, leaving the
method of effecting 1t unt|1 such a project matures,
there will then be no difieulty in d
The governor could bye pass the full supply thruugh
a reltef valve when not required by the turbine (see
poara. “Technical Progress ), or govermng could be done
by diversion or deflection of the Jet (in the case of im-
pulse wheels) without using a spear 1n the norzle, or,
agam, the deficiency could be made up by hand regula
tron from any power pipe not 11t use at the time

“Returning to those mstances where mam storage
18 largely depended upon, 1t 13 seldom necessary to have
a large amount of regulating storage also It may so
happen that the project necessarily nvolves an upper
and a lower mamn storage reservorr, m different catch
ments and except for the expense of two dams this 18
advantageous Ordinanly speaking, if the forebay
site can be made to hold 24 hours’ or even 12 hours®
full load supply, no other subsidiary regulating storage
18 necessary  Such an amount will obviously deal with
every possible hour to hour varation m the demand up
to any peak load , and, except m the case of a break-
down 1n & channel the forebay can always be kept
practically full

If however the forebay site does not admt of sufficient
storage the question turns chiefly on the length of the
open channel It will take the water about half an
hour to traverse each mile of open channel so that fara
10 mile channel some 5 hours will elapse between the
tune when the sluce 1s altered and that when the
supply to the forebay will respond  If then the mam
outletfor the power 15 a factory load nsing from a negh
gible amount to full load at 2 certain hour, and closing
down sumfarly, tins tume lag of 6 kours would bave to
be techoned with ot theh  wothe Im s Tase
1t would be desirable to a sul of
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bout & day’s supply, more or legs secording to its capt
al cost, at the nesrest practieable site to the forebay

Bus the cost of s large storage here would scldom be
justified unless 1t enabled the 2verage draft and poner
to be mereased commensurately  In a number of ms
tances such large subsidiary mam storages have been

4 bus classified ag * regulating ™ atorage

The proper functton of regulating storage 1 & praject
Jepending upon main storage 1s merely to enable the
plant to he operated under all required conditions

Por example, o marn storage can be depended upon for
100 cusecs continuously year i and year out  but the
plavt may sometimes require 500 cusees for an hour or
two 8t peak or 200 eusecs? for B hours on end with

P
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a good munmum flew of 170 cusees  The problem 13 to
determme what size of plant can be nstalled This
of course can only be ascertamned when the load canve
1s hnona and if the project mn question 1s to go forwurd
the nevt step 13 to canvas the consumers and draw
up the probable curye—a matter for the electneal en
mncer  Tor purposes of allustration a hypothetical
load curve may bo cvolved, sea Fiz 19 When the
rver 18 at its Jowest flow of 170 cusees and with a Lead of
200 ft, 2300 kW s mvatdable for 2% hours 4 day,
without countmp on the storage The 24 m ¢ ft
of nvailable stornge, durng the dry pertod of 2 mo

would grve an exvtra dischatge of pbout 2 cusecs brmg

ing the average power up apprectably  Therefore

comparanvely httle for the rest of the day (Thesc 1n one day 2300 X 24 or 55,200 umts can be generated
Kw
Sooo
fodo n"f"
4000 .
Joao
Stywes] ° A %
2300 ] = 9 \«
2600] :\ S — N
b [ Tr [Rever
Rrsarm
oo
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L X < 9 [ tg 8 ) 24
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suppositions are unfavourable for hydro electric works
and are merely by way of example} The function of
the forebay or if that 1s too small, of the regulating
storage, 13 Yo supply the extra water over and sbove
the average draft so that the channel from the waw
storage can be desgned to carry that average flow
coastantly The saving m cost on & {ong channel would
probably pay for the cost of the regulating storage,
but, apart from this the latter 19 a reserve agamnst a
temporary break m the channel
These cosditions may conventently be austrated
Irom the case of the Um Trn River, entered under the
st of sites 1 estigated but not des eloped in Assam
There 1s good regulatung starage capacity combined with

and nomore  Ths s shown ou the diagram a3 a dotted
Iine at 2300 kW  The actual load curve assumed s
shown by the continuous heavy line, for convemence
113 made to run exactly on the squares though in fact
1t would of course be wary Each square represents
1000 kW m power and 3 hours m time or 3 000 L1V

hours 1n energy and the constant power Mue has 18 4
such squares The cross hatched ares below this hne
shows that 38 squares or 11400 kW hours are left
over m storage m every 24 hours These are absorbed
m the cross hatched peak load ares adove the same
Ime  From 16 hours o 22 hours the whole fow 18 used
and the storage 1s drawnon at other hours the reservot
fills  The load factor of the plant 15 the ratie of the



Para. 20.]

load curve area to the area (40 squares) of the whole
— 4
enclosing rectangle up to 5000 1W z2¢ % =016

or 46 per cent which 1s another wajy of illustrating the
units genernted 55 200
— 2 T or_—— The
umnets possible 50002t
peak lond shown 1s 5000 1V Any other load curve
could be met so long as the shaded area above the Jme
does not exceed that below 1t
29 Gross and effective stornge —TReverting to
mam storage reservoirs 1t 13 preferable to confine the
term “ effecti e storage ™ to the actual designed capacity
of a reservorr between full supply level and draw off
level The term has m many mstances been used to
connote the mean yield from the catchment of the twe
driest consecutive years  Ths last figure 15 of course
of the utmost importance m the fin1l destgn of the worl s
but 1t does not as has often been assumed necessanly
mply that tlus mean dry year yield 1s the utmost
that can be depended upon If the site 1s favourable
2 small addition to the height of the dam may enable
a substantial volume of water to be carred over from
normal year to year until required to supplement a dry
year or cycle In many cases the muestigation of a
storage site has been carried only to the point of finding
sufficient capacity to store mn each of the two driest
years the estimated yield of that year This 1gnores
the possibiity of carryng over sufficrent water from
normal years to supplement a dry cyele whether this
1s practicable 13 a matter of comparatie estimates m
the detailed survey stage
‘Where ramfall data are obtanable over long periods
and at sufficient pomnts m the catchment the average
yeld can he caleulated by such method as 18 locally
cmployed often the mean run off percentage m netgh
bourmng catchments 13 known and can be uwsed with
diseretton  Then the yield m the two driest consecu
tive years on record can be smmilarly caleulated for
which Mr Barlows 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 conseeutive years 1t
may perhaps safely be assumed that the same discharge
can be obtammed m an 1solated year of mimmum lower
than ewther of the two consecutive dry years this how
ever should be subsequently checked
Having found the probable yield i good and bad
seasons trial and error methods will indheate what con
stant harge the catch 13 capable of
gving at the site  then 1t 1s necessary to see whether
tho site 1tself 1s capable of dealng with the assumed
nmount  This mvestigation should preferably be made

ordinary form of
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Jof the Silewani Ghat scheme may be taken
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over o long series of past years but ordmanly it will
perhaps e suflicient (at least during prelimmary
myestigations) to start with the year before the driest
2 year pertod  Assume that the reservorr 1s full at the
end of the monsoon of the 1st year Then up to the
breal of the second monsoon—the frst of the unfavour
able years—there will be o constant draft of = cusecs
The post monsoon mflow to the reservorr will at first
exceed the draft and will be surplussed , thereafter 1t
will average # cusees fof the whole pertod so that the
net amount drawn off from the reservoir will be at the
constant rate of « i cusecs Thus the reserve storage
at the break of the second and first deficient monsoon ~
18 known The calculated mflow from this monsoon
less the constant draft of & cusees will show how much
water 1s 1n hand at the end of that monsoon  Treating
the second dry season and the third monsoon similarly
the reserve of water at the end of thus latter unfavourable
monsoon 1s found 1t must be sufficient to provide the
net draft up 11l the break of the 4th monsoon (assumed
normal) the inflow during this dry pertod bemng probably
abnormally small -

These calenlations may be carried ont as explamed
or by vanous praphical methods including the mass
curve and draft curve—see next paragraph The
assumed draft can be modified until 1t can be met
As regards the reservoir capacity required m any parti
cular case a very small extra height will give a very
great cxtra capaaity at small cost provided that the
site 1s favourable and the extra submerged land 1s
not too valuable It 1s always preferable to carry
the mvestigation of the site up to the capacity mdrcated
by the yield of a normal year

It necd hardly be pomted out that no quesiron of
load factor (see para 26) anses the draft can be taken at
any rate so long as the per ble total 1s not ded
These considerations will also show that where 1n draw
mg up schemes the reservoir capactty has been made to
fit the assumed mean yield of two dry years there 1s
m fact always <ome carry over for the monsoons are
spread over several months during which the power
draft 13 always operative This has often been over
looked

30 Graphicnl method of calenlabing man
storage —It will be well here to show the common
method of determming the amount of storage graph:
cally and as a concrete example 1s always preferable
to a hypothetical one the case of the Pench resersorr
The data
of this project are far from complete, and assumptions
have to be made but they are based on such informa
tion a3 13 avarlable

v
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Iig 20 18 o disgram extending over six years, 3"}3;“:—* sl
periods of 3 menths bang wndieated on the ordinates 1 D‘;al? e

. N . . 19u0m ¢ 4t
achyear Where the curie nises above the 2ero lme Infiow A
of the abscisae the excess of water s surplussed nnd Nett deatt . 19.0
lost so that when the draft first exceeds the mflow APt b-Jme
Draly 100
the ocurve starts from the zero hme It 1 assumed Tnflow 900
that up till October of the first vear there 13 8 surplus ——
N Nett draft 100
gomg to waste A constant dralt of 200 cusees, as pre add 190
posed m the Sslewant Ghat scheme 13 t7) en to wclude prevons
both water for power and losses from cvaporation ete e
Then the draft from October of the Ist vear to January al " ToTat vearr 2000m ¢ ft
of the Ond vear 13 1900 ¢ ft but «mnflow of 530 P gt 10,0
m ¢ It from the tal of the mon con reduces this to Normt mon oon mow -0
1400m ¢ it asshown  From April to July no mfion B xecss 510,
7000 & !
‘QQU Trarn e,
Soon
000 haremat
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2 assumed g0 o further 1850 m o 6 brugs the

total draft to 83,0 m ¢ 1t The second monsoon have been drawn the balance spills vier, and October
1 assumed to be a heary one gynng a vun off of some  statte siresh with full resersoar
14000m ¢ ff  Aganst the deaft of 1950m ¢ £t  Stdyear—

up to July 600m ¢ ft are credited at the begmning ocl?rﬁrmcemhh 1950m. ¢ It
of this monsoon so thatthe 1350 m ¢ ft neth draft Iaflow 90
brings the total draft 10 4700 m ¢ 6 as shown Nett draft 1000
Then the reersoir 13 rapidly filled and the large smount,  4th year—

After filing the reservoir from which 3000 m ¢ 1t

shown by the shaded ates goes to waste In Janunary Jaﬁtﬁ—'umh‘ . . 1930

of the third year the draft once more exceeds the”  lafiow il
supply A nommal monsoon follows the figures being 4 Yoo premout
based on those given clsewhers 1 the Report It will

Quarter
be safficient to eummanse the remawmder of the curve

TOTAL DRAYY 2950m o ft
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Hero the first of two consecutnve bad monsoons

occurs
4th yaa:—J
A 1950m o 1t
June inflow 00,
11750
ﬁz‘i& dratt 20,0 v
already
drawn off
TOTAL DRAFT 4700 o ft
be:
Ji uB ;Sbaptem - 100
1st week monsoon 1nflow 4400
2450

Excess

This excess 1 added to the depleted reservoir but

fals to fill 1t It brings 1t up by 4,700—2 450 to the
2250 m ¢ ft mark as shown -

—D ber—

O e 150w e
Inflow 8.0
Nett draft ‘l, 100
Add provious defic ency 2 00

TOTAL DI AFT 33,0
5th year—

January—Ddarch—

Draft 1900

Inflow Ml

‘4dd previous draft 3350
‘TOTAL DRAFY 5300

Apr I—June—

“Dratt 1450
Inflow 300
Nett draft 1600
Add prov ons draft 5300
~
‘ ToTaL DRAFF; 6920
July—RBeptember—
Draft 1940
2nd week monsoon 1aflow 5300
Excess] 3300
This reduces the total draft to 3600 m ¢ ft as
shown
Octobor—Decetmber—
Dralt 1950
Inflo v 900
Nett draft 1000
Add prev ous draft 30600
TorsL DRAFT 4600
€th yeat—
January~—DMarch—
Dratp 19,0
I flow M
Add provious draft 4600
ToTAL DEAFS 6550
Here comes the critical perted The following

monsoon may be normal or eXcessive when 18 comes,
but 1t may break late If 1t does not break tdl July
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'
m, ¢ {t the carry over 1n a normal or good yesr 1s
600m c ft Itisa slender margm and 16 would
perkaps be wiscr to caleulate on a shightly smaller draw
off unless tho yreld of two bad years proves more than
that here assumed

81 River development by lif mg dams —Hither
to Little attention has been paid m India to what 13
perhaps the commonest method of developmg water
power from large or moderate rivers, namely by means
of hitmg dams  (Second Report, p 12, 2nd para) To
tabe o well known example, the cyanamude industry at
Notodden (Norway) depends upon a series of power
stations on ome mver At Rjubam lugher up the
mer, there are high head developments supplied from
natural snow fed lahes wluch have been developed
for better regulation  Below Rjukam there 15 another
natural lake, which has been ramsed to aflord further
regulation  From this powt the nver ongmally des
cended 10 a long scmes of rapids  Along 1ts course a
sertes of low daws has been built so that the rapids
have been conserted nto a sertes of lakes and artificial
{alls of the order of 30 to 50 ft eack At each hfting
dam there 13 & power station ot 10000 h p or so,
all of these transmitting their power to the Notodden
factories In most of these low head imstallations a
short prpe hine 13 used sometimes with a short canal
also, the full avaidable head bemng of course used by
means of reaction turbmes In one case at least a
roch tunnel 18 used 1 place of a yipe The whole
discharge of the river 13 available at each site, and the
lakes enable the flow to be regulated with fawr umfor
mity throughout the year In this case there 1s the
additional advantage that the catchment atca mncludes
perpetual snows

1618 not necessary that such a scries of power stations
should be constructed hundieds of wolated jlants
Amentca are worked from single lifting dams on the
natural flow of the nvers

Applying these considerations to India the cond:
trons vary widely In the Himalayan area the rivers
are mostly snow fed and perenmal and few natural
lakes exist which could be utilized for regulation
The VWoolar Lake m hashmur 15 an exception, the
Jhelum niver 1f regulated at tlus lake could be uti
Lzed fromBaramula to the plains on the lines suggested
takimg the existing installation at Mohora 1 1ts stnde
In other cases a regulating storage site of great eapa
city would Lave to be found and developed, and the
floods duning the monsoon and the melting of the snowa
would obviously make regulation diulicult on such

a further 1 950 cusecs are drawn off, bringing tho total
draft to 8500m ¢ ft, which s the designed effective
~apacity of the reservorr As the annual draft 1s 7,900

derable bed slopes as are geneial A su.gestion
however 13 made 1n a succcedng Jara raph  wiuch
may bear frmf
rz
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El ewhere m India the mvers are not snow fed
many are mot even perenmial newrh all are subject
to verv heavy flood  “Neverthel s ud evinanation
as has already been made shows that ip n 1 1 e number
of caces resersoir «ites can be foun1 with lar e eapacity
1§ would seldom pay to develop the e for the lon or
low medinm fall available at the site of tle dam, 1
order to get a few thousand H P If howeser a smele
very large storage mpounding the whole or greater
part of the average yield of the eatchment above 1t
could be utthized to give a regulated tlow tu a nunber
of power stations the aspect of the projesil changes
completely Natarally such o chun of yov er s 11 ns
pre-supposes n mdustrial outlet for the power but
that 13 a matter apart from the determunation of water
pOWEr resonrces

Assuming such B storage re oy 1t to be ¢ n tracted
m the higher reackes of a mver the rdated fiw
would contmue its cour e down the natiral channel
It would be supplemented by tnbutary strexme 1ind
if & further favourable <ite were found 1 ccond storage
maght be constructed

Tributames with vers Ty cately ot voull jro

bably have to be regulatud bv sl ¢ ri, s as
otherwise their untestricted tloods v vuld renler po ver
stations difficult to construct and would serioum ly
reduce the head at them In ll probabiliry the fall
from the draw off level of each mamn tor g woull be
sufficient to justify the provision of 4 o r tat n
which would work on 4 variable head betwecn thus
mmum and the lugh flood lesel of the re ervoir

Wherever conditions were swtable belos the mamm

storage & hifting dam of swtable height could be con

stracted to give & head of (sav) 30 to 1 v ft  The
storage behwnd such a Litmng dam would not generally
be used escept for the day to-dav regulation of out
put and the meeting of peak loads The head would
therefore he constant or nearl <o and any excess
water would spill over the dam Floods would as
always have to be designed for but the mnn storages
would Jargely contamn them Varous mstances wall
be found 1n ths Report where such a method of de
velopment may prove feasible, others will doubtless
be found as mvestigaton proceeds

In certan cases where the abote pos ibility has not
been considered or where there has been no imvesti
gotion at all, the assumption has beer made that
the miimum flow can probably be utilized on the drop
represented by the gradient of the miver for so manv
mies  The assumption 15 clearly adms 1ble 1 dealing
with water power resources for if flool regulation
storage were possibls 1t would also enable the mintmum
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flow to te supjlemented to s me extent thronchout
the comected ¢him of stations

32 Development by barrige —Where the b
sence of flood reguliting storage males the ordmar
type of hiting dam development mpos ible there 15
stull 2 clance of development by barrage 1€ by meus
of a hiting dam with automatic or controllel toc 1
gates long its v lole length  In <ome cases thel
of head by the rsing of the tul waters would bor th
method but conditions differ widely over Indwm 2 d
there are altmo t certunls <ome sites where the method
would be applicable  There 13 more than one jo 1ble
mann ¢ of procedure Generalls the most efliwse t
method 1 here the site admuts of it v ould be to tale
off the witer m closed j1pes from below el Ievel {f ro
bably 1z » tunncl in the bank) and to carry them along
1o the pomt where 1t 15 o certamed by observaton
that there will be the mo t economic fall to o po 1ble
power house site  The chief di culty would hie 1
protecting the pipes and turbines from the entry (f
cand anl stones, tlus however 1s mot an msoluble
protlem  Ihere would have to be as near an appreach
to a st 1l Lack water on the flank as could be mad <o
that 1 forebay could be screenced off from the nver
In a gorge ths nould have to be cut out of the banl
but as o rule 4 barrage would onlv be posstble where
the nadth of mier 15 considerable In this class of
jroject the tail race would be at low water level to
ta e the di char e of the draft tubes (see para 8 31)
In flood times both the head and tail waters would nise
and <o long as the two rises are of equal amount 1t
wmvolves 1o more than n transfer of the effectne head
from the draft tube to the pressure pipe  If howeser
the ries were unequal 1t would mean s greater or le 5
worlong head and wrthin lumts mn view of recent
turbme developments (para 46) tlus only modifies
the output of each set and does not render the site
mpracticable

Instead of a clo ed pipe, eases may occur where
=ome lenzth of canal would be required to get the best
workmg head If this were <o 2t would o 2ll pro
bability still mvolve tapping off the vater below cill
level by means of a pipe or tunnel 1 order to reach the
canal safely above flood level The estra head due
to flood rses t the barrage would then be lost and
the mse m the tail waters would defimitely mnvohe a
dAumnutron of the power available

33 Flood iegulation by fanpel and dam —It
has been sl own above that there ar difhculties 1n the
case of low head projects especially those developed
by means of lifting dvms or barrages from lack of up
stream flood regulation In many places i this report
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the hfting dan method 19 suggested, but the remarhs
on tho Indus (pws 118) may be taken as typieal
1f that great mver could be regulated smaller fry would
offer less engmeenng difficulties It 1s pomted out
(loc cat ) that the Indus xas temporanly regulated by
a landshp dam m the 'forties, until the dam broke
down and let loose the floods Nature may here have
shown the engieer o solution of a great problem, for
what has been done naturally, without design or con
trol, can surely be done by man with caleulation of the
effcct  On a comparatively small gcale 1t has 1n fact
been doue, with protective dams of masonry or earth,
m many mstances, formstance the floods that nearly
overwhelmed Hyderabad (Deccan) a few years ago
are now contuned m 1 valley above, across which &
great barrage has been thrown If such an earthen
dam as was formed on the Indus m Gilgit and on the
Ganges at Gohna Iake (wlich still exists) can be
constructed with an escape that renders 1t m
possible that 1t shall be topped by any flood, then one
of the most urgent necessities of both imgation and
power would be solved It would bea rash man who
should say that 1t 1s imposstble The whole contro
versy regarding the Sullkur barrage turns on the un
regulated floods above
The mean monsoon discharge of any of the great
nivers, of which there are records mn the Irmgation
Branch, can be calculated, the maaimum 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
blocked a gorge to a depth of a thousand feet (or any
lower height 1 a niver with less spectacular gorges)
and that the consequent storage will hold up the whole
flow at that pomt for a year (or any other pemod)
It 18 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 1t would carry about the
mean discharge of the year (or more if necessary) under
the varymng conditions of head, then the dam wounld
never be topped , 1n fact 1t could be so designed that
the vwater could not under extreme flood conditrons ever
nse within 50 {6 of the top, giving a margin of untold
mullions of cubic feet For as the storage level rose,
so would the discharge mcrease as /Head
Nerther the dam nor the tunnel offers any wsuper
able difficulty mn theory If the tunnel were bult,
the earthen dam could be made either by high explo
sivos or by hydrauhe sluemg according to the nature
of the ground, and 1f Jong enough down the nver bed
some porosity would be immatenal For the tunnel
the 1deal condition would be the short crewting of a
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small bend, sath the dam ab 1ts central pomts, as the
work would then be safe durmg subsequent blasting
and the tunnel could be at such a height above bed
Ievel that 1t would take 100 years to silt up to 1t
Fuling a bend the tunnel could enter the bank some
distance vbovo the dam site and discharge at some
distance below 1t, giving almost equal facilities Tt 18
even concervable that m somo of the less violent rivers
with large flood discharges the tunnel might be con
structed over a mule or o of the river bed 1tself, so long
as the dam could bo constructed by hydraulic stmeing
until & sufficient cushion existed to render blasting
safo (sec foot note on page 103)

Such methods need mvolve no regulation though
of course regulation at the tunnel mtake would be of
great value 1f the locality rendefed 1t possble If
however the site were such thit intake regulation
proved 1impossible the tunnmel would reman open,
protected from the admission of anything 1t could not
carry, wnd the waters belund the great dam would mise
and fall within therr appomted limits A temporary
flood of 250 000 cusecs for 24 hours would be impounded,
the level would rise 100 ft or 300 ft, the discharge
would 1ncrease 1n the known ratio , and the flood would
be spread over a weeh or a month m the lower reaches,
mstead of topping the barrage at the canal headworhs
m the plains below and bemng lost

34 Drait tubes and draft head —In a very large
number of cases caleulations of power have been made
which take no account of the draft head” on low
and medm falls A power station site has been
{found at 10 or 20 {t abose hugh 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 1n the case of canal falls generally of the order
of 8 or 10 ft Thas the draft head below the wheels been
taken mto account mn addition to the pressure head
Wherever reaction turbines are used a draft tube 1s
required 2e up to the lumt of head where impulse
wheels are preferable which may be 400 ft or even
more On such a high head the gam m power 13
comparatively small though by no means neglgible
but on heads of 30 or 40 {t the draft power may be half
the total Theoretieally a draft tube can be used up
to the limts of the water barometer, namely abouf
34 ft Actually if this were done there would be
trouble from air entry and also from the column of
water brealing and causing water hammer on jowming
up aga  The practical lmt 13 about 25 ft at sea
level and proportionately less at Ingh elevations,
and 1t also varies with the size of the tube Details
are however matters for designers, and 1t 19 here only
necessary iphasizo the fact that from 10 to 23 *

A
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1 draft head may be taken into account  If therefore
poter house sitc, 1n order to be above flood level
be considerably above bed level, vanious ways of
tilizing this varable draft head are posstble The
raft tube must of cource invanably discharge below
ae surface of the tail race, if thercfore the latter will
e high above the nver level at low water 1t must be
2 an d g0 as to discharge over a werr which will heep
full, and this weir must be capable of safe submer
>nce m floods Withm the Imts of draft permus
aible 1t 1s desirable to lower the tail race down to the
low water level of the niver though this mught in many
cases be mmpracticable where the flood mse 1s great
But there 13 the alternative of lowermg the turbine
itself A vertical turbine can be erceted m a wheel
it and conuected by a vertical shaft to the alternator
m the power house , at Magara falls some of the wheels
are below the surface power house and almost on s
level with the foot of the falls This may volie
tunnelling for the tai race exit, and 1 13 o matter of
estimating to determme how far the method should
be carried , the value of the additional power capt
talized, 13 set off against the extra cost of the worhs
1t will almost mvanably 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

CrAPTER 5 —RECONNAISSANCE D SURVEY

85. Maps available and- map references —Ior
general geographical purposes the modern Atlas sheets
of the Survey of Indra, ¢ India and Adjacent countries *
on the scale of one mithonth, are admtrable The
“ Politteal Edition ™ shows the boundares of States
Provinces, ete, white the ¢ Layered Editton’ shows
the nature of the country mn extraordwary relef Al
references wn this Report are based on the Atlas shee
numbers Thus Delln 1s found on Atlas sheet 53,
15 15 1 the bottom rank of the second file or letter H
a3 shown 1n the followng table adopted by the Survey
of India, the sixteen ‘ degree squares” bemng let
tered as shown. In a good many cases modern * degree
sheets ” numbered as above (53 A, etc) are published

53
AlE|T | M
Bir |7 T
T G!E|[O
DI|H P
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on the 3 m scale (1 =i m)and old} 1. maps of
most areas can be obtuned  These are quoted as 53
A ete Tach modern § n map 1 sumlarly divided
up mto 16 squares as follons —

53A

1 i [ 9 13

2 G |10 14

3 7 11 15

| 4 8 121 16

Each of these smaller squares covering some 15
rules square, corresponds to a modern 1 m ta the mile
map, unfortunately the number published i water
power areas 1s small, but tn referring fo o sife the
correct 1 1 map 1s the method used throughout this
report The modern 1 mn maps are subdivided into
nme squares thus —

53 M 16
17
T A N
2’5 8

]
{3160

Jubbulpore wall be found op squares 7 and 8§ of map
53 M 16 while the marble rocks fall 15 on square 2
of the same map Some officers seem to have found
great difficultv m correctly quoting postitons 1 this
siuple manner The 1 1 maps are also marked A
B, 0, horizontally and 1, 2, 3 vertically , thus C 1 and 2
correspond to squares 7 and 8 m the above mstance

36 Larger scale maps and theiwr u es —For the
mtal examumation of a possible water power site no
Taap on a scale of less than 1 meh to the mile 15 of much
value, and then only if 1% 15 contoured Many sheets
on this scale have been 1ssued by the Survey of Indis,
but many still remain to be done , and, of those ssued,
a large number are not contoured but only show hills
by “form lnes™ or “ Rl shading’ Form lines are
of little value 2 deciding how a channel can be taken
from one pomt to another, or what capacity a dam
will give, while these can be determuned approximately
on even & 1 inch contoured map  Hill shadig 13 value-
less for the purpose It 1s particularly unfortunate to
this mvestigation that so many of the most Ifkely Inlls <
have lutherto not been mapped in detad, though 1 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 mn remote and maccessible hill jungles, of
interest only to the sportsman and the Forest Officer
Forest maps, on a scale of 4 mches to the mile, cont
toured at 500-foot interials, with mtervenmnr form
lizes, are available for conuderable tracts of country,
mcluding much high ground that may contam water
power Where this 18 o these maps are mvaluable
bat they are apt to end 1n 5 tantalizing manger just
at the m:d pomt of a posuible project, and there are
manv gaps i the middle of mapped arcas  In adda
tion to the above there are certsin areas mapped on
the <cale of 2 inches to the mile, and the tracing out
of contonrs on the e 1s much less fabgung than it 18
on the one mch maps
A careful study of the largest contoured maps which
are available will be found of great asastance n all
reconnarssance work. In dense jungle or rough country
1t 15 frequently 1mpos 1ble to follow up the course of a
stream and unless the maps are carefully studied 1t
may easily happen that a useful fall or a promsing re-
gervorr site 18 missed A few examples are given below
to mdicate the kind of information which can be ob-
tamed from maps —

(a) A flat or a steep valley or hill mde 13 shown by
the distance between the contour lmes
The closer the lLines are the stedper the
country will be found ' ¥}

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

(¢} Absence of willage eites and roads or pathwaya
denotes wild or unenltrvated country

(d) Numerous habitations on the Inll elopes or m
a valley 1 hilly country denote cultivation,
and generally springs or perenmial water
m the streams

() When the discharge of a stream 13 known at a
ccrtan pownt, an idea of the discharge at
another site can generally be guessed by a
companson of the catchment areas at the
two places

(/) By a study of the nature of the valleys and the

hill sides, a farr 1dea can be obtatned of the
general natare of the countrs, and 1ts posa
bilities mith reference to reservor sites,
<lopes of the stream and places where an
artificzal fall for power purposes can be
found
(g) When a stream makes 2 long barrpn bend
1t 15 frequently possible to obtan a good
fall by dwwerting the water m a tunnel
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across the nech of the bend  Several miles
of a niver can sometimes 1n this manner
be replaced by a short cut diversion of a
few furlofigs

(%) Sometimes the <Jopes on one mide of & water
shed are verv steep, while on the far mde
they are pentle, when this happens 1t may
be possible to form a reservorr and drvert
the water through the hill, and by thi
means obtam a most useful artificsal fall

() By tracing a contour lie along both banks
of a stream, from any pomt that appears
favourable for the head works of a power
gcheme, some :dea can be obtamed a3 to
the possibility of earrying an open channel
along to where there 13 a steep fall Often
one bank 1z much more favourable than
the other, owing to the abence of clifis or
large nullabs which would kave to be erossed
or to very bad rocl, as on the Jhelum Valley
road where the clay 1s found now on one
bank and again on the other

Wkere no contonred map can be obtamed 1t 13 1m
possible to decide whether a development 13 practicable
or not without a special <urvey, a lengthy and expen-
sive matter An evammation of the ground by a
tramned obeerver, who Imows what to Jook for, with an
Abney level, a parr of anerord barometers, and a ther
mometer, will however generally mdreate whether soch
a survev 1s Iilely to be justified or not  This however
15 not likely to be of much value except m cases where
the mnimum discharge of the stream 1s already Lnown
—and™st rarely 1s—unless undertshen 1n the dnest
pentod of the year, when gauging of the flow can be
combined with exammation of the ground and the
rough determination of heights.

37. Reconnaissance Form —In order to be able to
compare reports on fites and sbetract them, with
comments as 13 done 1n this Report, a standard form
13 desirable.  The form which follows has proved most
usefal, and 1s separately printed.

Parr A —RECONNAISSANCE OF SITES

I Site~Map square nccordmg to Atlas gheet®
Sheet Number Letter usre
Square of 1 inch map Rirer , tributary of
Reached from
c1z (route, rest houses, ete)
by motor, other vehcle, or on foot !

®%ee method explaned 1 para. 3o sopra. The 1m h msp
squares peperally havs § sjuares. but ol cocs Lave moer Tho
same sortent mav be used for theee & 110 9 ete. For enact
focation of 8 parnicular spot pive beanng and dostance from prareet
villa~s shovn ca 1:o b map.
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T'ransport aralable— (b)) by means of a subudiary channel leading

II Type of projcet possible—~Mark of which dint cither to & power house near the lower fall
ston or subdivicion appears most Ihely from mspee or from the tul race of a power house
tion of site near the upper fall, as may emt best

{8) Special cace of utihring a f3ll from a kigh level
canl to a low level canal, or from myver to a
canal  This might be & medium head pro
position but would generibly be a low head

111 Head or fall—Approumate gros height of
natural waterfall feet

\pproumate gross height of arfificial fall or of na
tural fall wnercased by extra Jead obtamable sbove or
below same, by means of an open channel,

ft

State method of determination, by level, anerord or
map contours The gross head <hould be estimated™
from the power house «ite to the forebay site m the ease
of lugh and medmm heads Tor falls clisufied as
“low or uung draft tubes take the vertical height
between head waters and tal waters

IV Flow and Storage—State whether 1t appears
probable that the project in 'the first mstance will
mature—

Ihgh or medwm heads wth arvficial fall—

(1) Headworks (or diverting dam) with pipe hine
direct to power station, and no open channel
either

() with pipe line on a steep grade throughout,
not i olving 4 surge tower or

(0) with upper portion of pipe Ime on o gentle
slope probablh mvohvme a surge tower
at Junction with more svertical part of
prpe lme

(2) Headworks (or divertng dam) with open
channel (shich includes tunnels) to forebay
from which pipe lme will take off to power
station erther

(@} as m 1 (¢) above without surge pipe
(b) as m 1 () vbove with surge pipe,
{¢) varation where the open channel will pass
through a witenshed m o tunnel gnme
a better fall on the other «ide
Medrum heads—

(3) Naturil waterfall or seris of eiscades capable
of development by dwrect pipe lme from
forebay at head of fill to the foot of the
fall, with no open channel 1s1n ¢ace 1 {a},

(4) Natural naterfall or <eries of cascades where
bed slope of myer enables extra head to be
got by development on the lnes of 2 (q)

(a) on natural flow alone, with (or without) regulat
mg storage only  Nearly all low falls will
be of this nature as cost of storige 1s usually
prolbitive

(b) on naturyl flow supplemented by storage mn dry
months  Appheable to medwm or high
falls

(¢) onstoragealone High falls only, as a rule

A surge pipe 1s <eldom necessars on medium Y Flow of mers —If kpown give the mexmum
heads recorded flood discharge cusees
Aedium or low heads— If known give the mmimnm recorded dicharge
(5) Raprde des eloped— cusecs
{2} by means of a headworks dam, to give extra Recorded at (location} , Date
head only (not for storage evcept regu Where records are hept give the rough average dis
lation), with pipe line to power house charge that 15 found durng the dry
below rapids , months 1n good and bad years cusecs
(b)) by a low diverston dim only, where the ab (location)

natural head cannot be imcreased con
vensently, with a short pipe leading to
the power house below the rapids, but no

open channel,

(¢) asn case {a) or (b)) but with 1n open chanpel
{wlich may meclude tunpels) leading to
a forebay, from which - shorfer pipe line

will suffice
Low heads—
(6) Single canal fall
{7) Combination of two or more eanal falls

{a) by reconstruction of the length of the cannl,

There no regular records exist give results of any
spectal gaugings available m form

Year , date , previous
ramfall of month meh, discharge
observed cusecs  TWhen 15 the dis

charge Iikely to be 1t 1ts lowest ?

In the case of low head riter developments of tvpe
para II (5) above, state whether 1t 1s hkely that
flood tumes the ta1l waters below wll back up more th t
the head waters, and thus dimmsh the avalible b 1
In a gorge, or where there 1» 2 ~irge near by dovi
stream, thisishikely tobethe ¢ ¢ thamvernarr @
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at the headworks and wide, with a fair bed slope, below
the station site the head will probably be increased
Is the niver hable to sudden spates of great mtensity ?
TIs 1t snow fed from permanent or from winter snow ?
VI Rawfall, catclonent, run off—
Catchment orea above dam or headworks
Ramngauge stations within or near same

(@) Average total ramfall m  dry months
from to
mclusive, inches
(b)) Mimmum runfall in dry months from
to
meclusive, inches

{¢) Average for rest of year
{(d) Mintmum for rest of year

Maximum ramfall m one day, if known
catchments only)

Probable annual run off (known or estimated) n
million cubic feet 1n average year

Probable annual run off (known or estimated) m
mmimum year

VII Regulating Storage—In the case of high or
medium head schemes there should be at least a few
hours supply stored, preferably m or close to the forebay
but if no site exists then further back  State if such a
site exists and m what position relative to the probable
layout , 1ts capacity very roughly if an mtelligent guess
will give 1t whether 1t will be formed by a dam 1n the
mam or a subsidiary stream or by an artifical tank,
and any further information as to probable cost of con
struction, nature of ground, etc, 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 1 mam stream
Ditto dam m subsidiary valley
Ditto artifictal tank
Further details from 1nspection
VIII Mawe Storage—In the case of medium or
Iugh fall projects dependent partly or entirely on storage
guve (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 nspection or 1inch map
will give any nformation
Location of dam (on 11ach map, by square as
explamed above)
Approumate length
Nature of ground
Height Iikely to be adopted (so far as can be seen
without survey)
Probable method of surplussing flood waters

(small
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Probable capacity mn mullion eubic feet (or approx
mmate length and breadth of lake surface)

If data under para VI are scanty, state 1f there 1s a
reasonable probability of fillng the reservorr proposed
and whether the conditions render a large carry over
necessary for probable bad years (two fairly bad years
are g lly more dang than one tronally
bad one between good years)

State nature of ground which will be submerged
whether forest, jungle, waste land, good or bad agn
cultural land

Does 1t contam any villages, temples, etc

IX Headworks —Gave particulars so far as mspection
discloses them as to how the supply from the niver (in
cases of river 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 1if the water 1s farrly free from, or particularly
charged with slt and detntus mn the rams

State 1f river 1s used for timber flotation, and if this
15 likely to mterfere with its development for power

A Open Channels or Canals —Where the site involves
these the ground should be exammed In the case of
Jow heads a canal 1 earth or rock alone will serve
With medium (or even high) heads where the power will
be large, the same remark apples In smaller ugh or
medium head projects an artifictal duct will generally
be mdicated timber seldom lasts well, so masonry or
concrete 1s generally used Masonry requimes spectal
case where crabs are found, as they rapidly cause heavy
leakage For small schemes or high heads even galva-
mized 1ron troughng has been used, with a comparatis ely
high slope

State type of channel probable

State 1if the ground 1s favourable or whether special
difficulties will be mwvolved

State i any tunneling bridging or syphoning will
apparently be necessary, with such bref parti-
culars as mspection discloses

Approximate length of channel from headworks to
forebay In most cases 1t
1s unnecessary at this stage to go nto details as
to capacity, slope, ete

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

X1 Forebay —State position of forebay and whether
the site 1s good  (This may be, but 1s not necessanly,
the means for regulating storage , but 1t must be large
enough to tahe charge of ordinary fluctuations of load
if the regulating storage 1s at a distance) There must
be the possibility of surplussing water not required for
the power house and 1n some cases of dissipating conx

a
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rable energy m the process In other cases this 1s
secessary at the mamn or & subsidiary reservor

XII Pipe hine—Gne approvumate length of pipe

from forebay to power station site (alternatnes

5 besuggested with head n each case)  Pipe detmls
~d not be gone mnto but the hine should be as short

2s practicable
AT Power house —Give mformation as to area of
~ available approximate height above rter bed and
above flood lerel 1f ascertunable
As noted 1o para III the gross head should usunlly
be estimated from this site
Probable location
Area of «ite approumately
Height above bed level
Drtto flood level
KNature of ground for building

Note that m low head mstallations and up to about
300 ft the power house can be placed (if necessar)
up to 10 to 24 it above low waterlevel by the
use of draft tubes Where the height 13 greater the
turbmes can be placed w a pit and connected to the
generators by a long vertical shaft

Wil any difficulty occur over the tail race discharge ?

XIV Irngation Considerations —Wull development of
the site in any way mterfere with the functions of

esisting urigation works ?

Are there any 1ested nghts such as privately owned
water courses for rrrgation or to feed mill wheels be-
tween the proposed headworks and power station site?

Is the district one m which imgation exusts or 13
needed ?

If thie1s so would the fall 1t 15 proposed to utilize or
develop have to be curtailed m order to utilize the tail
waters ? This will generally not be so if the power
station site 15 at copsiderable altitude above the neigh
bouring plams, so that the tail twaters would 1n any
case continue their course m the natural channel on
the other hand there are cases where the ta waters
could convenently be led hereafter directly mto a

canal where some power head might have to be sacr1
ficed to give command

A\ Facilities and matenals —Will existing roads
(nivers) carry the machwery ete requrred ?

If so by what means?

1f not what length of xoad approxtmately will be
requred to complete connection ?

Will there be exceptional difficultres 1 maling ths
road °

Are budges involved ?
Are stone bricks lme switable sand kanhar, etc,

Lnown to be avalable 1n the nerghbourhood of the
woras 1
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Is Iabour available or would 1t have to be obtamed
from elsewhere ?
NV Local rates —State rates 1f hpown, or probable
rates for—
Masenry m lime per cent
Masonry 13 cement per cent
{merete in hine per cont
Concrete m cement per cent
I xcwnvation 1 earth per thousand
T scavaton m hard ground per thousand
Blasting rock per thousand
Contour roads 4 feet per 1,000 r feet
AVIT  Additional information acquired durtn~ recon-
niar ance
(Nore —Ilot graphs of leadnorks <ic power staton »te or

amy other featuro mas be of val 3 shetch of the {lananl) o 1
tudnal s ¢ on hould wmvarabl accompany the report }

Sig rature
Designation,

Part B —SumvEy oF Sitrs

When reconnus ance shows that a site 15 probably
worth developing the data require to be checked by
actual survey on the hnes laid down in Part I but
sufficiently accurately to enable estimates to be framed
for the ciul engneertng works In the case of canal
falls the survey will already exist and what 1s required
15 a detalled report as to the best method of utihzing
the fall or falls with rough estimates of the works
requred In most other cases there will exist at the
best a 4 1nch contoured forest map and at the worst an
uncontoured (and practically useless) old style 1 inch
map <o that very little exact knowledge can be obtamed

I Longutudinal section —In the first place a long
tudmal section should be made of the bed of the mer
between the limts that may prove useful

II Cross sections and contoured plan —The next pont
15 to determune on which bank the works may best he
placed and for this purpose unless the maps give a
clear answer 1t 15 necessary to take cross sections across
the valley at mtervals extending up to the lighest point
where there may be works This will enible « large
scale contoured plan (8 or 16 inches to the mule) to be
made on which the lay out can be shetched out roughly
The best site for the headworks the ahgnment of the
canal (if any) the posttion of the forebay and of the
regulating reservorr (if any) the best alignment for the
pipes and the position of the power station cin be
appronumatels deterouned on this plan  There will
often be many alternatives to choose from, so that it
will be a case of balancing probable extra cost agamst
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extra powet obtainable on a higher head It may be
noted that,if the best site for the headworks 13 consider
ably above the lughest level on which an open channel
appears feasible the extra head can be sacrificed  Until
the survey 1s complete 1t 13 obviously impossible to say
exactly what the best lay oyt will be
1 Stte of power house and forebay and location of
upe line—A plan and sections on a large scale should
next be prepared of the forebay site, of the regulatg
reserv orr 1f near to or combined with the forcbay (none
may be needed) of the pipe hine route of the power
house site and tail race  From this the best locations
can be defimtely determmed and the capacity and rough
dimensions of the forebay and regulating reservoir
worked out  Pipe design need not be entered upon 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 reservoir
1V Suriey of open channel —The route already
determined 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 its nature
diumensions and slope determned according to the flow
to be allowed for  If the regulating reservorr has to be
placed somewhere along this channel mstead of close
to {or combined with) the forebay this will involie a
breal of levels te 1t will be fed at top level and will
discharge at bottom level Silt traps may have to be
provided for m the run of the channel unless clear
water can be conunted on and landshps are improbable
Tunnelling may be required as well as means of erossing
nalas on the route and of allowing overflow at safe pownts
af the channel gets blocked
\  Headuorks —Sumlarly the headworl s site will be
surveyed (it 1s assumed to have been defimtely located
lefore the channel 1s survejed) and exammed with a
view to such a design as will secure the supply 1o tunes
of low water and both the supply and secunty i trmes
of flood  Protective works may be necessary to ensure
this probably i the form of boulder crates and thus
matter should be exammed
VI Storage —If storage on a large scale 1s mvolved
the dam site and subraerged area will be surveyed so
os to determine the dimenstons and consequent capacity
at draw off level and the practicability of the site for
construction  The problem of surplussing extra water
must al o be dealt with 11 the desgn by whichever
method appears to swt the conditions best

(Sco al 0 enqures n Part A —VID)

VII Project estunates —Rough project estimates
<hould then be framed of the quantities involved and

RECOM\VAISSAMCF FORM
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approvimate cost care betng taken to indicate very
clearly what 1s mcluded and excluded It 1s not
intended that the estrmates should do more than 1ndicate
whether the scheme will prore cheap moderately cheap
moderatel § exp or very 1n terms-of rupees
per horse power capable of development Beyond this
point the matter can be left over until 1t 1s decided to
proceed with the works

Segnature

Date Deswgnation
TarT C —GENERAL REPORT ON SITE
Such information as 1s available should be summarized
1 this form which 1s drawn up to be progressive from
the worst to the best sites
I The site 1s certamly (very probably) useless as
shown by the particulars in Part A B para  above,
or because the cost of works especially (the )
would be prolubitive or
II It 1s useless to investigate the site further until
gaugmgs have shown what the mmmum flow and/or
the yield of the catchment will be  but 1f these prove
favourable development under a head of about
feet may be feasible
III The site appears to be worth further mvestiga
tion but 1ts value for power 1s very mdefimte owmng to
lack of knowledge of the mimmmum flow and/or yield of
the catchment and for storage posstbilities or
It 15 however probable
that the power capable of development under a head
of about feet 1s of the order of
ek p for the 3 4 5 driest months
ehp for the rest of the year
TV The site 1s worth a preltminary survey as 1t
appears favourable and can be developed under a head
of about 4 ft
It 1s likely to yield power of the order of
ehp for the 3 45 driest months
ehp for the rest of the year
1\ Thesite s certamly worth detaled survey  Under
an avallable head of about ft 1t
will if the results of the survey are satisfactory, yield
not less than—
ehp for the 345 dry months
ehp for the rest of the year

Stgnature
Designatien
Date



6 TECHN\ICAL MATTERS

38 Aneroid leve'hng —Notwithstanding  clayms
nade on behalf of the anermd barometer for accurate
evelimg 1t 15 certainly true of most wstruments by the
best makers that after the necessary corrections have
been made there remam serious discrepancies this 1s
especially the case 1 extremes of cimate whether m
the hot weather mn India or 1 the polar regions

Where levels based on aneroid readings have not
been corrected at all they may be wrong to an unueces
sary degree unle s the corrections happen to balance
out In the first place 1t must be remembered that the
anerord even though calibrated 1n feet shows the
pressure of the atmosphiere and not the altstude  Owmng
to a depression or to anticyclome conditions vamations
of an mnch or more are common enough at different times
of the year and may occur 1n a day dunng disturbed
conditions this represents from about 900 ft vanation
at sen level to 1100 at hill station altitudes The
actual reduced level or height above <ea levd] can
therefore only be found (approximately) when a known
altitude or contour hine 15 included 1 the readngs
and then not easily 1 distrubed weather conditions
Nevertheless the method 13 most useful in hydro electric
reconnaissance where differences of altitude are requived

Clearly the Best results can be obtaned when one
mstrument 1s left at the starting pomnt and read at
mtervals 50 as to give the actual atmospheric vanations
during the time the readings are being taken elsewhere
From the fixed mnstrument a curve can be constructed
which will g ve the readmg at that station at the time
other readings are bemng taken thus balancmg out
diurnal and chmatic variations by simultaneous read

mgs This method however 1s seldom practicable m

the field Lven when two mstruments are available 1t

1s generally necessary and always more convement to
take both over the ground and average their reduced
results For one thing the discrepancies between them
give an 1dea of the probable error

The Diurnal vanation offers no duffienlty when 1t 1s
understood but cases are on record where a correction

has been applicd m the wrong manner Molesworth s

Pocket Book gives two curves (see  Aneroid
levelling ) showing the mean annual correction for
durnal vanation for Caleutta and Simla respectively
with factors for correction for latitude and altitude

The difference m these two curves and the fact that

they are only mean results and that the mean results

elsewhere will differ from erther shows at once that
unless the actual dwmal vamation for the period 1n
question 13 known there may easily be considerable
uncertamty Infact the actual vamation will sometimes
be half that of the curve or may be masked by other
changes Taking these curves as the basis howaver 1t
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will be found that the diarnal vanation crosses the zero
line at about 1 hour 6 to 7 hours 13 to 14 hours and
2hours Where 2 aneroids are employ ed their readings
should be hept separate and independently reduced
To each reading should be added or subtracted the
dwrnal correction m feet from the curve to give the
reduced apparent altitude of the station  Thus if two
readings are tahen 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 will be
subtracted from the latter so as to reduce both readings
to the zero or datum lme of the curve This may
convert an apparent nse mto an actual fall or vuee versa

Actual mean dwrnal vanations at many stations,
for every month are available 1 the Meteorological
Department  The anerord les elling note book 1ssued by
the Chief Engmeer contains these figures for fourteen
well distributed stations with a swtable sheet for
recording and reducing observations In addition to
the diurnal vanation there 13 a second correction
depending on the temperature (T +t) of the two pomts
between which the difference of height 13 requred  The
table of h the multsplying constant 18 given

Molesworth and m the Note book referred to
It vares generally between 110 m the cold weather
m the plams up to 114 1n the hot weather

CuAPTER 6 ~HYDRO ELECTRIC AND S1EAM PowEP

39 Census of power in India —Enquinies were set
on foot at an early stage of this investigation to ascertam
the approxmnate power installed in varous industries
and localit es m India  Previously this had only been
done for electric power where 1t was found in 1917 that
the total amounted roughly to 215000 kWs or
say 285 000 electrical horse power of which 36 per cent
was obtammed from water power* The total umts
generated amounted to only 550 millions  For demons-
tratmg the backward state of electrical dev elopment the
followmg companson with other parts of the Empire
will be of mterest The watts mstalled per head of
population { are as follows —

TanLe 4 —Watts per caprta wn various countries
Watts per cap ta
148

P
57

Canada
Au trala s
South Africa
Brt sh Isles 33 1
ontinary glow lamp
1 or less

1f population 1z a poor eniterion the srea per lulowatt

(1} horse power) mstalled may be tahen

p i ot At b A
* List of Electrical Undertakings_» Indis 1916.17
+ A project for_providing the Punjab w th a cheap supply of
Eleotne Power ¥ L, Mine AMIEE (Proceedings of tho
Punjab Eng neerng Congress 1919)

Toda
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TapLE b —Area per Eilowalt tn various countries.

Brtish Tsles . 2y square mile pev hilowatt,
South Afnica . " » ”»
Canada . + 36 squaro nules por Lilowatt
India 76 -, " » "

Australasia Lurgely unmhabated

The following figures are available for the power of
all Linds 1 use 1o certan parts of India at present B
they are only appro and are 1
They were comptled by the Directors of Industries or
Controllers of Mumtrons for the most part, and 1t has
been 1mpossible to enter mto full details here The
following 13 & summary —

TaBLE 6 —Summary of known power wn use wn Indw

Bhop
Ascam 22 550
25 318 exclusive of Caleitta

Beagal

176 00

Calentta area
2320 apart from collieries,
ete

Bihar

32872

Bombay Presidency
750 000

Bombay City ares

Burma, 17,750 exclusive of rice mills,
Central Provinces 30713
Madras 60000
North West Frantier Prov
anjal 0 000
United Provinces 38518

Graxp Toran 1248 336 or 936 000 kTis

40. Mechanical and Electrical Power ;

MECHANICAL AND ELLCTRICAL POWER; EAXPLANATIONS OF UNITS.
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of a hilowatt 1s converted to heat (where the efficiency
18 necessanily 100 per cent ) 1t wall gve out 636 of 57 8
or 36 4 British Thermal units per minute, which 1s equi=
valent to 28,200 foot Ibs per mmute, out of the 33,000
with which the evample started Thus horse power 13
a rate, not an amount, so “ 500 hp per mmute” 13
meaningless, the fofal amount of electrical power
generated 1n any partieular time1s expressed mehp -
hours or Adouatt hours If 500 hp (373 kW) 1s
exerted for one minute the resultant energy 1s 500/60
or 833 hp hours or 621 kWhs These elemen
tary explanations are only given because the letters
recelved from engmeers show that they are required

No mention has so far been made of “indicated
horse power ” and  norminal horse power ”  The former
represents the power developed tn the cylinders of a
steam or oil engme, as calculated from the ndicator
diagram, and will generally be from 7 to 18 per cent
higher than the effective bhp developed on the crank
shaft Nommal horse power 1s a term surviving from
the earhiest days of the steam engine, and 13 practically
meamngless now The bhp of an engine may be two
or three times the nh p as the term related to the size
of the cylinders and length of stroke without regard to
the steam pressure actually used Where returns for
the census of power are submitted mn h p an endeavour
should be made to ascertain the bhp developed by
comparison with other cases Otherwise the nhp
should be multiplied by 3

41 Further uses for hydro-electnc power.—For a
f of the new ind which may arse mn

tion of umits —The Britwsh, and practreally Intema
tional, horse power 13 the power obtamed when energy
13 being expended at the rate of 550 foot pounds a second
or 33,000 foot pounds a mmute Applied to water
power, 11 3301Ibs of water (528 cu ft) are discharged
per minute under a head of 100 ft (gving a static
pressure of 433 Ibs per square mech) the energy
expended will be at the rate of 1 horse power This,
however, 13 theoretical, or water horse power, whp
If a turbme and pipe system having an efficiency of
90 per cent are employed to utihze this flow and fall,
the mechamcal or brake horse power obtamed on the
shaft will be 09 bh.p If this mechanical power 13
used to drive an electric generator, the efficiency of
conversion bemg 95 per cent under the particular
conditions, the electrical korse power obtamed will be
9x 95=0855 ehp The value of the horse power n
foot-lbs per minute 13 1n each case the same, but the
fraction available diminishes The output of the
generator, 0835 ehp X 746 mives the exact electrical
equvalent, 11z, 0636 LW, a8 1 ehp =746 watts or
<746 k\Ws  To round up the example, if this 636

India, 1if cheap electric power 13 available, the Report
of the Indian Industrial Commission must be referred
to  The “ Industral Handbook 1919 1ssued by the
Indian Mumitions Board also ments close study

Among these mndustries may be menttoned the electric
smelting of 1ndigenous 1ron ores and electrical produc

tion of steel and 1ts alloys , electric welding, now extens

wely employed, the production of aluminum from
alumma, prepared from the local bauxite deposits , the
manufacture of caletum carbide and its innumerable
denvatives , the direct fixation of atmospheric nitrogen
mto the nitrates of commerce , the electrolytic produc-
tion of chlorime gas and the preparatlon of phosphorus
and of abrasives Like All these p

are i actual use 1n various pats of the world » here the
raw materials and the power are found The maps 1n
this report have marhed on them mformation regarding
the occurrence of certan of these raw matenals In
some cases the process 1s electro-chemrcal, 1 others
electro thermal, but m all cheap power and large scale

production are essential to success The following

extract from the Prelimmnary Report of the Bntuh




TECHNICAL MATTERS

ater Power Commuttee will emphasize what has been
. and what may m future be done 1n some of these
atters

* Electro metallurgy and electro chemistry have
rendered 1t possible to handle materals not
worhable by any other means have made
available nen materials, and lave greatly
cheapened the production of many importsnt
matenals of wide use  Aluminium, caleium
carbide chrommm cyanide sihcon, carbo
rundum are products rendered commercrally
possible only by electrical processes, while
alkals hypochlonite phosphorus magne
- stum and sodm nitrate are produced most
economucally by such processes Great
developments have recently taken place m
the production of electrolytic copper and
zime and 1 processes for the electric smelting
and refining of metallic ores All these
processes demand relatively large amounts
of energy The worlds production of
caleum carhide for example was 340 000
tons m 1913 requiring 400 (00 continuous
electric  horee power for 1ts prodaction
while the energy used at the end of 1915 for
electric furnaces 10 the Umited States alone
was approximately 300000 electric horse-

power
In the utthization of atmosphene mitrogen for the
production of miric acid and the manu
facture of mtrates great developments hate
taken place dunng the last decade 2nd m
Norway alone over 400000 electnic horse
power 15 now absorbed m its production
The world s annual consumption of nitrogen
m 1ts various combinattons 13 about 750 000
tons representing & value of about
£50 000 000 and this demand 1s ncreasing
yearly Four fifths of this supply has been
produced hitherto from natural mtrate
deposits but 1 view of the rapid depletion
of these deposits and of the diminution m
the fertihty of most of the great wheat and
cotton growing areas of the world, the pro
duction of artifictal fertizers by ome or
other system of mitrogen fixation must m
the near future become a q of
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low amounting 1n the case of caleium mtrate
to about three quarters of & ton per electrnic
horse power year By adopting the cyana
mide process the consumption of energy
mav be cut down to 1bout one fourth but
even mn this case the production of the
equivalent of 12000000 tons of fertilizers
per annum would require 4 000 000 cont
nuous 9]0(!“")0 }mrse pa\\ er

It 1s e timated that the 200 000 600 acres of arable
land 1n Canada alone mty ultimately requre
<ome 10 000 000 tons of mtrates per annum
to maintun therr fertility, and ths n 1teelf
would necesutate the absorption of an
appreciable portion of the whole hydrauhe
energy of the Dommion

T hen to these demands are added those of India,
Australia and Afmea 1t 13 evident that the
fertihzer demand of the Empire will 1n 1teelf
cnll for an enormous supply of energy’

Apart from ordinary town supply for electric highting,
Yeating and fins and supph to tramways and railways
{especially il 1nes) for traction purposes there are
many other industries in which electric power would be
weleomed 1f 1t could compete with other forms snd
any area where reasonably cheap hydro electric develop
ment 1s posstble withm  tranemussion distance this
successful competition 15 sumply a matter of relatne
costs To take one instance 1n a comparatively small
area of the Duars withm easy reach of water power
(the Jaldaka q v) 1t 18 estimated that fuel equnvalent
to a workung load of about 100 000 horse power 13 used
1 the tea factories partly for the product un of power
from steam engmes but mamly for drying purposes
with hot s and fans  Both the motive power and the
hot air can be obtamed electrically 1t 1s merely a
question of comparative costs  Other tea districts are
similarly situated Agamn the cotton mulls of Bombay
are now mostly dnven by electric motors fed from the
Tata scheme which have replaced steam engmes
There may grien cheap enough power be a similar
opening for Jute mills o1l mills timber workmng sugar
production paper pulping and other industres  The
two sets of rival conditions that mahe or mar a hydro
electric porject will presently be examned, namely

nattonal importance

At the present time the worlds consumption of
fertilizers amounts to close upon 6 000,000
tons per annum and this will probably be
doubled within the next 20 years To day,
the efficrency of the electrical production 1s

the petition bet fuel and water and that
between the freight on matenals and the transmission
of yower

As regards pumping for rrmgation purposes somewhat
wild suggestions hat e been made under the false tmpres
sion that water power costs nothing’ It 1s very
unlikely that such pumpmg will pay on any water rate
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that could be demanded where the lift 1s at all great.
Under favourable conditions the overall effictency from
“water to electrical horse power at the generator terminals
will be about 85 per cent By way of example let a
gross pumpmng head of 100 ft, from the source of
water to the distributing 1rrigation channel be assumed ,
this 15 probably over the economic lmt but as the
power talen 1s practically proportional to the head the
example can be reconstructed for any lower value
Assume further that 2 cu ft per second (e, 12}
gellons or 125 lbs per second) 13 to be pumped up this
100 {6, absorbing 227 theoretical water horse power
A modern turbme pump m these circumstances will
have an efficiency of 75 to 77 per cent and will
Tequire about 30 b h p to drve 1t The electric
motor giving this mechanical power will have an effi
crency of about 90 per cent so that 1t will take some
33 2 electric hors= power at 1ts termmnals  If a trans
former 15 necessary the iput mto 1t from the lhine will
then be about 312 electnc horse power or 26 LW If
the transmmission lo sas are taken 2t 10 per cent the hne
must be fed at the power statton with 281 kW If
there 1s no transformer here the generator will supply
“this amount of power and on the overall efficiency
assumed 1 this report 1t will use 44 7 theroretical water
horse power Thus the overall efficiency from water
Jalling to water raised wnll be pract ally 50 per cont
under the best conditions The capital charges on the
cost of the motor with its housing 1ts pump and 1ts
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 it of the pump were 10 ft instead of 100 then
len times the amount of water could be pumped for the
same power, and t-n fimes the acreage wrigated  The
proposition would then become more practicable
Expenimental work m sub soil pumpimng by means of
tube wells has for some years been i progress at
Amntsar Punjab  Sir John Benton KCIL, late
Inspector General of Irmgation took up the matter
with heen interest and the work has been 1 the hands
of Captain Johu Ashford MICE Canal falls abound
as w 'l be s~en clsewhere 1n ths Report and sub soil
water 1s plentrful
42 ¥uel and water power —It has already been
stated that the commereial possibilities of any bydro
electric scheme depend on two factors the capttal cost
of the scheme on the one hard and the cost of the com
peting fuel on the other Comparmg 2 steam or ol
drven electrical plant with one water driven the latter
15 almost 103 aniably much more expensive to construct,
and all 1t saves 13 the cost of fuel which 13 only one
factor 1n the cost of generating power  Staff and stores
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office and legal expenses repairs and deprectation are
mewred 1r both  Thus while the actual comparison
will be between the price at which electrieity can be sold
11 both cases the real cniterion of success 13 whether the
capital charges for wnterest and depreciation on the
cxeess cost of the water power undertaking will be
substantrally less than the cost of the fuel used by the
other

It 1s obvious that large capital expenditure 1s necessary
on the hydraulte development, furthermore as water
power must be developed where 1t 13 found a long trans
mission lme 13 often necessary  For these reasons the
total cost of construetion 15 almost 1nvanably higher
than that of 2 steam driven plant of the same capacity ,
and the annual capttal charges for mterest and deprecta
tion are correspondingly higher

Agamst this may be set the fact that the running costs
of such a station are relatively low, as no fuel 1s mvolved
The total cost of running does not depend to any appre
c1able extent on whether the plant 1s fully or only lightly
loaded 1t 15 practically e fized sum per annum , so thab
the cost per unat 13 practically proportional to the total
number of umts generated This 1s not so with fuel
consummg stations Every extra umt generated then
wvolves the consumption of a defimte amount of fuel
with a definite cost and wlule the total cost rises wrth
the number of umts generated and the cost per umt
falls somewhat the latter 1s by no means proportional
to the total umts In any particular case therefore the
practicability of a hydro electric scheme depends on
the cost of fuel in the locality where the power 1s
wanted

To take an example assume a plant of 5000 kWs
capacity 15 required at a certam place where sufficient
water power evists within transmission distance
Assume the total cost of the hydro electric scheme and
transmussion Imme to be Rs 50 00 000 Taking wterest
and deprecation 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 1s actually needed be assumed to
be Rs 15 00 000 with sumlar annual capital charges of
Rs 150000 Now if for sumplicity 1t be assumed that
the annual charges for wages stores repairs and super
vision are the same 1n both cases (an assumption near
enough to the truth) there will be the difference between
Rs 500000 and Rs 150000 or Rs 3 50 000 to set off
agamnst the cost of fuel for steam raising  Under the
ideal conditions of large electro chemical works this
plant allowing 1000 LWs to be hept for spare and
therefore 4 000 for work would generate about 28
mllion umits (80 per cent load factor) Under ordinary
industrial conditions the output would be Iess than half
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Jhus, or say about 12 mulion umts Cleatly therefore
nob only the cost of coal but also the load factor of the
plant (1¢, 1 non technical language the ratio of its
actual to 1ts possible output) 18 of mmmense importance
(see para 26) If 1t 15 assumed that the low amount of
only 2 lbs of Indian coal will be required per unit, with
modern plant of large size, the consumption would be
25,000 tons for 28 million and 10,700 tons for 12 million
umts As the amount available to make the costs just
balance out between steam and water power 18
Rs 3,530,000 1t 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) 1t will be inferred that as the
load factor mses towards the 1deal limt the advantage
of hydro electric power mcreases Bearmg m mind the
vast difference I the cost of fuel 1 different parts of
India, due mamly to railway freight 1t will also be seen
that the distance from fuel supphes 15 a very material

2040 FACT!

MATTERS [Para 43.
factor With coal under Rs 10 per ton 1t 1s doubtful 1f
water power could ever compete unless (rare combmna
tion) 1t existed right on the spot and could be developed
exceptionally cheaply On the other hand, with fuel
at over Rs 30 a ton, water power would generally prove
cheaper and, for a nell sustamed industrial load, mvan
ably  Between these imits proper estimating would be
necessary

43 Fuel consumpion m power house—Two
curves are now reproduced from the report of the Hydro
clectnic Power Commussion of Ontario to illustrate
{fuel consumption Fig 21 sbows, according to the
capacity of the station, the average number of pounds of
coal used per horse potver hour, m America, the horse-
power hours obtamed per 100,000 British Thermal
Units , and the load factors of the particular plants from
which these curves were demved Ing 22 shows
the number of pounds of coal consumed per unst (hilo
watt hour) according to size of the plant and the load
factor, based also on American data
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44 Cost of Fuel in India —The cost of fuel 15 at
present nising rapidly, ol even more so than coal for
the time beng, m India 1% 15 unhlely that even the
superior thermal efficiency of the Diesel engine will
enable 1t to compete with steam turbme plant of any
size  Leaving o1l out of the question therefore the
cost of coal 1s made up of (1) its price at the colliery
(1) the freight charges by 1nd or <ea to 1ts destipation
There has been a marl ed nse m every direction during
the war and since the armistice and at precent little
more than comparative values can be given  Through
the courtesy of the Mming Engineer to the Rarway
Board 1 map was prepared m 1818 to show on a untform
tasis the comparative cost of coal i vanous parts of

Indin It 15 unnecessary to reproduce the map here
as 1 tabular statement will <erve equally well In this
stotemen$ * the pnee of coal has been talen at an
average rather above pre war rates and shipping rates
are calculated on a pre war basis’ Taking Bengal
coal s the determmmng factor the map shows 1ts cost
wn the coal fields arca as Rs 5 per ton which m fact 1s
about the actual 1920 price  In the table the numbers
correspond serially to those on the map The area 1¢
ndicated broadly and meludes the sarrounding country,
the centre being mdicated in brachets but at any
distance from that centre additional freight may he
mvolsed while cartage to places off the ralway hne
may be a potent factor m the cost delivered at site

TavLr 7 —Approzunate price of Coal wn India

Deferenco

Vwlroen

r corded Aren

map
1 €1 thaor g acen
2 X
3
4
t
D tto
7 Tunpab anl ]\or}!) hest Treont er Provinco (Pecl vwar)
o

19°0  cost

Tucl referred to rer ton on

| ba. 3 stated.
| Pz as

Bearal cot] by se 5 p
Pen~al conl 50
Dtto o9 0
Dtto 1n 8
Dtto 13 8
Dtto 10
P njal conl 1m0
Ten le ! 170
Dot el 10 8

oY



2 TECHNICAL MATTFTS [Para. 45
i
Teforencs - 195 cot
pumber b \rer T o rferred to per ton 01
recorded 1 e ated
on mp
\ 1 \ Pe a
8 Punjab (V[ ltan] Benpal conl o8
"D l(tn ) | Il;unn}) co‘all 1 0
9 uchistan (Q etta engal coal 15 0
Pl D tto @ et Local conl 9 0
10 Sind (€ Lhar) Ben~al coal 1 s
Ditta Dalieh tan coal 1 0
11 [ <ind (hatael 1) Bengal coal hy sen, 16 ¢
Dtto byl 15 0
12 Rajpatana and Central Ind 4 (hotah) Bengal coal M4 o
13 Central Ind a and Central Prominces (hatm) u s
tto TUmana ecotl 0
14 Central Provinces (B laspur) Bengal eoal 10 8
Ditto Umana coal 8 8
15 © yerat (M ore) Bengal coal raes
16 Central Provinces (\agpur) 1 e
Dtto Pench coal 78
D tto Bellarpnr coal 78
1 Northern Dombay (Bombav) Dengal coal by ses 1 0
Dtto by ral 1 8
18 Hy lerabad (Ttar< ) Benval coal 1810
tto S noaren: coal n o
19 Hyderabad (S nga em) Bengal coal 12
o § ngaren1 coal o 0
20 Worthern Madras (Y 1za~apatam) Beogal coal by ses 0
Dtta by ral 120
D tto § nzaren coal 10
” Southern Bombav snd Mysore (Morma~ac) Bengal coal by sea s 0
Dtto by ral st ¢
D tto < pgarem coal 1 0
o Southern Vadras (Madras) Bengal coal by sea 13 o
Ditto by ra 1 0
Dtio S nearem coal 10
a3 Lower Burma (Rangoon) Bengal coal by sea 16 0
oy | Eastern B neal und Southern Assam (Mymensinh) Local coal o0
s Northern Asam (D bragurh) Assam coal { J 0

As regards cost 1t 15 confidently assumed m well
informed crrcles that the prce generally will be
about doubled bv 1924 Tt 1s already (1921) some
Rs 5higher In these matters 1t 1s well to look ahead,
for while coal 15 unquestionably msing fast machmery
15 already droppmg m cost and 15 Iikely to drop further
It will therefore be possible for hydro electric power to
compete with steam 1n the future where 1t could not do
s0 m the past.

45 Transmission of power and of materal —
The popular fallacy that ¢ water power costs nothmg ’
has been exammed as regards the mitial cost of the
plant 1n a previous paragraph  The cost 13 generally
farther increased by that of transmission lmes smnce
water pawer 13 sefdom situated precisely where 1t 15
requred. Either the power must be camed to the
wdustry or the raw materal and fimshed products
of the mdustry must be talen to and from the power
Both ways cost money

TWhere electro-chemical industries on a large scale are
tn question 1t 15 es=ent:al that the price of the power shall

be very low 1if the manufactured product 1s to compete
with that produced elsewhere The cost of power 1s of
course only one 1tem amongst many 1 determuing the
sale price of the finished article but1f 1s 2 very important
item—perhaps second only to the freight of the raw
matenal to site and the fimshed product to market

Where the conditions of the hydraulic development are
such that construction on a large scale 1s reasonably
cheap where the locality 1s such that the freioht of the
plant and matenals thereto 1s low , and where the length
of transmission to the factory 1s reasonable, power can
probably be delivered at about one tenth of an anna
per umt meludmg all charges Indeed 1if the cost 15
much higher than this the proposition becomes unten

able Obviously the undertaling mnst be on o fanly
large scale to be of any use  The larger the individual

umits of plant are made the smaller becomes their prime
cost per klowatt and the higher thewr effictency The
varous electro-chemical industries are favourable to
these low costs as they are practically contmuous

processes utthzing the whole plant to almost 1ts utmost

capaaity throughout the year
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In considerig the valuo of sites that may possibly
meet these 1deal conditions the first pomt to consder
13 undoubtedly that of freight and carnage ; for i has
a tnple application  In the first place the raw material
must be brought to the mte unless slready on 1t,
secondly the fimshed product must be taken to 1ts
mathet, thirdly the plant must be delivered at the
power house Cases are kuown where the carnage of
plant over 20 mules of mountan roads cost more than
its {reight from England to the raway terminus
Cheap power 18 useless if the saving 1s swallowed up 1
expensive freight Where bully raw matenal has to
be brought to the factory and sent back finished the
obvious course 18 to build an electric railway from the
nearest terminus, seemng that cheap power for workmg
will be avalable In order to get the plant to the
power house there must be a road, and this road
should be built so as to afford a suitable track for the
subsequent railway During the constructron perrod a
light hne worked by steam will probably pay as
agamst other methods of transport of the plant

From small beginnmgs electrical transmission of
power has now reached the stage where 1t 13 possible
to have the factory 250 mules or more from the power
station, and 1t wounld be unwise to say that the Lmt
of lugh pressure has been reached In the case of
water power from mountamous country there may be
1nsuperable difficulties of ground or cost 1 laymng out

araldway to the site, though the plant can be transported
there Even of these difficulties do not exist, 1f the raw
material of the mdustry 13 within the limmts of trans
mission 1t will probably prove chesper to erect a long
transmission hine rather than a railway, which may use
more power than will be lost m transmisston It 1s
sunply a question of estimating which method gives the
cheapest fimshed product Either the matertal can be
brought to the powes house , or the power to the factory,
or & combination of both methods may be the best
Mountamous country has one great ssset for trans
mission m that the mdges form nature’s own supports
for the limes, with comparatively small towers the
valleys offer plenty of room for the dip of the wires on
longspans 1t also follows that by reduemg the number
of pomts of support, by the use of long spans, there
are fewer pomts at which damage from hghtmng can
occur  The loss in transmission can be made almost as
large or as small as the designer chooses, according to
the s1ze of the wires used , ordimanly about 10 per cent
isallowed  Where steam 1s used to generate the power
the corzect loss can be calculated according to Kelvin’s
lan and 1its modifications, such that the capital charges
on the conductors bilance the cost of the power lost
m them  If more power 15 required more generating
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sets can be added indefimtely  With unlumted watere
power the cost of the lost power 13 of secondary impor
tance, and larger losses may be advisable than in the=
former case  On the other hand, if the avaable power
18 likely to be all required—and this 13 generally the
case—the line losses may have to be reduced to very
low smounts, simce every unth available for the factory
18 of value

The cost of transmssion lines operates detrrmentally
1 two ways first by mcreasing the prime cost and
consequent capital and upkeep charges, and secondly
by decreasmng the avalable erergy for sale at the far
end, owing to losses m the hme  These line losses can
be made almost as large or as small as the designer
chooses, but if they are made smallat 13 by adding more
copper wire, or larger wires, so that thus reacts on the
prme cost  The statement 15 often made that a long
transmission line only means a loss of about 10 or 15
per cent of the power generated , but 1t may mcrease
the econome selling price vastly more. It has been
recorded that the cost of transmussion at Niagara,
which extends to s distance of 250 mules, ranges from
92 to 86 per cent of the total cost of the power delivered,
according to distance  These figures would be greatly
improved on under modern conditions, at any rate with
pre war Dprices, but they serve as an mdication that
water power does not ** cost nothmg "

CraPTER 7 —MISCELLANEOUS TECHNICAL MATTIRS

46, Technical progress i plant —During the year
the problem of designing a turbine with a speefic
speed ” hugher than tha of the Pelton jet impulse wheel
and lower than that of the I'rancis reaction turbme
has recerved much attention Two new types, the
Nagler and the Kaplan turbines,* have been described
mn the techmeal press, both havmng the desired charac-
tenstics coupled with hugh efficiency  The importance

. - B PP A
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the latter becommg unduly large and costly Amenean
tenders for vertical wheels to work on a head of 11 ft
showed speeds nearly double those of Brtish tenders
In the matter of comparatively low powered turbines
for low or medrum falls an interesting new development
1s the Bank: impulse turbine,} m this modified form
of Poncelet wheel the water passes at its jet veloeity
through the honzontal v anes from the flume at the bach
to the centre of the wheel , and then &till retaining ecine
"W Llectr cal Peuvent Apni 19°0 | 66 an 120tk Augu
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0 per cent of 1ts velocity, 16 agnn passes throngh the
ranes from the centre to the front, striling the vanes n
he reserse dicection, so as to gine up a further instal
went of 1ts power
In the regnlation of Pelton wheels a new departure
18 marhed by the Seewer gos erming sy stem,* i conjune
tion with the needle and nozzle Insteid of deflecting
the nozzle or diverting the jet externally, when poner
5 taken off, thns system causes the et atself to expand
wto a rotating cone from the nozale, so that the water
esther musses the buchets or strihes them w the buck
This 15 effected by gudes between the necdle 1nd the
nozzle pipe, Which are instantaneously 1otated through
a vanable angle by the governor when load 13 thrown
off, the needle meanwhile closing gradually and restoring
the normal cirenlar jet  The power required to operate
the gear 15 claimed to be considerably less than that
needed for other types of regulator and a smngle size
of governor can be utilized on widely different sizes of
machine
In the matter of automatic governors of the ol pressure
type operating 4 serio motor with automatic compen
sation the Piccard Pictet governor 7 by recently
been mmproved and a hvdraubie rehet valse for pre
senting water hammer has been put on the mathet
in conjunction witn the goternor
On the electricl side, generator capacities are still
msing , steam turbme combined sets of 60,000 LW at
1000 R P M have been bwlt and water turbine sets
of about the same output can be manufactured The
Hydro Electric Power Commussion of Canada now
has five turbines of 55000 pp each, giving some
40,000 kW  In mmor apparatus 1t 1s worthy of note
that mereury vapour rectifiers with capacities of several
hundred Lilowatts have been buwilt by Messrs Brown
Bovent and Company and Messts Hartman and Brown
The importance of this development to hydro electric
work 1s clear, for all such works will neeessarily generate
slternatng  current, for certane purposes however
continuous current 15 required, and i this can be ob
tamed without the use of rotary converter sub stations
it will be a great gam  The electric fan alone 13 the
man cavse of prospenty to emsting electric supply
compames 10 the plams of India, and the C C fan at
present 1s greatly preferred to the A C fan , 1t1s probable
that small electroly fic rectifiers will presently be used
for giving individual consumers ¢ C for their fans
The A C fan 13 sowembat less advantageous to the
consumer 1n the matter of efficiency while 1t costs more
to mstal, from the supply company’s pomt of view the

Enghsl Llectn, Co o
+ Mounss Vickers Limytod

and cirenlars of the
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low power factor of the simgle phase fan 1« 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
Tlectro techmeal Commssion and the British Engmeer
mg Standards Association  Both bodics have mvited
the co operation of the Government of India, and the
matter has been tal en up, at the request of Government
by the Tnstitution of Enumeers (India)  Meantime a
practical advance i the dewred direction has been
made The drawing up of the Sutle; River hydro
electric project, as nated upon clsewhere m this Report,
kas opened up great possibilities of cheap power for
indusirial and general development m the Punyab,
and that Government at once realized the necesuty
of stand irdization so that the various connected projects
cowld 1n the future be inhed up  This possubihty de
pends primanly on the Bntish tandard frequency
of 60 cycles per second bemg adoptedin oll alternating
cutrent stations, and thercfore m all hydro electnie
plants  Should the weunl Amenean frequency of 60
cycles be used hinking up would only be possible through
frequency changcrs and not satisfactortdy then

From the manufacturer s point of view, and therefore
from the consumer’s also, the standardization of pres
sures and of apparatus 13 also 1mportant The conclu
sions set forth by the Commuttee, apponted to evamine
the question m  the Purjab, are therefore reprinted
here, with the suggestion (already made 1n correspon
dence) that <sumilar resolutions would be of equal ad
vantage to the rest of India

DManutes of a meeling held at Sumla on June the 9th, 1921
to duscuss the question of standardizing the nature of
Electric Supply wn the Purgab

In iew of the probable duvelopment of by Iro electric projects
m the Puajab, m the near fatute and the present demand
for public electric supply wnstallations 1n several towns i the
Province, it was considered a lvisable, by the Local Government
to form & Commuittee to disouss the advisability of standardiang
as far as possible, the nature of electrie supply that should be
adopted 1 new mstallations

The ad and d of al and conts
nuous cmrrent for distribution were fitst discussed and 1t was
unanumously resolved —

Farstly —That e view of the prospects of hydro-electne
supply m the Punjab and the fact that the mdustral
load can, m most cases only be dealt with by alter
natmg ewrrent distribution , 1t 15 recommended that
the Goiernment of thy Punjab shall usually favour
alternatmg cwirent systems, in preference to cont
nuous current, except tn special cases (such as res
dentinl areas) when there may he good reason to
prefer continuons current

ntag:
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Tho above ruolution was arened at after very careful cons:
deration of the various uses to which cleetricity 15 and can bo
apphied Tt wasdeeided that the supply of cherp electric energy
1 the Province depended, to a very great extent, on tho adop
tion of alternating current distribution 1 locahities where an
mdustrial Joad existed or was hlely to develop

Whule fully recogniung the disadvantages of the alternating
current fan 1 companson with the continuous current fan, tho
Commuitteo agreed that 1t would be madvisable to sacnfice
tho cconomic development of the Provinee for the sal e of benefit
mg a particular type of load that represented but a very small
proportion of the total demand for electrcal energy in the Pro
vince The decision of the Comnuttee 1 the matter was also
greatly mfluenced by the obvious techmeal advantages to be
guned by tho use of alternators, now installed as synchronous
condensers at o later date, when fuel drnven mstallations take
power in bulk from hydro elcetric plants

It was pomnted out that, so far as private consumers are
concerned, contmuous current distribufion can, f mecessary,
bo obtuned from rotary converters, also that 1t 13 prolable
that 1ndividual continuous current fan loads may presently
be worl ed by means of electrolytic rectifiers

The Committe~ next considered the question of standardiz
ation of pressurcs and frequencies and were influenced 1n arrv

mg at a deason 1 tho matter by the obvious advanta,es

which standardration and undormiby offer to clectrical manu
facturers and traders and also to mndustralists generally i fact

Iitating the purchase mferchange and disposal of electrical plant

In this conncction the Committee resolkied —

Secondl ; ~~That this Committee recommends to the Govern
ment of the Punjab that the Brtssh Enmincermg
Stindards Assocration standard frequency of 50
cycles, with thewr secondary standard frequency
of 23 cyeles for special cases (e g, electric traction)
should Le adopted an all alternating current schemes
n the Punjab

I7wrdly —That the Brtish Dngineeting Standatds  Asso
ciztion btandard pressures should be adopted on all
clectric supply schemes m the Punjab  [hese pres
sures are as follows —

Standard low press ares (C © or A C )
(1) At the Generator —115, 230, 460 and {for clectrio traction)
523, volts

(u) At Consumers termmals —110,

electrie traction) 500, volts

also a Sccondary Standard, in threc phase encuits,
of 400 volts betwcen phases giving 230 volts between
any phase and neutral

(1) Stzvlard 1 g pressures (A ()

At Generator ternumals —2 200 3 ,300, G600, 11000

(w) Standarl grmary pressers for A € transformers
(measured at pronary terounals) —2 000, 3 000,

6,000, 10 000

(v) Stanlard s cor dary pressures for 4 € transformers —
Mewsurel at the sccondary terminals —115, 230 160
(and 5625} at no Joad

(s1) Standard @ C  prossure for
motor, 500 volts

220, 440 and (for

tramud s —Dlcasured at

To neet special e15e3 of 1ryv pressuro distral ution in bazaars,
it 18 suogested ﬂnt 35 (or 7u) volts should al o be '\dop((‘d mn

*Nott ~Tlo 1 S A alojte l 380 and 220 \olLs Iur ths Itter,
but the Commutteo prefer tho fgurs given

‘ICA FIRING AND MAKING LLEGTRICALLY.
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India where o lower pressure than 110 18 desirablo for sefety
{These pressuces bemng, approximately § and } of 220 volts }
Ter transmesion lines, pressures above 11,000 volts would
generally be adopted, but theso need not be standardised at
present
It was also resolved —

Fourthly —1hat 1 tho opmien of this meetmyg, 1% 13 de
sirablo that m all electrical projests 1 the Ponjab,
the standards lad down from time to time by the
Bntsish Tngincertng Standards Association, for plant
and apphances, and for rating and cognate matters,
should be adopted, as far as practicable

48, Tea finng and makimg electrically —Sooner
or later there can be no question that the drymg
(techmcally called “ fiung”) of ter willbe carried out
clectrically wherever cheap water power 15 available,
and the varous mechanical processes will stmilarly be
converted The projects for harnessing the Ne Chu
and Jaldaka rivers in Bengal (g v) owe their meeption
to this posstbiity The present wmter mvestigated
the question m connection with the Laxapana Aberdecn
hydro-electric project m Ceylon, and some extracts
from lus report will be of wterest here Of the total
fuel now used about 10 per cent 1s required for mecha
nical power and 60 per cent for drying the leaf In
Cc)lon hqud fuel s used

“ For poncr purposes iquid fuel costs from l‘ to
21 cents per b of tea made, and 2 cents
will be a good average Tahing the price
as 50 cents a gallon this represents 033
pmts per Ib of tea A o nsby type ol
engme of 20 to 50 b h p will consume
about 1 pmt (or a lttle less) per b b p
hour (brake horse power hour), so the above
consumption of 032 pmts will represent
one thyd of & b h p hour at the engme
pulley per pound of tea, costing 2 cents
Now to produce this sam= 1mount of mecha
nical power on the puiley of a corresponding
electric motor, after allowing for losses in
transformatior 2nd m the motor itself,
will requure less than 029 of a B O T umit
If therefore the price charged for a wmf 15
3 cents (a figure 50 per cent lugher than 1s
forecasted as the cost price elsewhere mn
this Report) the total cost of power will Le
under 1 cent mstead of from J! to 2% cents
per pound.  The margin 1 the case of me
chameal power 13 therefore from R« 1,000
to Rs 3,000 on a garden turning out 200,000
Ibs and m ths proportion all along the lmc
The cost (to be deducted from this saving)
on account of mterest and other charges on
the motor and transformer, cte, would be o
loug way below the smallcst of the e figures,”

v ,
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Ius saving on mechanieal power 13 10 iself substantial
smpared with the factory cost of tea, but the drymg,
« foreseen by the Industries Commussion of Ceylon, 13
he key to the mtuation On this pomnt the Report
sroceeds as follows the assumed cost of fuel can be
onverted mto terms of wood or coal when calonfic
value 15 taken into account —
“This matter 1s not one involving any doubts on
the score of techmical difficulties , 16 13 purely
and simply a question of the relative prices

{Para 48

machme dried 1,800 1bs of leaf to 800 Ibe
of 80 per cent dry tea, and used 290 1ts
of Assam conl | The exact calomfic value
of ths coal 13 not available, but will be about
9000 B Th U per pound The heat used
was therefore about 3300 B Th U
per b of tev made as agmmnst 5,750
acsumed for Ceylon The lugher factars
temperature only accounts for 4 small pro
portion of the difference

of heating by fuel and clectniaity Many “ Under. large scale factory condittons (drymng

thousands of horse power are already used
m various mdustnes for heating and drymg
purposes, and the matter 13 susceptible of
farly exact calculation Taking the wl
fuel used for drymng purposes m the ratio of
60 to 40 compared with that used for power
{which ratio 1s based on actuals for some 90
milhon lbs of tea m the Duars district
of Bengal confirmed by Ceylon experience)

cordute) electricl drymg 1s found to have an
efficiency of 74 per cent to78 per cent
Conyerting the heat used for tea drymng mto
electrical termmology, 3,440 B Th U =1
KWh or electrical umt This gives—

Ceylon, 5,760 B Th U =167 umts per
Ib of made tea

Duars, 3000 B Th U =087 umts per b
of made tea

the cost will be from 2} to 3} cents per pound ¢ Acceptmg the higher figure, the clectric energy

of made tea  Costs as low as 1} cents have
however been shown to me  Possibly these
mcluded some wood fuel or were exceptional
for some special reason For purposes
of comparnson a cost of 275 cents per Ib
of tea may be tahen This represents
(at 50 cents a gallon) 0 44 pmts of oxl fuel per
pound of tea The ol 138 burned and used
to heat sir which 13 passed throngh the Jeaf
by means of a fan or blower, driven from
the main engme  Now the calonfic value of
fuel ol may be taken as averaging 19,000
B Th U (Butish Thermal Umts) per 1b
or say 13,000 B Th U per pmt
The consumption of 044 pnts 1s therefore

would have to be sold at about 15 cents
perumt toshow asaving of about 10 percent
With the rapid exhaustion of weod supplies
and the nsmg price of o1l the saving to the
Planter will be amising one A further pomnt

as yet unproved, 15 that of quality By
means of thermostats the temperature re

gulation can be mamtamed with exactitude
at any deswred value What the effect of
this will be cannot be forecasted, but 1t can
hardly fail to effect an improvement

Furthermore, there can be no possibility
of spoilmg a batch of tea owing to a leaky
flue, as there will be no flue to leak and no
smoke to smell ”

equivalent to the production of 5,750 A correction has been made 1n the above extract
B Th U Ths heat wil not all reach as to the calonfic value of Assam coal Coming now
the tea, as there are radiation losses to to the power required, the following may be quoted —

be met and a considerable proportion of
the heat will pass away up the fue, but
the same will happen (though to a 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 & large
sized E U P dryer usmng Assam coal

“ So far the consumption m unmts has been 1 gues

tion It now remains to ascertamn the horse
power required  Although the fuel used for
drymg 15 only half a8 much agam as that
for power its equvalent n plant mstallation
1s much greater—for the thermal efficiency
of the o1l engme 15 very low compared with
that of electrical heatmg

A 35 mnch Sirocoo fan (capable of displacing “ At the nisk of bemg tedious the direct method

25000 cu ft per munnte runmng  free
at 310 revolutions) forced 10,640 cu ft
Per munute through the machme with 3”
spread of leaf The temperature was 110°
at mlet and 220° m the machme The

of ascertammng the power required for heat
g art will now be shown At the average
level of the tea gardens 1,000 cu ft of
arr will weigh about 65 Ibs while 1its
spectfic heat 18 m round figures 0 24  There
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fore to ruse this quentity 1° Fahr requires
65%024 or 156 B Th Umts, eqmvalent
to 46 watt hours nearly On tests an
cffictency of T4 to 78 per cent 18 obt~med,
bringing the power requred up to (s2y) 6
watt hours per 1,000 cu ft heated 1° T'

“Tor pricticyd conditions assume an  outturn of
100 Ibs of made tea per hour's use of the
dryer , for any other output the figures wll
be proportional From the Duars test
referred m the precedmg paragraph this
will require about 1330 cu ft of hot
air per minute  If the mse of temperature
required 15 120 F this will require 6X i
%120 = 96 watt hours per minute or
practically 60 umts an hour, which 1s a rate
of 60 LWs The fan power 1s of course
extra and 1s already included under motive
power

“Here an mteresting side hght 13 thrown on the
efficiency of present methods Talkmg both
the Ceylon 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 umts per b =167 umts per hour

=167 kWs ,
Duars, 100 Ibs (80
per cent  dry)
usmg 087 umts
per b —87 units per hour

=87 LWs

as compated with 60 kWs  estimated
from actual tests with electrioal drymng
Tt therefore appears clear that about 3 times
as many beat units are af present wasted as
are utilized , but untdl electrical tea dryers
have been actually used under service condi
trons 1t cannot be defimtely stated that thewr
efficiency will be as high as 15" assumedzfrom
other mndustries **

It may be added that Mr Allan of the Geveral Llectric
Co i connection with the Duars project which s
that for Messre Octavius Steel & Co’s gardens refer
red to above beheves that G0 umts per 100 Ibs of tea
will prove a conservatine figure, if so the economy
will bo even greater than that assumed m the Ceylon
report

Citarror 8 —Tur ConTRoL oF WaTER POWER

49 The question of State Conirol and Assistance
~—The Water Power Committee of the Conjont
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Board of Screntific Societies, London, has expressed
s preference for State control of hydro electrio
devilopments 1n the following escerpt —
“The derations already outlined would ind:
cate that the conservation and utihization of
the water power resources of the Empire 13
hikely to be one of the most mportant prob
lems 1n our political economy  The solution
of this problem wnvolves many complex
questions of law, of admmstration, and of
engmeering and economic nvestigation, if
the public interest 15 to be best served by
the development  In view of the immensity
of the mterests mvolved it 1s urged that
nothing short of statutory control of these
developments 13 desirable The exact
method of control 1s not for the Commuttee
to suggest So far as 1s possible private
enterpnse shonld be encouraged, but under
conditions which would prevent the perpe-
tual rights besng lost to the commumity
“Tt should be recogmzed however, that while
1t 1s essental that the State should have
the nght of ultimate purchase, the perrod
of such purchase should not be unduly
ghort or the terms too omerous It will
be remembered that such legislation had
the effect of severely handicapping the
electric power and lighting mdustry in the
early days of its development ”

During the course of the prehmmary enqury the
question of the pohey to be adopted was discussed on
various occastons with public officers, firms and mnd1
widual engmeers A policy swtable for one part of
India may be the reverse elsewhere

The subject of water atorage and water power, al
though m the category of “Reserved Subjects,” has
now become purely & provincial matter Government
assistance 18 required, wherea grant of thenight to deve-
lop water power 1s given m such matters as land
acqusition water rights, transmission of power routes
and go forth

At present there 15 a vicious cirele of industries that
require power and power loohing for an assured outlet,
and nerther side 1s nclined to make a move unless certain
of the co operation of the other An example already
exists of estiblished water power gomng s beggmng,
withn transmission reach of a considerable demand,
and whatever the reasons may has e been that led to this
tmpasse 1t has undoubtedly had s deterrent effect on
similar™enterprice  elsewhere  There may be cases
where the carrying out of 8 project by Government may
be advisable 1f mvestigation proves that the mdirect

je % Va




8 TECHVICAL MATIFPS

enefit to the country of cheap porver will eounter
lance 4 comparatnely small return on the eapital
mvested 1n the power scheme
Government ud should 1t 1s considered, only apply to
he development of water power (a) by a pubhe utihty
ompany or (b) for the purpose of wn industry m which
Government has o partreulr mterest or (¢) for an
mdustry whieh at s particularly desired to foster
A company deselopimg power for its own factortes, not
commng under heads (b) or {¢) would not usunlly require
he'p
The Water Power Resources Comnutteo of the (now
defunct) Bntish Board of Trade Ind down certan
fundamental principles” which may be recorded
here —
¢ (@) The whole of & watershed must be thoroughly
studied and the fullest use made of its poten
tial water power consistent with reasonable
capital expenditure A development which
would only result m « part of the power
beng utibzed should not be permtted if
the ultimate use of the whole avmlable
power 14 thereby prejudreed
() Proper regard must be shown to the mterests
of domestic and trade water supplies
fisheries the dramnage of adjacent lands
canals and nlaud novication and mn certamn
cases t¢ local amemties Neglect to give
consideration to some of these requirements
has been responsible i the past for fulure
m the promotion of some water power
schemes
{c) A part of the available pawer must be reserved
for use by the loeal population within the
waterst ed  both for present requirements
and also for prospective developments It
18 1important to remember, however, that in
the case of large water powers considerably
1 excess of loeal requirements 1t would not
m genertl be commercially practicable to
ensure a cheap local supply of electncity
unless the powers were developed to the
maximum extent and the bulk of the output
utilized by an mdustry requirng practically
a continuous supply throughout the year ™
A constructive suggestion may be put forward from
German practice ¢ In Germany before the war not
a fen of the great munieipalities entrusted the manage
went of undertalings of jublic utiity, gas  water
clectric light, tramways and so forth to o Company

m wlich the munierpality held shares suflicient to make
1t on imjortant if not a d harchold

[Para 50

The public authonty protects the public and gives the
company the henefit of 1ts <upertor eredit while at the
same time the benefits of private enterptr ¢ are pre
served **  The orticle here drawn on 1s on the subject of
rulway natienalization but the proposal appears to
contaun the germ of a { nnaiple of very wide apy Lieation
The™wnter goes on to pomnt out that (as i Cinada)
the ! usiness could be managed by 1 Board of bu mess
directors but 1 the eace of undertal mngs <o combining
State or munterpal wath Company ownerslnp the Board
would consist partly of officl nominces and partly
of representatives of sharcholders  The private <hare
Trolders would then recenve come agreed proportion of
the net profits ahove their guaranteed net mcome,
as already suggested m the Preliminary Report

50 Grants for development of water power —
Aftersome discussion the term © Grart * for the develop
ment of water power has bgen adopted by the Govern
ment of Indin 1n preference to ¢ Lease ” “ TLicense ”
“Concession’ or * Agreement ”  Such grants are em
hodied 1 agreements between the Secretary of State
for India (represented by the local Government as
Grantor) and the Grantee Apart from actual under
talingzat worl (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 followmng sites  The yover
mvolsed 1s entered elsewhere i this Report and 1s not
given here
Last of grants er projosed grants for the devclopment

of water power {exclusue of sites dereloped or under
construction) ~

Assam ~—None as ):ct An application has been
made for developing the Um Tru mier at Burnihat
and the Umkra stream at Shillong may be the subject
of a grant presently

Bilar and Orissa —None

Bombay —Messrs  Tata Sons and Co  have applied
for the mght to develop the Koyna Valley scheme and
also the Kundl: Valley, which 1s an extension of the on
gnal Tata Hydro Electric Power Supply Co’s works
The Nila Mula project 1s temporanly leld up

(1) Burma —Agreement with the Barma Mines, now
the Burma Corporation Lumted relating to the
Mansan falls

(1) Agreement with the Kanbauk (Burma) Wolfram
Mines Limted Tavoy

Two other applications in the Tavoy District are
ponding

Central Provinces—None

The system 15 understood to !:me worked satisfactonly

* Quartcrly Pevicw Do 460 July 1919 p 1 ¢
’
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Madras —(1) An agreement grantimg the nght of
development has been entered mto for the Kundsh
River with Messrs Tata Sons and Co who are negotiat
g with Coimbatore mterests for working up the project

(u) The power rights in the Periyar Lake were granted
toMr A H Garrett who transferred them to a syndt
cate represented by Sir A Chatterton CIT Industnal
Adwiser to Tata Sons and Co  Applications have been
made 1n respect of various other projects as follows

(1) Gundar and Kumbar project Madura Mr Lee
Hart has applied for the nght to develop this project
It 15 not a promwsing one and the Piunjihave Bemjam
scheme ncar by offers far greater possibilities

{rv) Kolhmalay scheme Mr Perry has apphed for
the night to develop this and the matter 13 under con
sideration

(v) Pykara scheme Two apphcations have been
made for the mght to develop the Pykara beyond
Ootacamund and the matter 15 under consideration

{v1) Sirumalar scheme There are tentative proposals
for utthzing this

(vn) Vuyyuru scheme This 1s a small canal project
for which an applcation for development has been
made

Punyab —{(1) Two projects that are the subject of
agreements are working at Dharrwal and Nidampur
(Patiala)

(u) An agreement with the Punjab Power Associa
tion to which General Beresford Lovett and Sir Thomas
Higham were parties has lapsed and fresh proposals
are pending for the development of the falls on the head
waters of the Upper Ban Doab Canal  The apphicants
are the Subera Ilydro Tlectric Co

{m1) An agreement has been entered into botween
Government and the Punjab Hydro Dlectizc and In
dustry Dex elopment Assocation (Bawa Hardyal Smgh)
for utilizing four falls on the Upper Jhelum and Upper
Chenab Canals Construction will shortly commence
it 1s hoped at the Joyanwala Fall

(tv) A project for irngation pumping by power from
the Lower Ban Doab Canal at Renala 1 under consi
deration

Unmited Provinces —Agreements were entered mto
many years ago with the United Provinces Power Asso
clatton (General Beresford Lovett) for developmg two
loops on the Jumna one of which 1s partly m Tehn

Garhwal Nothing 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
penod would usually be valueless  the period must
necessanily be long enough to enable the grantee to
recover the capital sunk in the enterpnse  Electrical
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undertekings working under a license granted under the
Indian Electnoity Act may usually be purchased after
50 yearsand a sumilar period 1s reasonable m tle
case «f hydro clectric mnstallations
Where a decston has to be made between the clams
of two or more applicants for a Grant the claims of 2
public utihty company should 1t 15 considered have
precedence over an application from a purely industrial
concern because the latter can always obtam its power
from a company even though 1t may bave to pay <
shghtly enhanced rate for 1t  Furthermore a
company which 1s to serve the general public should
be of greater value to the State than one which 13 serving
1ts own interests only  Where the claims of two apph
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 obtamed a hcense under the Indian
Electricity Act from the local Government concerned
It may be emphasized that 1t should be allotted to the
appheant who 1s prepared to offer the best terms fo
the general public rather than preferentral terms to
the Government the latter mvanably react on the
private consumer The same conditions should 1t 1s
considered also govern grants for the use of water
power Theclaims of two competitors who both wish
to deselop water power for a purely industrial purpose
should be settled 1t 15 suggested in the same way,
according to the conditions and rates under which
the jurpose to sell ther products to the public
The conditions under which a grant for the use of water
power should be given to < public utility company
should 1t 1s considered vary from those made for a
company concerned with a particular mdustry The
works of the former can alwiys m the last resort be
taken over by n local authomty or the local Govern
ment under the provisions of the Indian Electrieity
Act and can be contmued 1n use and deseloped for the
use of the pubhc in the case of mismanagement or the
msolvency of the grantee In the case of a grant for
a purely industrial purpose seemng that Government
must be consulted as to how the site shall be developed
1t appears necessary that the grant shall stipulate for
the removal of any works tlmt may interfere with
the use of the power by other persons on the final
expiry of the grant or mn case of its determination for
breach of the condrtions imposed
The dangers to be guarded aganst mm gnang o
Grant  are —
(a) The grantee may merely hold his grant until
he 15 bonght out by a company  This1s not
1 1tself necessanly an evil so long aspow r
18 retained to cancel the grant if work has
not been begun and completed within a
1
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penefit to the country of cheap power will counter
ualance ncomp'lr'lh\t‘]_} smal] return on the camtal
nvested m the power scheme

Gos ermwent 1d should, it 15 consdered, only apply to
lo development of water power () by a public utility
company or (1) for the purpare of an industry n which
Goverament has o partseular nterest or {¢) for an
mdustry wlich st 15 partieularly desired to foster
A company developing power for its own factories not
coming under he1ds (5) or (¢), would not usually require
hedp

The Water Power Resonrees Computtee of the (now
dcfuncty British Board of Trade 1ud down cerfain
¢ fundunental prneiples”  wluch may be recorded
here —

* {a) The whole of & natershed must be thoroughls
studied and the fullest use made of its poten
tinl water power consistent with reasonable
capital expenditure A devclopment which
would only result m « part of the power
bemg utiltzed ehould not be pernutted 1f
the ultimate use of the  whole avalable
power 14 therel v prejudreed

() Proper regard must be shown to the interests
of domestic and trade water supplies
fisheres the dramage of adpacent lands
canals and imland navigation and mn certun
cises to local amemties  Negleet to gne
consideration to rome of theso requirements
has lieen responsible m the past for failure
m the promotion of some water power
schemes

(¢} A part of the avmlable power must be reserved
for wse by the loeal population within the
watershed  both for present reqmirements
and lso for prespectine developments It
13 inportant to remember, howeyer, that m
the caso of largo water powers considerably
w excess of local roqurements, 1t would nat,
m general be commerenlly practicable to

ensure o cheap loeal supply of electneity
unlesy the powers were developed to the
mvmum extent and the bulk of the output
utilzed by an mdustry requinng practically
~ continuous supply throughout the year”
A constructive suggestion may be put forward from
German practice  “In Germany before the war, not
afew of the grent munieipalities entrusted the manage
ment of undertal ngs of pubhic utility, gas, water
cleetnie hight, tramways and so forth to a Company

m which the mumeipahty Leld shares sufficient to make
1t an mportant af not 1 pred shareliold

MATTI DS [Para 50
The puhblic authority proteets the public and gives the
company the benefit of 1ts superior eredit, while at the
same time the benefite of private enterprt o are pre
served "% The prticle here drann onis on the subjict of
ralway matienalization but the proposal appears to
econtamn tle germ of o prineiple of very v 1de applieation
The™wnter goes on to pomt out that {ns i Canada)
the business could be mamged by a Board of buaness
directors but m the ea e of underinl mgs <o combining
State or mumapil nith Company ownership the Board
would conwst partly of offienn] nomme s and partly
of representatives of eharcholders  The private share
holders wounld then recense somo agreed propottion of
the net profits above therr guarinteed net imncome,
as alreads suggested m the Prelimmary Report

50 Grants for development ol water power —
After gome discusston the term * Grar t * for the develop
ment of water power has been adopted by the Govern
ment of Indin 1n preference to ¥ Toease™  License ”
* Concesston ” or “ Agreement ™ Such grants are em
bodied 1 ngreements between the Sceretary of State
for Indin (represented by the local Government as
Grantor) and the Grintee  Apart from actual under-
tal mgsat worl (Chap 10) or under construction {Chap
11) agreements have been entered ato, or are under
considerstion, between Government and the promoters
for thedev lopment of the following sites The jower
myolvcd 15 entered elsenhere mn this Report and 1s not
given here
Itst of grants er proposed giants for the derdopment

of uater pouer (cxclusne of sies dercloped or under
construction)~

Assam —Nene 13 vet An applicatton has been
made for developing the Um Tru mser at Burmhat
and the Uml r stream at Shillong may ba the subject
of o grant presently

Bilar and Orssa —None

\Bombay-—l\lesqrs Tats Sons and Co have apphed
for tho night to develop the Koyna Valley scheme and
also the Kundl Valley, which 13 an extension of the on
gin1l Tata Hydro Tlectrio Power Supply Co’s works
The Niala Mula project 15 tempotanly held up

(1) Burma —Agreement with the Burma Blines, now
the Burma Corporation Limited, relting to the
Mansan falls

() Agreement with the Kanbaul, (Burma) Wollram
Mines Limnted, Tavoy

Two other applications m the Tavoy Distriet are
ponding

Cuntral Provinees —None

The svotem 13 understood to bave worl ed satisfactorily.

* Quartcrly Teview No 460 Jaly 1919 p 151

.
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Madras —(1) An agreement granting the nght of
development has been entered mto for the Kundah
River with Messrs Tata Sons and Co , who are negotiat-
1ng with Coimbatore mterests for working up the project

(u) The power nights in the Periyar Lake were granted
toMr A H QGarrett, who transferred them to a syndi-
cate represented by Sir A Chatterton, CTE, Industrial
Adwviser to Tata Sons and Co  Applications have been
made 1 respect of vamous other projects, as follows

{w) Gundar and Kumbar project, Madura Mr Lee
Hart has applied for the nght to develop this project
It 13 not a promsing one, and the Pipthave Beram
scheme near by offers far greater possibilities

(v) Kollimalar scheme Mr Perry has applied for
the nght to develop this and the matter 15 under con
sideration

(v) Pykara scheme Two applications have been
made for the mght to develop the Pyhara beyond
Qotacamund, and the matter 15 under consideration

(v1) Birumalaischeme There are tentative proposals
for utiizing this

(vn) Vuyyuru scheme Thus 13 a small canal project
for which an apphcation for development has been
made

Pungab —{1) Two projects that are the subject of
agreements are working at Dharnwal and Nidampur
{Patiala)

(n) An agreement with the Punjab Power Associa
tion, to which General Beresford Lovett and Sir Thomas
Higham were parties, has lapsed and fresh proposals
are pending for the development of the falls on the head
waters of the Upper Bani Doab Canal The applicants
are the Subera Hydro Llectric Co

{11) An agreement has been entered into between
Government and the Pumab Hydro Electnic and In
dustry Development Association {Bawa Hardyal Smgh)
for utihzing four falls on the Upper Jhelum and Upper
Chenab Canals Construction will shortly commence,
1818 hoped, at the Joyanwala Fall

(1v) A project for irngation pumping by power from
the Lower Ban Doab Canal at Renala 13 under consi
deration

Unted Provinces —Agreements were entered wmto
many years ago with the United Provinces Power Asso
ciation (General Beresford Lovett) for developing two
loops on the Jumna, one of which 1s partly m Tehn
Garhwal  Nothing whatever has been done and the

agreement expires shortly

5L General Considerations as to “ Grants "—A
grant for the development of water power for o short
period would usually be valueless, the period must
necessanily be long enough to enable the grantee to
recoser the eapital sunk in the enterprnise  Llectrienl
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undertakings, working under a license granted under the
Indian Eleetncetty Act, may usually be purchased after
60 years,and a sumlar period 18 reasonable n the
case «f hydro electnic mstallations
Where a decision has to be made between the claims
of two or more applicants for a Grant the clamms of a
public utility company should, 1t 1s considered, have
T d over an appl from a purely mdustnal
concern, because the latter can always obtam 1ts power
from a company even though 1t may have to pay o
slightly enhanced rate for 1t  Furthermore, a
company which 13 to serve the general public should
be of greater value to the State than one which 1s serving
1ts own mierests only  Where the claims of two appl
cants who wish to float a pubhc company have to be
decided between, the Grant would no doubt be given
to the one who also obtamned a license under the Indian
Electrieity Act from the local Government concerned
It may be emphasized that 16 should be allotted to the
applicant who 1s prepared to offer the best terms fo
the general public rather than preferential terms to
the Government, the latter mvanably react on the
private consumer The same conditions should, 1t 18
considered, also govern grants for the use of water-
power Theclauns of two competitors who both wish
to develop water power for a purely mdustrial purpose
should be settled, 1t 13 suggested, 1 the same way,
according to the conditions and rates under which
“they purpose to <ell thetr products to the public
The conditions under which a grant for the use of water-
power should be given to a public utiity company
should, 1t 1s considered vary from those made for a
company concerned with a particular industry The
works of the former can always m the last resort be
taken over by « local authonty or the local Govern
ment under the provisions of the Indian Electneity
Act and can be continued 1n use and developed for the
use of the public 1 the case of mismanagement or the
msolvency of the grantee In the casc of a grant for
a purely mdustrial purpose, seemng that Government
must be consulted as to how the site shall be developed,
1t appears necessary that the grant shall stipulate for
the removal of any works that may interfere with
the use of the power by other persons on the final
expiry of the grant, or m case of its determunatron for
breach of the conditions mmposed
The dangers to be guarded aganst wm gwing a
* Grant ™ are —
(a) The grantee may merely hold his grant untd
he 1s bought out by a company  This1s not
1 itself neeessarily an evil, so long a3 powir
1s retammed to cancel the grant of work has
not been begun and completed withi a
1
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reasonable time A substantial depostt
would probably be required on which interest
would be pud This deposit should be
hable to be forfeited 1f worl 15 not put m
hand and carnied through within a re1sonable
time especially if any other applicant 1s 1n
the field

(b) The site may be rumned by partial development

In the case of every public utiity company
1t should be a condrtion that the imitinl works
shall be so carried out that eventually the
full possibilittes of the site can be utilized
if there 1s a demand for more power If
this condition would render the mtial
dovelopment too costly for commercial
success 1t mght, 1n the absence of direct
help from Government be impossible to
proceed It must always be remembered
that m such matters as storage worl s and
canals or channels 1t 15 2lmost essentral to
build for the full nltimate requirements at
the very start but 1t 1s seldom possible to
put plant down for the full poser so the
extra capital 1s for the time being unproduc
trve  In the case of an ndustrial develop
ment company this condition does not
appear to be necessanly appheable, but
foresight 18 required 1f good sttes are not
to be spoiled by partial d velojment

(¢) Existing water nghts and future irngation de

mands must be safeguarded or 1o other
words no grant should be given until the
ungation posstbilittes have been fully con
sidered  This as a matter of course 1s
always done The small mparman nghts
of private persons would seldom offer any
difficulty as the whole extent of a hydro
electric scheme will generally only embrace
a few mnles of a channel The utiization
of the tail waters of the turbines 1s a more
romplicated matter The most effective
posttion for a power statron mught be such
that a possible future canal supply would
be jeopardized  In such cases the conflict
mg claims of power and wrmgation would
have to be threshed out by an independ

MATTIRS {Para 52

The question of the payment of royalties for the use
of water powor has been much discussed Mr Barlow
and the present Chiof Lngmneer advised agunss the
pay ment of any royalty on the grounds that indidstnal
development was more mmportant than small sums
obtamed mn this way except in cases where promoters
use works (eg canals etc) already comstructed
It has however been decided that a small royalty 1s
both just and expedint the comparatively small
expenditure on the Surves will m tlis way soon be
recouped in the Provinces comcerned As regards
‘“ public utihty compames’ 1e companies supplyng
power to all applicants m their area of supply for all
purposes as distmet from purely industmal power
compantes the follosing considerations were put
forward 1n the Prehminary Report —

Frrst —A company which 1s brought nto ewstence
for the good of the public 1s already domng 2 public
service and should not be burdened with special taxes
on 1ts construction or working which wil inevitably
be passed on to the consumer

Secondly —Such a public utility company should
be given every facility to fight 1ts early struggles and
only when 1t has achieved a posttion of prospenty
should Government step m to share the profits and
then only with due regard to the consumer s prospects
of a cheaper supply

Finally 1t 15 very desirable m the mterest of Bntish
Trade that British Standards of pressure and frequency
should be adopted m all future hydro electric work,
and the suggestion 1s put forward that ths should be a
condition of all grants and agreements for the develop
ment of water power The matter 15 more fully dealt
with 1t 1n para 47 supre

52 Encouragement of hydro-electnic develop
ment —In Chapter & of this Report a companson 18
made between steam power and water power and i con
nexton with any ¢ Grant  for development of the latter
the considerations there set forth are important  So far
as any industrial imited Lhiabihity company 15 concerned
the chief factor will necessanly be the total cost of the
nival methods of obtaming power, the desirability
of fuel conservation 1s admitted on all hands but busi
ness men will only be willing to assist in conservation
when thewr shareholders will also benefit It may

authonty

(d) Power should be tahen 1 any Grant to deter

mme the same should the grantee stop
using or not make sufficient use of the
water power, provided that there are other
applicants for its use

herefore be not out of place to add some remarks as
to the lowest cost of producing power i India

In the 1920 ¢ Supplement to the List of Electrical
Undertakings mn Indiz  an abstract 1s given of the
fingneial and technical detals of all the licensed ‘ public
utibity ’ electrical undertalings w India  The fuel
driven plants vary greatly m size and ontput, as well a8
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1n the cost of the power produced, and m the latter
respect all have suffered from the war
In the year 1919 the Calcutta Electric Supply Corpora
tion generated 40 1 million umts and sold 31 9 milhons
at an average price of 2 32 annas & umt  Thewr plant
capacity then amounted to 22300 kW and the load
Jactor for the year was 303 per cent on
a maumum load of 12000 kW Bemg com
patatively near the Bengal coal fields the cost
per ton of fuel would be low, probably about eight
rupees  The actual cost of fuel per umt 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 kW the average load to gene
rate 40 1 million umts was practically 4 600 kI on the
contnuous basis The fuel cost of a Lillowatt year,
or 8 760 units sold, was Rs 132  Therefore any royalty
of this order would render the competition of water
power out of the question 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 self
contained 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
Tt has already been pomted out that the value of a
gwen flow of water mehorse power 1s 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
clustve of spares) would not often be sufficient to deter
\promoters from proceedmg At the Cauvery falls
the charge (after the first 5 years) was Rs Spere h p
year, while for the Lagylap project m Siklum 12 annas
pere 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
hngher royalties up to Rs 40 and even Rs 60 and Rs 75
perh p year, have been charged
53 Accounts of undertakings belonging to Gov
ernment —There 1s a general consensus of opinion
both lay and techmical that 1t 13 both mmpolitic and
mmpracticable to attempt to run a Government hydro
electric project on the account systems of the Civil
Account Code There are no doubt many excellent
reasons why the varous Codes are necessary for the
ordinary tun of Government work, wncluding such
quasi commercial undertabings as wmgation works
An electrical undertaking howeser s on 1 very different
footiug and it 13 subnutted that its accounts (at any
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rate after construction 1s completed) should be kept on
strictly business lines by commercial accountants,
ond subject to commercial andit 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 mn any form
he thinks fit Tt 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 congprn 1n the hands of o responsible firm of Managing
Agents who would deal with the concern precsely as
though 1t were a lumited Lability company under their
charge, subject to the decistons of a Board of Directors
1 which Government would have the deciding voice
No doubt grave objections will be rased to any such
procgdure, but 1t seems essential if such undertakings
are to be run on sound lines , and new departures require
new methods To take only one mstance a scheme of
this nature must be written down for deprectation and
must carry a reserve fund for emergencies otherwise its
real financial position will never be known A eanal
does not depreciate beyond the extent to which period:
cal repaus will bring 1t back to 1ts onginal condition ,
whereas plant not only wears out but may become
obsolete while stifl mn full working order, by which
time 1t will have been already written down to scrap
value so that there will be no disturbance 1n the acounts
No Accounts Code takes account of “ obsolescence

if the use of this Americamsm 1s permussible hence
examples can be found of plant worhing mn Gov ernment
factortes that has been obsolete for many years but
has been retamned because 1t 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 1t to pay, after
providmg for contingencies This margin s increased
by enlarging the sphere of operations and the sales,
and the sales are imcreased by judiciously lowermng
the rates charged for energy so as to bring in new
consumers  While the same careful provision for the
future 1n the matter of depreciation and reserves 13
necessary in & Government concern—indeed without 1t
the real position can never be gauged—there 13 no neces
sity to pay regular dinidends beyond the provision of
the ordinary rate of interest oncapital 1f there 13 a
further surplus mn 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 pubhe and icreasing the mndustrial prospenty
of Indiz  The wdirect benefit from the expansion of
industry and amemties of life will 1t 18 submitted tabe
the place of a direct return in cash  As reguds resene
funds 1t may at first sght appenr absund that an unders

12
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shing with Government belund 1t should require such
3 fund, but reflection will show that what 1s <ound
anance 1n company management will not be the rey erse
this case  The reserve fund as 1s often the cace m
ompanes, cant be *“ invested 1o the business ” and uced
evtensions, and by having 1t the management
progress of the undertaking will be strictly compar

ole with other sumlar but purely commercral concerns
Lhe geneus of the above suggestions was o the wnter's
b on the “Laxapina Aberdeen Hyvdro-Electrie

spect m Ceylon

54 ¢ Model Form * of ¢ Grant for the develop-
of water rower *>—A draft Model Form prepared

by the present writer m 1919 and the proposals con
tamned m 1t have c<mce been discu ced between the
Government of India and local Gorernments ~ Generally
peaking the form as modified during these discussions
~3 been accepted as a reasonable basis to work upon

[Para 54

but the Government of India have decided not to 1ssue
a model Form them<ehies but to leave the matter m
the hands of the Chief Engineer Hydro-Electric Survey

The Vodel Form now prninted m Appendix IT 15 there
fore no more than 1t professes to be 1= a suggested
form covermg all pomts bhely to arice when there are
negotrition between Government and a promoter for
the use of the water power wamlable at a gisen aite

Anvthing of the nature of ngid umiformuty 1s nerther
necessary nor desrable but a reminder of pomts apt
to be overlooked cannot farl to be of value  The Vodel
Form 13 P d by explangtorv notes and 4
suggested form of applicatton  The value of the latter
Ttes 1n the fact that 1t can only be filled in when the site
has been investigated reaconably beforehand so that
genune applications can be separated from purely

speculatrve ones







PLATE 2
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Para 551

CATLGORILS INTO WHICH SIfLS ARL DIVIDED ; MAIS

53

PART 11 —1MHL WALLLR POWLR RLSOURCLS OF INDIA

Ciatter 9 —PRELIMINARY TORCCASD O 11E
Wirer Power or Inpia

55 Categomes mto which sites are divided 5
maps —In the Preltmiary Report no attempt was
made to achieve the impossible by forecasting the nater
power of Indin Tven now any suck attempt 1s of
necessity largely guess work

“*No pent up Utica contracts your powers
But the whole boundless continent 1s yours ”

The area with which this Survey 1s to some extent
concerned 15 about 1,800,000 sq miles of which over
1 million 5q mules are under Brmtish Adminstration
** The Indian Empure 15 equal to the whole of Euarope
except Russia  Burma 18 about the same size as (pre
war) Austria Hungary , Bombay 1s comparable i pownt
of area with Spam , \ladras, the Punjab, Baluchistan,
the Central Provinces and Berar, and Rajputana are

all larger than the British Isles, the Umted Prosinces
and Bihar and Orissa than HHaly ”* Over this1

wformation as 1s obtainable fiom outside

sources , Chapter 14
VI Useless mtes In order that time may nob
be wasted on sites which have been examned
and found useless these are entered, with
reasons where these are known Most of
them were mentioned m the Prehmmary
Report and having been given currency

* should now be cancelled , Chapter 15
The key map (Plate II) indrcates generally the areas
m which water power 13 known to exist, according to
the depth of shading The general map (Plate VII)
1 the pochet at the end of the volume has most known
or probable sites marked on it but the positions are
only approzumate  where known the text gves
references to the 1 inch maps  The circles of 100 mles
radus around the larger hnown sites (full) and probable
sites (dotted) serve to show areas which could be served
by interhinked systems

ares, 1 common With other parts of the British Empite
a-hydro electric survey was mutrated 1n 1918 bub
hitherto only a Iraction of the water power resources
has been exammed The following categories are dealt
with —

1 Water power now developed, Chapter 10

II Plants under construction Chapter 11

IIT Areas mnvestigated (not necessanly exhaus
tively) bub not developed This meludes
most sites where the avarlable power can be

. gauged with considerable confidence Chap
ter 12,

IV Known sites of which detailed exammation
1s desirable In these an estimate of the
probable power 1s given whenever the data

. allow, but examination has not proceeded
far enough to show whether the develop
ment 18 practicable from the engineermng
or the financia! standpomt, Chapter 13

V. Arens and sites not exammed This Lsy
cmbraces many possible sites mentioned
m the Prehminary Report of which prac
tically nothing ts known Only 1 a few
cases 13 & very speculatne figure gren
for possible power, on the basis of such

# The Indian Ycar Book, 1919

56 Defint of power ; power on
ordinary munmum flow , power for maxmmum
development —No endeavour has been made fo assess
the discontinnous power of individual sources which
may be available for G to 8 months 1n the year In
every country this 1s much greater than the continuous
pover available on minmmum flow m the worst years,
but 1 India, where the wet season 1s confined to a few
months, the excess of power available during the trme
that™the effect of the monsoon 1s still felt 15 beyond
any attempt at calcul storage sch
are an exceptron for here the ukole available power
15 averaged throughout the year and the maximum
power 13 also the actual Furthermore, when the hot
weather beguns, there 18 a great nise i the discharge of
2ll snow fed nvers which lengthens the discontmuous
pertod  The Dommion Water Power Branch of Canada,
which has taken up the question exhaustnely, shows
that the * Power for maximum deselopment,” depend
able for G months 1s very nearly double that obtainable
on ordmary mumum flow,” not absolute mmmmum
flow as m this Report “ Ordipary mmmum flos ”
18 defined as being “ based on the averages of the mm
mum flow for the two lowest consccutne seven day
periods 10 each year over the period for which records
are available” The “Fstimated flow for Maximum
Development " 13 based upon  the continuous power
wdicated by the flow of the stream for mx months tn

-’
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he year The actual method to determme this flow
s to arrange the months of each year accordmng to the
11y of the lowest flow m each, the lowest of the six
high months 1s taken as the basic month, the average
How of the lowest seven consecutive days in this month
determunes the maxtmum for that year The average
of such maximum figures for all the ycars 1n the period
for which data are available 1s the estimated maxamum
used mn the calculition” In India 1t will be conser
vitive to assume that the continuous power on  ords
nary minmum flow * as defined above 1s for the whole
of India except Bombay and the Central Provinces
50 per cent 1n excess of the figures taken in this
Report  These two areas are excepted bccal‘l;:e they
depend almost entirely on monsoon storage, and an
addstion of 20 per cent will be near the mark The
North West Frontier Prosiuce has been left unaltercd
as 1t 1s doubtful 1f the Indus will n fact cver be
harnessed

The ‘power for maximum development,” agam
excluding these two areas (though the exclusion would
not by any means be untversal) may be taken as gene
rally at least 3 times the ordmary mmtmum continuous
power shown In this Report For the excluded areas
to allow for projects not based on storage 60 per cent
15 added for Bombay and 30 per cent for the Central
Provinces The table however varies somewhat from
these figures and 1s in round numbers

57, Summary of results and anticipations,
mimmum contmuous power —The followmg table
18 a rough preliminary forecast of so much of the water
power of India (based on mmmum discharges) as 1t 13
m any way possible to mdicate at present The total
power shown amounts to 5582 000 k\Ws or 7,400 000
electrical horse power, and as the basts 1s minumum
continuous poter the figures represent kilowatt years
Disgrammatically the distribution among the chsef
dwisions of India may be represented as shown m

figure 23, where the scale 18 1 sq milimetre to
1,000-kWs

WATER I0WER RLSOURCLS

[Para 57

) Protalle minimam power

(1) Pregests

N

xamaned L%

() Plant
imstalled

Fig 23 The Waler power of Inclea

Tape 8 —Summary of probable mumimum continuous water power wn India

Water power now [ ——
Pro fnco or btate eloped Thits under  (Areast vest cuted FYGREERS | 4 cns any attes Probable
up:g\"y’ developed u:immabbfn is not inve tigated total
ity
kW cont buous [ XW cont nuovs | kKW contin o s Prnl;nble W Yrobable XW kWe
1 E a 4 ] 5 9 7
——
Assam 109 000 ’ swo | avooo 114000
Baroda . 4000 1000
Bengal . '
g . 600 14, 200 © 000 G20 000 669,850




Para 58 TOTAL POWER ON “ ORDINARY MINIMUM FLOW " AND FOR “ MAXIMUM DEVELOPMENT " 55

TApLE 8—8 -y of probable contintions water porer m India —cotinued
Rrow  sltos of
e Py | Payts paer [Arous D ostigatod) iM% detsler | Aress andattes | Brovarte

Frosines of State alto constr ction gl cwomination s | 2ot fanes Igated total

e T Dhous | KW conttnsous | KV contnuous | probifihw | Probabte xw kWs

N 2 s 4 5 o 13

1

Brought forward 600 127 250 19 0000 950,000 1087 850

B d O . 2
Blo}:;:; e 71 400 50000 272 560 230 800 20 000 644310
Barma 3370 155 800 492 400 300 000 951 570
Central Indie 80 00 680
Central Prov nees and Berar 13,700 113 860 10000 137 560
Cochin 4 4000
Coorg 1500 1 500
Tal 1R Q2m Eyrr
Tammu and hashmir 105 830 179 500 20 000 305 330
Madras 740 3260 53 900 5000xx 92310
Mysore 24000 4500 20000 18 500
North West Frontier [250] [1 000 000] 1000 0001
Patiala 290 0
Punjab and canals ! 1880 129270 | See cols 4 & 6] 662 000 793 150
Rajputan 160 160
Sikkim 5000 5000
Travancoro 450 50
United Provinces an canals 4330 140 378900 |Beccols 4& 6 20 000 403 370
. TOTALS 213 140 L 55640 1,194 230 1,102 070 3017 000 5552000

Of the projects or sites included 1n the aboy e summary
the followmg list shows the order of magmtude of the
projects suggested or hnown , but as regards the first
entry * only 4000 kWs can be developed on the
present layout of open channel

£y

2 fé,g g 232 o | o
Minm m power g1 °gl s ElE (3],
avallatle "KW IR RANIE R R

> = &
& IEEE | gE8 & & | &

— 22 e

Over 100 000 1 1 3 5
50100000 1 1 ° g S| *
20— 50000 3 A s | 52| 5| 1
10— 20 000 ° 1 | EB E% m
5— 10000 » w0 | £ 2w
1000— 6000 3 2|2 29 b
Torat 7 3{s (3] 12

There doubtless remain many other unhnown sites,
and the future possibilities of development by lfting
dam offer an untold number of stes i the smaller
totegonies

58 Total power on *‘ordwary mmmum flow >
and for maximum development ~—This need not
detain the reader for long as 1t 18 speculative and based
on the mmmum of rehable mformation Using the
definitions and multipliers suggested m para 56 the
followmg are probably conservative figures Only the
mam areas are entered

TaBLE 9 —Summary of ordinary and marimum power

Trobable ordt | I robable power
Province or State nary mimm m | for maximtm
power development
kiy 1SN
Assam ©21 000 1700 000
Bengal 1000 000 1 00000
B har and Onssa 9000 100 000
Bombay "3 000 1 000 000
Burn a 1377000 2 000 000
Central Provinces 16. 0o 180 000
Jammu and hashmir 45000 60 000
Vadras 133 000 300 000
N W F Drovace . {1 000 000) (1000 000}
Punjab 150 0 2 400 O
Un ted I‘rovmco!ml 60. 000 1,000 000
Otber arcas ente: n pre
ced ng table 160 000 300 0
ToTat, 753 00 12 650 000
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59 Summnry of water power now developed —
To pwa 23 of the prehmmary Report Table 2
<howed the water poner then actuslly 1o lawe m
{ocommaphical) Tndiy  The glavt anvtelled awounted
to S3900 LW. (IHH1860 e h p) but ths dd
not of comrse reprecent the contmuoas power
valne of the site  Thu. the lugest contmlation
to the tots} cume from the Tats H E P R Co
m Bombat  which has virtmaliv 3 12 hour worhung
dar, <o that when the arving Ind futer of
the worbing du = tilen 10 accotmt the glimt
wstalled ean be and mfi 11 mach mon chan double
the contmuons 2% hoar 3w dav power  Throachcut
this repart the @i coss power by 1 emploved
thangh where the ptint i talled (o~ o he 1o nilindy
» koown us epcaty y abo even The preecty 1
tiom o, rezand  witer puwer a 1 allv developed 1 owds
eated 1n the folloming table b Provinces ani ~a e
and forther detal  are gnen i succeedins
prammaph —
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means of a futre carned on a considerable wuspen. on
bridze over the deep goge of the Kotwak, Later on
the To putal Jhora was tapped at a pont uoker up
ctream and an upper pomer hows was built, of which
tle tal race & charges imnto the rerulating rv sronr
of the onmnal and lower <cheme  The folloviny are
the remawme data of both works -

Oyt 1

o Loror x
Moarem fow ef v e Ao Jhevore Abot 1D cser
Peoss 5 s od * LN 225 h)
Weko b alyne < kol
L N 1 ki
B Mot = 40 -
Le ob el - [ 2320 -3
Pavri =a" ¥ kW 1 =3 470

Cezningots powe” availabls

Qn the rmirs.m forr
recorded ths t

4% KW ?

1N KW M2 &3 2

ca
[N

As kowever the open chaneels wre ol dempned fo
a4 10 4% eowees the zotmal contmuen. poret L
a* vreon Dl od ta tE fow, o e2r 235 LW tRe
“emams mevetr e Zems fo mess varms sctuad delds
61 Bembav, water power developed—Tke
plaot wov dovelopad m Bambav commst of that xv the
Bl: hor Dur he To'a aod ndovs Vel wedn,
srd xhe Gelsl ML Co” vlas O
WL put g aee <Be conetrne 3ol tla rew and by
qam st Lske Whmer vhod ko beh Bul oz tze
e oy < @ ard pugss inaeiiins presnt emieeTre
The Gl MR seheme kas boon wodduny 7
e vy ovaxr OF tke pwo Tafs soems
Ts*aH E. P 8§ Co ks betn wovkes £~ anze ver
b. ommy to -ie filmre of fne oo Befeme gha
mas Soswes dam v, e teed, sndwtem . et
Iske B3 rr v boom mlad g cooply Rad sp b e
Soreny 1 Tis Awome Valev g = s noprovtsels
o s aed el ot o powem Res e ragen o
Tha Wls Mnly p= o~ 2 et euzirsoion (e pers
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Para 62] BURMA, WATER POWER DEVELOPED. 57
Taprk 11 —DBombay H L worls
Undertaling Anlhra Valley Bhatghar Gohak ulls Co {Tua I I T 8 Co
Location 1 Ghats near Poona! 32 milesfrom Poona ' Golah W Clats o | Lonavla, W Ghats
3 nules from Bl or
Map 471F 47 T/12, 16 171
Source of supply . Andhra Lako Laske Whiting . | GhataprabaiR Shinsta  Ywalnian
ant Jonavla lakes
Min mum perennial fow, cusecs + | Storege alone 150 (from storago) 138 Storage slone
Maw storage m ¢ ft . 12000 5812 Nl 0938
Regulating storage m ¢ ft N1l Nil 1100 27 in duact and
forobay
Worlang head {t 1743 46 to 101 [210 1,725
Tength of open channel, f Tunnel 165 by Ml fudit'} 40
828 5q it
Capaeity of channel eusecs 600 1200 430
Tength of p pe Line £t 4700 440 275 13000
Plant installed KVA 50000 102t 1570 50000
Extensions 1 progress KVA Nit Ml 10 000

the parting A considerable open channel, with
a forebay far too small, leads to the power house
the plams at the foot of the Ghats These works have
been fully described 1n papers read before engmneer
mg societies* The Andhra Valley 1s o far finer natural
site Here an immense lake 13 impounded by a dam
that 15 quite norrow over rts deeper perts, and a
pressure tunnel at the upper end of this Jake tappmng
off a comparatively small depth of water but most of
the useful capacity, leads dircctly to the pipe line and

62 Burma ; water power developed —The plants
now working 1n Burma are all in connection with mming
areas 12z the Burma DMmes Ltd, the Burma Ruby
Mines, Ltd and the Kanbauk Wolfram MMimnes, Ltd
The following table (Table 12) gives particulars of
these three plants —

Tasir 12 —Burma I L works

a surge tower cub in the rock Tho
these works are given 1n the above table

Continuous 24 hour power
worl 8 the continuous dischargo possible with 12 000
m ¢ {t of effective storage ollowing for losses, 13
about 320 cusecs so tho continuous power may be
put at 37,000 k\Ws

At Bhatghar the mmmum flow 13 dependant on
wrrigation considerations, and 1s now 130 cusecs giving
say 640 LWs on average head Large pipes are
being bult mto the new dam, so that some 2 600 1 Vs
will be capable of development dunng the irmgation
scason of 8 months

At Gokak 1t 15 1900 LWs

Atthe TataXl E works the contiuous discharge pos
sible 13 some 200 cusecs, so the continuous power 1s
some 30000 L'%s

For the four plants 1t 12 71,100 K\\is continuous
agamst 102 600 KVA mstalled

Undertaking Burma Mioes | Juby ines | Kabiuk
1 1 data of
Location Aé\{g:; N Bhan n&?\'ff‘,f\nv Tavey
At the Andhra Valley .

Source ot water M pin 15 In “Taynco and ' Ein  Tat
the ham Yam Yaybu Chayng
111"“'7 of Xam  Etrcams

AMintmum flow eusees 13t ’ 30 ~

Mala storage m ¢ ft N N Ead

Regulating storage I | S} l

Worklng head ¢ 270 05 2000

Length of open chann | 1 M pY

miles 1

Capacity of chann 1 erecs 2%

Lenytt of ripe tine (t e By ‘ nn

Plant lnstalled RVA 6 a9 an

Lxtensions In progress bW N ALt LN}

Contnuous 2f hour power At Manan fills e
the figures gaven the contrnuous | wer avahll 41 tr

the worst conditions 1+ 2400 I Wa Tl g ¢ 1l ¥

® Jourmall E I 1815 Vol LI p
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15 m fact all passed through the wheels ut such times
At the Ruby Mines the mmnnum contingous powers
3020516 or 110 LWs At Konbauh the smte
could bo descloped for 560 1 Ws. contmuously with
the present dam, «nce the flow will take the power
during the rams  the run off i 1920 was estimated st
580 m c ft 613 mteresting to note that the dam
here 18 of the *“ roel fill * type with remforced coment
concrete {ace and loose stons backing

The continuous power of the three plants aggregates
3370 kWs under mummum conditions

63 Jammu and Kashmur , water power developed.
—The two plants recorded in the Preluminary Report
on thue State remawn unaltered, as follows

TapLe 13 —Jammu and hashmr H L works

Jammy Power

Tiadertatang Instalfation Jhelor River
Tacation Fammu Tewi Mohore Kash
nyr Boad
Soures of water Tiaubir Conal ! Rapdan
? Jhelum
Momsmum  pereonal flow 560 4600
cusees
Staraga Mt ot
Working head £t 25 390
Yength of open channel M 6} mules
Capactty of channel, cusecs * B 560
Tength of pipe I ne ft Mol epen pen 0
stoek
Plavs snstalled, kKW, 670 4000
Ultimate capacity  conta | 830 | 103000 on wam
n0Ds powsr AW mum  flow
14 500 on pre
sent  open
chaxne!

total available power at these two mtes 1s thers
B30 Ve agumnst 4670 LWe wnstalled

5 water power developed —The plants
Mwﬂg{n are three m number, as shown m
table —

WATER POWER RLISOURCES

Tanee 1 —Madras II I uorls
Anpall 3 sehe ne Totn §
" Clopio-vn 1l | Cortate f ctory | 41 230
Lal staklag wn bl | Qoscnenty | R g m
T o) Trotuce (o
Tocation Arn b M | Rartert XTHIn Aahanor
W turm
o ree ot 4 aker il stream WHK ame ] Wl ane
Mintmem Gaw os e 3 3 35
Matn storage m ¢ ft i AU fut aree 1
reg b ttog
storsye
Reguiating storege Mt 2w e it A
1o Iakes
Working head ft 0 [ 0
Length of op » ¢ mnoct 01t Adt s
Capacity ot channet 3 3
it
Length of pipe lise £t 200 2130 [
Plast installed AW 55 . rooo 0
Eatensians fn progress [ M t
kv s »
Contlauous pawer asait 130 Aboat 400 10
ablaotafie k%

The total continuous power ab the three sites, under

minmum conditions, may therefore be taken a3 740
kWe

65. Mysore ; water power developed ~The only
plant at present working 1s the Cauvery Power scheme,
of which the particulars follow —

Locatson ~Sivasamudran

Source of woler and mnymusm flow —Cauvery Fiser and fallg
Tho great reservor which 18 bemg constructed sbovo
these works wll completely alter the rower suation
Virthout thia starago the munimum fow 15 160 cusecs
With the 6rst stage of the storage t1 ¢ m mmam will Lo
raied to 50 cusces and eventnglly to 400 cusees

Main storage 1N 00m o ft

Pagulating storage at two ambata 360 and 800 me

1t sespectively

Working head - . . HQ te 420 B
Length of opon channel EEEY
Capacity of channsl 1000 cusecs
Length of pipe hine 90101 10012
Plant mstalled 16900 ATV
Extensions m progress B 18" kW

The ultmnate capacity of the sife, continuons power,
will be 00X £10/15 or 21 000 kWs

66 North West Frontier Province; water
power developed—The amall plant érected for the
construction of the Malakhand tunnel 1s the only one
in this Province The undeveloped power of the Swat
Canal itself at this aiie 33 dealt with elsewhere, para 118
The plant 1s supphed by a power channel 2% miles
ong, taken directly from the Swat River, a mule above
the cansl headworks  Carryme 125 easecs and utthz
mg a 30ft fall the power avalsble w some 250
AW  Thus 1 also the plant iwstalled

67. Patiola States ; water power developed —
The Patiala Hydro electric scheme utthzes on 8 1t

-
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Para 68] TUNJAB; WATE

fall on the Ghagar branch of the Sihi.  Canal, at

Nad. With a flow of 550 cusces 290
AW contimwous s avatlable, and 213 KW, are
1ostalled

68. Pumab ; twater power developed.—There are
three plants now working mn the Punjab, at Amntsar,
Dhanwal and Simla  Particulars follow 1n tabular form

Taswr 16 —Punjab H E teorks

! T
Amritaar W T | g0 rent i ta Wanded
U It bl mping ew Tarsten | sin ta Munleipal
e Lo ik, Woollea Mills \ T1vctelo Dept
_— —_—
Locwtlon | ear Amntt at | Dhagtnal Quis  wer
Sin 13
Sourco of water Tt tranen | vatt in Upper na'ti Knad
low v Upper Barl Daat tritetary  of
Barl  Doal Canat Butle)
{anil  Grnl
Tryok puplt
Aiafmum perennin] flow | 30 days closire 2x 19
cnsces 95 days of 350 | (gencrally
normat 1 050 X 6
Maln storrge N i
1 eg lating’ storage AY) “n 642000
cu
Working head ft 51008 1 510
Lentls of open chann 1| hort diversion PN i 2jml
Caprcty of €annel 23 0 35
unces
Leogth of pipe | ne Open pen tock | Open penstock 1001t
It fnst 1t d kW 50 670 1750
Stensians i progress i i p$)
Ultinate  capacty ot | 520 (excryt by 70 685 on
i tinvous | ~remodell ng) mistmum fow
rowes kW

69. Travancore; water power developed —
The small Pulivassal scheme at Munnar 1s the only
one at present developed With a head of 400 ft 450
LWs are developed

70 Umited Provinces ; water power developed.—
At present the small plant put up at Bahadurabad,
for use on the construction of the new Ganges Capal
head works at Hardwar, and tbe Mussoorie Dehra
Mumcipal H T scheme are alope  Details follow —

TaBLe 16 —United Prouinces H E works

Muasoorte Dehra
Ganges head
Undertalang works supply | Momtciral i %
Location Bahadurabad 3mi from Mus
2008
Hource of water Two falls in the | Two hull streams
fianges canal,
combined
Minmum perennial  flow, 3000 8
cusecs
Main storage ™l N, but a re
servoir of 1T
o ft under
Regulating storage Ml c°°§xm°-rl’1mm
Working head £t 19 1000
Yength of open channel Short divers on il
Length of pipe ] no Nd, ]:pen pen 4350 it
Tlant installed &V 4 1780
¥ xtensions in progress Nl Mt
Ulimate capacity of site 3800 530 on mimumunm
contimyous power, h¥ flow
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CitarsLn 11 —Hypro IILTCTRIO PLANTS UNDER
CoNSTPUCTION

71, Summary of plants under consfruction —In
tho Preluminary Report page 37, Table 4 gave o sum-
mary of plants then under construction, of these the
Sikhim project was correctly entered as 1t 19 not even
now actually under construction, although 1t 1s ready
when fasourable times come The Andhra Valley
schemo 13 now practically complete, and has been
placed among ewsting plants  The following 1s a
summary of the projects enumerated below —

TapLE 17 —Swmmary of plants under consiruction.

o erste A perof [ e € e gt
17a] by P continuous

TNombay 1 105 000 50 000

Gwallor 1 1000 1000

AMyrore 1 4500 4500
Tunfib 1 2000 Included in,

Iunjab canals

‘Lnited Provinees 1 450 140

) » 11°9 0 55 640

72, Bombay ; plants under construction —In
addition to the two plants now workmg near Bombay,
Messrs Tata Sons & Co have also fully investigated
a third, the Nila Mula scheme, 1n connection with which
the civil engineering works are m progress, as soon as

~ the general situation m the cogmeenng trade setiles
down, and financial conditions become stable, this
company will forge ahead  As m the other two cases,
the project 1s purely a storage one, a great lake being
formed 1n the elevated valley of the Mula River, West
of Poona, and South of the Tata and Andhra Valley
sttes  The lake will carry 16,600 m ¢ it of effective
storage on the Last side of the Western Ghats, and a
tunnel 3 mules long will lead through the watershed
as m the case of the Andhra Valley The tunnel will
carry 1,000 cusecs, and a ppe lme 5,800 ft long will
then give a total head (inclusie of that of the pressure
tunnel) of 1,660 ft It 13 proposed to mstal 105,000
kWs of plant and the project will be tied 1n with
the existing ones for the further supply of the Bombay
mndustnal area In terms of contmuous power the
lake may be rated to give some 450 eusecs all the year
round, though some carry over will have to be hept
m reserve  On this basis the 24 hour power 13 50,000
LWe ¢

73 Gwalior ; hydro-electric plants under con-
struction —Reference 1s made elsewhers 1 this
report (para 87) to several great umgation and power
prajects investigated under the durection of Mr 8 K.

N x2
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Gurty, 1A, MInst OB, MIE. {Ind), Member of
the Board of Revenue for Imgation, Gwahor Of
these one the Pathatty project, 1s at present tnder
construction so far as the hydraubic worhs are concerned,
and the followmg bref nccount 13 given through the
courtesy of Mr Qurtw It 13 a very cowmpheated
scheme, punmarily for yngation coupled with water sup-
iy to the town of Lashkar, and estimated to cost 129
lakhs A reservoir with a capactty of 6000 m ¢ it
18 to be constructed on the Parbatts River at Kaheto,
6 mtlss North West of Mobhona tmbway station and 38
mies from Gwahor The dum now under construction
15 to mse 125 & above bed level, the take-off bemng
756 ap A canal over 30 mules long, partly w tuunel
and aqueduct, will carry the water to a balanng tanh
at Sirsa, 18 mules from the dam which 13 alse nunder
construction  Here the canal bifurestes, the power
schieme beng served by the larger branch with o ca
paaty of 50 {eventually 63) eusees  From o forebay
at Malipura there w a drop of 300 £t with a vexy long
pipe ke of 12,500 £t the tad race water beng used
for unmgation  The eontinuous power avatable will
be 50.300/15 or 1000 bWs  Fhe discharge of the
nver Mses to 100000 cusces . the rams, bub the
strearn dries up later

74, Mysore ; plants under coustruction —In
connection with the Causery dam at Kushuaraja re
servour site the Mvsore Darbar 1s mstallmg penstock
and forebay equpment for generating some 3,500 kKWa
when the dam s pleted  Thia Hat:
will no doubt work m with the exasting Cauvery ins
tallation, enlarged as the extra flow from the reservowr
becomes avalable {see paras 65, §9)%

75 Punyab, plants under construchion —An
agreement has been entered mto between the Pumjab
Governwment and the Punjab Hydro Llectue snd In
dustues Depelopment Association (Bawa Hardyal
Swmgh) for developmg certamn capal falls, as poted m
dealing with  Grants for the davelopment of water
power ' These falls (and thew power) are sncluded
m the hst &f conal fulls m the Pumab The most
umportant 13 the mam Loe fall at B D 241,000 of the
Upper Jhelum Canal, at Rasul, where there 3 & fall
of about 70 §t bach wmto the Jhelurn niver above the
headworks of the Lower Jhelum Camal The normal
flow 15 about 8 000 euscos which could be carmed i the
canal and dropped through turbmes mstead of Howing
down the stream A very short length of hranch canal
will serve the pipe hne ab the outleb poms, together
visth a tal canal back to the nver Twe fusther falls
on the same canal at Bhunber weir, B D 419,000 snd
ab 126 000, near where the canal tads mnto the Chenab,
near Guprat, can be combued to give some 25 it of

<
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head pormally, with from 2000 to 6,000 cusees, thie
flow 1 oy aulnble when the Rasol mte above 13 not taking
off the water  The third fall to be uzed by the Syn

dacate 19 2 mules from Gujranwala, on the Upper Chenab
Canal, mom hne lower, st a 7 span bridge, R D 221,000,
and amounts to 103 & A fourth fall 15 the Jojanwala
{all also on the Upper Chenab Canal, at Chichols near
Lahore, where 9 or posmbly 11 #t can be obtamed,
this 18 to be haruessed first, and tenders are bemg
mated for the plant  The mununum power 18 meln

ded m that of the Panjab Canals, m para 91 of
this Report -

76. United Provioces ; plants under construe~
ton,—The suggestion to use the Namr Tal lahe and
negbbonnng sprngs for power generation has been
under discussion for 20 years or more, and many dif
ferent schemes have been considered The water
avadable 15 so small that only & small project for the
town itsell s possible  The sanctioned project 1s
baged upon the faf« a8 4 storage reservorr A head
of 1,400 ft 15 asaidable with & pipe Iine 5 800 £t long
It s estumated that for 3 months annually the ramfall
and springs will much more than balance the draft for
power The records of the discharge over the lale
waste weir show that 55 m e b 1s the lowest record
m 1894 and that » less quantaty wil supply the scheme
drawn up 1t 13 estunated that only 18 m ¢ ft will
be requred to tide over the B months dumng which,
m dry years, no additon to the lake will come from
ramfall  As the loke area 33 6} m g % an extra
depth of 3 44 ft 13 yequired to grve thus storage (sre
below) It 19 also caleulated that the greatest vanation
1 lake leve), when the scheme 15 working, will be 7 15
it m a year of great drought, this corresponds to 37}
m. ¢ {6 It s proposed to wmstal three 350 RW<
sets , on normat full load of Lwo worhmg sets {one bemg
spare) the water requued will amount to practically
3} cusees It w estumated that the total demand m
Nam Tob will come to 705,000 umts per annnm, in
cludimg 265,000 umts for pumpog  This 1 & hitle
smore than the old established mstallations at Dargeel
and Mussoorse sell, and both are comparable 1o size and
general condsttons, the former has o seasonal tea
garden load and the latter » pumpmg load  The units
genexated, talong the propertion of nmts sold to ge
nerated m these two places, wall be 900,000 m Nam Tal
The arerage load on the generators throughoub the
year will therefore be 104 kWs  If the pesk
load 13 80D K%s as assamed the load factor will
be 34 per cond or the same as that of Mussoone,
by adjusting pumpg hours not to overlap the
normal peak an even better load factor should be
cbtamed, by dmmshing the waxmimum load
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Taling an average load of 104 KWs for 9 months
{re 79} Lilowitt years) as that o bo supphed
from storage tho quantity of water required will pro
bably be not less than 32 m ¢ ft, as the wheels will
often be worling on very low cfficiency Thus 13 &
draft of 137 cusecs for the 9 months, and mvelves o
lowering of the lake level by about 32/5 25 or say 6 {t
which might be mereased by a further 8 1n 1f the mon
soon brohe 4 month late The 18 m ¢ ft assumed
m the report appears to be definitely low, 1t would
probably require thus ameunt i the first working year,
as the turbines must run {and pass water) even if the
load 1s neghgible The 65 m ¢ ft which now go to
waste will however suffice, provided that the lale 18
rmsed sufficiently to ensure evtra storage to the extent
requited. The lshe will be filled 1n the monsoon and
thereafter, n a cycle of dry seasons, there will be a
continuous draft at the average rate mentioned above,
with nothing coming m, up till the (possibly late)
breahing of the next monsoon Tor the purposes of
this report the continuous 21 hour power ultimately
available may be rechoned on 50 m ¢ ft of water or
501 400/500 = 140 Lilowntt-years, or 12 mullion
vnits

Craprer 12 —WWATER POWER SITES 1IN\ DSTIGATCD
BUT NOT DEVELOPED

77 Summary of mvestigated sites —The present
chapter contawns the major part of the results achieved
by the vanous officers 1 charge of the Hydro-Llectrie
Survey throughout India, together with a few sites
(includimg some of the most promsing) known before
the Survey began The succeeding paragraphs deal
with the various Provinces 1n alphabettcal order and
the mivers in each Provimce sre sumlarly arranged, so
a3 to afford ready reference The followmg table
gives a summary of the whole —

TaLe 18 —Summary of wnvestigated sutes

rm' Pro 1nce oc State womer |t i
sites v

78 | Asam 15 109070
79 | Taroda 1 4000
80 ) Bengat s 14°50
81 | Bihar and Orissa 2 12550
82 | Bombuy ] 212,550
83 | Burma 1 155800 *

SUMMARY OF INVESTIGATED SITCS. 61
Fara Trovl co or State \“:’"rh f ““’"?’I'rﬂ“:""“
ot o e
1.1} Central India - 2 3,
85 Central Frovinces 1 13700
8¢ Coct in 1 4 000
87 awalior - 47 300
83 Madeay ke 32675
8 AMysoro 1 20000
020 Tunjab 3 81770
n eanaly o8 40 000
2 Bihkim 1 6000
03 Ueited Irovinees 29 370 000
ok canal falls 87 8000
TotaL 0| l 1194780

78 Assam ! sifes examined —As will be seen from
the alphabetical List of sites investigated, Mr Blenlmsop
has so far concentrated on a few mvers and mtes thas
seemed promising, and of these the Hukong Valley
1s likely to prove by far the best if any means of utih
zing 1ts great potentialities can be found There are
not many smites 1 India cipable of giving some 68,000
killowatt years with a very cheap development It 15
lughly desirable that this project should be surveyed
n detail so that estimates may be prepared for the
whole of the civil engmeerng works, presumably
the section of the projected radway up to the site
from near Marghenta has already reached o stage
where estimates can be made This section of the
railway will be essential to the power scheme

Of other sites examined, the Cherrapunn platean
1s less promsing as to cost, but the survey has not
been cammed to the pomt of estimating yet, mdeed
the basis of development suggested in this Report 15
radically different from that tentatively put forward
locally It seems probable that some 17,000 Lilowatt
years can be obtamned and a capital cost of 50 to 60
lakhs would be permissible if clectro chemical work
15 to be undertaken

The Burmhat project on the Um Tru 1s an excellent
one on & small scale, the other sites are less favour
ably placed Details of the above will be found 10
the Lists, as well as brief notes on sites not yet exammed
ot exammed and found uscless 1n other sections of
this Report The following table gives a summary
of the power ot the mtes winch follow
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Tanen 19 —desan, Swnmary of sites examned

i
; S Masau
Senal, Raser or site 1 Natero of supply | Bito mumber oo H”";S' w’;’;"‘:‘f_’“ FEMLLS
awsumed, '
i cusees ' ““ &
—— | e L
{1} { Cherrapuny plateau { € monthe storage 8] 33 2.0 3
! The 20d and 4th seetions
$torags from 1 & u {u1) [i54 aul 2,200§; comprise IESEIFOUR
and” open  chanmels
ntto ) (o4 650 2500 Between witr, all of
which ere m serice
Ditto {vs) 2 No (1) would be deve
11 loped fast 3€ 8t ail.
Ditta o 62
{2) | Yuhong Yaley § Storage } 00 Wath precsure tuunel
{3} { Masbang Fuver Storago 4 | 00
Intto [ 19
Iafting Sams )yt 190
4 | shafleng Flow of two nalas [ 5
{5 | Soxoeswags Raver Flow - y i 800
Flow and Storage G} 1460
6 | Um Tru Paver Tlow Storage i @} 2"
Ylow only ) 1.0
Llew [y Talls combemed  Power
lessthan aboro separate
deyelopments
} Toras 109070
4

{1y Chevrapunpy  Plateau —The latent possthilities
of this Platean famous for its enormous ramnfall, were
zeferred to under the heading of the Shella Runer m
the Preliumnary Report, page 67, and alsio m the
general remarks on Assam on page 40 The platean
has now been examuned, and, despite the great fall
of over 4,000 {t which exists to the plams, proves
somewhat disappomnting ab first sight i the reconnas-
sance reports,  The hulls nre mtnated m an 1res subject
to severe earthguakes, which renders really high dams
out of the gueston Any dam buls wonld clearly
have to be of remioreed concrete, even so, while thg,
danger of actual destruction would be practically ml,
there would perhaps be some chance of fissurmg At
the present day, however, one finds 1t hard to beheve
that & hollow renforced concrete dam canmot be
designed up to 100 or 120 £t 1 height with perfect
ronfidence  Unfortunately the plateau has only one
moderstely mood reservoir wite, sll others exammed
give bub small storage capacity, as the slope of the
ground 33 considerable  This ares has been mooted

as o posmble source of power for eloctro cherucal

industries and Mr Bienbinsop therefote exumuned its
possibilities both s a source of continuons power and
from the pomt of Yiew of the st months rams perod
It 15 hovever certam that no project workmg for only
s months could supply power at the price requred
for electro-chemical worh No other outlet for power
15 m ight

Bix posuble reservow stes for spillway dawms have
been exammed m the area covered by map 78 011,
which 13 avalable on the 13 mch scale  They are as
follows —

TanLe 20 —Slorage sies at Cherrapuny

e bt
Cateh
y LT S P
Fame du am | lase over | m e
o ;t ]I et it
3t
Um Sohghl 1 o | oo | swe i o2 3 3
T Sonptt 2 50 1 290 ) oyo | 2 H I
Lo pryngeio oo } hen | Bs0s § 2 Bl o
Tatisudop so { zoar f 520 b ¥ 3
Ratons s0 Yo Lenl e i ]
Tomaslol G | Tode | fesa | ¥ 3
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A map prepared on a senle of 4 mch to the mile
shows these sites The two Um Sohpln dams are
m the Um Pynjngithuli stream, abovo the Laitryngew
ste, there 15 ample runoff for all  The Pomdalo
site 1s further down the same strevm  The Lautly ndop
site 15 on the parallel stream to the West, but its stored
water can be put mto the Pomdalor reservorr  The
Raitong site 1s on the Um Long to the Last, but can
sumilarly be jomed up to the Pomdalor

The schemes prepared by 3r Bienkmsop are as
follows —

Furst alternatne—Tor the “six months” project
Mr Blenhmsop proposed to use the two last reservoirs
1 the table, the storage 1n which would merely supple
ment the ramfall on deficient days during the sic wet
months The longest dry pertod recorded 1n this
senson 15 eighteen days The run off on 330 inches
1s about 600 m ¢ ft per square mile, which on these
two catchments of 5 35 square miles gives an average
run off during six months of nearly 200 cusecs But
<ingle falls of 20 and 23 mches occur and over 30 mches
have fallen 1n & day  Any 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 cusecs from
storage for eighteen dry days An open channel 7 000
it long would lead to a forebay near the edge of the
chff, but the pipe line to utilize the whole fall of 1 080
ft would be 20000 ft long It 13 very doubtful

if 0 long & pipe line would be practicable on such a
head, 1 sny case 1t would be absolutely prohubitive
mn cost The power would be some 48000 kW
Jor suz 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 alternatie —Of all the six reservorr sites that
at Laitryngew 13 by far the best Mr Blenkmsop’s
second alternative 1s based on this reservorr, but should
it materiahze the other reservoms could eventually
be inter connected with 1t Durmg the four driest
months (November to February) the natural flow

18 very small, the mean monthly rawnfall 1s 13 mch

only, out of some 400 mehes per annum The Lastryngew

storage of 498 m ¢ ft will give 40 cusecs throughout
these four dry months and will eollect such showers
as oceur, the run off 1s exceptionally high at all tunes

TFor the rest of the year with the reservorr to act as a

regulator, a much greater discharge can generally

be obtamed But m both BMarch and October the
rawfall has been known to fall practically to zero,

50 there 1s some uncertamty about the assumptions

made above

ASSAM; STILS EXAMINT'D
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During the ramns water only comes mto question as
regards the spillnay The Lutryngew reservorr 1s
3} mules anay from the edge of the chff, and there 13
a fall of about 1,000 ft in this distance, a further
fall of some 3,770 ft occurs 1n 4 miles from the edge
of the ¢ltff The reconnaissance and map do not
mdicate the route examned nor the locality suggested
for the power house  Unfortunately a pipe line of over
7 mules 1n length, as proposed, 1s out of the question
and this project will need to be completely recast, to
render 1t n any way prachical

Probable mcthod of development —If this project
18 to be utilized 1t must certainly be on different lines
to those proposed, and m stages Dxammation of
the ewisting contoured maps indicates possbilities,
although the clinometnic contours are ** approximate *
only, they are gencraily found to be very fairly accurate
For the descent of the great cliff mto Sylhet the best
route 19 almost certamly one near the existng foot-
track, but on the left bank of the Um Sohkhylleng
mstead of the nght bank ending up at Thermaghat
R L about 100 ft It 1s perfectly clear that the
development must be m stages, and these stages can
only be determned by levelling over the ground The
object should be so to lay out the plan that the most
favonrable stretch® can be actually developed first
without preventing other falls bemng developed as and
when requred, unless 1t 15 decided to mmtrate electro
chemical works on a large scale nght away

(1) Starting therefore from the proposed dam 2
miles W of Laitryngew on the Um Pynjngithub, ab
R L 5300, an open channel could be taken along
the I bank for just over a mile, where a fall to about
the 4950 ft contour could be obtamed (350 ft)
back mto the stream at the Pomdalo: reservorr site
This small fall, and therefore the channel feeding 1t,
should clearly wait until 1t 1s wanted meantime the
water from the wupper reservorr would smply run
down the bed of the stream to Pomdal The dam
at Pomdalol, 4 885 ft, would 1 any case have to be
constructed as a pick up wewr, but 1ts additional 96
m ¢ ft will be useful It 1s very doubtful of 1t would
ever pay to develop the 350 ft fall except possibly
1 the form of an “ automatic ” subsidiary plant

(u) From the draw off level at Pomdalol, an open
channel would have to be constructed (in the first
nstance) along the 4 900 ft contour, or thereabout,
towards Cherrapunj, crossing the two branches of the
Um Long by culvert or syphon and arriving (after tho
second crossmg) at mule 30§ of the mamm road (The
contours on the map do not quite agree with the levels
shown m the reconnaissance report, but these are details
for survey ) Thence the open chagrel would proceed
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vound the Northern half of the town, on the W side,
probably endmg up } mle W of the spot level 4,607
i the N part of the town, but at abont 1,500 it
The Ratong ressrvorr, when constructed, would
discharge mnto this channel

() At the termmation of this chanel which will
be some 4 miles in length a forebay of sufficient swze
for regulation will be essentul, some 300,000 ¢ it
ot lesst From here 1t iz impossible to follow
the contour lines clearly but the object 1s to arrne
at o pomt on the road near Mawsmar village, m the
commer of the N T square of map 78 0/12 at
sbout R L 3950 The distance as the crow flies
133 mules and the fall about 900 it nett Such a
pipe line would be prolubitive But the fall from
4900 to 4330 ft or 550 ft i 1 nule to a pomt en the
Laitkynsew branch road 4 mile W of the Post
Office, could posuibly be used if needed If this head
{or more) ein be obtamed with a ressonmable pipe
length 1t would make a good begmmng

(v} A difficult mile from the last named pomt
would apparently have to be negotited m order to
get to the stream bed Howing to Manemar village
while avordmg the stream to the Last of 1t There
18 ittle doubt however that 1t can be done, m channel
and tunnel Having srrned at thus stream s bed
would be utiized up to a pick up wewr mmmediately
W of mle 36 of the road, where two branch nalas
jomn at about R L 3650 The 700 ft of head here
mvolved would have to be cascaded i all probability,
but this can only be decided by sursey It may be
possible to utilize 1t

{v) From the pick up weir at rule 36 3 fall from
3,650 to 3,000 ft or 650 ft can be obtamed with
1 nule of pipe It seems probable that this would be
the first good development to undertale, nnless No
() shove proves feasble In the latter case the
difficult mide of channel in {1v) would be aveded for
the tune bemg The power house site would be at,
or just short of, mule 37 on the road, the pipe lme
runmng cloe to the road on the West

(v1) Thence an open chanrel of about 1 mile would

run elong the 3,000 ft contour (approxumately)
to where 1t crosses Long 91°45’, at the boundary of
maps 78 Of12 and 16 Here the large falls bhegm.
From this pomnt a prpe line § mile long down or through
the cliff, would give a fall from 3 000 to about 1,500
ft, or 1500 £ to the S W commer of Sohbar
village, where a power station would be placed

{vu) From the latter pomt an open channel of 3

milo would reach o pomt § mile S of the spot
Tevel 1,878 (Sohbar), where a fall from 1,500 to 100 ft,
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or 3,400 {t, could be obtuned to mmediately above
Therriaghat, with o pipe lne of about 13 mile

Stated 1o the above form, which prima face offers
the ouly practicable solution of the problem, the omens
are not favourable, but nesertheless the final results
may be better than they Jook at first sight The
possibility of § dry months must be faced, as mentioned
above, though the contingeney 1s seldom hikely to aceur
The storage ot Laitryngew will gne 100 m ¢ f¢
per month for five months or sav 35 cusecs after
allowing for losses Pomdalor will gise another 7
cusecs, and must {as explamed) be constructed at the
same time  To this 42 cusees 1t would eventually
be posuble to add the yield of the other 4 recervors
namely o further 20 cusecs, whether this would pay
158 matter for further exammnation, bu 1t 13 essential
to determine whether the open changels are to camy
42 or 62 cusecs The mmmum power avalable, on
the plan outhmed above, can now be determmed,
winle the power for 8 or 9 months m the year would
'be enormously greater

Tanir 21 —Power from Cherrapunys plateau

Section 1iow in dr;
o Laeation sonibe’  Sgpd | CORnmo
project cusees AMs
@ | Lsitryagem toPomdslot| 35 4 250 1s08]
an { Pomdalol te N of] &  (Openchanncl| Ad
Cherrapon]
L) | Topont pamed W oot €0 530 2960
To ¢ office (with other
resetsoirs trought Iny
Gv) | Tomil 36 of rogd €2 O pen xu
channe)
200 bed of
etrenna.
(V) | Milo 36 to mite 87 Lo 850 2700
1) | From end otopen channel | 6° 1500 8,200
described up to Sohbar
() | FromendofSohbarapen | &2 100 5700
channel to Therna
Torar €450 17 660

Thus ahout 4,450 ft ont of the total fall of 5,200
£t from the mam reservorr could probably be utilized
to produce some 17,600 LWs contmnouwsly, or
using the bed of the stream m place of (1), nearly 17,000
KWs m two large and two small imntercomnected
power statons This block of continmons power 1
sufficient to be worth sertous consideration for electro-
chemical purposes It 18 well worth surveymg m
detad, so that estunates can be drawn up  Although
an alarming vanety of works are contemplated, renums
cent of the ongmal Silewam Ghat scheme, there are
no outstanding worls of great cost mvolied, It would
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probably not be necessary to duplieate all the pl{m'
with spare, the capital charges on such 1dle plant
would be far greater than the loss of revenue from
an occasonal temporary breakdown of mncluner)
This much may be hararded On electro chemical
work, where the load factor of the plant would be about
82 per cent the umts generated would be 17,000% T
X 24X 363 ar s1y 122 nullion per annum Tho works
wonld be mear by and for rough purposes we may
take 1t that 110 mithon would be ntihzed  Atacost
of onc tenth of an anna per umt this would come
to practically seven lakhs of rupees Capitahized at
14 per cent to cover all charges and working expenses
this would be cquuvalent to & capital cost of 60 lakls
In these days an overall cost 5o low as one tenth anna o
umt 1s not easily obtamed and if the project could
be carried out for 65 or even 60 lakhs 1t would pro-
bably prove remunerative The 50 lakhs represents
about Rs 300 per hilowatt of continnous load while
60 lakhs would be Rs 350—not & ugh figure, 2l 1t
preves a possible one  In o case like this it would not be
necessary to mnstal much more plant than 1s represented
by that load, unless further plant were wstalled to
use the great excess of water mn the 8 wet months
Finally, the 90 ft dam at Laitryngew would have
a water spread of 12§ m sq ft An extra 10
feet only 1 height would therefore give at least an
additional 130 m ¢ ft or 9 cusecs mecreasing the
total power by one seventh Cannot an earthquake
proof remforced dam 100 or even 110 ft high be
designed 2 The answer must surely be in the affirm
ative  And there wll be no difficulty m filing 1t
(2) Hulong Valley Pathas range Nongyoung Rurer —
The possibihities of this remote valley some 30 miles
L of Marghenita 1 the confines of Northern Assam,
were brought to notice 1n connection with the northern
route proposed for the Assam Burma ralway connec
tion A map of the area on the scale of 1 inch=4
mles has now been prepared and a reconnasssance has
been made for power The results are beyond expec
bnttxon as some 90000 b p 18 found avallable at one
site
The Nongyoung Ruver 15 a tributary of the Loglat
Ruver, wiich joms the Turong Ko (or Tarong) and
the Chindwin ~ The mte 15 on map 92 A, 8 W
but 18 not clear on the 1 milltonth Atlas sheets The
catchment aren 13 134 square miles of which a large
proportion 13 a ewamp, between Mawm (shown
Atlas) and longseang Lake The Patkar ranwo nb
Mamm has & trgonometrical station R L b 800
overlooking the site Thero 13 o ramfall siation at
Namehik (N of the aren) where the preeyntation
from March {0 October 1920 wns 80 mch A tank
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gauge was placed m the eatchment at Nongyoung
Camp and recorded 139 mch between 16th March
and 7th Apnl, 1921, mn 22 days, dunng the same
penad the Namclih gauge 10 miles dwstant, only
recorded | imch  The lake catchment probably geta
much heavier runfall as the steep range bounds it
on the N and catches the current from the 8
The hills round the lake sito are very steep and the
“dustance the water has to flow averages only 2 or 2}
miles  The soil 13 largely clay with ig jungle trees
and little undergrowth  The run off will therefore
be extremely lugh especilly as ramn falls almost
throughout the year and the ground 1s always sodden
Mr Blenkhinsop cstimates o run off of 80 pef cent,
and though exceptional this 1s probably justifiable
The northern ram gauges in the Upper Chindwin
svalley, some 50 to 100 miles S show average runfall
from 70 to 90 inches the months of December to T'ebru
ary giving comparatn ely little fall  The Dibrugarh and
Marghenta ganges have avcrages of 112 and 102 inches
with November and December each under an mch
The Naga Hill gauges sumilarly show about 100 mches
It 1s very unbikely that the catchment will have a

lower average than 90 mehes or mintmum of 75 nches™

The average total run off 13 thercfore probably about
23000 m c ft and the mmimum about 19,000 m ¢
ft It 1s probable that these estimates are too low
The project will be purely o storage one, i the sense
that a great lahe will be formed mto which and from
which the whole supply will be taken Owing to the
great natural swamp or lake a dam only 50 {t gh
and 4560 ft long will impound 50000 m ¢ ft of
water Thus when once filled a huge carry over
will be avalible and if the actual run off exceed
expectations the power will be greater than s antt
cipated  The whole submerged area 18 a swamp

Two alternative mothods of development are
suggested , one employing an open channel 7 miles
long to a forebay, with a pipe of 2000 ft in length
and o head of 1000 ft on the 8 ade of the Patlm
range , the other employing a pressure tunnel through
the watershed (on the lines of the Andhra Valley and
Sutley River works) to the N ado of the rangs
(te imto the Brahmaputra catchment) and a pipe
Line 4000 ft long givmg 2 head of 1700 §t The
length of the vunnel 15 8 000 ft only andasit doubles
tho jower mvmlable there can be no question that 1t
1 the ¢ weet rolution for this fine project A surge
foner nt its « it woul 1 of course be essentil

1o st vage can be dupended upon to give at lanst
00 (us 1A the upl e the year so that tho cenbinnous
pewer mandlidle s 600X 1700/16 (r CR0O00 1Ws
Probutly tho «stra head duc to tle average Leght

13
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of the water above the tunnel sho1ld be 8dded to the
1700 £ given, st any rate 16 wall more than bolwnce
the losses
If the Burma Asswm rmbway were constructed on
the northern ahignment 1t would pass the mte of the
pover station  f the power project were carried out
1f would be necessary to buld erther a rond or 2 rasfway
to this pomt  But elecinienl workmng of such radway
would nob necessarly be adopted with ceal avadl
able locally and eo little traffic 1t would probably not
pay under ordinary conditions It would hovever
pay to work this short section if the posv er scheme
were developed for some electro chemical process
That 15 1= fact the only possible o1flet for the power
If 1t were used the traffic both ways between the works
and the present radhead would be constany and heavy
and as the gradients are steep electnification 1 ould
then unquestionably be necessary
(3) Marbang Ruer trbutary of Kalang and Brak
maputra ~This project 13 near Matbang station on the
Assam Bengal Radway map 83 G/3 It 15 unbhely
to matenishize ot present us 1t would sibmerge both
part of the radway (mvoliing a pob sery expensve
diversion) and Masbeng sidlage Nevertheless the
project hes good pomts and should be placed on record
The mte was noted by Mr Barlow when passing
through frem Haflong and 15 referred to on page 67
of the Prelimmary Report
Levelling shows that the mest favourable develop
ment would be o double one with an upper reservenr
feeding o lower reseriow through ita power station
and a second power station below Theee stages
would be developed separately
The rainfall at Haflong averages 8¢ moches  this nll
station 1s at the top of the catchment area of 80 square
mmles which presumably apphes to the upper reservorr
though the fact 1snot stated  Mr Blenkinsop estimates
the rommum run off a8 6700 m ¢ £ Discharges
m November and December 1920 averaged 5} cusecs
so the flow probably ceases in the spring and storage
18 the basis of the project
(3) Upper site—~The upper resemvomr site 18 ab
mile 324 of the radway and mvelies a dam 1500 ¢
Jong and 100 £6 hsgh with a capaaty, of 3000 m ¢
it Ths wil give soms 90 cusees throughout the
year The excess runoff will spil over and be
mmpounded {eventually) 1n the lower reservorr TI'rora
thus upper reservoir s flume 5} miles long leads to a
forebay above the smio of the Jower seserver IMr
Blenkmsop proposes to place the upper power house
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other alternative site offers and undesicable becauss
tho second dam mould not othernse have to be buwlt
for gome years It would clearly be preferable so to
place the upper power house near the loner site that
the tal waters from the draft tube will {eventually)
a1l mto the lower flume but the power house should
be mdependent of the dam  The sketeh plan shows
the bed level at the upper dam site to be 1078 ft
and ot tho lowcer dam site 876 & giving a gross head
of 202 ft 71 s the average height of the water nbove
draw off level If the draw off level 18 30 ft up the
minmum fall will be 232 it and the mauimum 300
it ors mewn nett head of about 260 ft  The report
gives 182 ft only as obtamed by lerelhyy but the
discrepancy 1 not explamed The pipe lme will
{1t 15 aad) be 300 ft long af the sheteh plan 1s correct
¢ will perhaps be longer to gne a fall of 202{¢ The
power avatdable will be tbout 90X60/15 or 1560
kWz contiuous -

(n) Louer stte —The lower reservorr site 15 at mule
328 and 1s proposed of the same dunenswons with a
capacity of 3600 m ¢ It gning aconstant discharge
of 105 cusecs The estimated mummum run off 1s
more than sufficient to fill both reservomws and if
gaugmg and more rawfall records m the catchment
show ligher recults the reservoir sites are capable
of much greater capacity  Some further carry over m
the lov er reservoir 18 1 any case deswable  From thig
reservorr an open channel 41 miles long 15 required
to reach the forebay at mile 3331 on the hne A prpe
lme of 400 ft then gries afall of 200 & to a power
house below the rabway tunnel ab mile 3333  The tad
race of the upper station wall ult mately discharge wnto
the open channet of the lower one thus giving a total
constant discharge of 195 cusecs and power of
195X 200/15 or 2600 AWs contsnuously The draft
head appears to have been left out of account at this
Yower site and probably at the upper eite also s
stated that the power honse stte 313 quate safe from
the lighest floods so that when the floods are
regolated and modified by the dams probably a
further 20 ft or more of head may be avadable

(1) Further power —1f the above storage reservous
were budt (apart from thew direct power} the whole
reach of the miver below from about 800 it altitude
down to the plams level of 300 ft could also certamly
be developed by lifting dams At the Jowest compu
tation an additional 190%400/16 or 5000 kWs could
thus be obtamed at small cost

(4) Shillong Um Era and Um Shipr —These iwo

mside th§ Jower (bollow) dam but this appears both M small nalas were mvestigated many years ago  see

umnecessgry and uades rable  unnecessary becanse
euch spadal construction v only adopted when no

Prebuntnaty Report page 67 A natural falf of 530
¢ 13 avadable and with both stresms jowed up it
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1s probable that 160 to 200 LWs, continuous could
be obtammned If gaugings have been continued smce
the eatlier mvestigation 1t should now be possible
to say what tho actual pumumum discharges are
Suffictent regulation to meet peak loads 18 possible
(5) Someswary Rwer, tnibulary of Brakmaputra, Garo
Ihlls —Two projects have been examned in this
niver, the upper one 1n the stretch from Jankeray to
Syu {map 78 K/11, 15) and the lower near Bagmora
(map 78 K/11,12) See Prelunmary Report, page 68
and Second Report, page 65
Upper sute —This 13 reached from Jharna Jhanjail
From Siju up to the junction of the Rangl hai tribu
tary there 13 an ascertamed fall of 77 {t whuch can be
mgcreased by 58 it and (apparently) by most of a
further 34 ft which 1s the height of tho power station
site over the stream bed, by dropping the site some-
what and utidizing the draft head 1t would deem that
at least 160 {t can bo obtammed The levels from the
Ranghhai junction to Janheray have not yet been
determmmed exactly, but .aneroid levelling imdicates
a total fall of 180{t from the\,]nnkemy o (apparently)
the power house site at Syu, if this 13 correct the
available 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 uaterfall
(0) Approximate gross height of artificial fall
or of natural fall mereased by extra head
obtamable above or below the same
Subhead (1) 15 clearly not mtended to apply to
scattered rapids, the two rapids m the Um Tru m
this section of the report are practically waterfalls,
but the Somespan does not appear to have any water
fall proper The reconnaissance form gives (i) 77 ft
(u) 6% £t , but (u) must clearly always be greater
than (1) by the extra head obtdmable It 15 not clear
if the avaiable head1s 51t 77 f& 128 ft, or 162 ft
with the draft head, or 180 ft
The scheme would mature on natural flow, with
only regulating storage The discharge measured
on 6th May 1921, at S1u, was 1,150 cusecs after several
practically dry days, and the catchment 13 such that
the previous ramnfall will have almost entirely run off
Lhe estimated snnual run off from the 544 square
miles of catchment s of the order of 70,000 m ¢ ft
und the runimum discharge 18 hikely to be about 800
cusecs  There 15 ramn 1 these hills at all times and
stos0ns, averaguig well over 100 inches m this area
1he headworks would be near Jankeray, where a low
dwversion dam and regulator will be necessary An
open flume (probably timber) would run for G miles
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on the I bank over duflicult country, involving some
tunnelling and bridging of nilvs, ending up in a small
regulating reservoir and forebay (prefersbly combined)
above Syu  The power house site chosen 15 34 ft
over bed level, but 1t 15 not clear if this 1s meluded 1n
the fall shown or not , clearly most of 1t can be utilized
by draft tubes It secms probable that the cost of a
flume for the whole distance would be very high, and
that not more than about 80 ft cwn be economrcally
obtamed In that cise the power avadable will be
about 800%80/15 or say 1,000 KWs continuounsly
The catchment of the Ranglhai 1s comparatively small
and 1t may prove that the fall between 1ts entry and
Jankeray 13 more eisily mantgeable

Lower site —TFor this 1t 13 proposed to buld a hiting
dam 3 miles from Bagmora 100 ft high and some
660 it long Tius would give a lake of some 14
square miles waterspread and using the top 20 ft for
storage a supplementary 470 cusecs would be obtamed
for the 6 driest months Tho mmmmum discharge 13
about 1 000 cusecs (posstbly 1,200) so that 1,400 cusecs
could be assured The submerged land will be mostly
agneultural, with 12 villages, surplussing would be
over the dam, which 1s calculated to be long enough
for the purpose It 1s proposed to use the interior
of the hollow dam for the power station  The carrymg
out of thrs scheme 1s rendered unhhely by the fact that
the projected Bagmora Sip1 Jankeray raibway 1s
mtended to run m what would be the submerged
area  With a head of 60 fi between low water
level and tail race level (msing to 80 ft or more at
times) the mmmum power avatlable on 1,400 cusecs
15 5,500 kWs continuous

(6) Um Tru Ruer tributary of Bralmaputra Burnikat,
Lhaswy and Jawntw Ills—In this niver a few mles
upstream of the Gauhati bhillong road bridge, there
are two series of rapids (almost amounting to water
falls) with a level stretch m between These falls
were referred to i the Prelminary Report, page 68,
and the result of a first rough reconnaissance was given
on page 60 of the Second Report The river has been
thoroughly exammed now and & number of alternative
schemes have been worked out roughly There are
no long period gaugmgs available but the lowest
record m 1921 was 170 cusecs on 3rd March As the
season was exceptionally dry this 1s probably not far
off the actual mmmmum discharge The catchment
area above the rapids 1s 390 square miles  There are
no rungauges withm it, but & tank gauge has now
been fised Im any case the annusl run-off estunated
at about 30000 m ¢ ft mimmum 1s such that not
more than a mnnte percentage of 1t can be stored
Abova the upver ravds onlv small rerulating storage
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of the water above the tannel should bo added to the
1,700 {6 given, at any rate b will more than balance
the Josses
If the Burme Assim radway were constructed on
the northern alignment 1t would pass the ste of the
power stahon  if the power project were carmed out
1t would be necessary to build exther 5 rosd or a ratway
to this pomt  But electnical workung of such rulway
would not necessanly bo adopted, with cosl evad
able locolly and so httle traffic 3t would probably not
pay under ordmary conditions It would howerer
pay to worh thus short section if the power scheme
were developed for <ome electro chenucal process
That 15, i faek thoonl; possible ontlet for the power
11 1t wwere used the traffie both ways between the works
and the present radhead would be constant and heay
and as the gradients are steep clectufication would
then unguestionably be necessars
(3} Marbang Rever iribatary of Ralang and Drok
mapuire —This project 18 nevr Matbang station on the
Assam Bengal Radway, map 83 &3 It 15 unblely
to mnteriahize ab present as 14 would submerge both
part of the radway (involving & mob very espen ive
diversion) and Mabang sillage  Nevertheless the
— projest has good pomts and should be placed on record
The site was noted by Mr Bulow when presing
through from Haflong and 1s referred to on page 67
of the Prebmnary Report
Lovellng shows that the most favourable develop
ment would be a double one with an upper reservow
feeding a lower resersorr thromgh s power station
and & zecond power station below  These stages
conld be developed separately
The ranfall at Haflong averages 54 mnches, this kil
station 15 b the top of the catechment area of 80 square
yules which presumably applies to the upper reservom
though the fart 18 not stated  Mr Blenkimnsop estimates
the cunemum run off as 5,700 m ¢ it Diacharges
m November and December 1920 averiged 5% cusecs
60 the Sow probably cesses m the spring aed storage
38 the basis of the project
) Upper site—The upper reservowr site 18 ab
mide 424} of the xasthvay and mvolies a dam 1500 {4
long and 100 # hugh wath & capaaty, of 3,000 m o
% Ths wil give some 90 ocusecs throughout the
year The excess ronoff will spil over and be
impounded (eventusliy) 1o the lower reservorr From
this upper reservorra flume 53 miles long leads to &
forebay sbove the ste of the Jower reservor Mr

Blenksop proposes to place the upper power kouse
msde thq Jower (holl

and B
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other alternative mte offers snd wndesrable Lecause
the second dam would not otherwise have to be built
for some years It would cleatly by prefersbly so to
place the upper power house near the lower site that
the tail waters from the draft tube will (eventusliy)
fall mto tho loner flume, but the pon er house should
be wndependent of the dam  The sheteh plan shovs
the bed level at the upper dam o to be 1078 #t
and at the lower dam site 876 it giving o gross head
of 202 16 ;1w the average height of the water above
dran off level ¥ the draw off level 15 30 ft up the
mummum fall will be 232 #t and the mawimum 300
ft ora mewn netthead of about 2608t The report
gives 182 {t only as oltmned by letefling but the
discrepancy 18 not evplamed The ppe hme will
{3t 13 sard} be 300 ft long f the sketeh plan 1 correct
13 will perhaps be Jonger to gve & {vll of 202t The
power availible will be about 90x260/16 or 1,560
kW contumons -

{1t} Lower site —The lower reservorr site 13 at nule
828 and 13 proposed of the same dumensions with 2
capaaity of 3500 m ¢ ft, gnng s constant discharge
of 105 cusers The estmated muumum run off 1s
mere then safficrent to fill both rescriors and of
gangmg and mory ramfall records m the catchment
show Iugher results the reservolr mtes are capable
of much greater capacity  Some further carry-oter 1m
the lower reservoir s m any case desunble  From this
resersor an open chanuel $} miles long 13 required
1o resch the forebay 4t mile 3333 on the hre A pipe
Ime of 400 ft then gnes a fall of 200t to a power
house below the Tadway tunnel at mule 3321 The tarl
race of the upper station will ultimately discharge nto
the open channel of the lower one thus gving o iotal
constant ducharge of 183 cusecs and power of
195 20015 or 2,600 kWs continuously  The draft
head appears to have been left oub of account af this
Jower site and probably at the upper site also, b
stated that the power honse site 15 ‘ quite safe from
the highest floads ™ so that, when the floods ave
regulated and modified by thy dams, probably s
further 20 ft or more of head may be avadable

{w) Further power ~Ii the abose storage reservoirs
wore built {apert from ther dwect power) the whole
reach of the nver below from abous 800 it altitnde
down to the plas level of 300 ft could also certanly
be developed by hitmg dams At the lowest compu
tation o additional 190 400/16 o 5000 Vs could
thus be obtamed at small cost

@) Shillong Um Ero and Um Shurp —These t50

ow) dam but this appesrs both € small nolas were mvestigated many years sgo, £6¢

nnneces Ty ar,
euch sp&il constraction 13 only adopted when no

Prel y Report page 67 A natural fall of 590
o avadable and with both streams jomned up %



Para ;78.]

1s probable that 160 to 200 LWa, continuous could
bo obtoned If gaugings hase been continued smnce
the earlier 1nvestigatron 1t should now be possible
to say what the actual muumum discharges aro
Sufficient regulation to meet peak loads 13 possible
(6) Somestcars Ruver, tributary of Brahmaputra, Garo
lls —Two projects have been exammed m this
niver, the upper one m tho stretch from Jankeray to
Siju {map 78 K/11, 16) and the lower near Bagmora
(map 78 E/11,12) Sece Prehmmary Report, page 68
and Second Report, page 65
Upper sue—Tlus 18 reached from Jhana Jhanpad
From Siu up to the junction of the Ranghhar tnbu-
tary there 13 on ascerfamed fall of 77 ft wluch can bo
mereased by 58 1t and (apparently) by most of a
further 34 ft which 13 the height of the power station
site over tho stream bed, by dropping the site some-
what and utilzing the draft head 1t would seem that
at least 160 {t can be obtamned The levels from the
Rangbbai junction to Jankeray have not yet been
determuned esactly, but._aneroid levelling wmdicates
a toral fall of 180 #¢ from thNnnLe:ay to (apparently)
the power house site at Siu, of this 15 correct the
avallable fall 12 210 ft gross or about 200 ft mets,
and this figure may be taken The rcconnawsance
form (Second Report, page 20), under tem III, asks
for—
() Approximate gross height of nalural uaterfall
(u) Approximate gross height of artifical fall
or of natural fall increased by extra head
obtamnable above or below the same
bubhead (1) 13 cleatly not intended to apply to
scaftered rapids, the two rapds m the Um Tru in
this section of the report ave practically waterfalls,
but the Somesprart does not appear to have any water
fall proper  The reconnawsance form gives (i) 77 f6
(1) B1 it , but (n) must clearly always be greater
than (1) by the extra head obtdwmable It 18 not clear
if the available head 1s 51 £t , 77 £6, 128 Tt , or 162 ft
with the draft head, or 180 ft
The scheme wowld matura on natural flow, with
. ouly regulating storage The discharge measurod
on 6th May 1921, at Syu, was 1,150 cusecs after soveral
practically dry days, and the catchment 1s such that
the previous ramfall will have almest entwrely run off
lhe estunated annual ran off from the 54 square
nales of catehment 13 of the order of 70,000 m ¢ b
und the minmum discharge 15 Likely to be about 800
tusees There 15 zan m these hulls at all tumes and
uasons, averagmg well over 100 mches m this area
The headworks would be near Jankeray, where 3 low
dwverston dam and regulator will be necessary
open flume (probobly timber) would run for G mfes
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on the L bank over difficult country, mvolving some
tunnelling and brudging of nnlay, ending up i a small
regulatimg reservorr and forchay (preferably combined)
above Syu  Tho power bouse mite chosen 1s 34 ft
aver bed level, but 1t 1s not clear 1f this 15 mncluded
the fall shown or not, clearly most of 1t can be utiized
by draft tubes It scems probable that the cost of o
flume for the whole distance would be very high, and
that not morg than abous 80 ft can be economcally
obtuned In that case the power avalable will be
about 800X80/1b or say 4,000 hWs continuously
The catchment of the Ranghhar is cotmparahively small
and 1t may prove that the fall between 1ts entry and
Jankeray 13 moro easily manigeable

Lower site —For this 1t 13 proposed to buld a hfting
dam 3 mules from Bagmora, 100 ft lugh apd some
660 ft long Tlus would give 5 lake of some 14
square miles waterspread and uaing the top 20 ft for
storage a supplementary $20 cusecs would be obtamed
for the 0 dmest months The mmmum discharge 13
about 1,000 cusecs (posstbly 1,200) so that 1,400 cusecs
could be assured The submerged land will be mostly
agricultural, with 12 villages, surplussing would be
over the dam, which 1s calculated to be long enough
for the purpose It 13 proposed to use the mnterror
of the hollow dam for the power statton  The carrying
out of this scheme 1s rendered unlihely by the fact that
the; projected Bagmora Sipi Janheray radway 1s
mtended to run i what would be the submerged
ares With 2 head of 60 it between low water
level and tal race level (nising to 80 ft or more at
fimes) the munimum power avatlable on 1,400 cusecs
15 5,500 kWs continuous

(6) Um Tru Ruer, tributary of Brahmaputra, Burnikat,
Lkasig and Jamntig Hols —In this nver, o fon miles
upstienm of the Gauhati Shilleng rond hihlge, thire
are two sertes of rapids (alme st nmnuntHL 10 water
falls) weth o lovel stuctcl e Tetwwn Thesy fulls
wero refuercd to i th Pratinm vy B patt §oige o,
mnd the ro ult of o Bral e by viiMe We W S g
on uge (0 of the Haond B o Flw 4yt has been
the roughly csnmined ¢ W vt o wmid oy ot alternatn e
schemen five beon woalwmb cnt soigghly  There are
1o long pooed poupipa muileld but the Jowest
record m 1021 wan 170 cuncen on St March,  Ag tha
season was cxeg hombly dis this s probably not far
off the actunl munimum discharge  The catehment
area above the rapids i 330 equare nules Tl e
no rapgauges withm 1, but o tank Bauge Las gy
been fixed In any case the angual ryp Of, e1r.z__gey
at about 30000 m ¢ {t mintmum, 15 gy o :;“",’
more than & muute percentage of 3t ¢y, "% fd

Above the upper tapds only small yepn, . L0
~ [ e 2o X
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(38 m ¢ ft) is posshle with a 60 ft dam This
therefore practicilly lunits the upper rapuds or a
combination of the upper and lower rapids, 1 o sgle
scheme, to the mummum flow of the river  The level
stretch between the two rapids 1s more favourable
for storage and allous 84 m ¢ ft to be unpounded
veith an 86 ft dam some (20 {6 long enly
From the longuudmal section prepared 36 appears
that the agh flood reduced level below the lower
rapids, 15 183 f& At the mte of the lower dam,
at the top of the lower rapds 6800 {t  upstream,
the bed level 35 3448 giing o deop (apart from oy
dam) of 150 ft (as sgamst 136 ft @ the report)
There follews a long pool and mwer rapids <bove
here for 4 honzontal distance of 7230 It where the
bed level 13 366 3 {t The hed lusel at the smie of
the upper dam abose the upper rypts 18 at 494 ft
and 5300 it above the 1t named spet The upper
rapid therefore has \ natwal fall of 191366 or 128
ft (a8 agmnst 101 ft wn the report) The whole
natnra} fall from the upper poo} to H F L below the
lower yapds 2y 104188 or 308 ft  The discrepancies
between plan and report appea: to te due to neglect
of the draft head the plan 1s correet
The alternatsves that offcr are nteiosting
(n) Lower rapuds only —Net head say 25006 (§ On
flow alone power avaable 170X I50/15=1 700 LWs
contmuocusly {n) On fiow with a low dam shove
these rapids storng 15 m ¢ ft which would gune
sufficient regulating storage to cmable o lhugh pesk
load t0 be met () On flow with & lgher dam
(80 ft) giviog 84 m ¢ {6 storage which would
supplement the supply 1 the two drest menths, »~,
February snd March Hers the nverage head would
be with the dam about § full {most of the storage
hemg ab the top) and the head would be 1504-% of
80 or say 200 ft  With 237 ocuseus the power would
now be 3,100 kWs. far finer propostt
than subheads (1} or (n)

&)y Upper rapds only —() It must be assumed
that the loner dam wall be bult, if the two falls are
to be separatively developed , m that case it 18 cextan
that the lower dam would be constructed first of all
Therefore the wpper fall willbe from” 494 bed level
1o 421 6 ot the crest of the danze 70{t, ora hitle
less at flood times  The power avardable on flow alone
will be 170X70/15. or 800 hWs continuous (1)
With a very Jon dum tostore 5m o it only, thers
would be ttle gan  {m) With a 60 ft dam, stoning
15w o ft, the head would be rawed to 130 ft
The extra storage mught be useful, but tha extra head

would probebly be more useful, so the resersorr would
be merely treated as & silb trap Lehind a ldtwg dam.
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The poner would be 170X I30/15 or 1,450 LWs
A plus B with scparale developments can thorefore
give 5,1004-1480 or 1,650 ¥Ws contiamously, and,
with the lower atorage proposed, any load fastor or
poak load could be mes withm reason, so long as
the total energy devcloped does ot exceed 4 550X 21
units per day.

(e} Both folls combined —(3} On flow alone, takumg
the wet head as 287 {6 (us i the repord) the power
avarlable 18 170X 287/15==3,250 kW& contranously ,
with the small storage above the upper rapids any load
factor or peak load conld be met s0 long as the arermge
power required m the two dry months does not exceed
the above value  Wath the 801t dam proposed under
head B (1) and 15 m o ft storage, the dichuge
duning the two comparatively dry months could be
shghtly mereased (n matter of under 3 cusees) but
an extra 75,000 umts could be generated over and
above that which the mimmum flow could gnhe  Here
the siorage would be more valuible than the estra
head

The above diccuwsion makes it abundantly clear
that the combmed developwment vwould be inadvrable
The total amonat of power obtamable by 1 (n lilowatt
years} on the hasis ebtamable m the two driest months,
15 actually less on the combined fall than on the two
separate falls, but the mstal capital expenditure
wouli be much greater. The lower repids m fact
form » very favowrable scheme su every way, and 3f
the demand should mse beyond the capaaty of the
site the upper rapds could be hawnessed at a later
date, as a useful supplemens

Conudermng the lower rapids . greater detasl, 16 18
guite clear that this eacellent site wonld be wretnes
ably rmned if ity possible regulating storage capacity
were not utihzed to the full The proposal te buwld
215 ft dam 200 £ long and stormg W m o &t
should not be encowraged With an 80 it dam 420
ft long, offermg a far better spul way for the great
floods which oceur, 84 m ¢ ft would be obtawmed
This 18 the useful capsoily above dravw off level, which
would have to be about 20 ft up to allow for mitng
1t 13 not stated if this 13 the practicable limst of height
From the reservorw the alternatives are either an open
channel 10,000 ft long, with a short ppe lme of 560
¥, oralong direct pipe hne alone, of 7,500 ft with
& surge tower above the same short steep fall st the
end {It 15 not clear M the 7,500 ft includes or
excludes the 560 £t of pressure ppe} The latter
has the advantage of utihzing the (varmnble) head 12
the reservoir between draw off level and azctual level,
thus will vary from nal up to 60 ft {on an 80 it dam)
when the power 1s fully used, but the whols 60 It
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will be available for 10 months in the year and for the
rematning two months for some time to come It 1s
therefore plam that the proper method of develop
ment 15 to take a single closed pipe (probably of rem
forced concrete) from the reservoir along the il side,
at hittle 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 requtred,
but this would not need to be vertical, 1t would be
laid up the lull side to an open tank (both surge tank
and forebay) of sufficient capacity to meet the vana
tions of velocity 1n the pipe line from no load to full-
load The arrangement would 1 fact amount to an
mverted syphon feeding the forchay ecept that
the steel pipes would not need to be taken up to the
forebay but would orginate at the junction pomnt  The
height of the chosen site for the power house 1s 20 ft
above stream level, this will of course be utihzed by
draft tubes The actual gross head will therefore
vary between 176 ft and 236 ft according to the
condition of the lake for the purposes of the con
tinous power avaable the head may be taken as
200 it nett, as above, gning continuous <power of
3,100 kWs
The case 13 an interesting one from the pomt of
view of the plant which can be mstalled, and has been
used as an evample of regulating storage, worked out
graphucally, 1 para 28 of this Report
79. Baroda; mtes exammned; the Sankheda
Taluka Project (Orsang, Heran and Unch
Ruvers) —(Second Report page 60) This project,
drawn up by Mr A Loving, was exammed by Messrs
Bull and Meares m 1920, and reported on as feastble
The s1te 15 24 miles from Baroda, where a considerable
demand exists, 1t 13 on map 46 F/11 12, 156 16 The
area 1s subject to great deficiencies of ramfall and the
project depends mamly on storage some data are
available from the canal works which take off at J. o)wa
beadworks, adjeming the proposed works A storage
of some 7000 m ¢ ft has been surveyed to be fed
by the 3 nvers named, by means of short canals,
cutting through the low intervemng water partmgs.
The problem turns almost entirely on whether there
wil be sufficient carry over m a bad seres of years
It appears probable that at rare intervals, there will
be an isufficient carry over, but if the project can
supply power more economtcally than 1s possible
with fuel for 19 years out of 20 a reserve plant could
be Hed to meet the conting Into the mamn
storage, which 13 on the Unch River, the smaller
Teservows on the Orsang to the N and the Ileran
to the S discharge, these small reservomrs will
function mamly by intercepting mmor floods and
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diverting them to the mam storage Such floods,
coming down from the Chhotn Oodeypur lulls, are
severe, the catchment of the Unch itself 13 compara
tively small, but 1t offers the best storage site  The
catchment arcas at the dams are —Orsang, 820 square
milos, Heran, 394 square miles mostly 1n 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 16 years and Shivra)
pur and Chorangla have shorter records An average
annual fall of 42 inches 13 estimated, with 8 maximum
of 66 1nches and a mimmum of 13}, except n one year,
1899 when Sankhed~ recorded 6 inches Mr Loving
estimates the average run off to be some 70,000 m ¢
ft but % mmmum of 1,000 m ¢ ft on 13} inches
of ran and practrcally nel m a famne year such as
1899  Unfortunately the storage will only carry a
fraction of the average run off, and great floods wall
have to be surplussed Even so the mterconnecting
canals will require to be of very large capacity

At the mam dam site a head of only about 75 ft
can be obtamed, 1t 1s o question of estimates whether
this should be used or the larger head obtamnable as
presently explamed The Orsang drops about 6 it
a mile below the Sankheda dam site, and the posst
bility was considered of pipmng the supply for some
10 miles to where a fall of 140 ft 1s obtanable back
to the niver  This was surveyed and turned down by
Mr Loving on the score of cost, probably correctly
If however a light remforced concrete pipe line could
be run on a suitable small slope for most of the distance,
up to a surge tovwer or elevated reservoir of sufficient
capacity— and 1t would have to be very large indeed—the
proposition 1s a possible one  There 13 however another
alternative which Mr Loving adopted wm preference
tothis He proposes to run a canal as far as the ground
allows, to between Pipalsat and Antha, near where
the 140 ft fall would otherwise be obtainable by
pipes and the dam head , but with the canal the head
available would only be 80 or 90 ft From here
however a sandy valley, with small nullahs, runs down
to the Orsang some 6 mules further down  The slope
18 qute gradual but Mr Loving’s examination satisfies
lim that this valley could be deepened by hydrauhe
slueing from the canal  In this way a tail race channel
could be made to carve itself out, and the power statron
could then be placed at the termination of the canal
The 1dea 15 a bold one, but hills have before now been
bodily removed m this way (The wnter saw sush
a work 1 progress n Seattle a few years ago) No
doubt many difficultries would be met with, but if
trial prts prove the ground favourable the process
would be automatic and rapid A continuous dis-
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charge of 550 cusecs or more down a steep slope would
unquestionably remove anything rt met with, and
as the banks collapsed the channel would widen out
until stable slopes were obtamed In this way a head
of 110 ft would be obtanable Mr Loving estimates
that, except m the most abnormal years, he can obtamn
550 110/15 or 4,000 kWs contmuously

A pomt n favour of this scheme 1s that stone, sand,
kunkar and suitable earth are available at the various
sites, while the radway runs within 13 miles of the
three dams Mr Lovings provisional report 1s on
record with the Survey A

80, Bengal ; sites examimed —Hitherto the only
sites 1 Bengal of which the exammation has been
defintte are in the Duars tea plintng distnicts m the
Jaldaka and neighbourmng streams The possibiity
of development here turns almost entiwrely on the
question of firmg the tea leaf electrically as to which
para 48 of the Report may be consulted This
proposition was first serously mooted by Mr A H
Abbott of Octavius Steel & Co whose interests n
this distrct are considerable 1t 18 also receiving atten
tion m Ceylon The following summary shows the
main data of these schemes —

Tapiw 22-—Bedgal , summary of sutes examaned

} stinimu n | Minin um
Nature | con tamb |y
Berlal Diver of flow it ous
supply | aswmed Tower
1 cusecs kW
() | Jaldara Flow 18 | 1000 | 12300
@) Moortee 70 1.0 0
3 Ne Chu or Thod ‘ 3 500 1000
Tom | | frey

(1) Jaldaka Rwer, Duars District —(8ee also Ne Chu
River) The results of a prehmmary reconnaissance
by the present writer were given on page 69 of the
Prelimnary Report and m the Second Report page
61, 1t was stated that further esamination had been
made by the General Electric Co (India) Ltd, to
whom a “ Grant” has been made The 1 mch map
78 A/16 shows the ground

A report was prepared for the company by Mr T
L Mathews, M Inst CE, Consulting Engmeer, who
traversed the ground with Mr J D Allan, Chief
Ingineer to the Company. It was decided that the
best position for the headworks would be 1n the mam
nver at Godak (or Gotau) immedhately below its yunc
tion with the Bindn Chu (or Bis Chu) half a mile
below the junction of the Jaldaka and Ne Chu (or
Thodr Nala) The elevation here, as determmed by
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careful levellng with two anerods, both ascending
and descending, after applymg all corrections, appears
to be 2,100 ft within 50 ft Tor the power station
Mr Mathews considered that 1t would mot be worth
while to go Jower than the junction of the Naksal Nadi
(or Ma Chu on the maps) The elevation here smularly
determmed by the present wmter, was 1,130 it at
a pamnt  mle above the junction, or say 1,100 ft
at the junction, with the same probable error
Although these figures may be incorrect as rednced
levels (bemng based on Domohan: station) the dyfference
13 bikely to be correct within 20 ft or so The gross
fall1s therefore about 1,000 £t Mr Mathews cheched
the levels with a smngle aneroid, but 1t was not clear
from hus report whether the corrections (often amounting
to well over 100 {t ) were apphed, he took the gross
fall as probably not less than 850 ft , which 1s certamly
too low , subsequently he raised his estimate to 1,000
it

As regards the mmmmum discharge of the mver,
M Emg, Executive Engineer, Duars Roads, made
careful measurements m the lower reaches near the
railway m 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 Bia Chu and found
137, 32 and 20 cusecs respectively, or 189 cusecs m all
The probable error 1s considerable, as there was no
satiefactory site for the work, but the result accords
well with the earher determmnation some 15 miles down
stream In December 1919 Messts Mathews and
Allan measured the 3 streams and found 357, 251 and
184 cusecs in them or 792 m all, but this larger result
would be expected so soon after the rams The actual
mimmum discharge 15 of less 1mportance than wsual
on this project as the greatest demand for power
would not come until the rans bring on both the tea
leaf and the discharge Mr Mathews considers that
durmg the tea season the 50000 kWs estimated
to be requred, could be obtamed The expected
load factor 1s between 30 and 40 per cent, zo that
for the purposes of this report the continuous 24 hour
vower avaiable may be taken as 15000 to 20,000
LWs The absolute mmmumum may not be more than
12,000 LW§ 1 exceptional years, bub, as stated,
this 15 1immatenal for tea garden purposes

The nteke headworks offer great difficulty, as
floods of at least 50 000 cusecs have to be provided
for, carrying boulders of 50 tons Wweight and moze down
the niver , Mr Mathews proposes to design so that the
floods can carry the boulders over the intake dam,
while the flume would take off from & comparatively
still water area at the sde, properly protected The

1
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flood waters of the Bia Chu, comng into the Jaldakn
at the headworhs mte and flowing at nght angles
to that niver 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 n dupheate, with
n combmed capacity of 1200 cusecs of reinforctd
concrete on the R or Bntish Bank, thus on the
acsumed net head of 850—30=820 {t nct each channel
would serve 32,000 LWs while f survey shows the
head to be 1 000 ft gross each will serve nearly {0 000
LWs A tunoel some 16000 ft 1n length (out
of 40,000 ft of channel) 18 imvolved, for crossing
behind and under the Jal Ung (Jol Cbu) and Rongo
Chu trbutames It appesrs that only a very emsll
regulating storage 1s possible at the forebay, whero
arrangements must be made for surplusaing 900 cusecs
for an hour or so n case of a shut down Clearly
1t would be preferable to have a forebay or regulating
storage of some 3} m ¢ ft (an hours supply at
900 cusecs) 1f a site could be found 1n order to con
serve the 24 hour supply for use mamly 1 8 worlang
hours far more storage would be necessary, on the
rumum recorded discharge of 189 cusecs this would
come to 11 m ¢ ft The advantage of this would
be the great reduction in the size and cost of the long
flumes and tunnel which might not only balance
out 1n capital expenditure but give the storage mn hand
1ato the bargam
The mummum power available continously 13 189X
1000/15 or 12 500 kWs
(2) Moortee Bwwer Duars District —A. small project
was drawn up by Mr J Gorden of Sam Bing for ns
company & tea factortes m Chulsa district It was
to develop 1000 b h p or say 700 kWs under
a head of 150 ft The scheme has so far not been
proceeded with probably mn view of the Jaldaka pro
Jech, but ths latter (@ v) 15 also held up now
(8) Ne Chu (or Thody) RBwer Duars Dustrsct —This
niver jomns the Jaldaka ab the pomt where the latter
enters British terntory and during the mvestigation
of the main river (see preceding entry) by the General
Electric Co (India) Lamuted 1t was found that the Ne
Chu would provide a good stte for prelimnary operations
on a much smaller seale than would be essential on
the Jaldaka The power could also be used for con
struction purposes on the Jaldaka scheme The Com
pany estimates that the Ne Chn will give aboub 5 000
kWs durnng the cold weather and 15000 kWs
durmng the tea manufacturmg season This if sub
stantiated would suffice they comsider to electnfy
nbout 50 tea gardens and also to produce 5000 tons
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of mitrate of ime per annum, the latter being required
on the gardens

The headworks will bo situated about 2 miles above
tho mver junction, theneo an open flume of 800 ft
and a tunnel of 6500 ft will lead to a surge tower
on the lill mde above the power station site, wlueh
15 on the banks of the Jaldal a opposito where the Bindu
(Bia) Chu joms 1t Vith a pipo lhino of 1000 ft a
nett head of 500 ft 13 obtamnable The tail race will
discharge mto the Jaldel a above the site fixed for the
Leadworks on that nver so that the water will agan
be available for that development The discharge
found in the Ne Chu by Messrs Allan and Mathews
was 260 cusecs m December 1919, and mn March 1920
they judged 1t to be aumilar, after *“considerablo ramn
m the Duars” On tho other hand, 1n March 1919,
the present wnter found 32 cusees by careful float
measurement, so that the discharge cannot conceivably
have been above about 40 cusces then  The scheme
drawn up however igrores this definite mummum and
assumes & muumum of 150 cusecs The mummum
power available without storage may defimtely bo
tahen as 32%500/15 or say 1050 hWs as agamst
5030 LWs continuous nssumed by Mr Mathows
The capital cost of the hydraulic dovelopment up to
but excluding tho powor house 1s ostimatid to bo 7
lalhs for 7500 kWa of worling plant capacity
To get this output requircs 226 eusees ather from
flow or storage Such an amount wil probally la
available most of tho time when 16 19 requred  but
on thig seale the lot weather lowd will almost
certainly arerage mare than tho 1050 1 Ws mmmmum
Turthermore somo storngoe would Do cesentnl to meet
the peak load at such scwons Tt s very doubtiul
whether the project 15 found 1t the absueo of ecnnider
able storage for which howovor a atto 13 lehoved to
exist

81 Bihar and Omssa, sites exanined —Hither
to no projects m this Provinco can bo smd to have
been fully mvestigated Mr Stovens the Txecutive
Dngmeer m charge of the Survay there began opera
tions but ho proceedod on long leave proparatory
to retwrement and hitherto 16 has not been found
possible to spare another whole time ofhicer  The
work has been carmed on by tho Sllpcnntend.l%
Engineer Western Cirelt in addition to s ordinary
duties but o whole timo oficer will probably be put
on to the Survey m the autumn

Most of the miormation avalallc 13 gnen under the
head of Sites for detule 1 mvestigation’ and  Siteg
not mvestigated ™ n this Report, but the examms
tion of the Burhal along and Subarnarehha Rivers hag
pmcceded far enough to show defimtely that cons
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dersble power 15 available. Further worl remams
to be done however on both projects

TasLy 23.~Biliar and Orissa, summary of sites
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Mr Donglas’ 46,000 ¢ h p {30,000 kWs) was an
estimate of plant mstalled It 15 not far wrong on the
usnal Joad factors found m India  The project will
repy detarled mvestigation.

(2} Subarnarelka Ruer, Ranck: —Some miormation

ezamined,
Minlinum Sinmom R
‘vo stant nitin eport,
Seriat River Nuturs of | et | Goos poTh,
Ll sasurmed pawer
cuscy W
@ | Burhavelmg | Flow  sni o 90 | 1000
worsge
@ | Subsmarekha pitg 00 ) b 20 Avadable
i
TorTal { 12,550
(1) Burhabalong Ruer, Mayurbhan; —In the Pre-

bmnary Report, page 71, such information as was
then avatdable was green.  On page 66 of the Second
Report the difficulties hkely to be encountered were
noted, as the result of a prelumimary reconmassance
The site 1s on map 73 J/8 and E/6  The natural fall
15 730 ft which can be mereased to 930 ft by gomg
some distance upstream and droppng a chanuel some
2,500 ft long, from the hall on the R bank  The
rawns generally begm m Aprd  The oumumum dischasge
15 believed o be about 15 cusecs, and the aumual
vawmfall 1s nearer 80 mches than 60 mches Earthen
dams of 120 to 150 it 1 height would be reguired
to stare shout 2200 m. ¢t at the two sites referred
46 10 the Prelimmery Repory {(floc o) The storage
sites are flat open valleys, through which the streams
have cut channels 15 to 30 {t deep They are cultr
vated, and a good deal of good land would be sub
merged  The power statton would be 12 a deep rocky
vatley, difficult to get at, snd wvelving & new road
at least 20 miles long The posstbibity of cuttmyg
through the ridge to the great fall on the Bast or Weap
(mstead of wang the natural fall) was consdered and
ruled out, as the cost would be out of sll proportion
to the gam Xt may safely be assumed that from May
to October {six months) the raws would provide far
more than the constant avalable power, and that
the storage reservoirs would always be full at the end
of the rams {probably till the end of November) The
mununum flow bemg about 15 cusees 1t may be taken
that 50 cusecs will be below the averige flow for the
6 comparatively dry momths The 2,000 m ¢ £t
aof stored water will give 120 cusecs for 6 months  The
lowest constant discharge may therefore be taken as
170 cusecs whch on a net fall of about 500 £t will
give 10,000 LWs, contmuously  The project 1s
therefore by no means an unfavourable one esen though
the oniginal estimate was over the mark. No dowbt

ding this niver was ginen in the Prelimmary
page 72, and was supplemented in the Second
Report, page 66  The project appears to be a pro-
mising one and kas now been further examuned, The
bausxite deposits i the neighbourhood male ths project
of value, and enquuries have been made as to the povwer
Two alternatives were suggested (1) to use
the Hundra Ghagh falls, with storage higher np, und
{u} to turn the water from the lower dam through the
ndge to near Gola  The latter alternative was found
tpracticable and has been dropped m favour of the
former It 15 proposed to utilize the waters of the
mam river and its tributary the Jmmar, jomng 7 mides
N-E of Ranelt on map 73 Ef7, at the Hundm
(hagh falls on map 73 E/11 Thefalls are 28 mules
from Ranchi, w4 Angara  As stated in the Preb-
minary Report, the rmver zuns dry and storage 1s
essenttal  Two carthen dams {with puddle cores) are
proposed, both on map 73 B/7  One 12 on the mam
nver above the Junctiop 1 mile from Tatislwar and
10 nules from Ranchr, the second 1 on the Jumaz,
1 mie below where the Ranchi Hazambagh road
crosses, and 9 rmiles from Ranchi  The Subarnarehha
dam st Tatimdwsr (bed level 427 ft) will be 4,390
ft long and 62 # bigh, the Juwar dam at Kadilots
will be 5,034 ft long and 61 ft high The ground
at these sites 15 laterrte soil muxed with gravel, over-
Iying rock at o depth of 10 to 20 ft  Surplus fleod
water will have to be escaped through waste werr
chanpels, which will be very costly, s they raust be
lined with heavy pitching throughout and must be
capable of discharging 16,000 to 18,000 cusecs esch
The reservorr capacities are estunated to be of 1,064
and 1,070 m ¢ ft respectnely, or 2,134 m ¢ it
m all  The submerged land 15 mostly culturable, and
wall be expensive to acgure One willage of 3 acre
will also be submerged The water carries much st
m the raws, and the reservous will sdt up somewhat
rapidly unless amangements can be made Iugher up
for ity depowition wm part The power house below
the falls sill be 8 miles direct from Jobnastation, B N R
The project 18 a lugh head one with the natural water-
fall of 312 ft merensed to 425 £ by means of an
open chanuel  According to the bans adopted i this
etrcle the food discharges of the two streams probably
amount 0 not less than 19,000 and 17,000 cusecs
respecfavely, so that some 36,000 cusecs may go over
the falls at tumes No flood discharges have so far
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been taken, but 2,100 cusees were observed after ran
m January 1919 The catchment areas are 117 and
103 square miles above the two dams or 221 squarc
miesm all The average annual rawmfall at Rancht
18 57 6 inches of which 7 6 falls 1 tho 7 dry months,
November to May  The Jowest year's record 33 387
mches and 53 1nches have fallen 1n onc day (8th August
1919} The annual run off 18 estimated to average
5900 m ¢ it, with s mmmum of 3930 m ¢ ft
Very long open channels are required to reach the falls,
the routes have not yet been surveyed and the evisting
maps are pot contoured bu the distance from Itundru
falls to each dam eite 15 about 17 mules  Probably a
common channel will serve about 11 or 12 miles of
this  With channels of this length the water will take
about 3 hours to traverse the distance, so that 4 hours
full load regulating storage 13 cssential at or near the
forebay and 6 to 12 hours would be preferable The
ground has not yet been surseyed for this, but nspec
tion shows that there 13 not too much room, it ma
be necessary to widen out the channel for tho lagt half
mile, 50 a3 to get a contour forebay recervorr The
channel and forebay will be on the left bank, The
pipe Line has not been survered, but it will not be
unduly long, Mr Btevers roughly examuned 1t but
failed to record the length. Rough project estunotes
ndicate that the cot of the dams, reservoirs, waste
wews and waste werr channel will amount to about
14 lakhs, wncluding compensation for submerged
land. No estimates have yet been prepared for open
channels, settling tanls, forebay or power house

The mte provisionslly chosen for the forcbay (near
Maldha village) 13 sbeut 437 ft abore thnyp(owcr
station eite  Beveral other reservorr stes have been
tentatrvely ezamumned, and further storage may be
possible of required. In view of the heavy silting (for
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wluch a considerablo depth 1n tho resersoa has been
allowed) 1t may bo found desrable to htuld low dams
abovo the two reservoirs, 1o cateh tho hieavier dobris
for somo years to come , this 14 n matter of cost  Tlhero
#lould not be mueh mlt m the outlet water ta the
channel an the eapacity 1 consdcrable and all but the
hightest particles will sottle far nbovo tho dnm  On
the most consersative estimato flow will provide all
the water required for power for 4 months  Talmy
2,000 m ¢ ft of effectivo storngo, thero will cortnnly
be enough flow during the remamnmng 8 months (oven
though the nivers run dry for 3 months) to mal o up
all Josses The constant (12 months) dischargo from
tho storage may thereloro be takon ns €0 cusces, or
90 cuseca for the 8 dry months, and the power a3 90X
425/15 or 2,650 1'Ws continuously as n mmnnum
The project 13 thercfore well worth completing

82 Bombay : sites examined —Undor Ceneral
Otder No C W 121937 W D, dated Bth
August 1921, the Governor of Bombay i Council
“13 pleased to direct that all sursey work should coase
and that the T xccutivo I ngineer on Bpeenil Duty,
JIydro Llectric Burveys, should collate all date
now 1n his poeseseon i regard to (certamn sy eeificd)
schemes wlich together with the information avml
able from the preliminary nvestigation of (certam other}
projects should be embodied 1 8 report suitable for
putlication Certain ran and niver ganges however
am to Lo hpt on ty the Public Works Department
and For t Department * as the data to bo obtamed
feam thom wall Lo vens valusble 8o ends one chapter
of the Survy A\l tracts of the‘Rerpo'rt to b?._ locally

following table gives an abstract, details are grven m
the alphabeteal abstracts which follow —

TapLE 24 —Bombay, summary of sites exanuned
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Kanen Rirer © Btorge 3tr Amall and Tatas
Royna Birer Power and 1 zat on

‘a3 Piver . ,
Pravara Lirer (Bhandardara)
oot Birer (Satara)

- Torar,
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It will be observed that 4 sites out of the 6 give promise
of combimed power and irmgation projects, where
netther by 1tself would probably pay The Bhandardara
dam, however, 1s under construction for wrrigation
The Koyna project 1s by far the most promsing of
all the poseible ones m Bombay, and 1s among the largest
continuous power sites n the world Most of the 1m
portant schemes so far exammed m Bombay lie 1 the
North Kanart District, where industrial enterprise 1s
now practically non existent Storage 1s the essentral
feature of practically all projects, and illustrations will
be found below of possible cases where a project may
pay when mmgation and power are combined though
neither would pay by 1tself
Mr Bowers has been ably asssted m the enqury
by two temporary engmeers, Messts Pickmere and
Richards, who were recrmted m England for this work
and appomted on three years agreements by the Secre
tary of State Both, however, have recerved § months’
notice on the closmg down of the Survey m Bombay
Ealinads Rver Hydro Electric Project, North Kanara —
Map 48 1/7, 8 11 12 The dam site 15 reached from
Londa Station (Madras and Southern Mahratta Railway)
by the mam road to Supa (16 rmles) and thence some
3 miles by foot-path The site 15 near Kheda village
and m map square No A3 of map 48 1/11, Lat 15° 16'N
and Long  74° 31’ E, and 1s about 3 miles above the
junction of the Kalinad: River with the Pandn River
The catchment which 1s partly m the ghat distriet,
13 107 square miles 1 area above the dam site and
18 mostly rocky or covered with thick jungle Both the
Pandn: and Kalmadi are perenmal streams and as a
preluninary the scheme might be developed on mmimum
flow alone Gauging made near the proposed pick up
werr site during 1921 showed a minimum discharge of
69 cusecs ¥or full development the scheme would
depend on storage and flow, the Pandr supplymg the
monsoon requirements and the Kalinads, by the storage
dam at Kheda the water for power durmg the kot
weather A ran gauge has been mamtamned at Supa
and records for 30 years are avalable During the
monsoon of 1920 a ram gauge was put out at Digm
on the ghat edge and further gauges were put out in
June 1921 on the catchment To amive at &n approxi
mate estimate of the average ramnfall over the catch
ment the followmng precedure was adopted Areas
were allotted to each of the new gauges The total
ram during July 1921 at each gauge was tabulated and,
talung the ranfall at Digg for this period as umty,
the ram at each station durmg 1920 1s estimated by
proportien  The product of ramfall 1n 1920 and gauge
area 1s then found for each gange Dividing the total
of these products by the whole catchment area the aver-

~
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age ramnfall over the area for 1920 1s found Com
panng this with the corresponding ramfall at Supa
a factor 13 found by which Supa ranfall i every year
can be reduced to average ramfall over the catchment
(sce table No 25) The method 1s of course very ap
proximate but m the absence of any records 1t 15 the
only means of arriving at the probable ramnfall on the
catchment This method mdicates that the average
ranfall on the catchment for 30 years 15 127 inches , the
maximum 183 mches, while that the worst year gave
73 mches, and the worst two consecutiv e years 76 mches
and 100 mches (1905 and 1906) (See table No 25)
The area of ghat catchment 1s steep and rochy and

1 the absence of any records a run off of 70 per cent
with 180 mches ran dimmimshing to 40 per cent with
70 mnches ram has been assumed  Generally the Kah
nad: 18 1n deep gorge and the ground does not widen
out until some height 13 reached The dam at Kheda
18 therefore designed to be 280 ft ligh and 1,100 ft
long and contans abont 18 million cubic feet of masonry
A dam of these dimensions gives a storage of 36 300
m ¢ ft at a cost of Rs 297 perm ¢ ft stored
An annual deplemishment of 17 500 m ¢ ft 1s possible
(sce balance table No 26) and allowng 3 ft evapora
tion and soakage losses a draw off of 16830 m ¢ ft
18 available For safety’s sake 1t 13 assumed that the
Pandn supphes power for only two months of the year
and hence a contimous draw off of 650 cusecs can safely
be relted on  The pipe line survey was not completed
but the head will be about 800 {t, so that the contr
ntous power avalable will be of the order of 35,000 LW

* The project may be briefly described as follows —
A masonry storage dam at } mie W of Kheda
2380 It high and 1,100 It long Waste water could
be surplussed over a ridge on the I H flank, where an
escape cut would have to be excavated, or alternatively
by a waste water tunnel By means of slmices m the
dam, water would be drawn off the lake and run down the
niver some 24 mules to near Bomanhalll (map 48 I/12
and 16, Lat 15°10° North and Long T74°45
East) where a pick up weir sited near mile 6 on the Keg
dal Kulgi road will duvert it into the canal ~ This pick
up werr should be of the batrage type, with under
sluices to cispose of the monsoon floods The canal
will Tun 1n & southerly direction some 4 9 muiles to the
forebay mte, m a nala at Lat 16° 6'-20" North
and Long 74°43-40" East By means of a fore
bay dam 60 ft high and 500 ft long some 8 m ¢ ft
will be stored, or sufficient for nearly 3% hours supply
The canal pasees through difficult country and deep
cuttings and tunnels will be necessary  From the fore-
bay a short canal and tunnel will lead to the head of the
pipes ot a pomt about 3 mules South West of the fore
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bay  The pipe lne, which 18 approximately 1,650 ft
long runsin a South West direction te the power house
sit on the R H bank of the Kalinady giving o head
of some 800 ft This includes both the Vincholr
and Lalgul falls mentioned in the Preliminary Report
A probable marhet for the power 13 Hubly, 40 mules
North East of the power house The surveys are m
somewbat imcomplete state Further cross sections
should be taken of the lake area to ascertain more ac
curately 1ts contents The lhne of the canal 1s open to
improvement and may thereby be lengthened The
pipe lme survey has yct to be made and also the survey
for the power house site It seems probable that a
considerable length of light prpe line, terminating mn o
surge tower, would decrease the cost and mmprove the
worhing of the project By making the canal approx
mately three miles longer the pipes could be brought
down to a power house sted at the junction of
the Nagjhin Nala with the Kalmadi (Lat 15°5
North and Long 74°41° Tast) with an 1increase
of obout 180 ft in the head This seems advisable
Ram and river gaugmgs are Very scanty and should be
contmued

A very rongh estimate has been made of the probable
cost of the project and the assumptions made are out
hned below Th- dam site 1s somewhat naccessible
and a siding would probably have to be run from
Dandolt about 20 miles m length to supply materials
In all probability only stome would be available at
the smte A through rate of Rs 60 per brass (100
¢ ft) has therefore been assumed for the dam
The pick up wewr would be of the barrage type As
a rough approxumat on of 1ts cost 15 has been treated

Taprr 25 —Lstimate of Ry
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as o sohd block of masonry of width equal to its
base dimensions, to cover extras on sluice gates,
ashlar, ete, and & rate of Rs 70 per brass has
been gssumed  The canal will mvolve heavy
cuttings, tunnellng and aqueducts, and would
resomblo the canal of the Tata Iydro Dlectric
works at Lonavla, though 1t would probably be some
what cheaper This canal cost approximately 4}
Iakhs per mile The proposed Kalmadi canal would be
for the same discharge To cover mercases m rates
since the Tata canal was constructed the same rate
per milorsassumed  Toavord the leakages of the earlier
work, due mamly to boring crabs, concrete rather
than mesonry 15 advisable For the forcbay a rate of
Rs G5 per brass has been assumed to cover cost of ashlar,
sluices etc A rate per ton for the pipes ctc, shightly
m excess of that on the Tata Hydro Tlectric prpe Ine
18 assumed, to cover enhanced rates and carriage to a
some hat wmaccessible site  Excavation and masonry
1n anchorages and bearer 18 estimated at Rs 40 per ton
of pipes which 13 shightly 1n excess of the cost on' the
Tate Hydro Electnic pipe hne An estimate of the
cost of the transmisston line, recerting station and pover
house has been arnved at by comparison with the est:

mates prepared for the Koyna Ruer project by Mr

A T Amall AMInst CE The cost per hlowatt
for each 1tem has been calculated for the Koyna pro

ject and applied to the Kalnadi Project A load
factor of 40 per cent has been assumed and this

means the installation of plant for 86500 kW

Table 27 shows a summary of the probable cost of

the project, but 1t must be remembered that the

estimate 13 only very approximate

fall on Ealwnadr Catch

NAME OF 0A00ZS

Jtela | Pam | B MIST | Gury a9 | nalpa | Kusaoll | Bemnla | D dmala| D -1 | Soliya
sups | NoZh | no s ada 1 No'1> | ne T o [ No | hezs [ no1s | Mo s | Totsls
A1 plelarenof gan es 1° 40 10 o0 143 158 174 33 79 81 13 1.8 1070
1 1o n fles
Total rain July 19 1 wa 33 1 E 34 5 s E 73 &
Ig hes
Totstratn19 0 In %0 120
ches
L tinate? total rain | 90 131 80 107 s ) 133 190 100 19 ~0
190 Incles
Trol toof maln anl 1600 819 15%0 1287 1450 o 150™ 1.0 17 3160 g
a3 plied aron
A orago ralafall for catcl nont area = 13778108 7+
Theretore Sops factor for catc! meat area -‘:: Tetss
»
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TaBLE 26 —Kalinads Project  Kheda Lake Balance Talle
T' S L 2804t abovo bed at Dam Site  Capacity 26300 m ¢ §t
1 10 months | 2 months
Year I’; nab \ Av“ta"i;c r:ﬁéx Run on f|°n Run oﬁ“m storcdﬂ d:{r mctgr &nnnsocj‘? W ast;at I}.mhnclt:
upa  (or catchmes m c m ¢ m ¢ aw of raw of m ¢ m e
m e it m e ft
B P x143107x233xP
1801 8 iy 29169 15400 10400 15 000 100
1502 100 150 37306 231°0 23570 16 000 7070
1893 70 13 °8172 14560 22 080 17500 4550
1804 81 116 °89°0 15 200 19780 17 500 2280
18% 83 190 29668 158°0 18 100 17 400 600
1806 123 176 43878 30280 30 880 17 500 13 350
1897 01 134 33407 19200 3° 550 17500 15 050
1898 92 131 37659 18510 33590 17 000 16090
1899 51 73 18199 7420 23 510 17 500 6010
1900 178 183 45674 3 2,0 36 300 17 00 1960 18500
1501 % 136 33906 19 660 36 300 17500 P 2160 18500
190 88 126 31413 17 400 36200 17500 % - 18700
1903 80 114 28421 14780 33450 17 500 S 15 980
1904 91 130 39410 18300 31980 17 500 i 16780
1905 53 % 18947 7900 21650 17 00 :; 7180
1906 0 100 24931 11 90 19130 17 500 Er,. 1630
1007 19 170 47383 28 590 30 °°0 17 500 = 1770
1908 107 146 36390 2° 080 31800 17 500 17300
1509 7 13 2817° 14 560 31860 17 500 14360
1910 76 100 27175 13730 28090 17 500 10520
91 79 us 28170 14 560 25150 17 500 7650
1012 109 156 38 892 4 680 37330 17 500 14 830
1013 51 116 28990 10900 30030 17 500 1250
1911 127 18 45374 31980 36 300 17 500 8210 18800
115 ki 103 25679 17540 31340 17 500 13810
1916 b 181 3 659 18510 3030 17 500 14 850
1917 100 150 37306 23120 3600 17500 1670 18 500
ms 53 K 18947 7900 6700 17 500 9°00
1919 9 13 3 659 18 510 27710 17 500 lo°10
190 90 179 3° 161 18 080 28990 17 500 10790
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Tantt 27 —Kaliads Ruer Hydro Dlectrio Project
Rough estimale of cost

-, Appron
nption mate cost
Deserp Lakhs,

Khoda Storago Dam o o 108 00
Tich up weir L8
Canal =y

Lorcbay .
Dipo bino including snchorages | pes bearers
cte 341

Power Houso nstalled for 86 500 ki s 60 50
Transmssion ] no to I 1bli 40 miles 1730
Recening station 2590
D stributing Lines 259
ToTaL
Add 10 per cent, for contingencies
Torar
Fevenuo—
31600 LWh for 8760 hours at §anna per
un 3738
Annua] expend ture say 1000

ToTaL BEVERUER 2789

or 10 per cen$ on eapital cost

Note —Theso fgures do mot allow for interest
subscribed loan

tayable on
Earan Ruer o tributary of the Norbada Rayppla
State, Rewa Kantha Agency combined wngatn and
hydro electric « project —Map 1” Topo Sheet No 46 G/9,
10, 13 and 14 The site 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 Terav
Nala and Karjan Raver, sbout 73 miles from Nanded
1n the state of Rajpipla It can be reached 1n 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 catchment area 1 about 520 square
mles mamly rocky hills and jungle From February
to June there 1sno flow in theriver  In the last 30 years
the lowest ramnfall on this catchment area was 122
mnches m 1899, gving an estimated run off of 17 m
The ten years of lowest aggregate ramfall were from
1899 to 1908 when 354 02 nches fell giving an estimated
total run off of 1252 inches m that period As the
suggested full supply level of 385 R L (that 1s with a
dam 215 {6 high) the lake would coser about 16 square
mules of the Terav Nala and Karjan River valleys  As
suggested the dam would be 215 ft high (170 ft R
L atbaseand 385 ft R T at crest) and 2,725 if. long
at tho crest There would be needed also, 1n a saddle of
the hull, a few hundred feet to the West of the mamn dam,
o subsidiary dam nbont 20 ft lugh and 170 ft long
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These would contain about 166 1 o it of masonry
which at Rs 50 per brass of 100 cu ft would cost
Rs 84,00,000 Tho dom would mmpound altogether
about 28 800 m ¢ {t of water or between full supply
level (385 ft R L) and mmmum working level
(303 ft R L), about 22800m ¢ ft nt a cost of
Rs 368 perm ¢ ft There would be available after
allowing for evaporation, absorption ete a yearly supply
of 10962 m c ft atacost of Rs 766 per m ¢ ft
The power house might be built close to the dam, the
tail waters from the turbine returning to the niver bed
and being piched up agan for wrngation purposes by a
weir some distance below, or, alternatively, a canal
might be taken from the dam at R L 305 ft along
o fallng contour on tho West of the river to o forebay
on the hill marked 740 about 3 mio North West of
Zampa, from whence a pipe line would lead to the power
house, situated at a convement point on the left bank
of the river, tho tail water returning to the river bed
Whether the latter alternative would give an appre
clable greater head depends on the nccessary height
of the pick up weir, which m this scheme also 18 neces
sary A third suggestion 13 to take the canal round to
the North side of the hill 740, locating the forebay
there, and using a longer pipe ine than that of scheme
No 2 to place the power house at the foot of the hills
somewhere between the 4th and 5th mile post from
Nandod It mmght then be possible to deliver the tail
waters direct to the umgation conal, thereby cutting
out the necessity of a pickup wer If 2 pick up
weir 15 found necessary the probable site will be at a
pont about 21° 49 35" North by 73° 34’ 30" East
about 41 mles from Nandod The wrrigation canal
would start either from the pich up werr or from the
power house, and would lead 1n a North West diection
to near Iamat Vada Nana and thence towards the
Nandod Raway line If a prck up weir 19 not found
necessary a balancing tank will have to be constructed

TR
the last 30, vz, 1899, 1900 and 1901, 1t 13 probajl,
that 4492 m ¢ ft of water per day can be supplieg
from October 16th to Tebruary 15th and 2246 o
ft per day from February 16th to October 15ty
Assuming the reservoir to be full—that 1s water surface
at B L 385 ft —at the end of September 1898 1t
would probably be full sgaw during the monsogn of
1903 The surface would be at its lowest 1o July 1859
atabout R L 305 ft .
The aforesard quantity of 4492 m ¢ ft per
1s equal to 520 cusecs Taling the duty of #
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1n the told weather at 120 acres per cusec there would
be enough to imigate 62,400 acres of muxed crops
The hot weather discharge of 2246 m ¢ ft =260
cusces would irrigate 15,600 acres of hot weather or
perenmal crops The total area that can be mrigated
m one year would therefore be 46800 acres of cold
weather crops and 15 600 acres of perenmal crops or
a total of 62,400 acres The discharge adopted for
power will be the mummum wngation discharge, 1 ¢,
260 cusecs  If the surface of the tail watersat R L
180 ft and 1f 1t may be assumed that the lowest water
level 1n the lahe will be at R L 305 ft, then the con
tinuous power avallable will be 260 x125/15= 2,150
kWs or a maximum of possbly 6500 LWs
under workmg conditions Durng the monsoon,
the water used for power purposes would be wasted
as regards wmgation, while, durmg the winter, half
of the water used for mmgation would be wasted as re
gards power From the muddle of February to the
beginmng of the monsoon all the water used for
urigation could be used for power also Probable
markets for the power are —
(1) at Nandod about 7} miles from the dam site
for muills lightmg etc
(2) at Ankleshwar and Broach, about 46 miles away,
for the same purposes Also power mught
possibly be used for the electnification of the
Ankleshwar Nandod Railway
The following 1s an estimate of the difference between
the cost of dammng the Karjan River for a combined
urgation and hydro electric project and for an 1rnga
tion project only To supply, for irnigation only, the
monthly quantity of water which 13 proposed mn the
ongmal project but supplymg none during the months
of July, August and September, a lower dam could
be used, first because, having no power to consider,
the muntmum 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 reservowr capa
city wounld be adequate For such a reservoir a dam 196
it high (crest at B L 366 ft.) as agamst 215 ft
(crest at B L 385 ft ) for the combmed project would
be requred  The quantity of land submerged would
be about 11 5 square miles as agamst 17 2 square miles

WATER POWER RESOUICLS
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Admssibility of combined project

The contmuous power avalable 1s 260 x 125/11=2 955
e h p, whie with o power factor of 10 per cent the
295J1><10 e n
Referning to the table on page 23 of the Prelimnary
Report on the Water Power Resources of India 1919
assuming the cost of coal to be Rs 24 per ton, a power
factor of 40 per cent and 50 mile transmission lme,
1t will be seen that the probable rdmussible cost per
e h p mstalled 19 some Rs 511 Therefore the total
admissible cost =511 7388=Rs 37,75 268 Compar
1ng the figure of estimated extra cost an the dam etc,
of the combmed project over the simple wrigation
projects 1> Rs 22 lakhs, and the adnussible cost
of a simple H E project 12, Rs 37 lakhs, 1t would
seem that this scheme 15 worth further 1y estigation

NotE —A good deal of surves work 15 stli necessary  Voro
cross sections of the valleys above the dam sito are needed 1z order
to determuine the area and capac ty of the lake and the survess
for & ting canala and power housc have hardly been begun River
gaugngs also are needed

Nore ¥ Cuer Evarneer —From the mapy it appears Ilely
that from the dam 2 1ght pipe line could be taken over the mter
“eming nala on an aqueduct or suspension bridge {pos 1bly a syphon)
across the lLend of the wan nver to the 7] spot le el
~40 it Here & s rgo tower could be placed thus util zmg the
mean head at the dam  The head assumed abovg1s 195 ft but 1n
this way 1t would vary from 1% up to ®0> 6 Taihng direct 1nto
the canal at about R L 175 ft alo seems fea ible

Hhoyna Ruer Project —This great project was drawn
up by Mr A T Arnall for Messrs Tata Sons and Co ;-
who have applied for a “Grant” to develop 1t It
has not therefore been examined by the Hydro Electric
Survey The catchment area 13 346 sguare miles 1n
the Western ghats, map 47 G/10, 11, 14, 15, with a mean
ramfall of about 150 mches The proposed Helwak
Lake would have a draw off capacity of 120,000 m ¢
ft By tunnellmg through the watershed a head of
1,600 feet 1s obtamable on the Western mde It 1s
estimated that 225,000 LWs can be obtamed
contnuously

Panam Ruer, a trbutary of the Maly Lunavada State,
Rewa Eantha Agency  Comlnned Irngation and Hydro
Electne Project —Map 17 Topo Sheets Nos 46E/12
and 16, and 46F/9 and 13 The dam site 13 mtuated
at pomt about 23°3 North by 73° 45 30" East on
bound the States of Lunavada and Sunth

maximum output=

The estimated additional cost of the bined project
13 as follows —

Additional cost of dam ~

Rs

- “ 0 00 000

100000

114000

TOTAL ADDITIONAL COST 2214 000

Rampur, about 9 miles from the town of Lunavada
Tt can be reached, m the dry season, from Lunavada
Railway Station on horseback or m a bullock tonga
In the wet season 1t will be necessary to leave the train
at the signal station just before reaching the Panam
River, south of Lunavada The catchment area above
the dam site 15 896 square miles Durimg the months
of February to June there 1s practically no flow mn the
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mer, 8o that a storage work 1s necessary, both for un-
gation and power  The site 1s at a configuration smlar
to that of the famous Chappar Rift in Baluchistan,
¢, the river has cut througha range of Iulls, neross a
valley, and out agun through a further range  In the
last 30 years the lowest ramfall on this eatchment
area was 12 31 inches m 1899, giving an estimated run
off of 1 61 inches, equivalent to a volume of 31138 m
c {t The temn years of lowest apgregate ramfall
were from 1899 to 1908, when 305 28 inches fell alto
gether ginmg an estimated run off of 51 65 inches At
the proposed full supply level of 410 R L (thatis with
a dam 160 ft Ingh)the lake would cover an area of
27 2 square mules 1n the Ghodra Taluka of the Panch
Mahal Distnet and mn the States of Lunavada and
Sunth Rampur ~ The following figures are a very rough
approumate to the waterspread and contents at
various levels —

SURF\CE AREA ATLIVEL | Cusbic con
RL lu‘v?rnlte’\'cli'in

M s ft | Square miles m ¢ ft
390 feet . 28,8 102 9001
400 . 3,87 120 1% 307
410 434 8 1,6 16268
4°0 5170 185 21071
430 6130 220 26 664
410 1077 272 33 500

The dam as proposed would be 160 £t ligh and 810
it long on the top Thus 1s an exceedngly favourable
st The dam would contamn about 6 m ¢ ft of ma
sonry which at Rs 60 per 100 cu ft would cost
Rs 3600000 Tt nould mmpound between Full Supply
level apd mmwnum level (that 1s between B L 440
and R L 400)21200 m ¢ ft at a cost of Rs 170
perm ¢ feet  There would be ay ailable, after allowing
for evaporation absorption ete, a yearly supply of
8435 m ¢ feet at a cost of Rs 432 perm c ft The
storage capacity (21,200 m ¢ 4) 13 large compared
with the yearly draw off of 8 435 m ¢ ft but thus balance

Is mecessary as a carry over mn order to mamtam the
full draw off mn a senies of bad years (see table 28)
The power house would be m 2 convenient place on the
left bank of the rver and s near as possible to the dem
~ The supply pipe would be taken through the dam at a
convement level to supply the turbmes A second pipe
through the dam discharging to the irmgation canal
close below the power house, would be mstalled m order
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to provide the extra quantity of mrmgation water re-
quired durng the winter months * In order to convey
tho tail water from the turbmes for 1migation purposes
o canal startingwithT' S L at about 310ft R L
would lead from the power house along the left bank
of the rm er to near the village of Mor where 1t 13 proposed
to use, 1f possible, & convement nala for the purpose of a
balanemg tank  The canal would run thence 1z a South
West direction to Chari then round by Khuntkhar and
towards the north to the foot of the hills due east of
Sattalao  From there, 1t 13 proposed to run under
ground for the distance of about a mile, partly 1n tunnel,
partly m cut and cover, to somewhere near the “M?’
in Barot Muwada , thence by Merp Muwada Bhanpur,
Sutana Muwada, Dokela, Verama, Bamanwad Khalas
pur to Palla near Kothamba, beyond wiich pomt the
canal has not been mted The balancing tank would
be situated on the canal lme near the village of Mor and
would be designed to store half a day’s summer wrnga
tion supply with a vanation of surface level of two
or three feet Taking the ten driest years of the last
thirty as before mentioned (1899 1908) 1t 15 found, on
workmng out an analytical monthly table of estimated
run off, absorption, evaporation etc, that 3456 m ¢
it of water per day can be supplied from October
16th to T'ebruary 15thand 1728 m ¢ ft per day
Tebruary 16th to October 15th  Assumung thnt the
reservorr was full that 1s water surficoat O IV Ti,
at the end of tho September 1895, 16 e be shown v
this method that, given the draw off above mentioned
the reservoir would not fill agam until the moncoen of
1909 and that tho water would belowu st at the begrunmng
of July 1902 when 1t would bo at approxnintely R L
402 The above mentioned quaniity of 3466 m ¢
ft of water por day 18 cqual to 100 cusces  Takmng the
duty 1n winter at 120 ncres per cusee, tho cultin able area
a8 360 acres per cuscc, and the commanded area as 450
acres per cusec , there would be enough water to irngata
48000 acres and to command 180000 acres or 281
squate miles This area can be obtamed by taling
the canal through the Taluha of Ghodra, the State
of Pandu Mehwas mto the State of Baroda

The discharge adopted for power will be the mmmum
irngation discharge 2 ¢, 200 cusecs  If the surface of
the canal at the power house 1s at R L 310, and of 1
may be assumed that the Jowest water level 1 the JaLe
1s R L 400, then the contmuous power available
will be 200 X90/16=1,200 LkWs for which, on 5
commercral basis, plant developmg some 3,600 ks
could probably be mstalled Dunng the onsoen,
the water used for power purposes would b°‘$ﬂ a3
regards wngation , during the winter, half of ¢ .
used for rngation would be wasted as xcgur.



82 WATLR POWER RESOURCLS [Para 82,

CONTENTS ETQ AT nEGlN;KG ©oF TER| DBAW OFF INCLUSIYE OF EVAPORATION AND ABSORPTION CONTFXTS FTO AT THE END
MONTH ETC U¥ TEE XONTH.
Year and month I T e KA
ny | Ot T s L hop sangnaiiied S sba Do S | Totah dore T ou [t | Contenllo
contours tops rface m et
1003~
May 4032 1,939 {2000 07 317 w337 8a7 4 4n 0 4170 1 Le®
June 4070 15032 41°0 20 1030 5184 €14 032 406 > 0650 14 660
July 4088 14 669 4050 22 1012 9327 8369 B4y 0 4139 w08 "0 §a
Ang st 4189 ©0 48, 5080 25 1270 0327 € 7 28728 432 045 7 0da
September 4232 22 693 54556 22 1384 5184 G248 32081 4278 325 2,8
Qctober 4778 25308 589 5 50 » 2047 8122 11069 4758 5705 "4 °01
November 4208 °4 201 870 5 50 283 2 10388 13°°0 4235 5430 g9
Decen ber 4230 27 879 5180 50 2740 10714 13404 4210 5260 °15 4
1904—
January 4210 21534 5260 50 2630 10714 13314 4134 5030 RORGI
February 4184 ©0 200 5030 75 3m2 7430 11702 415" 4840 19 080
‘March 4162 19 08¢ 4810 75 3630 53,7 8987 4142 4630 18181
April 4142 18181 4630 75 3510 5184 8604 43123 4530 17 31°
May 417 3 173 4530 75 3397 6327 8754 410 4 4380 16 437
J e 4104 16 437 4330 5 109 5 6134 79 8743 407 44 0 16 633
July 4107 16 GR3 4420 25 s 1105 0357 640 o 37469 4176 4980 10 784
A gust 4176 19784 498 ¢ 23 1240 5387 6097 8326 4179 4900 1907
September 417 19 957 4990 75 1747 5184 8431 31274 [**4 6
O as a yearly stal 13
(ComTes srpEoTTYG (OcToTE) DRAW OF¥ INCLUSIVE O EVAZORTION ABsoRFTION CoxTENts 47 5D (SErTTDea 8 16)
I 1 ! [ { i veariyrep
2L . . 1 2L *!n";ﬁ”ff Contents fn
1 l m ¢ ft
18t October 1904 a2°e 22434 541 61 2759 8435 11194 14 080 /427 8 590 5332
st October 1902 | 478 5332 590 B1 3009 8435 11 454 16930 400 4 695 30 813
1st October 1806 | 436 4 30818 L5 51 3545 8435 11980 10 90 4343 €65 204°3
1st October 1607 343 20423 865 61 3892 B4% 1827 14 300 4279 719 31001
11t October 1903 | 4370 31901 e 21 3607 843 12 107 10330 overflons {in 30122
1900 o nm'uen

Tho sggre ate of the monthly absorptlons a8 estimated in the monthly table 1s equal to about 611t on the area nt t1e &0 of the mo soon
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Prawara Ruer, inbutary of the Godarar, Almednagar
Dustrict —Map 47 £/10 (1) A storage work for imga
tion purposes 18 under construction at Bhandardara
to the west of the Ghot1 Rajpur roasd This work 18
situated 22 miles from Ghotr Station (Great Indian
Pemmsula Ratbway) and 1s connected to the Ghotr
Rajpur mad by n service road  The catchment area
15 47 35 sqlare miles and the minunum run-off gauged
15 13,000 m ¢ ft The dam when completed will be
270 ft lugh with 3 ft diameter sluces arranged 1n
paus at 50, 100, 150 and 200 £t above the niver bed
The full supply capacity of the lake when completed
will be 12,690 m ¢ ft The flood water will be sur-
plussed over a waste weir situated on the mght bank
of the niver and will discharge mto a nals which joms
the river ahout 1} miles down strcam of the dam site
Table 29 gves the umgation requirements during the
period 16th October to 15th June from which 1t 13 seen
that the lowest average daly discharge required 15 400
cusecs  Thus figure has been adopted as the figure of
average daily discharge for power purposes throughout

the year In order to avoid mnjury to the dam by dis
charging under the maximum head, 1t 15 proposed
to connect the pipe hne with the slmces mtuated at

150 ft abotve the mver bed level, at R L 232763

As the storage work 15 required for 1rngation purposes,
the discharge from tle lake dunng the period 16th

October to 15th June 1s regulated by irngation reqmre

ments, and so 15 will not be posmible to make wse of the

varymg head m the lake to sate water dumng these
months, that 1s, although with the lake full, 2 ¢, with

2575 ft head, only 279 cusecs are required to give

the required kalowatts, the full discharge of 800 cusecs

must be drawa off Durng the monsoon months
when mmgation requires no water the varymg head
could have been made use of, if 1t were not for the
second part of project at Rhonda where the fixed head
requires a constant discharge Table 80 shows the
amount of additronal storage which will have to be
provided for umgation to compensate for the volume
drawn off during the monsoon, and the volume rendered
unavailable for urigation to provide the head requred
for power This has been worked out for varous
lieads and discharges, and shows that the best arrange
ment 15 to Lcep the level for power purposes in the

Inke up to 2,370-13ft Vi ith a power station at R L

2,290-13 or 124 ft above the niver bed level, to allow

for flooding back from the spill channe), the economical

head comes to 180 ft The volume of additional

storage requred to compensate wrmgation, on the 400

cusces constant draw off basis, 15 2641233 m ¢ ft

The pipe line as stated above will take off direct from

the sluices through the dam, 2nd will rin down the side
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of the ndge on which the night flank of the dam abuts
to a power station, which can be constructed 1n the river
bed just below the dam  The length of the pipe line
will be 450 ft The available head 13180t and with
a constant discharge of 400 cusecs 180 X400/15=
4,800 kWs can be obtamed, so that on commereial
load factors a plant of from 12,000 to 14, 000 kWs
could be mstalled

(u) After bemng 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
Ghots 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 obtamed, depending on the height of
pick up werr and length of canal adopted, the lower
head bemng obtained with a pick up wewr 18 ft hgh
and a canal 1,900 ¢ 1n length (whtch might be replaced
by a pipe to save the cost of a forebay) and the larger
head bemng obtawed by a preh up weir or barrage 46
ft lugh and a canal 6500 ft long Tor the former
scheme the power house would be situated about }
mile below the falls, 5 ft above H F L and 28 ft
above the nver bed The forebay, if an open canal
13 adopted, would be on the chffs immediately above
the power house The length of the pipe line would
be 150 ft For the latter scheme the power house
would be situated § mile east of the village of Kodum
5 ft above H F L and 28 ft above the nver
bed The pipe hnes for this scheme would be 500
ft long With the discharge of 400 cusecs available
from Bhandardara and a head of 112 or 160 ft , as the
case may be, power of the order of 2,980 kWs or
4260 kWs could be obtaned enabling a plant from
7,500 to 9,000 kWs or 10,000 to 12,000 kWs to
be nstalled on a commercial load factor

The total umits that can be generated by the combined
Pravara schemes are 68 milhion umts or 79 mullion
umts, dependmg on whick of the Rhonda schemes
135adopted  The site for the additional atorage required
to safeguard wrrigation nterests 1s on the Ardala Nala,
map 47 1/2, a tnbutary of the Pravara Ruer, which
Joins the main stream 4 miles above the town of Sangam-
ner The proposed dam site 15 Just below the village
of Sawargaon The catchment area 12 65 08 square mules
over half of which Les between the 200 1nches and 100
inches ramfall areas and the remawnder between 100
inches and 40 mches ramfall areas There are no
rain or nver gauges at present in the area, but, com.
panng the area with sumlar arcas 1n this Presidenc
a worst year’s run off 40 inches equsalent to 5]15
m ¢ f{t can berelied on There 15 practically po
appreciable flow 1n bad years after ¢

The dam to store the additional . 041
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COSTENTS ETo 4T SEOISNING 0F i) DU 07F IYCLUSIVE OF EYAPORATION AYD AvSORprioY CONIENTS F10 4T THRTED
@ ¥ THE HOSTH
Year and month o ventits ovare Sortl1y ve
tface area uantity eva p en shmen!
Contents tn (flam s 1t [, D¥BRO8 (rate and absorb- |Draw off dur | Total depl
RL lbop s, rtace ople Surtace area | Content 1
mocft | atdferent lod a3 per depth (| fng month | nishment TL
contours To'tee op 8 ‘tface m ot am s it ) me it
1003—
May 1090 | 1930 14090 | @t 517 6357 8574 70 5120 | 1 o
3 me w70 | 15080 azo % 1030 5184 e1s »3° | 450 so0 | 1s6c0
Tuy swsz | 14000 1050 2 1012 97 6360 6420 | 4159 s8o | 201¢
Aug st 4189 | "0485 5080 3 1270 5357 %24 29726 | 4m32 S55 | 2 o
September a1z | 2 60 54556 2 1854 5184 s 8 30681 | 4278 ss05 | 5 8
October 78] 2 08 5395 ] 50 ,ouT arze 11089 108 505 | 401
November 28| cacm 5705 5 28,7 10368 1 g 35 5180 | ™70
December ©35 | 2z 8 5480 [ 5 2140 10114 13154 4210 260 | 21
\
1004~
Janusry s210 | 218m 5760 50 2830 1074 19344 184 5030 | 200n0
February 484 | 0200 5030 75 e 7530 11202 s100 4510 | 10080
March 4182 19 080 4310 75 3630 537 8087 414 4680 18 181
Apmt auz | s 1630 75 2510 5184 894 azs 430 | 1a2
May a2y | e 530 5 397 8357 8754 4104 80 | 184
3uns a0s | 6037 a0 25 1095 5184 w19 s7es | 407 o | 10088
July a07 | 16088 w0 o5 , W 5357 o102 37460 | 4176 060 | 19 8¢
Angust are | 19788 1950 % 1240 5357 0507 806 | 4170 | 900 1 7
Septomber are | 19957 1300 ag 1247 5184 6131 314 [° 436
C, tvon as a yearly
(CoXTEZS AT BEINNING (OCTODER) | DRAW OFF INCLUSIVE OF EVAZORATION ABSORPTION CowTLNIS AT FND (SEPTINPIZ 30TR)
OF THE YEAR ETC OF THE YEAR
i [ ! [ | 3 earlyrep
I Surtace ares | Contents 1
RL . § R L nms ft| n oo
w swu
L el
1stOctober 1004 | 4206 22 43¢ 541 51 2759 8435 11194 o0 | 478 590 25390
1stOctover 1905 | 4278 | msaen 590 51 3000 81435 14 | 183 | 4363 90 30818
Ist October 1008 | 436 1 30818 605 51 3545 8435 11880 1 90 4343 865 09403
1at October 1907 | 4313 20 428 €8s 61 8300 8430 821 14300 a3t 710 3190
1t Octobor 1908 | 4379 31901 710 51 3607 84 110 15330 | overfiows [in 3513
1909 ﬂ\onl)DDn

Tho 85 .3 ¢ of the montkly absorptions s est mated ya 656 ToutHly 1ab & 5 equal to a0Vt 5 1 ft o tho area ot t1 ¢ ead of he mo soof,
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&0
oo wo o8 o au Urimods Ruer, Satara D iew~Tm 071 an
B s fa%s Lude &2 Hu 8 8= "
£ B o020 Zogc BeSe R B o8 ne $TK/2  The Ummods River Ew 4 eanamimr 2-0 ¢
g &85 8g55 ¥y ¥a g & 2 63 square miles ona lugh platezza min in e
& = Satarn A storngo tank formed by an ear 1er o
2 s 8x3s fupe B gx Ze g= g g n oustence near tho village of Kascn tap 3 -~
£ oo gege o g Se odog 3° whieh 13 the man source of vate- 70ply fir t 1o - v
g W Hgmg g8 % Ya g¢ 8 & SNy + N i
g2 2 and T'rom this tanl the wassr 1y gapep
P artly 1o open canal and partly 10 a eoversd ¢ - -
8 S Fo3e BuBe Zu g8 %4 Bz g Pa P partly verad ¢ e 4y
§ g Ha E:,’:: oat e, #8 i the setthng tanks, n distance of 15 miles T » 3 4
o wm S8, B3, . 8 ng Sa b 3a schere on foot to place theso setthing tanks 23 2 .y e
b = level, so as to command all partsof the tomm. Warn
3 5
- 822> Buge 5= os Ss 8 8= this 1s done the total fall from the outlet Ievel of 12 leb+
g & Zoge §u§9 co ge 2o 3 5 :‘;“ totheI' 8 L of the wash out tank will be 2653 65—
H : “grg Pgha Vg @4 Eé & R 27146=91366 ft As will bo shown later oxly .
PN S - portion of this fall 13 available for power parpus
3 " ¥
£ & 8222 8=fe N e 8¢ 8 8= fall
g |83 Esfebegeie 8 The average ramfall m the catchment area 15 1257,
Flea EEEE 8ef, £ 52 29 .8 E. inches and the lowest recorded rawnfall 1s 6623 5. !«
S |5. £ As the catel area 1s very rocky 1t will he rofc 4,
§ 2 S Base cells g2 28 Fe e S 3e take 50 per cent of this or 33 15 incheses the sy
B | Ef gogc Hels v ne 8¢ me s ge run off, this figure would yield 2025 m ¢ f1, 4,
qlsg 2 “aNA &eR@ %68 §A g8 @ & Fa gross storage of the present tank 13 98993 4y « ¢
2= T 2 —~ and the net storage available for Satars Wates 1, J
g a 7
£ 1 g fagx Begs §= 8% gx _ § Ba 1906686 m ¢ ft The total requements of fy1.,,
3| 3 5;§; E;?;; E; E; §; Z 3 -_j-:; City and Cantonment 13 60,000 gallons u dus—p 14
g~ Hg8z 8 EER 5 g
:ﬁ ) ® = tinuous discharge of 1115 cusees  Trom o yj«pypm,
E 1 8 oo, cuse me 2s B P made 1n 1913, the losses m the canal amount | 4, 4
g 5 882 gufs ga 28 2z e 3=
T )28 2050 Hege ge me Be P o» av per cent of the discharge from the tanl /i )
gege  mog £ 2 5
o |2 8eie ands §e Fa 2s & &8 obtam & discharge of 1116 cusecs nt Hilsiy, /.,
3% = = cusecs must be drawn off from the tank 4y,
& | § g 528, gey= g2 88 o4 2 5= equivalent to a volume of 57710 m « g g
218 8 ges, gese ge ge Fe F g g0 the dam at Kas was rased 15 f6 wwouldbuyp, 4,
3 8 1 "Efy 9eZe W AR 22 g = tostore the 2026 m ¢ ft asatlable m the worst ye
Al e ® o aeer 0w oe Fo . o rainfall, of which 170904 m ¢ 6 would by uy, ¢
| 8 i gHE% 5% g% T 8 a® able for use The subsdiary storage tanly .4
] g2 EE:; 2e8p Ep Ba ar -~ B 2q Yeoteshwar on the canal line are capable of mipplyl ,
] o ] 2 cusecs ly for the 3 moanff
2 1%s ges. seps pe ge Za ! %= which 13 equivalent to 15897 m ¢ ft, wmakiny ih’
£ 2 8%3d 2FLT £ 8% ¢ =
Ho|z S ge3s zoge go 3o fe 2 2 ze total volume available 170 904+15 897=186 81 , 4
g8 ] 2. g8 8
g ;3 S8~8 ~eg Ba 21 28 e & The full supply capacity of the channel from Ky 3
2 2 on oobic me oo B . only 5 cusecs, and this could not be mereased wji),, ¢
§ 2855 Luiegs g,f. gi 4 2 i‘: mterfering with the water supply of Satara A capst )
g~ Sgla £a8q 80 3c EE - discharge of 5 cusecs throughout the year 1s cqulvalc, ¢
R S . = " " | too volume of 16577 m ¢ ft, g0 that 1t wilf !
T ans 5 S5 uv po.ksd ¥, gi &
F 555 g3 5a §§§.§:5 £g 88 i3 be necessary to rawse the dam at Kas to give thiy 5.5
3 E 880 ¢ 3e 33 233738 33 &3 282 | storage Assuming that the same losses of 39 fur ¢
z 5 ES 2, L8 & &% E3 3E
o 2.3 028 sian = 5E5EEs £2 75 ESE | in the canal continue, the 5 cusees at tho head of yy,
£ g:ﬁ%gg E%;% Ex -;5;.3;; 19; s:bga’? canal will be reduced to about 3 cusecs at the o
5 3 =538 Sxen 28 grgcii EE §‘;‘E§§= where 1t 13 proposed to construet a forcbay ,‘
53 S552e828E2 5E_TEE Es %s 383EEv | 15, howeser, possible to reduce these losses
3 FeliyesBEdEan-2 SBERFEERIR ZE13SE | cost, so the above discharge will probably *
g. oo, - 27 | todcusecs The forebay mte 1s sitnated on
3 Ot . Z | above Satara at a powt where the water !
B hae ve m = o o = canalis R L 3,333 From this it s pro,
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pipe Line to a power house situated at such a level that
1t 13 possible to fll the proposed new wash out tank
from the tail waters by gravity, say, at B L 2,766
or 10 ft above the F S L of the wash out tanl,
@ving a fall of 577 ft The length of this pipe lme
would be 1,250 ft  The power station site would be 1n
rather side long ground, but no good flat prece of ground
can be found at the requred level The power which
1t 15 posuible to develop amounts only to 150 LkWs
contmuously, with whith a plant of some 300 400
kWs could be imstalled on a commercial basis
The permussible cost of the hydraulic development of
this project 1s about 385 X 636x15/12=Rs 3,006,000,
as there would be a very short transmission lme As
the hydrauhc development would only consist m adding
some 12 ft to the height of an earthen dam,the staunch
mg of leaks 1 a canal lime the provision of a small
forebay and a pipe lne 1,250 ft long this small
project 15 well worth considermg Power would be
used for lights and fans in Satara city and cantonment

EESOURCES [Para. 83.
prove ultimately (f this anvestigation 1s completed)
to have more available power® than any %other protmee
m Indisa  But the country 13 wild and scattered and
commumications are bad, so that progress 1s necessanly
rather slow Commenting on the Adminstration Report
of the Burma Public Works Department for 1919 20
“Indian Engmeermg” remarks (Vol LXX, No 12
page 166)

“ The greatest section covers less than half a page
of the report, the Burma Hydro Llectrical Survey
A hundred useful sites have been selected for detaled
report, but the suriey has been greatly hampered by
therr sitwation, for the most part, i remote and fever-
stricken jungles  The staff generallv has suffered from
acute m-laria, and two very promusing subordinates
have unhappily died It 13 hoped that most of the
projects wiil be taken up commereially, since owmg to
the dearth of coal except of the poorest quality, and
the large existing demands on the timber supply of
the Province, the adeption of hydro electrical power
15 an necessity It would seem that the

and possibly for the electrfication of the proposed
tramway to connect Satara with the Madras and
Southorn Mahratta Ratlway

83. Burma , sites examimed —Burma will probably

e vovn  Ad fn ko dask wal abg
'

Ke w1 117 .

- | 1 - 5
could thorefore bo il sed to give additional power of 58 LWs
continuously  The totsl power which can bo denved from the
project 1s therolore 212 LWa cont nuous or somo 500 kWs on

storng tho water of these  Otherwise the posmbibties are very

provision of a samitary board, as for the Panama Canal,
18 essential to the success of these schemes, and no
doubt the Local Government 1s considening the matter
Indeed, the scarcity of labour, and the slow progress
m Burma cannot be overcome without first arranging
for the ehimmation of the mosquito  Nobody acquain
ted with the Province can doubt this

The following table gives o summary of the sites so
far examined 1n some detall, regarding which further
particulars follow  As the regular reconnassance form
does not appear to have been used the data are
somewhat meagre Most of the Burma schemes can be
developed on flow alone

sma
Tapre 31 —Burma, Summary of sites examined
Constant
Contnuous
Site flow Head
berul Rner or it Natare of aupy ¥y | ot | dow o povel PEMargs
cusces

{1} | Ansakan River 1low and Storago ~ 3 720 150
(2) | Heho Rivor Tlow 57 17 29,0
(3) | Hpaupgaw Chaung " 70 450 2050 .
() | Nam Pang Rivor - ) 2200 75 11 000

tto ; (1) 2000 30 4000

Ditto ; (o) 2500 210 30000
(5) | Nam Teng River N 500 396 13 000
(@ | Nom Tu 1 nver N 3000 115 20000 | Ono of many
tes
(7) | Lunlsung Ryver . 180 2000 200 |
(8) | Samgdmag Ruver , 200 5
Tlow and St 65 50001 | Doubtf 1

© | Tdarnga €1 nung " and Blorago Samo . 1os 5000t | Dou
(10} | Yunzahn Raver 250 1578 26000 | Doubtfil
(1) | Zawgys River 3 400 8000 | Probably more

- Torarn 155 500
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(1) Amsakan Rwer, Maymyo—This tnbutary of
the Myitngs has o sheer drop of 750 ft at Deitdawgy:
falls, which have been mvestigated for supplymng
Maymyo with power The catchment 13 about 20
square mules and the discharge has been gauged down
to b cusecs 1n May 1919 and 1s beliwved to fall lower,
oven down to 2 cusees  Thero are storage possibilities
just above the falls and the pipe line would take off
directly from the reservoir. With storage the small
project 15 probably good for at least 200 LWs
continuously, and any reasonable pesk load could be
met (Map 93 C/5)

(2) Helo Rucer, Yaunghue, Southern Shan States —
The natural waterfall on this niver 1s situated close to
the road from Kalaw to Yawnghwe and near the new
terminus of the Southern Shan States Ralway The
nver flows to a conuiderable extent from a very large
perenmal spring or tunnel n the Lmestone rock at
the head of a large flat valley, evidently an old lake
bed The catchment area 1s about 20 square miles
to some extent cultivated i this valley, surrounded
by hulls so as to form a basiz  The lowest discharge
Iutherto recorded 18 57 cusees m March 1920, and 1t
18 improbable that 1t falls much lower The soil 13
of s peaty nature and appeared likely to afford a
large storage, 1t has since however been found that,
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the ghat section of the railway The Iine now runs
to the aite

(3) Hpaungaw Chaung, tributary of Namtu Ruer,
Southern Shan States —The head waters of this stream
are used for local 1rmgation 1n the ety of Hsumhsa
(map 93 Bf12, 16) and not much water 15 available
for power in the dry season Some 70 cusecs mught
be obtaimed without mterfermg with irmgation and a
fall of 480 ft (known as the “Whispering Dewil
fall” 1n the vernacular) can be obtamned not far from
Nawnglan The mimimum power available 18 there
fore 2,250 kWs continuous, and more if the water
mghts were acquired  The site has been fully examined
but no further information has reached the compiler
of this Repart It 1s possble that 120 cusecs could
be obtamed

(4) Nam Pang Ruer, tributary of Salueen Southern
Shan States —Three sites have been exammed on this
niver, all about 150 miles from the nearest ralway
at Heho

(2) Kunkha falls, situated 2 miles south of Keng

Kham map 93 X/12, 16, L/9 13 A dam of 15 ft
m herght and 200 ft m length is proposed, presumably
for regulation only, but the approximate storage
capacity 1@ not stated With a pipe lne 200 ft
long a fall of 76 ft 15 obtamable The mmmum
hseh

asall over Burma, there are * ye-ngols,” or disappearmg
stream channels in the rock In fact, just as the
niver 13 fed largely from ome such, so, if a reservomr
were constructed, 1t would sumlarly disappear If
the stream mises 5 or 6 ft this happens even now,
though ordmarily the discharge goes over the fine
falls The stream discharges by these falls which
total 777 ft 1m 4000 ft homzontal nto the valley
above Imle Lake (map 93 D/10 14) The site was
ongmally exammed by Mr R T D Alexander on
behalf of the Ralway Board, m connection with the
rallway referred to, but he considered that there would
be msufficient power Subsequently Messts Barlow
and Meares d the site and app d 1t at some
3800 e h p mmmum A detatled survey was under
taken n the cold weather of 1919 20 and asrecorded
above 1t was found that no lrge storage couldtbe
relied on  Lven dunng the dry weather 16 19 uncertam
whether the entire dramage of the valley finds its way
to the falls  An open channel of 3500 ft would be
needed to reach the forebay site but s tunnel 1,200
{t long could be used”instead and would almost
certawnly be preferable Thoe pipe line will be 4150
{t long to gve 777 ft head Good forcbay and
power house sites are available The contimuous
power 18 BIXIT7/15 or 2950 LWe which 1 far
mote than would have been required for working

18 recl d to be 2 200 cusecs giving 11 000

kWs continuously

(11) Naung Wo falls, about 6 miles north of Keng
Eham, map 93 K/12 16 A head of 30 ft can be
obtammed with a pipe hne 350 ft long without any
open channel The mmmum discharge here 18 taken
a8 2000 cusecs as there are places where water can
escape (See remarks under Heho River supra) The
contmuous power avatlable 1s 4 000 k¥W's

(1) Lov Ha folls about 1} mles south of Hoyan,
map 93 K/12 16 Here the probable discharge 13
assumed to be 2 500 cusecs but as 2 997 cusecs were
recorded n April 1920 and there are no regular gaugings
1t will be safer to take 2,200 cusecs as in site (f) A
small dam of about 300 ft i length and 20 ft in
height 15 required and the avarable head 13 210 ft
No open channel 13 sequired and the pipe Lne 1s 2 700
ft long The continuous power will be some 30,000
KWs

(0} Nam Teng Ruer, tributary of Salween Ruver,
Southern Shan Stales—A survey has been completed
of the falls on this large nver, about 4 miles below Wan
Kun Long 85 miles due east of Taungys and 150 miles
by road from Heho station on the S~uthern Shay
States ralway (map 93 L/2, 6) The discharge
m June 1919 was 792 cusees and n May 1921 1,400
cusecs, thz mimimam 1s not known butﬁb«: taken
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2= of the order of 50D cusecs  Vith £n open channel
of 1,000 ft and a prpe Jine 2000 {t long a bead of
296 ft can be obtzined as apamst 359 ft recarded
m an earlier reconnay <ance  The fife 15 rather macces
eshle but a road could casils he made toast  Tle power
avatlable 13 fome 13000 LW ¢ continuowsly  tlough
locally asces<ed at 45000 turbme b p on a discharge
muck above that recorded above

() ham Tu Ruer—This 13 a tnbutary of the
Irravaddy Ris.r, known as the Msitnge 1n 1ts lower
rcaches  The mtc 13 on map 93 C/9 13 but 13 not
cagy to ditingwsh  There are mny rapils all along
the rver which has ¢ large perennial discharge from
an tmmense catchment Tt lhas been examined i a
considerable numt er of places but so far only the
Pyaungohoo rapids kase materiahzed as worth detuled
veammation  This site 1s 32 miles due south of Nawn
ghlio station on the Lashio Viandalny rahway  The
gorge has steep mites and might be costly to develop
as there nould have to be o dierston tunnel alwo
the power howse mte would offer difficultis owing
to the heavy floods encountered  On the other hand,
there 15 great power esen at this one mite and 1f flond
regulation bigter up werc posable the whele rmer
could be developed on Ifting dame gmeing vast power
Tke fall at the rapids m question 15 115 ft The
érclarce m Mareh 1921 was oser 3800 cusecs but
the mommum 15 not known It 13 tahen locally at
*heod v foure dut 300013 pr hably neater the marh,
Rt e tnow pover of L6000 LW
7 Per’ yo Prrer—The mmmum flow of this
"1 e 1w s oand there 15 a natural lahe
T e o r dulbt of bemng tererced and
B ‘«tl"! =3 1e tof hanbym village (map

- ~#7 1 a total fall of 2200 ft 1n

“rt Ttoe . frralternative projects have been

[ER Tur v v of the ute may be taken ns

1 r

LU oy # Ve stol fall whether developed
Lo L

. o L1 £ M0 ft from the lake to
;’ [ e § v et ullage could be des cloped
! t , “ @ lajpioelne of 1550 ft
B “ ¢ %, 3 power station ste, but the
Puo Vacinor forebay and prpe tracl

1 Lo g rinay prove difficult
I e

u el (1) by running the channel
Lt R Ao m b Jength of 12560 £t thereby
: L5 o L1008 instead of 800 £t The
; TV 210014 Jong
/ ,1’ 3115 1) o water from the lake gfter the
- “LEA 3L 1 wdds tho stream jouung below
[ te sirewmg forn mg the Panlatng

A7) s i Fotween powt 11 mules north
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of Moubin village (map 93 D;9, 17) and 4 pomt § 2>
upstream from Songyr village (wap 93D 1, 3) T
fall 15 apparentls in reres with No (1), ats ar =
15 not stated hut 1t may be 2 2900—E00 or 1400
Tie scheme 13 <tated to te a promumg one bty
not completels examined

(1t} This utilizes the water of N\o (§) with about
12 cusces from other small streams It 1 keped to
make use of the full fall from the upper esction of
the nser above hanbvin vallae (map 92 €12 16} to
the mier near Dalemn villige (map 93 C4 8) The
channel would be about 17 mules lopr with <ome
tunnels  and the pipe hne 4000 ft or <o fo guve
2900 ft head The duchar.e here 15 rechoned to be
212 cusres mimmum

Of these Mo (1) has been more fully e tigated
than the others and would give continuous power of
fome 10000 AWs  But m all jrobabilify the whole
fall could be deseloped m stares so the site may
be tahen s worth 180x2000115 or 21000 AlWs
The site 13 some 20 mules east of the Pangoon Mnnda}a{
rolway (Thedaw scchion mile 322) and within 15
or 20 miles of the Thaz I\alaan;ndm e Paslaunge

On the adjormmng map 93D, e
Bend 1s alco Ihstc T but apparently this 13 embraced
m No (u) of the full scheme preceding, as tho assumed
diccharge 15 the same and the head 15 1000 1t .

(8) Sanglang True, ¢l1ury of M”-’/‘; ]mo!/a
Dustrict —(Map 81 D and 81 c) Tbhz»t];lc Oﬂ[}’65 ‘;;ﬂ
ote ne Absal - Thero P ‘l‘::u“;ln{aaicseexb}e by
named alter tho :(‘,:g HTHIw nuixmum dischrrge 13
launch from tﬁzo cusecs 6o thay on flon slone some
nesumed 1o be could be depended ujon contuously

e

800 1 Wr only ¢ o and 135 #t lugh
dam 800 ft long a
Ahcmnmclvun ederablo” storage but even tlze
would gne © ¢ ted As the site wib

tude 15 wob 8O e
o ma;inss»cnscd at 8000 turbmelb Ib 1:! o th};
oo Te the storage must be fairly Jarg o the
o lk“llsxchar"e far greates The :;ttea :,,mmum
Bothdaue 14 nndﬂ 1 the Prelummary Rep: ta mmes
B o about 1000 cusecs was bct;f\eotdcr be
do e OThc flood discharges are of ﬁ]}ed wder of
Pmb(;l(:gc s & the resertolr would be Alle
100 000 cuse

Aifficulty
(9) Talasnge oS
ro 1 estig
itmt:;;mp‘;:pose& Cunchona Plantation 1
0
ate 13 1w Inb 14°20 Long 3
discharge of nbm;}tt’l 4‘:5‘8 QL\\S o
that
of 950 it 80 M
s It appesrs P -
r;;:::;:i can'be constructed to PO

Pyu —These two
Chow g and Ayawng Iy g POWEr
ted 1n 1019 for SSPPYUE P00

that « regulaticd
d the flow dunag
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the non working hours, m which cise any peak load
could be met up to about 1,500 kWs
(10) Yunzalin Ruer, tributary of Salucen —Tnvesti-
gations are m progress along the entire length of ths
niver above Klothuta Zayat, which 13 22 miles north
of Papun (map 94 F and @) The discharge was
measured during the dry weather of 1920 21 and 15
locally taken as 250 cusecs munmaum It 13 however
doubtful 1f one season's discharges give eny true md
cation The mver bed has no falls, but has rapuds
amounting to some 600 ft Three schemes for
utihzing all or part of this head have been proposed,
but no details have been sent mn except that 327 ft
gives a posstble Iny out  The miver 1s the most pro
misimg one for supplymng Rangoom, which however
at present supples tsclf cheaply from rice hush and
wood refuse Preferable to utihzmg the rapds
appears to be a project for diverting the waters with
those of the Thelaw Klo towards the west and nearer
the railway by means of a short tunnel or cutting near
Pyagawpu mto the Shwegym stream A swtable
dam smte has been found below the junction of the
two nwvers (maps 94 B/15, 16 and F/2, 3, 4) In ths
caso the head would apparently be 1,578 ft There
would be ““ good storage ” but 1t 1s not stated whether,
this would be of the order of 10 or 100 or 1,000 m ¢
ft However, mith a discharg Tud
help from the storage of 250 cusecs the contmuous
power would be of the order of 26 000 kWs
(11) Zaugyr Raver, tributary of Mynge —The Mong
Hing falls are two days’ march from the hll station
of halaw, 10 miles from Lawk Sawh and 50 miles from
Kume Road station The dry weather discharge 1s
reckoned not to fall below 300 cusecs The available
head 1s 400 {t and both open channel and pipe lne
are short Good sites cheap to develop, exist for
regulating reservorr, forebay and power station The
falls are spread over about a mile where the rver
makes two right angled bends It 1s proposed to take
off from the apex of the upper bend on the L bank
and thence to run to the pipe head n open channel
3350 ft long The upper section of the pipe lne
some 1,610 ft long would run on a small slope to
o 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
evsts for it The catchment area 15 400 square mules
with an annual ramfall about 45 1nch and the arerage
discharge 1s probably 600 cusecs, much of which 13
{rom springs The mimmum continuous power avail
able at tlus fall 13 300X 400/15 or 8 000 KW s
Trom the hills to the pluns there 1s a fall of 4 000
ft n 20 mules with a catchment above Rywukse of
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about 2,600 square mules From 1910 to 1918 the
average cold weather flow has been between 515 and
2,200 cusecs m the plams below, with very heavy
occasional floods Taking the total fall the niver
appears to be worth some 80,000 k\Vs contmnuous
(Map 93 GJ3, 7, 10, 11, 14, 15)

84 Central India; sifes examwed —Bhopal
A small supplomentary project, for utilizmg 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 i January

1920 and reported favourably on the scheme The
upper lake willkave s H F L of B L 1,660 {t when
the proposed weir and shutter are put in at Bhadh-
bhada (1,657 ft now), and the lowest safe draw off
lovelsfixed at R L 1649 The spillway level of tha
lower lake, mto which the upper one will discharge,
18 1641 feet gving a fall of 8 to 19 ft From the
spillway of the lower lake there 1s a fall of 403 ft
to the tail water level, now utilized by means of an
overshot water wheel driving pumps Mr Gibbs’
proposal 1s to use the lower lake as & forebay and to
utilize the storage of the upper lake for power The
avallable storage 13 1,140 m ¢ ft with a possbiity
of not more than 940 m ¢ ft m exceptional years
The actual project 13 based on 700 m ¢ ft Dumng
the 8 dry months 33 cusecs can be obtamned, and m
the monsoon there will generally be & large excess
The net head will be 40 ft and as the draft on the
mam lake would cease when the forebay lake was
receiving suffictent water from 1ts own catchment the
tail waters are not liable to rise appreciably The
constant power available 1s 8 LWs which would
work 1n parallel mith the existing steam plant and thus
save fuel with a cheap development The monsoon
power 15 much greater, about 200 kWe contmuous
The project 1s now bemg re investigated by a Consulting
Engneer

Indore Kanar Ruer—A site suggested by Major
Traill was exammed, on map 46 N/14, not far from
Indore It 1s almost certamly Likely to prove prohibi
tive in cost as only some 200 k¥ <! continuons could
be obtained from a costly storage

85 Central Provinces ; sites examined —The
work done so far i the Central Provinces 1s mostly
entered under the head of * Sites worth detailed invest:
gation " but the Silewam Ghat scheme (Pench and
Kulbehra Rivers) Chindwara Distnet may perhaps
be placed 1n the catepory dealt with 1n this paragraph
With a constant discharge of 230 cusces and a head
of 900 {t some 13 700 kW5 are avatlable

Tlus project was suggested by Mr Batchelér
years ago 1n a pamy hlet, which was referred to w



90

length m the Prelmmary Report, pages 62 and 73
and also m the Second Report, page 62 As the pro
jeet hos created commderable mberest 1t will be dealt
with here in some detail, to the extent to which 1nfor
mation 15 now avalable A thorough reconnassance
has been made of the site proving 1t to be well worth
detaled survey although 1t 19 probable that the power
obtamable 15 hot more than about half that assumed
by the ongwal author of the scheme

In brief outlme, the project depends on monsoon
storage m two lakes, formed by damming the Pench
and Kulbehra Rivers tmbutanes of the Kanhan Ruver
The former 18 the larger and upper storage, and 1ts
regulated flow will be taken m a 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 eventually to a forebay, from
which a pipe hine runs to & power house on the banks
of the Kanhan River  Localities are mdieated
below

WATER POWER RESOURCLS

[Para, 85,

The catchment area above the proposed dam on the
Pench 18 260 square miles and at the Kulbehra dam 115
square miles  There 1w only one ramfall station Tamus,
on the edge of the former catchment, therefore the
records at Pachmarli and Chmndwara have also been
used m caleulating the yield This has been worhed
out by Mr Barlow’s method from each day’s fall m
various years, the gauging stations being used for those
portions of the catchment to which they apply best
An error was made however 1n usmg different mimimum
years at the different gaugmg stations, clearly the
same two years, gving the probable lowest combined
yield, should have been used In the table sent i
this was allowed for by reversing the yields of the
two dry years at Pachmarhi nnd Chlundwara (Pench
reseriorr) s0 as to give the lowest probable yield,
this would not give correct results, and the table that
follows perhaps more nearly represenis actual condi
tions If the same series of years had been used the
results would probably have been shghtly higher

TaBLE 32 —Silenans Ghat, Romfall and Yreld

Effectrve fall m MELD 3 0 FEET
Rainga igo station Year | Ramfall | Yemr | Ramfall | thetwoyesrson S | mrom | trom
feation mcher ment, prcies T
5q miles co
3 2 3 ) 4 5 [ 7 8 9 10
Pench Reservo ¢ Tuo driest consecutive years 1sb year | 2nd year Ist year | 2ud year
Tama 1907 8 3697 | 19089 6042 3091 5770 133 371 | (5116
Pachmat 18989 7080 | 189900 | 3885 6812 3146 20 1244 410
Chh ndwara 18089 | 3431 | 189900 | 1427 3100 945 98 1839 269
Torar 260 6794 5795
Rulhel ra Reservorr
€11 ndwara 18089 1899 00 A0 w 1565 191
Normal year
Pench Recervorr
Tama 19084 | 65°3 597 133 | 6868
Pachmarhs 191011 7708 7536 29 1549
Chhundwara, w78 | 4128 3657 98 154
Torav 260 9961 -
Kulbehra Reservorr
Chh ndwara 1877 8 3657 15 1,697
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The table 13 the summary from detaled sheets of
each day’s ramnfall tabulated m the manner explammed
in the Preliminary Report, page 8, and 1n para 23
of the present report The catchments on Barlow's
classification are : Tamia, E, Pachmarhy, D, Chhind-
wara, B for Pench and C fur Kulbehra As the draft
allowable depends on the storage and carry-over,
an 1solated 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
yreld of the two worst years will be 6,7944+5,795/2 or
6,300m ¢ it for the Penck and 878 m ¢ ft for the
Kulbehra or 7,178 m ¢ ft mn all Normally there
will be 9,961 and 1,697 m ¢ ft or 11,658 m ¢ fi
m all

In the absence of a semes of gauglugs the only check
that can be applied to these results 1s that on page
334 of Buckley’s Irngation Pocket Book, 3rd Edition,
where the percentages of run off for a small tank
catchment 1 this neighbourhood are gnen The
ratio 1s 13 per cent mmmmum and 23 per cent average,
which gives 38656 m ¢ ft n each of the two bad
years and 10,500 m ¢ ft i a normal year.

On page 333 of “Indian Epgmeermg” for 11th
June 1921, Mr Batchelor assumes yields of 16,100 and
3,640m ¢ ft or 19,740 m ¢ ft 1n all, as agamst
18400 m ¢ ft m s ongmal pamphlet There
seem Little warrant for such high yields in view of the
above

The Pench and Kulbehra Rivers were gauged from
June to December 1920, and the followng 1s an
abstract of the results, with the rainfall at special
gauges m each of the catchments

Pench Bever (269 sq smules)
S

July 1920—
Rmfsu 1201, 730, 442 mch

5 anly)

Lamtall 1133, bsd 653 meh
Total dxsclm.rgo 1017 m ¢ ft at Baranga Tel
la,xunum flood 5550 cusces

Scptcmbet 1920
Romfall 493, 353 144 mch
Total discharge 1140 m o { at Baranga Tel
Mammum Hood 6307 cusess
Blinimum Row 106 cusccs
October 1920—

Total dischargo 40 m © It ot Darangas Teli
Mnmun flow 12 cusees

Decomber 1920—
Total dischasge 14 m ¢ ft to Ibth,
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Rulbehra Buer (115 sq miles)
June 1920—
Ramnfall at 3 stations 383, 152, 276 inch
Total discharge 219 m ¢ ft at Kharrwara
Maxxmum flood 1,196 ousecs
tmum flow 2 cusecs
July

Ramfall 4383, 695 622 mch
Total discharge 214 m o ft
xmum food 1 621 eusees
Miumum flow 6 ousecs
August 1920~
Ramfall 507, 663, 765 mch
Total discharge 326 m ¢ ft
Maximum flood 3,250 cusecs
Bhmmum flow 3 cusecs
September 1920—
Ramnfall 197, 123, 224 inch 1
Total dischargo 51 m © ft
Maximum flood—not recorded
Mimmum flow 12 cusces
QOctober 1920—
Na records
November 1820—
Ramiall—Nil
Total discharge 18 m g, b
Mmmum flow 7 cusecs
Degember 1920—
TLotal discharge 7 m ¢ f5 to 15th

Clearly with such wide differences i the ramfall,
and only 3 gauges, any determination of run off from
these readings must be hable to serious error The
run off from the Kulbehra per squarc mie is much
smaller than that of the Pench The total yield
the 4 months June September was 2991 m c ft
for the Pench agamst 810 m ¢ ft for the Kulbehra,
and the former figure 15 much below the estimated
mmmum yeld Taking the averages of the ramfall
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
bemg due to 3 days heavy ram Not
much dependence can be placed on these
figures howeser

The site selected for the Pench dam 15 just below
Baranga Telt on square 4 of map 55/J, 16 Twehe
villages would be submerged This dam would be
9,900 ft long and 147 ft maximum height and would
mpound 8,500 m ¢ ft of effective storage at a
discharge level of R L 2300 This was rechoned
to be the yield in the best of the two dricst conse
cutive years, but for reasons given the table shows
a lower figure In further investigating the project
1t may be deswrable to ncrease this capauity to the
average yield of say 10,000 m ¢ ft from this catch-
ment, as the carry over would substantwally mereaso
the possible dreft 1n s bad cycle The Pench River
reservorr, and the data 1o this paragraph, have been
used to illustrate the graphical method of determining

storages i para 30 supra. P
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A tunnel some 5 2 nules long with an open channel
would take off direst from the Pench resersoir and
would discharge mto & tributary of the Kulbehra
River, by which the water would be carrted down
to the Kulbehra reservair, there would thetcfore be
no difficulty 1 regulating the mam storage cxactly
to the requrements

Coming now to the Kulbehra River, the dam would
be between Thuma and Khauwara (square & wbed)
and 4 villages would be submerged, the length would
be 10,300 #t and mazmmum heght 94 ft to mmpound
1,539 m ¢ It of effective storage at discharge lovel
2190 This w sularly about the yield of the best
of the two driest comsecutive years of thws catchment
The Kulbehra reservow with this consmderable capa
city would be refilled as required from the Pench reser
voir, an open chaunel some 193 miles long would Jead
from the Kulbehra storage to the smaller regulatmg
reservorr on the Umra Nala (square 5 of map 55 K/13)
where some 11 days' supply for the whole project conld
be stored (if so much 1s necessary), this agam avords
any waste from the upper storages The caichment
area of the Umra Nala at the site near Ekalbebn
1340 square mules with a mean yield of some 588 m ¢
ft which hes been fized as the capacity of the reser
vor It would appear however unnecessary to spend
6 lakhs on this work unless 1t proves to’give substantial
additronal power as 1t 15 only regmred as a regulitor
at the end of the long channel On the other hand
falls of 10 inch m one day have been recorded equal
to about 1000 m ¢ ft on & 40 square miles catch
ment This matter req further d
hased on longer perads  Froxm the Urera Nala regn

fating reservour & § mmle upen chanme} would lead to

& forebay at Sil tola on the boundary of squares

3and 4 of map 55 K/13 Here 36 m ¢ ft effactive

could be stored, which 12 far more than ample The
pipe hne would be 46 mu long leading to & power
house near Nandudbana above the Kanban mver,
where the fall 15 900 ft The power house site
howeser 1s 60 f6 sbove bed level 1n the Kanhan and
48 {t above high flood level To use this additional
bead more than a mile of extra pipe would be
requred, but 1t seems practicable to sk the
power house and rmn a  tad race tunnel to the
nver  This 1s o matter of cost eompared with the
value  of the estra power, a3 noled below

The pipe kne proposed on the plan prepared

focally coutd probsbly ‘he improved wpon, 1t

appears practicable to run 1t slong at & shghtly greater
slope than the hydraule gradient, near the 2000 or

2050 ft contour, for some 2 miles, by mstallmg

® surge pipe at the termuation the long upper scction

WATER T'OWER RESOURCES
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would be greatly decreased m cost and rendered safer
m working

1t 19 rechoned by the mvestigating officer that on
the basis of constant 21 hour \wrkmg a dhseharge
of 203 cusces eould be masntamed throughout the two
dnest years  Woth suitable carry over 1t seems pos-ible
that 230 cusecs could 1n fact be depended vpon  This
would be egurvalent to 230x900/15 or 13700 kW=
contunvously  If the extra 48 1t of head referred
to above could be utilized 1 would be good for an
extrs 730 kWs contmuously, or over 6 mulhon
units a year, taken on any lowd factor Valued at
3 anna these give & revenue of 2 labhs extra, which
would Jushiy consilerable expenditure The water
could of course be drawn off to meet any peak load
and any conditions of load factor, so that on ordinary
working conditions a plntof 30000 to 40000 kWr
conld be installed The approxmmate cost of the
hydraulic development {up to the forebay) 18 roughly
estunated as 86 lakhs, which 1s less than Mr Batchelor's

total figure It 13 made up as follows —
Jakbs
Tench reservo £ 27a -~
Tunnel from same 185
Dulbehee reservo £ 54
Open channet to forchay 76
Regulatng reservors 29

Torar 809 exclumve of

forebay

1f a plant of 35000 kWe were mstalled this would'
be Rs 240 per lalowatt go that with the pipe hne and
power house the total cost would be of the order of |
Hs 500 per kilowatt wmstalled , this 15 distinctly cheap

The umgation posstbilites have not heen fully
exammed By thmwmg a weir across the Kanban
River the sul t harge of the power
house could probably be utihzed to great advantage
m the commanded areas below , also. if the Pmlecz

hzed  angation pump

areas nught be feastble where the pumpmg head was
low

86 Cochin; sies examned, the Chalakedl
Raver —As noted m the Prelunmary  Report page 89,
some 19,000 kWs can, 1t 15 sard, be obtamed under
577 it head with a mummum flow of 50 cusecs and
a storage of 1,000 m e #t The scheme has been
fully ivestigated by Mr Forbes, Cluef Electrseal
Engincer, Mysore Mr Tate hopes to vist Cochin
shortly On the basts of mmimum ¢ontinuous power
the value of the site, weludmg the storsge, appears
to be of the order of 4000 LWs only, but datasre
Iacking

87 Gwalor, sies examuned —In Gwalor State
three combined Lydro electnc and wrigation prajects
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have been drawn up locally by order of His Ilighness
the Mahara)a Scindia, under the direction of Mr 8 K
Gurtu, MA, MInstCL, MITL (Ind), Member
of the Board of Revenue for Irmgation, Gwalior  One
of these 1s under construction, and 1s referred to m
apother part of thus report, the other two, here dealt
with, will no doubt have to wait the completion of
the Parbatty Project ~The two projects which follow
are the subject of printed reports, which have received
the advantage of publictty and entictsm m “ Indian
Industries and Power” and * Indian Dngmeering”,
and they have also been examined by various irnga
tion experts  Certamn modifications have consequently
been made 1n the omgmal designs  The full Reports
cannot for reasons of space be prnted here, but through
the courtesy of Mr Gurtn the following abstract 1s
given of a nofe prepared by him The total power
1s stated to be 42,300 LWs continuously
Sundk  Ruer Project —It 18 proposed to dam the
Sindh River near Narwar, 40 mules south of Jhanst
The catchment area 15 2,000 square miles and the dis
charge varies from some 300,000 cusecs n the ramns
down to 10 to 20 in the driest part of the year There
are four reservoir sites winch have been investigated,
with capacities from 10,000 to 15,000 m ¢ ft The
origmal project was drawn up for a smgle dam at
Narwar, of great height and length, but subsequent
nvestigation has shown the destability of the sub
division which 1s practicable, so as to render gradual
development possible Without crushing capital charges
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It 13 proposed to use the power for ore smelting, and
the ‘tatl race watcr for umgation As the proposal
now stands, the discharge will be regulated from a
prch up werr at Magrom, where a head of 780 ft
can be obtamed  The power avulable 15 estunated to
be some 40,000 k\Ws continuous as a maximum

Kuno project —Tho niver liuno has a drunage area
of 1,500 square miles and the discharge of the river
vartes from 268,000 cusecs m the rams down to 5 or 10
cusecs I the dmest part of the year The project
1s primarily one for irrigatmg 400,000 acres of land
lisble to drought and famune, but 1t 18 one of those
not mfrequent cases where 1t appears likely that neither
wngation nor power alone would justiy the heavy
cypenditure mvolved (800 lakhs) while the combina
tion mey prove remunerative The momn storagoe s
to be at the Jangarh Dam, with a capacity of 51,000
m ¢ ft, a piek up weir across the Dorat Nala giving
large regulating storage The scheme s not hkely
to mature until those previously mentioned have bheen
taken up, but with a head of 55 ft 1t Wil give some
2,300 k¥Ws continuously

88 Madras ; sifes examined.—The followmng sites
m Madras have at one time or another been farly
exhaustively ivestigated, so that ther mmmum
power capacity 1s known with certainty, m nearly
every case the power for 9, 10 or more months 1n the
year 1s 10 excess, and sometimes greatly in excess, of
the value here given The following table 1s a summary
of these sites —

Tanwr 33 —Madras , Summary of sutes ezamned

Constany

Continuous
Senal Ruver o atte Netwootepply | Se | fom ‘{f:;l powes Tesamas
(eusees) (Ws)
Ay gar River see Kollamalay
f
(1) | Canvery River Mekadatu Regulated flow ) 800 17, 6100 | See also para 63
for developed
Do  Togenkal Ditto 0i) 500 | 46 {or 80) 1,500 | etes
:
(2) | Kolab River Bagra Flow and Storage 230 600 14000 | Sco alo  Tetls.
guma 3,
(3} [follaymallar Hills (Ayyar River)| Ditto 30 2000 4000 lerrys PN](‘C;
(4) | hundah River Ditto 21+.0( 2000 5400
(5) | Penyar Lako Storage 250 1000 16500 | Provided that 4
supplementary
reservoir gy
constructed
(6) | Pykara Hiver Ditto 1o 3000 3000 | Grant applied for
!
m |rI|:m;|l|l project Aruvi Odai | Storago (0] 0} Mr s
1ver
IDitto Dutto . ({0 4 of
Torar, n




96
storage teservorr It 18 proposed to nstal 10,500
LWs of plant

(8) Persyar Tahe —This has been fully mvestigated
and a grant has been given for the water power rights
There 1s some 16500 kWs contmuously avalable
for 240 days 1 the year, but at present power cannot
be assured for the rest of the year See Preliminary
Report, page 91 A supplementary reservor would
enable & continnous supply to be muntamed, so the
site may safely be assesced at its full value Head
1,000 it

(6) Pykara Ruer, Nilgiris—This has been fully
mvestigated, and negotations are still proceeding
a3 to 1ts utiization, the Kundah River could serve
ihe same ared  The power avalable is not less than
3 000 kWs continuous and may bemore By passing
through the watershed a head of 3 000 ft 13 available

(1) Swrumalar Project Arwws Oday stream Madura
Dustract —This project was worked out by Mr H W
Perry who published a pamphlet on 1t m 1917, vade
Prelimmary Report, page 92 A reconnaissance of the
site, which 15 on map 58 J/4, has since been made by
Mr Tate ‘The hills are close to Kodatkanal Road
railway station and are reached from there

The catchment area of this small tributary of the

Vaigar River 15 only 8 square miles and the project
depends mainly upon storage There are two branch
streams, the Ponnuriri and the Sortar, with a number
of natural waterfalls , the project prepared by Mr Tate
mvolves two stages —

{z) A lower dum on the combined stream the
Seravanai Khad impoundimng 130 m ¢
f6 (eventually taking the tail race dis
charge from the upper site) with a 7000
ft channel at R L 2500 (forebay) and
a fall thence of 1700 {t to a lower power
house at R L 800

(21) An upper dam on the Ponnurin mn the Periya
Odar Khad ' mpounding 150 m ¢ ft
with a 4000 ft channél at about R L
3350 (forebay) and a fall thence of 660
ft to a power honse at B L 2690 above
the lower dam

If developed, the lower site only would clearly be
used in the fizst mstapce, supplemented by the upper
storage when required and by the upper power station
eventually There are no contoured maps available,
80 1t 13 not possible to judge whether the two branch
streams could be jomed up at the upper reservorr level
and the whole drop to Aruvior mam fall developed
m one stage, 1f this were practwahle, & would be
preferable to the proposals made
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The dischargo will normally be at 1ts lowest 1 May
and, 1f the <outh west monsoon fals, 1 September
Ordinarily the ramns continne from the middle of June
till the mddle of December  Both branch streams are
hable to sudden spates of great itensity, and a flood
discharge of 12,600 cusecs was estimated at the lower
dam site m 1917, lasting for a few hours  The mmmum
flow, so far as 13 known, 18 about 2 cusecs at the same
pont There are no ramfall stationg m  the catch
ment, the surrounding plams receive an average of
30 to 35 mches but the hills undoubtedly receive far
more In the absence of mformation Mr Perry’s
estimate of G5 mches average 18 & probable one, but
the mmumum 13 not known Mr Tate takes the total
rom off ag 25 per cent of the total ramfell, gwmg
29T m ¢ ft off 8 square miles with a ramfall of 65
mehes The catchment appears to be of class D or
possibly B m Barlow’s classification (para 28
supra) and even 1o a deficlent year the estimate of
25 per cent appears very low Mr Perry assumed
60 per cent which 13 probably far too ngh

Louer sie (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 slopmng
down at 2 to 1 The capacity, as stated above, 18
130 ¢ ft The long lower flume traverses almost
precipitous ground in parts on the rver bank  Only
a small forebay site holding 12,000 ¢ ft 18 considered
practicable but by runming it along the contour as
an enlarged flume more capactty may be obtamed
The amount mentioned would not prowvide 15 cusecs
for the 40 minutes which 1t would take the water to
traverse the flume so that securty of flow wonld
mvolve waste of water at the forebay The lower pipe
bine will be 4500 ft long on a good rock founda-
tion The lower power house site 15 favourable n
area and nature and well above flood level The
constant power avallable from this site alone may be
taken as 4 cusecs under 1,700 ft head or roughly
450 L\Ws continuons If however the upper reser-
vorr were also constructed when required the con
timuous flow would then be 9% cusecs giving 1,000
kWs contmuous

Upper site (n) —Tt 13 very doubtful 1f 1t 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 utihze the natural bed The upper dam
would be on tock m a gorge and with a height of 80
ft the width would be only 300 f6 at the top The
copaaty would be 150 m ¢ % The fume hne
would run on very steep rocky ground on the left bank
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for 4,000 ft to a forebay site agam of too small capa
city, mz, 8000 ¢ ft only The upper pipe lme
would be 1,500 ft long, giing 660 ft  head, to 2 very
Imuted power house site at the side of the gorge The
power avalable at this upper site would be 4x 660/15
or 176 KWs. contmuous only It would scarcely
be likely that this would justify the expenditure on
the channel and works on the other hand, if the
upper dam were already bwilt to supplement the power
at the lower site 1t 1s possible that these works might
eventually be remunerative No estimates have been
made except those m Mr Perry s ongmal paper He
estimated the cost of the lower scheme with both dams,
at 152 lakhs, but this (if correct} would be eqmvalent
to some 17 lakhs or more now The estimate 1 any
case was little more than guess work as 1t was stated
that * the Pelton wheels are very mmple and could
be made locally” ! Accepting a figure of about 17
lakhs for the whole lower project up to Madura this
would be Rs 680 per hilonatt mstalled for a plant
of 2,500 kWs which would be about nght on 1000
LWs continuous rating The figure 1s certamly
not prolibitive and n fact allows a margm  Some
83 mllion umits could be generated, and nearly 8
millon delivered in Madura, the capital charges at
12 per cent would then only come to 041 annas a
umt delivered to the sub stations i Madura  After

PUNJAB; SITES EXAMINED

97

inches 1 the Ghat portion The fall 13 800 ft The
Chief Electrical Fnguneer to the Gavernment of Mysore
has submtted a report to the Darbar for a project to
cost 4} crores of rupees  If half this sum be taken ns
the total cost of development at the falls, at the Jugh
cost of Rs 1000 per Iilowatt of continuous munimum
power, the ste would be good for 20,000 l\x,
It 15 probably far more

90 Pumab; sites examined —he  Punah
undoubtedly Ias enormous potential power throughe ut
the whole Himalayan area, but so far attention
has been mamly concentrated upon one greaf
project with 1its subsidiary branches There are somu
small power schemes working as noted elsewhere (para
68) and one project mvolving several canal falls 19 the
subject of an agreement between the local Government
and a promoter (para 75) and as the speeifications havo
been prepared 1t may be considered as m the constrne
tion stage When further power 1s requred in the
provinice it can be found as the notes on areas and
sites for detailed exammation or not so far exammdd
at all will show In the list which follows the Ann
and Nangal projects are subsidiary to the Sutlej River
project, but the alphabetical arrangement 13 retame]

The folloning 1s a summary —

TABLE 34 —~Punjab  summary of sites examined

allowing for distribution the power could ly be
remuneratively sold as cheaply as 1t 1s m Madras City
The storages would be very valuable for irngation
Duning the dry months the flow at sife 13 at present
only 1 or 2 cusees whereas 1t would become 91 cusecs
The first tank wngation 13 3 miles below the site
Canal falls wn Madras Seventeen canal falls of
from 4 to 12 ft were recorded m the Prelimmary
Report None have been developed There 15 an
annual closure on all the canals i question and power
would only be asailable for 93 to 11 months each year
It 13 possible however that use might be found for
this discontinuous power either by rusning the plant
from two falls closing at different periods or by using
bsidiary plant or by it g with p 1
systems The mmumum power avalable from all
the falls together 13 some 2400 k\i< for the period
mentioned
89 Mpysore stes examined ; the Gersoppa falls,
Sharavatt River —This famous waterfall 1s on the
boundarv between North Kanara Bombay Presidency
and Shimoga VMycore The falls are withm 20 miles
of the sea and near Bhathal harbour, a port of the
future (map 18 J/12) The catchment arca 1s about
150 square milea with a mean annual ranfall between
June and Septerber of from 75 to 100 snches and 150

Mintmum M
Nat re | constant | el u
Serial i er of How it A
s ppl ass ned Lt
A kW
| An Fow anl 0 [ 1013 | g
Togul t 8
stora e
(%) Sutle] at Nan at Flow 3300 3| Aucy
(3)‘ 8 tlej R erproject | lloy 1 ot | 8
Torar | arer

(1) Ann Kkl project —Thus tnbutary of the Suth),
joming the mamn river hot far below the Simla hydry
dlectric station was ongmnally beheved to be the most
favourable one for development for the further pressing
needs of Simla and 1ts neighbourhood as well as for
construetion purposes on the main Sutle] River project
Two possible metheds of development, on the full
avulable head and lower down stream on a reduced
head were examuned by Colanel Battye only the more
complete one need be constdered here as a partil
development which would prevent subsequent com
plete utihzation 18 undesirable  The head availalle
15 1913 it to obtamn which two open channels of g
total length of 14 mules long are necessany ¢ ,
<on of the catchment arca and local ramfill wy '

’
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of the neighbourmg Naunti Khad (the Simln Works)
seemed to show that 20 cusecs could be depended upon
as o mummum, as the catchment runs up to about
11,000t and snowleslate With thearhificial storage
reservorr designed there would then have been enough
regulating water m hand to meet any peal. load within
the projected plant capacity, although not enough
to supplement the average flow mn dry pertods Un
fortunately the exceptionally dry spring of 1921 upset
all calewlations, and for 33 days n Apnl and May the
flow only averaged about 10 cusecs Although a
masonry reservorr could be ¢omstructed to spread this
flow over any desired load conditions 1t would requre
28m ¢ ft to augment the average supply by a single
cusec over that period The capacity of the Anu
Khad eannot therefore be rated hugher than 10 1913, 15,
or 1,270 kWs contmuous on flow Nevertheless
the site may be found useful at a later date The project
actually mcluded two reservois with an aggregate
capacity of 1273 m ¢ ft Allowng for sufficient
reserve to meet any peak load at the end of the dry
peniod this storage would give Just over 4 cusecs for
such a period of 33 days as has been experienced,
thus with this large artafictal storage the continuons
power would only amount to 1800 kW
(2) Nangal project, Sutley ruer —When 1t was found
that the Anu Khad (previous entry) could not be
depended upon Colonel Battye turned to the mam
mver as an alternative The site at Nangal had
been suggested by Mr Nicholson the officer who drew
up the Bhakra Dam project as a suitable source of
power for the construction of the dam There 1s
sufficient power for the whole of the immediate needs
of the area withm the Simla hills as well as for the
construction work on the Sutle) River project, and
the latter will, 1t may be anticipated, be workmg
before the umgation dam construction begmns
Below the dem site, and m the great bend of the
nver, there are two series of rapids each with a fall
of about 30 to 40 ft Theupper rapids he between
Nangal and Dabkhera (1 m map 53A[7, square 5),
while the tail race from these could feed a plant
at the lower rapids if 1t should ever be necessary
Not only 1s 1t interded to use the upper Nangal
site  (here alone referred to) for present needs,
but also as a standby plant to the mam project
The scheme 15 therefore drawn up on the basis of a
“productive workh ” The gross head 1s 37 ft but
. the tml waters may nse 8 it and reduce the avarlable
head to this extent at flood times A canal some
4 unes long leads from the headworks to the power
station site  The record mimumnm flow 15 3,330 cusecs
o that the mummum continuous power avalable 1s
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8,000 LWs for when the head1s reduced there will
be a great excess of water It 13 proposed to 1nstal four
2,200 k\Ws sets (1 spare) and to run a transmission
Iine from Dabkhera to Kalka and on to Simlz, at 44,000
volts  Eventually the transmussion lines and sub
stations will (with the plant) form part of the man
project , butif this doesnot mature Nangal can stand *
up alone

(3) Sutley Rurer Hydro Electnie project —This great
scheme was referred to at length in  the Prelimmary
Report, page 96, where 1t was somewhat confused
with the Bhakra Dam irngation project which happena
to overlap the power scheme, the two however are
separate and distinct and m no way antagomstic,
m fact the wrrigation project will eventually help the
power scheme It would be unfawr to Colonel B C
Battye, DSO, RT, to do more than sammanze
the conclusions of his detailed Project Report which
was submitted to the Punjab Government in June
1921, as the result of 18 months special duty The
great loop on the Sutle) where 1t enters the plamns
may be sten m any Atlas, but 1t can best be studred on
the 110 maps 53A/7, 8 11 and 12 Here the course
of the river was deflected as 1t cut through the foothills
so that a great bend occurs some 42 miles round and
only 51 mules across at the chosen pomt between
Malbuna (53A/11, square 6) and Kurthpur (534/12,
square 1) It 1s proposed to tunnel through the nidge
which rises to 3 400 ft here, and to develop the greater
part of the fall so obtamed The bed level at the
head works 1s about 1,315 ft while at the return to
the mver 1t 1z about 924 ft, but the normal
difference 1n level between the pond surface ab the
tunnel entrance and the tul water at the site selected
15 363 ft giving a net working head of 321 ft

The lowest recorded discharge of the Sutle) here,
during the 20 years of record by the Irngation Branch
15 3,330 cusecs as recorded above (Nangal)  The mum
mum flow m a normal year 13 considerably more,
namely about 3700 cusecs, while the average cold
weather discharge (which storage may some day render
avaiable) 15 far greater The mummum contmuous
power available 1s therefore 3,330%363/15 or say
80000 kWe

Turnieg for 2 moment to irmgatien problems the
Sutle) now feeds the Sirhmd canal from headworks
at Rupar, but further extensions on this canal
system are urder conmderaton and m ths
coonection the Bhakra dam project has been drawn
up The dam site 1s near the north eastern pomnt of
the loop , the dam 1tself 18 designed to tmpound 112,000
m c ft of water mith a height of no less than 395
ft  The waters will head up far beyond the gorge
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of the neighbourmg Naut: Khad (the Simla Works)
seemed to show that 20 cusecs could be depended upon
as a mimmum, as the catchment runs up to about
11,000t and snowlieslate With the artificinl storage
reservorr designed there would then have been enough
regulating water m hand to meet any peak load within
the projected plant capacity, although not enough
to supplement the average flow m dry pertods Un-
fortunately the exceptionally dry sprmng of 1921 upset
all calenlations, and for 33 days in Apnl and May the
flow only averaged about 10 cusees Although a
masonry reservorr could ke ¢onstrueted to spread this
flow over any desired load conditions 1t would requive
28m ¢ ft to augment the average supply by a single
cusec over that period The capacity of the Anu
Khad cannot therefore be rated hugher than 10X 1913, 15,
or 1,270 kWs contmuous on flow Nevertheless
the site may be found useful at a later date The project
actually ncluded two reservoirs with an aggregate
capacity of 1273 m ¢ ft Allowmg for sufficient
reserve to meet any peak load at the end of the dry
period this storage would give just over 4 cusees for
such a period of 33 days as has been experienced ,
thus with this large artificial storage the continuous
power would only amount to 1800 kWs
(2) Nangnl project, Sutle) river —When 1t was found
that the Anu Khad (previous entry) could not be
depended upon Colonel Battye turned to the mamn
mver as an altemative The site at Nangal had
been suggested by Mr Nicholson the officer who drew
up the Bhakra Dam project, as a swmtable source of
power for the construction of the dam There 1s
sufficient power for the whole of the 1mmediate needs
of the area within the Sunla hills as well as for the
construction work on the Sutle) River project, and
the latter will, it may be anticipated, be workmg
before the irmgation dam construction begins
Below the dam site, and 1 the great bend of the
Tiver, there are two seres of rapids each with s fall
of about 30 to 40 ft The upper rapids he between
Nangal and Dabkhera {1 m map 53Af7, square 5),
while the tail race from these could feed a plant
at the lower rapids 1if 1t should ever be necessary
Not only 1s 1t mtended to use the upper Nangal
site (here alone referred to) for present needs,
but also 0s a standby plant to the mam project
The scheme 13 therefore drawn up on the basis of a
“ productive work”  The gross hend 1s 37 & but
. the tail waters may mse 8 it and reduce the available
bead to this extent at flood times A canal some
4 1ues long leads from the headworks to the power
etation site The record mmmmum flow 1s 3,330 cusecs
60 that the mimmum contmuous power avaiable 1s
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8,000 k\We for when the head1s reduced there will
be a great excess of water It 1s proposed to mnstal four
2,200 K\Ws sets (I spare) and to run a transmission
Ime from Dabkhera to Kalka and on to Sunla, at 44,000
volts Lventually the transmussion lines and sub-
stations will (with the plant) form part of the mamn
project , but if this does not mature Nangal can stand
up alone

(3) Swiley Rwer Hydro Dlccirie project —This great
scheme was referred to at length n  the Prelimmary
Report, page 96, where 1t was somewhat confused
with the Bhakra Dam wrnigation project which happens
to overlap the power scheme, the two however are
separate and distmet and m no way antagomstic,
m fact the wrmgation project will eventually help the
power scheme It would be unfair to Colonel B ©
Battye, DSO, RE, to do more than semmarize
the conclustons of hus detaled Project Report, which
was submitted to the Punjab Government m June
1921, as the result of 18 months’ special duty The
great loop on the Sutle) where 1t enters the plams
may be seen 1n any Atlas, but 1t can best be studied on
the 1 1 maps 53A/7, 8, 11 and 12 Here the course
of the river was deflected as 1t eut through the foothills,
50 that a great bend oceurs some 42 miles round and
only 5% miles across at the chosen pomt, between
Malbuna (534/11, square 6) and Kurthpur (534/12,
square 1) It 1s proposed to tunnel through the ndge,
which nises to 3,400 ft here, and to develop the greater
part of the fall so obtamed The bed level at the
head works 13 about 1,315 ft while at the 1eturn to
the mver 1t 1s about 92t ft ; but the normal
difference m level between the pond surface at the
tunnel entrance snd the tail water at the site selected
15 363 ft giving & net working head of 324 ft

"the lowest recorded discharge of the Sutle) here,
during the 20 years of record by the Irrigation Branch
15 3,330 cusecs as recorded above (Nangal) The mm
mum flow m & normal year 15 considerably more,
namely about 3,700 cusecs, while the average cold
weather discharge (which storage may some day render
avalable) 1s far greater The mummum contmuons
power available 1s therefore 3,330%x363/16 or say
80,000 kWs

Turning for 2 moment to irmgation problems, the
Sutle) now feeds the Surhind canal from headworks
at Rupar, but further extensions on this canal
system are wurder consderapon and n  this
connection the Bhakra dam project has been drawn
up The dam site 15 near the north eastern pomt of
the loop , the dam 1tself 1s designed to 1mpound 112,000
m ¢ 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 avallable With this increaso
1 view, a pressure tunnel has been designed, as other-
wise not only would this potential head be lost but
the problem of dissipating some 55,000 h p at the
tunnel entrance would have to be faced The great
reservorr will normally be full m August, and 1s 1n
tended to discharge throughout the winter so as to
be emptied by February, thus giving a contmuous
additional discharge of some 6000 or 7,000 cusecs
From the time the reservoir empties till the snows
begmn to melt (in April or May] and augment the nor
mal discharge, this mmmense additional power could
only be made available by a subsidiary storage higher
up stream , there are however sites which have been
examuned roughly, and 1t 18 reckoned that the scheme
can ultimately be developed up to a con
tinuous power of about 240000 LWs when all
storages are laid down
The proposed tunnels are 20 ft m diameter and
9,836 it long They run wto a surge and distri
buting chamber from which b remforced conerete tun
nels 1,810 ft long will lead off to the side of the hills
where they merge into 10 ft steel pipes runnng
down to the power house, a distance of 8,701 ft
This makes a total of 20,350 ft from the tunnel
entrance to the power house The velocities at normal
full load are 106 and 85 ft per second i tunnel
and pipe respectively
Five 16 000 kWs sets are provided in the est
mates, the generating voltage bemng 13200 The
usual governing system 1s provided with i addition
a system of bye passes to take care of both sudden
and gradual changes of load  In fact 25 per cent of the
flow 1s to be continuously bye passed, except at full
load Tiach set has 1ts own 100 kWs exciter
driven by an induction motor and there 13, 1n addition,
a 6th spare exciter set dnven by an mduction motor
and a pelton wheel All heavy switchgear 1s 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 in & buildmg,
but the transformers and E H T switeligear are
embodied 1n an outdoor type steel structure station,
two sets of bus bars bemng provided
Tour banks of transformers are contemplated two
for the Delln trunk and two for the Lahore trunk,
the capacity of each single phase transformer bemng
7,600 hva
There are two mam trunks at 132,000 volts, one
gomg to Delh: (with a epur from Amntsar to Patiala)
and one to Chubarkana—about 30 miles bey ond Lahore
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In addition there are branch limes at 44,000 volts
as follows —
{1) Sonepat to Bhiwan:
(n) Patiala to Dhur and Rajpura
{m) Kalka to Simla
(v) Jullundur to Ludhiana
{v) Amntsar to Tarn Taran
(v1) Lahore to Ferozepore
{(vn) Chuharkana to Lyallpore
All the larger towns covered by this nebwork are to
be tapped by outdoor substations (standardized as far
as possible), the distnbuting voltage bemg 3 300 or
m certamn special cases 6,600 The constant voltage
system has been adopted owing to the length of the
lmes and the size of the load This mnvolves the ms
tallation of about 50,000 kva of synchronous con
densers, divided up between Delhi, Sonepat, Ambala,
Kalka, Jullundur, Amntsar, Lahore, Chuharkana and
Lyallpore
A 250000 circular ] alupunmum steel cable has
been selected for the mam 132 kv lnes, strung on
80 ft steel towers spaced 1,000 ft apart wm the
plams (1¢, when clear of the Siwallk rangs) Tweo
circurts are provided one on ech mde of the tower,
the 3 phases being spaced vertically one above tho
other The 44 kv towers aie 50 ft lugh with an
average spacmg of 500 ft , the cable sizes vary with
each spur
Wath regard to the demand for power i the province
a census has been made which shows that there are
some 22000 ks actually 1 existence (1919)
m the area covered by the project Data for rate of
growth have been obtamed from all over India and
collated and a reasonable yearly mcrease 1 demand
arnived at  The net result of the mnvestigation shows
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 LWs
in about the year 1942 assuming 1929 to be the first
year of operation
The rates to be charged for poner are on a shdmg
scale and vary from 65 to 100 anna per umt for all
consumers tihing more than 20 kWs the larger
consmners of course paying less Provision 13 made
for the comersion of factortes to electnc drve by
the promoters of the scheme, the cost bemg recovered
i a few years by means of a small conversion tanff
The <cheme when completed, 15 expected to cost about
9} crores and to pay about 9 per cent i the 14th
year of operatron
91 Punjab, canal falls —A full hist of the canal
fallsn the Punjab was ginen in the Prel Report,
page 97, and 1t 15 unnccessary to reprat
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every case penadic closures for mspection and repaare
are mde when possible and emergent closures whey
necessary, but for the purpo es of this repart the
closure may begnored The followmg summary shows
what power 1s avalable on normsl (not mmmum)
discharges

Tasin 3o —~Punjab , canal fails

e of

- falls Railossatts

Upper Juelura Canal . 3000
wor 200
Upper Chensb 11000
Lovner €00
Upper Batr Daab (Ravij Lanal 41 000
Lowcr N 4 400
Birhin t Lanial {Sutles) 25 600
Western Jummna Cand 700
Torst §1 200

On mugymun flow this way be reduced to 40 800 M s
Tour falls, wmcluded 1n the above summary are thosu
earmatkel by the Punjab Hydrs Blectric and Indus
tries Development Assocsation as noted under the
head of ‘plants umler construction {para 75}
Should the Woolay Lake batrage i hashmr be buslt
the present = <tem of rotatimal closutes between the
two Jhelum canals will be much modihed
A grant for development of the falls of the Upper
Bani Doab Canal where it takes off from the Ravi at
Madhupur, has been applied for by the Subera Hydro~
Llectne and Agneultural Development Association
an older concessson to Sir Thomas Higham and others
for the some falls has japsed  Theve 13 & fall of 100
ft an £ 6 mules 140 £t s T mules 75 Mt m 0}
nules, and 200 ft n 13 miles The mummum re
corded flow 18 1,300 cusecs while much more water 15
generally ranming By constructing a spectal power
channel, and not usimg the mam hne at all, contuntous
power ean be practically assured
8w Thomas Ward, late Imspector General of Irz
gatwon, suggested further possibibities on the Western
Jumne Caaal, m connection with the rebutlding of the
level crossng at Dadupur  As 2t present designed
there are two falls not far below the regulator, and 1t
would not be difficult to get 7 £t head with 2 general
mumun flow of 2,000 cusecs and 1,200 absolute
1f any storage sites should be found hugher up a further
canl could be constructed at 2 hugher lovel and hift
unigation could be worked from the fall referred to
fhers would always be some 900 L Vs avalable
Mr L & Yandley, Dxecutne Igineer, alse made
ome useful suggestions regardmg these canals sand
possible k of falls cspecially for sub-soil
pumping sud bt wngstion So far the tubs well
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expenmental work near Amritsar has been hept on
so small 8 scale that s full possitahities can hardly
b gauged

92 Siklam, sites examined —ln the Preh
mnnry Report, page 87, Messrs Bum & Co  Siklam
project the Tagihip scheme was erroncously entered as
“under construetton”” No construction has in fact
been begun ss yet The project howeser has heen
imvestigated  The smte 15 at Lagylap Pass, east of
Gangtok, at 2 high elevation near the <aow hae, and
not far from the dnade The project ntilizes & peren
nial tnbutars of the Tista, flowmg from a snow fed
lake which can be dammed 4s a regulator The site
s netr a gap m the water partng, through nhich a
divergion ean be made  With an open channe! a steep
fall of 2000 ft can be obtamed mto the Roro Chu
or Tahsonche Nala  The site 13 capable of gving
5000 hVs continwously st a sery low cost—about
o anna per wut on full development

93 Umted Provinces, sites exammed ~Before
proceeding on Jesve Mr I M Lyle, Execuine Tn
gmeer 1 charge of the Survey, submitted a prehminary
note on the season’s mvestigations, 1920 21 The work
44 simee been carmed on by R+ Salib Shanker Das
The 1arious sites exammed are summanzed m the fol
lowing table after which abstracts of the reconnaissance
reports are gen m alphabetical order

The results of the reconnatssence of the Ganges and
its tributaries m the Humalayap area 1s grvenim eonst
derable detail  The Sarda-Kal Darma Gon tract s
much wotse off for communications, and muck more
dafficult of access than the Garhwal Rivers and Westerr
Almora  the latter are on pilgnm routes

Rewah offers great possibilities Mr ¥ E Bull lately
Clnef Engmeer imspected the varous falls on the Tons
group and was much mmpressed by ther possibiities
He pomnted out however that m sl these Rewah mtes
the questton of carry over for deficient sewsons will
require caveful handhng So far the * bund” has
gencrally been proportioned to xmpound the average
caleslated yun off  If so buwll, a considerable volume
would have to be hept m reserve untl regmred m 2
deficient senson or series of o defiewnt seasons Al
terpatively, the storage could be increased by the
amount of the carry over required, seemg that the
excess would be obtamable as often as not , ths alter
native however will probably prove less favourabls
financally than the first one In all theee Rewah
projects, finding sufficient earth will be a difhoulty,
Mr Bull further remarks * In this matter we are
hampered by want of real knonledge sbout the rnn
off from 8ny gven ramfall, and conmdermg thay
the mmount of power to be snticipated s from 50,000
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(1) Bught {Baghawm) Nadi 1rbuler) of Jumna —
This ste 12 10 miles south of Kalinyar Fort (map
63 C/8) 21 mles North east of Panna, and } mle
porth west of the deserted village of Kudahpur on
map 63 Df9, 13 1t 15 115 mules from Cawnpore
There are two natural falls close together mahing up
with rapids & gross head of 480 1t of which about
430 ft could be utshzed (Anermd levels) The Nadi
dries up by April, so storage would be the basis of the
project  The catchment area 15 110 square mles and
the ramfall station nesrest 13 ot Panna The dry
weather fall {8 months) average 5 nches and {alls to
19 mch ounimum  for the monsoon 1t averages 17
snches and falls to 201 mches mmnmum  The Mighest
fall 1n one day 1 344 nches on 8th August 1919
The estimated ranoff 19 5160 m ¢ ft average snd
2,600 m ¢ ft mumum 6 13 proposed to muke &
long earthen bund 3 miles by 60 ft hgh a furlong
or so above the upper fall with a flank escape on the
left bank The capacity wounld be 3600 m ¢ 1t
whieh would generally be obtamed The subroerged
land s mostly jungle but there are 2 or 3 villages 1 1t
No open channel 13 necessary & pipe hme 3 mile (%)
long would lvad directly to the power house <ite abous

1 mule north west of the upper fall (A forebay site
18 mentioned, but 1% 1s not clear how 1t would be fed
m the absence of an open channel or a longer pipe)
The tail race water conld he used for wngation lower
down mn the Banda distnct  The site 18 estimated to
give 90x430/15 or 2600 kWs contmmously and
appears to bo a very promisig one m view of sts com
bined power and rrigation poss:bilitzes

{2) Balher Nads, tnbwary of Belan and Ganges, Mirea
pur District —Sea Prelumnary Report, page 100, and
Becond Report, page 70 This very promising scheme
has now been surveyed, and estimates are under pre-
parstion.  The natural falt of 79 {t can be brought
up to 155 £6 , & 13 1 mde south of Siest willage, on
map 63 L9, and about 5 miles from the junction with
the Belan The stream dnes up m the hot weather

Tho rawmfall at Robertsgan show an average fall m the

8 dry months of 8} wches with a mimmum of 1 6 nch

In the 4 wet months the average 1s 30} inches and the

rummum 27} wmehes  The highest fall m one day was

8 69 mches on 21st June 1911

Catchment 13 220 square miles and a run off of 5 870

m ¢ ft 15expected on the average, mth & mmmum

of 4080 m ¢ ft A storage mte has been surveyed

$ mile above the fall, where an exrthen bund 2 mules
long and 63 ft ligh witha flank scape will mpound

S8Om ¢ f& mth 8 waterspread of 12 square miles

Ten villages and o good desl of agricultural Jand swould

bo submerged  From the reservour » pipe line 4,000
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& long nould lead to 4 power house smte 2000 ft
bulow the fall By maling an open channel 3 mile
long the pipe could be reduced to 3 mile with a loss
of 23 ft of head The solution appears to be a hght
closed pipe leading to a surge tower The cost of the
storage will be ubout Bs 303 perm ¢ ft, whih 15
cheap The stored water would also be valuable for
the Belan canal so the whele cost would nat faH on the
pawer scheme  Alwzapur 1s 25 miles off and has con
siderable power demard The power avalsble s
158 X 195/16 or say 1,600 kWs contimuons The
Kanchwa and Khabhwa Nadis within 10 miles could
possibly supplement this source

(3} Beckar Ruer, tnbutary of Tons, Rewal State —
This 1s mentioned 1n connection with the Tons Project
(q v below) m the Second Report page 81  There 1s
o natural fnll of 367 ft or 380 & n all about § mile
north-east of Chachsr village, and pot far from the
Tous fall {map 63 H/1, 5) In the Prehmiary Report
this fall was attributed to the Tons There 15 a small
pereamal flow, and 14 cusees were found so late as the
16th May 1920 The catchment i1s 639 square miles
The ramfall 2t Rewah, m the catchment, averages 37
mohes i the § dry months bat drops te nr? oecastonally
In the monsoon the average s 373 wches and the
mmmmom 24} mches A run off of 17,800 m ¢ ft
average and 11800 m ¢ ft puowmaum 1 estimated
An earthen bund 4 miles long and 63 ft 1 hergyht,
with @ flank eseape, just above the fall, would m
pound 15,200 m ¢ {6t Good land mth 40 vilfages
would have to be submerged An open channel 1
mle long on the lett bank would lead to the forebay,
which would probably be common to this and the Tons
development 'The pipe hne would be 600 ft
fong and the site 15 capable of gving 440X 380/15 or
11,000 LWs contmuously The distance to Cawn-
pore 13 150 miley and to Allshabad 60 nules  Project
estunates are under preparation

(4) Belan River, trabutary of Tons, Blarznpur Distric
-—The Prelumnary Report {page 100} held out prospects
of small power hete while the Second Repart (page 79)
raised the estimate but pomted out difficulties m the
way of submerged land A survey has now been made
Phere 1s & natural fall {ald Kote waterfall} of 49 ft
cipable of extension to 125 ft. abous 1} mle south
of Mukba (Makha) village on map 63L/10, reached
from Marzapote  The niver drtes up n May and carries
sery httle flow even m March  The catchment w
308 square miles and the ramfall records at Robetts
gany {see Bakher Nadt entry) hold good The run
off 1s estimated as 8,200 m ¢ ft average snd & 700
m ¢ I mmumum  An earthen bund 1 mile long
and 101} £ tugh about a fuslong above the fall would
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ympound 8,200 m ¢ ft with a waterspread of 22}
square miles As stated m earher reports, the sub
merged land 1s mostly good agrcultural, contamng
22 willages Two mles 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 be at the junction with the Bisam Nala and
would require to be cut out of rocky ground The
power avalsble 18 217x125(15 or 1,800 LkWs
contimuous
As stated 1n the Second Report (loc cit ) 2 fall of 300
feet could be obtammed mto the Son River, but 1t would
be an expensive development, this however requires
to be léoked mto further
(5) Chakla Nala trbulary of Bagly (Baghaan) Nads
and of Jumna —This site 15 1eached from Panna and
15 a mile north east of Jhanda village on Map 63 D
There 15 & natural fall of 190 ft and a total fall of
245 ft with rapids as found by aneroid  The eatch
ment area 15 25 square miles of steep, rocky country
and the ranfall 13 as grven under the Bagh: Nala above
The estimated run off 13 1450 m ¢ ft average and
580 m ¢ ft mmumum A bund or dam 1} mile
long and 80 ft lugh 18 proposed just above the fall,
earth 1s not plentaful, and 16 1s doubtful if the project
could bear the cost of a masonry dam The capacity
15950m ¢ ft, whichat s believed could be depended
upon The submerged area 1s all waste land A pipe
hine 1 mile long would lead from the reservorr to the
power house close below the fall Tt 1s believed that
36Q kWa could be obtamed contmuously
(6) Chandraprabe Ruer, tributary of haramnase
and Ganges, Benares State —This was mentioned in
the Prehminary Report page 100 and further infor
mation was given m the Second Report, page 79 The
mite has been surveyed and estimates are under pre
paration  The site 1s reached from Benares (36 mules)
and 1s on map 63 P/1 about 6 furlongs from Dhusaria
(Dhoosoorea) village  There are two natural falls
apgregating 238 6 close together which with rapids
will give 390 ft altogether by leveling The nver
dries up m Apnl or May gaugings are beng made
at other seasons The catchment area 1s 109 square
nules, of which only 2 part 13 1 the hills  The rainfall
records (30 years) at Robertsganm), just outside the
catchment, are given under the Bakher Nadi above
1he probablo run off 1s known fairly accurately and 13
taken 08 3,814 m ¢ ft averageand 2,629 m c ft
mmmum A mamn storage reservorr 18 proposed
about 1 mule above the upper fall, using an earthen
bund 5000 ft long and 80 ft high, with flank and
naddle escape  The capacity 19 3,814 m ¢ ft with a
wateraprenu of 6} square mles, and this will be filled
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almost every year
jungle, —++ ¥

Some 3

mcludic '

mgs The forebay site 13 1} mule below the lower or
Rajdan fall, and provides sufficient regulating storage
to save waste There are difficulties over making a
power station stte 1f the shortest length of pipe line
(1000 £t ) 15 used , but as 3,000 it of pipe are e

quired to reach a good natural site the money would
probably be better spent on excavation work A 4

mnch to the mmle map has been prepared, showing
the headworks stte channel alignment, forebay and
power house sites  The power available 15 105X 390/15
=2730 kWs contmmous A cost of shout
Rs 1,000 per kilowatt 1s {orecasted, but on commer

cal load factors 1t will of course be far less The
scheme 1s a very promsing one, especially i connec

tion with the Karamnasa (¢ v)

(7) Chaprer Nala tributary of hen Ruer, Panna
State —This small nala, 16 mles south west of Panna
City (map 63D/2) has a natural waterfall of about
216 it and, with rapids, can be developed (including
draft head) for 250 ft head, by aneroid determma-
tion  The nala runs dry mn March so development
could only be by storage The catchment area at
the fall 13 15 square mules only  The ramnfall at Papna
(9 mles distant) 1s given above under the Baghh River
The run off 15 estimated to average 696 m ¢ It
with a mmmum of 278 m ¢ ft It 1s proposed
to stote 480 m ¢ ft and this can be depended upon
to fill practically every year The storage site 1s
abont 300 ft above the fall and 7 miles south west
of Baraur Here a 50 ft bund about 1 mule 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 good forebay site
exsts but if this were used there would be some loss
of head, while water will also be wasted It will clearly
be preferable to take a pipe from the reservoir direct,
usmg a surge pipe at the forebay site whence a pressure
pipe about } mile long leads to the power station site
1 mile from the fall By means of a draft tube the
whole fall could be used, though the power station
would be 20 ft above bed level The continnous
power available on the storage alone 13 11X240/16
or 176 LWz only This 13 hardly to be worth
development but if small power were needed 1t would
appear to be Likely to be moderate m eost [The
remarhs as to ramfall and (in proportion to catchment
arca) run off, and the method of development would
be the same for the Kemaun, Kuria and Patar Nalas
entered below.}

The submerged land 1s mostly
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(8) Ganges Ruter, wn Himalayan area, with tte trt
butaries the Bhaquraths and the Alaknanda, the latter
ancluding the Vishmgange and Dhauligenga —The
following extracts are from Mr Ljle’s mspection note
of 4th March 1921 relating to Ius reconnasssance m
November nd December 1920 —

“ The object of this mspection was to gamn 1 general
1dea at first hand of the general conditions of ths tract
of Gazhwal and to <ee sf there were sny really obvious
sites for developing hidro electrie pover on a large
scole It 19 useless gomng nto detail in small schemes
until we have a general idea as to the mun passibilities
of the larger nvers

There 1s no nse m describing m any great detail
the valleys at mnumerable pomts My object m this
repart 1s to give the mam aspects of the river with
a View 1o power development and I shall state theee
as brefly as pessible

The whole Gtapges valley 13 rather disappomnting

s respect of power possbihittes  The volume of water
18 undoubtedly lrge but the formation of the valley
15 on the whole unsmtable The valleys are narrow
n the stretches that have a flat slope and where the
valley Iooks fawrly wide and likely to gy e useful storage
the bed slope 18 50 great that no considerable length of
reservoir would be possible without an enormously
high dam  The guestion of impounding water scems
therefore mmpracticable In the second place the
valley sades!n reasonably sccessible loealities are not
sufficiently canyon ke noristhe ock generally sufi
crently sound to allow of the construction of high dams
for the strught forward purpose of constructing artificial
{alls to gne the requsite bend for power In the
third place the valley wides are too steep and unstable
as o rule m such tracts ss have o fmr bed slope to en
able the water to be extricted from the nver and be
carnied along the hiluide 1 a canal or flume 1 order
to accurulate sufficrent head

© Where high dams are beng considered with 2 view

o Btorage it must be Temembered that these would gene-

xally entail the submersion of o large proportion of

cultrvated land as where the lllsde 13 at all flattened
out the villagers have taken advantage of this te con
striet thewr terraced fields  Esery sersp of such ground

1 most valnable 1 Garhsval, where the proportion of

cnltursble land s so small, and more especially as

these low lying patches of cnltsvation are generally
the most frmtful as they can often be 1mgated from
either the maan river or a subsidiary stream  Garkwal

13 vary subject to fammne snd the lessenmng of the

cultivated sren would be o serious matier On the

other hand the very fact that w18 &0 hable to famine

13 a cogent argument for the development of sny
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Tocal imdustmes that 1t mght be possible to foster by
the supply of cheap power  The radway that s
projeeted from Rikukesh Road to Karnprayag would be
an 1mmense advance i many ways and the posaihty
of this bemg constructed m the near future was borne
ir mind m these wnvestigations Kamprayag m 116
miles from Hardwar by the pilgnm route {to Badn
nath} and 1t 19 just within this stretch of mver that
power, € avulible cheaply would be within trans
mattable distance of the plams along an abgnment
that nould be easntly accessible for erection and mam
tenance

“ The Ganges River proper only estends up to Deo
pravag where 1t is formed from the confluence of the
Alaknonda =nd Bhagrathr Ravers The former of
these 5 the mawmn stream and n contimuance of the
Ganges forms the boundary between Brtish Garhwal
and the Native State of Tehrni Garhwal The Alak
nanda extends right up to Vishnuprayag near Josh
math where 3t in turn 1s formed by the junction of the
Vishnuganga and Dhauhgangs Rovrs  The former
comes from Badrnath and the latter from the Nits
Valley Up to Karnprayag i what mught be termed
the accesable’ portion of the CGanges system the
slope of the bed ranges from about 10 ft o mle to
20 fy amle The surseyors of the Hardwar-Karn
prayag Rulnay found that the average <lope m this
resch was 1t 1t 2 mile which agrees very closely
with my barometer obsersatons Above tius the
river has » steadily increasmg bed slope, soon develop
g nte 30 ft and eventually towards Badnnath
300 ft a mile The maumn valley has the appearance
of a trough scoured out by a strong veloaty of water,
which would necessitate a rapid bed slepe The bed
of the rver 15 also a9 a rule down on sohd rock T as
possible that in recent times speaking geologieally
the lower or outer end of the valley has been graduaily
raised untdl the bed slope has been flattened out to its
present state Tt wall thus be understood that the
vy portion in which 1t 15 most desirable to have facs
hities for development of power 15 just the portion m
which the natural conditrons are most unfavourable
Higher up there 12 much more power, if we think of
pover as a product of °volume’ and ‘gravity,’
though the difficulties of uwhlizng 1t even bere are
alro great owmng to the narrowness of the valley and
the steepness of the hillndes

“ Conmdering the ‘ accessible” portion of the mer,
1t 15 evident that apy project for power must be de
pendent on an artsfical fall which means the constrne
tion of a masonty dam  The nctual construction of
such 2 dom wonld emtad ma the wost trowblesome
feature tha temporary dn ersion of the rver, m order to






108

tunnel could probably be made through the rock m
the mght bank, though st would have to be on a curve
“ AU the dueersion tunnels suggested mn the e <chemes
coul? be finally utilived as shuces to help an the con
trol of floods Bemg ab 2 low level they would hue
the effect of heeping silt from depositing near the dam
In the Koteswar scheme 1t 1mght be posstble to male
a setthing tank on top of the present saddle on the left
bank by controling the flood level by means of heavy
sluemg through the dam at vamous heights (this
bewng necessitated by the narrowness of the dam),
but m the Kothbhel scheme there does not appear to
be a good site for a setthng tank The mlt laden
water m the hot weather and rams will miohve prob
lems of this sort though a certamn smount of clan
fication should take place m the reservows themselves
“ There are no other eites on the Ganges that should
T think be considered at present
* The nvers flowing into the mam central valley,
while of smaller volums have conmiderably greater bed
slopes Thus the Bluagmatis has a slope of ~bout 36
ft a mle above the yunetion et Deoprayag The
Mandahuns has o slope of about 70 £t & mile above the
junction at Rudraprayag With the exception of the
Bhagirathi, which has not been exammed for more than
3 mules above Deoprayag and which 1s wholly m the
Native State of Tehr: Gurhwal none of these other
streams seem smitable for power development os they are
maccessible at present and have not, so far as was seen
any very switable sies  If however it were desed
to buld & number of comparatively small power
stations at scattered mtes I thinh that the smaller
side streams would be much more cheaply developed
than would be possible by endeavourning to take fumes
off the mam mers For example, the Patalganga
and the nala at Helwmg village two miles above Gulab-
Lots, would be easily developed The latter 1s 4 small
stream carrymg abont 10 cusees . December, and
never carrymg less d to local whalatant
It has 3 very steep fall mnto the Alalnanda, and the
site 13 very favourible for development were 1t not
so remote (I57 mules from Hardwar) A head of
1,100 ft con be obtamed, using a flume of about half
o mile and o pipehino of about 1500 ft  The power
would be about 1,600 ¢ k p There 18 & very good
site for a settling tank and forebay at the head of the
pipe hne, and 4 first class ste for the power honse
100 {6 sbove the mver This 1s o rather favourable
sample of what these smaller streams are capable.
Unforbunately most of them are m remote localibres
Those swhich are m more accessible places have nothing
hike the same amount of head avadable, comhuned
with a farly fasourable discharge

WATER POWER RESOUPLTS
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“Tn prssng 3 might be mentioned that there 1
one spot on the Ganges where the nver widens oup
considerably This 13 at the town of Stnagar, where
the valley 1s about a mile wide for o dstance of 3 mles
It would he mposwble to smpound water here to any
great height without submerging a lot of very valuable
lond and endwngenng the town Much damage
was done here by the great flood from the Gobna lake
10 1894, and the town vas largely rebuilt at & hgher
leve! than the onginal one, which suffered so muck
from the flood

¢ The Gohna lake iteelf was examined 1 December
with the double object of seeiny  power could be
ohtauned and also if the water could be utihzed m the
months of low discharge m the Ganges to augment
the supply fer canal wngation A special note has
been written about this and submitted <eparately to
the Chief Engineer as deswred by lim  (See Gohna
Lake) I¢ 1 sufficient to say here that the prospect
of utthzimg 1t m ether direction does not appear to
be very promusiug

“In all projects for development of the Ganges,
and w fact of all these Himalayan rivers of the Unmited
Provinces special attentron must be pad to the pos-
sthubty of floods on a scale comparable with that
roused by the Golna Inhe disaster in 1804 when the
flood rose to enormous heights and did immense damage
although 1t had been foreseen and elaborately prepared
for dunng the previous 12 months  Any obstructions
m the niver 1 the nature of dims must be able to with
stand such heavy action snd works such ns fumes
and pover hoses must be well protected  In ordmary
yeuwrs the mver mses about 30 {4 to 40 it m the nar
row valleys 1a flaod tune, and the Gohna flood rese m
places 1 the Alalmanda valley as mueh as 200 ft
At Deoprayag it xose 70 ft and at Byansghat 80 ft
above ordwmary B F % There are places shere the
hillide vmght shp abt any moment and cause o
sumlar catastrophe

* Befors pasaing on T would remark that the hopes
entertamed from a previous study of the map that 2
tunpel through the Ing loop of 4 miles of niver length
at Byansghat, where the Nayar River joms the mamn
stream, were nob realized as the fall accumulated by
the slope of the mver 1s too small ta be of use”

It will be seen from the shove note that the Ganges
and its tmbutaries canmot essily be developed on
ordinary hnes, and within reach of the plams The
whole note shaws that m order to render development
practicable flood pegulation 15 essential m the Bhagiratht
and the Alaknands or m both  Tlus would be of the
uimosy value for the wngation camals also Bub it
1s entirely impracticable on eny ordinery hines of
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masonry dams The only possible method appears
to be that suggested m para 33 of this Report  Mr,
Lyle’s note mdicates some places where he contem
plated the possibility of diverting the waters through
a tunnel during the construction of a masonry dam,
this however would leave the mam problem untouched
The flood waters would pass at an unknown height
over such a dam, and there would be no head at such
times It would be absurd to wnte of the Ganges
as having no available power for the reason that pre
sent methods of developmg that power are uscless
If the floods could be regulated n the manner suggested
the whole course of the rivers could be harnessed by
hfting dams, and one such lake would suffice for the
whole stretch up to the meeting of the next great
mver The “ accessible” part of the Alahnanda 1
taken as that up to Karnprayag, where the Pindar
River comes m
The, gives
(1) Some 15 miles from Karnprayag to Rudra
prayag with 2,000 cusecs mummum
(1) Some 31 miles from Rudraprayag to Deva
prayag with 3,000 cusecs mmimum
If, however, full scale flood regulation were possible,
without which these discharges will remam for ever
unharnessed, the mmmum 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 avaiable in
that stretch 18 2,000x300/15 or 40,000 AWs on
the mmimum flow  If the slope of (1) 15 10 f6 a mile
the power i the lower stretch 1s 3,000x310/15 or
60,000 LWs  The last 20 miles of the Bhagirats,
before 1t joms the Alaknanda, m the like conditions
of regulation may safely be assessed at 2,000X 300/15
or 40,000 LWs  There 1s therefore available,
on mmimum flow, and above the sacred junction where
the Ganges begins, & clear 140,000 kWs of conti-
nuous power

(9) Gokna Lake, Garkual District —The following
18 Mr Lyle's inspection note, dated December 19"0
of this lake, wtide * Gaunn Lake” 1o I’rchmmnry
Report, page 101 —

*1 visited the lake on the 17th December having
arnved at Gohna village the evening before Ia"am
visited the lake and :ts surrou.udmr's on the morning
of the 18th, and left that day, tm\cllm" down the
Birch1 Ganga bed taking levels with my  anerowd
barometer

“ As far as could be accertained from the District
Lngineer of Garhwal, there are no obscrvations made
or records hept by the local authontics of the state of
the shp each year, nor 1s any attempt made to a cer-
tam 1t what cate the tahe i filhing up or how mueh the
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surface level alters after Leavy floods There 1s also
no information about discharges

“As a full deseniption of the listory of the slip,
which occurred m the monsoon of 1893, 13 recorded
m the special ‘Narrative Report’ by the Supern
tending Engineer, Second Circle, Provincial Works,
Untted Provinces, dated 14th November 1894, 1t 15
unnecessary to go mto this agam

“The level of the lake surface 13 approximately
R L 5500 The lako 1s now about 1} mile long and
} mile broad The volume of water 1mpounded after
the burstng of the dam 1 1894 was approxmately
1,800 m ¢ ft, and I estimate roughly that
1t contams about 1,000 m ¢ ft now It appears
to be rapidly silting up from the top end, and as there
18 o large catchment behind 1t there must also be a
considerable amount of the finer silt carmed well mto
the body of the lake I had no means of taking sonnd-
mgs to test this

“ The discharge from the lower end of the lake was
ahout 100 cusecs, but accurate gauging 13 difficult ag
the bed of the outfall 1s so uneven and the flow 13 50
turbulent

“ The slope of the river bed was ongmally about
250 ft per mile according to the record mn the flood
report It 1s now about 500 ft per mule for the first
two miles and thereafter flattens out Thisis due
to the fact that the debrig from the dam was washed
down the rver bed for many mules, resultng na very™
large deposit of boulders and shingle m the valley
The river 1s now cutting 1nto this and appears to havo
eroded out 1ts new bed to a depth of about 25 f¢
opposite Gohna wvillage  The deposit must still bo g
considerable depth

“* Although there was about 100 cusces flowmg
over the outfall of the lake I gauged 1t as about 10
cusecs some 4 mules lower down  This 13 expluned
by the fact that the water sinhs into the thiek depost
of detritus n the bed Lower down the volume again
mereases and eventually becomes about 150 cusecy
where 1t empties mnto the Alahnanda

*“As will have been understood from the foregomy
there 1s nothing like o defined dam in the rver aq
looked at from the downstreim side Irom the ¢n]
of the lake the river bed suuply slopes steeply away
over the brond shingle strewn valley, though for the
first half nule 1t 15 runming between the sloping sidvy
of the ongmal breach

“ On account of the enormous amount of debns stil]
downstream of the lake 1t <ccmns te me ampracticabls

to thunk of tannelling a duct out of the lake °  the
purpose of utthzing the witer for arm.ati 3
such tunudd vould have to bo o don th '
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hulluide on the lelt or south bank of the mver andit
would be a long tunnel—at feast & mile—and the ques
tion as to whether the rock would be smitable would have
to be carefully considered  Personally I thinh makmng
a tunnel m this unstable matenal which 1 lymg at a
very high angle of dip would be a dangerous proceed
mng n the first mstance and its upheep if successfully
completed would be an expensive stern
Further the question of ramsng the dam agam
m order to mpound more water scems to me also
umpractieable  There 13 nothing solid to found 1 dam
on and fillmg the present wide breach with shingle or
sumlar matertal would not be satisfactory nor, 1 think
{eanble
Thers 15 also no apparent prospect of utshang the
lake for the hydro electnc power The reasons will
be obvious from the foregowg deseniption  Owing to
the steep snd unstable nature of the hillaides a flume
would not be possible and a tunnel would alse be
too nisky  The head avalable 35 also pot so great as
would have been the exse 1f the nver dawnstream had
not been so much filled up with the debns of the dam
washed down m the flood of 1894
As 2 means of obtammg mformation about the
rate of mlting up of such lakes and of cognate matters
such as the Ifc of the boulder dam formed by the shp
I think that yearly observations of the lile level after
the ramms dings taken &y tically every § years
orso and general ohsersations on the state of the dam
and m er below might with great advantage to Govern
ment be mamntamed by some one such as the Distriet
Engineer Monthly duscharges would also be useful
Tt will bo seen that Mr Lyle here considers the pos
sibility of tunneling the loke and of ramsmg the old
landship dam and & both a8 smpracticable It
may be so 1 this mstance but nevertheless the sugges
tions on the subject made 1 paragraph 33* of this Re
port ate + orth serions consideration
(10) Goorma Rewer inbutary of Belan and Ganges
Rewak Stale —Ses Second Report page &0 There
18 % waterfall of 403 ft which can be mcreased to
650 {t 3 mile porth of Belonh: vallage on map 63 Lf1
2 fen mules from Maugany The stream dres up in
Apnl and has httle discharge w dry weather The
catchment 1s 120 square miles The rain fall tecords
ot Mavgny show a dry weather fall (8 months) of
5 nches aserage and 1 mch munmmum  The normal
fall 12 391 1ches in the monsoon falling to 24 mches
mmptmue whale 6} inches have fallen 1n one day (24th
June 1916} It s estimated that the run off will e
3310 m ¢ ft average and 2230 m. ¢ ¢ runimum

T8 propoals i 1t ¥a 33 were formalated before 3Mr L e s report.
wasvee sed o) Mo hotibedsto and firstjary ong 10y
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About § mile above the fall an earthen bund 2 mules
long and 63 ft hugh, with flank escapo on left bank
will mupound 3140 m ¢ ft  Some good land with
10 villages would be submerged A channel 3} mules
long wm difficult ground leads to the forebay site  The
upe hime would be § mile long and the power house
would be 2 mules below the fall  The ground has been
portly surveyed  The povwer available 1s estimated at
80X 650/156 or 3500 1Ws continuous Cawnpore 13
160 mules cistant The scheme 15 a decdedly
promsing one

(11) Gumir Ruer inbulary of Sarda —Mr Lyle
reports a possible reservoir site on this river near
Baynath which will be gxamined  No mformation i
at present avalable bub the remarks on the Ganges
may be read Gavgmgs m the plamns near Sitapur
after junction with vartous tnbutares showed ~

15 Apr 1181y 294 cusces
15 May 14

7 June 163

The munmmum 1n the hills wall be far less

(12) Jumna Ruer —The agreement granting the
nght to develop this nver to the United Provinces
Power Assoctation 1s still m force but nothing what
ever has been done towards development Govern
ment 13 now looking to the projects independently
They wmvohe short crrcuiting two bends at Jalenta
{upper) and Buakar (lower) respectn ely {map 53 F/14)
At the Jalanta site there 35 a double loop to utilize
which too short tunnels would be dmen through the
spur gvmg a fall from B L 2362 to 2 194 or 168 ft
gross  The Bmahar site has a single loop mvohving
& 2 miles tunnel gving s fall from R L 1933 to 1698
or 265 1t Part of the land 15 m Tehn State which
13 a party to the ag The ded
discharge of the Jumna at Paonta 13 2264 cusecs
and the maximum 800000 cusees At these ates
higher up however the munumum 18 rechoned at 750
cusecs The above heads do net mclude any exira
recerved from the diversion weir this would certamly
more than compensate for losses and mght greatly
merese the head The promoters rechon 6 obtam
20000 1We at DBwahar and 90600 k¥We at
Jalanta or 25000 kWs i all On the bawus of
contmuous power the sties may be assessed at 13 000
and 8000 KW+ or 21 000 m all

Fusther power from hiting dams 15 unquestienably
capable of development  In the thsence of nformation
1t seems probable that of the foll from about 1500
£ (below the two loops referred to above) to the
canal headvorks not less than 400 {6 could be ubr
Sied by means of hiting dams gnang an additional ©
20000 LY contnuous
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(13) Karamnasa Buer, tributary of Ganges, Benares
State —This was favourably mentioned, and m some
detail, on page 101 of the Prehminary Report, the
Second Report, page 79, showed it 1 an even better
light Tt has now been surveyed in some detail, and
project estimates are bemg prepared There are two
separate natural waterfalls 63 mules apart so that 1t
will clearly be better to develop them separately, the
upper or Deodar: fall 13 5 furlongs south east of Aun
1atand village on square 5 of 1inch map 63 P/5,
Just abore the Junction of the Gurwat Nala and 1ts
many branches, while the lower or Chandpattiar fall
1s 13 mle east of Pandi on <quare 4 of that map

(1) Upper fall —The Deodam fall 1s 176 ft which
can be made up to 230 ft with rapids Storage will
be necessary, as the river practically dries up in March
There would eventually be two reservoirs, one at the
falls with a catchment of 350 square miles total and
50 square miles when the upper reservoir 1s constructed,
and the other at Naugarh 7 miles higher up with a
catchment of 300 square mrles The rainfall at Roberts
gan) 1s as g en for the Balher Nadi above, but a gauge
18 now fixed at Naugarh also The available run off at
Deodan 1s estimated to be 8 440 m ¢ feet average and
5,230 m ¢ ft mmmum of this 6 680 and 4 070 m ¢
it respectively would be above the Naugarh reseryvoir
The above figures are nett after deducting the

q ts of the Ghaghar canal (3900 m ¢
it} The Deodan carthen bund will be 15600 ft
long and 69 ft high and will hold 1763 m ¢ it ,
Naugarh 14 300 ft 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
cscapes at Deodar and a flank escape at Naugarh
Some good land and s\ villages would be submerged
Trom the Deodar: reservorr 3,000 ft of remforced
concrete pipe would run on a gentle slope to a surge
tower, where pressurc pipes 1,500 ft (¢) long would
lead to the power house, on the left bank, near the

Junction with the Gurwat Nad: The tail waters would

carry on to the lower site and would cventually be

invaluable ‘for rngation both 1n Benares Stite and 1n

Bihar and Onwsa  The Benares Darbir 1s anvious

that this site shall be developed as it 1s within ey

reach of the City and its industrial needs  The power

asulible 13 estunated to be 228X 232/15 or 3500

KWs<  contmuous 50 that ther are great osslitiss

for this combined power and 1rngation project

(n) Lower fall —The Chandpattiar fall 1s 113 £t and
with its rapids 170 ft It would niturally only be
developud after the upper site, the regulated discharge
of which would feed it The water would be taken off
by a pick up werr on the lelt bauk mto an open chanvel
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2 mules long 1nvolving some bridging and tunnellmg
up to a forebay 2 miles below the fall The regulat-
mg capacity of the forebay would be sufficent A
pipe line of 1,000 ft would lead to the power
house site The power avalable, when the upper
site reservowrs are made, will be 225x170/15 or
2500 kWs continuous  Between the two sites the
district should be able to get most of the power
required for some time to come

(14) Karnauats Nady, irbutary of Awghal N and
Gages—A small scheme 15 posstble on thrs Nad,
which bas a natural fall (called Tanda Darr) and
rapids amounting to 133 f6 a mmle south of Tanrh
village on map 63Kf12 16 The catchment 1s
27 square miles and 1t 15 believed that a run off
(based on Robertsgan] ramfall—see Bakher Nadi)
of 627 m ¢ ft average and 438 m ¢ ft mm-
mum can be obtained For impounding the average
run off an earthen bund 42 ft high at the highest
pomt and 8450 ft long would be needed An
open channel 5 furlongs mn length on left bank would
lIead to a forebay and the pipe lme would be §
mile long The site 1s only 10 miles from Mirzapur
City, but the power avalable some 120 LKW
continuous only would be msufficient An additional
40 kWs could be obtamed by raising the Tanda
water works dam but 1t would hardly be worth the
cxtra cost of about a lakh of rupees

{(15) hemasin Nala tnbutary of Ken, Panna State
—Thus 15 exactly simlar to the neighbouring Chaprer
Nala (g v. supra) The natural fall and rapids, with
draft head give some 240 ft head The catchment
(map 63 D/2) 1s 10 <q m  The storage site
1s tmmediately above the fall and 13 mile from Baraur
The capacity with a 10 ft bund 1 mle long would
be 320m ¢ ft whichit 1s behieved could be obtamed
annually The power available 1s about 10x240/15
or say 160 hWs continuously

(16) Ben Ruer tributary of Jumna (1) Upper sute
—This site 1s on map 54 P/15, below the junction of
the Sonar River and about G furlongs north cast of
Udla village 1t 1s locally called Pandwan Ghat—sec
entry on pages 101 2 of Prehiminary Report Access
1s from Rewak tte Mathar and Jukeln  Iere there 13
voatural fall of 55 ft wluch can be mcreased to 150 ft
Iy the rapids  1lood discharges ave believed to me
over 300000 cu ces (f ¢ et} while the mununum 1n
June 15 believed to fall to 5 cusces, on 7th March
1921 there were 28 cusees flowmy The catchment
arc 15 abont 0,000 squire males  The nearest ram
full stations are Panna (28 miles) and Gangao (17 miles),
and the fignres are as stated above for t! aght Nads
The ¢ tumated run off 15 140,000m ¢ !%'\mchu)

*
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in an avesage year and 70000 m ¢ {6 s mummum
year The storage site 15 } mile above Pandwan
Ghat mnear Udla and Mahwadands sillages An
earthen bund 6 miles long and 150 ft  at the deepest
pomt 15 contemplated with a flanh cscape on the left
banh  Tt1s suggested that s there 15 difficulty over
carth the centre and deeper portion of the dam may
be of masonf  The capacity would be 100060 m ¢
{6 but 1515 very unlihely that this could be worked
to as the ground 15 mostly good agricultural land
with many villages and temples  and 1n Natwve States
An open channel of 7 miles would be required to utihze
the total head though # could be avoided by develop
ing the site 1n two stages  The ground 1> not fas ourable
for the channel which would be expensive  The pipe
hine 13 hbely to be 1000 ft long There s a good
pover house site and the twl race would discharge
above the two hen Canal reservous so that ungation
would greatly benefit by the regulation afforded by
the storage this 15 the best pomt about the project
The continuous discharge would be 3000 cusecs on
the above storage grang 30000 1Ws  contr
nuously
{0} Lower site at Korar falls —This site s on map
63 D/ at the Korax falls 3 iules below Banarpur
where the headworks of the Ken Canal ate situated
The natural fall 13 125 £ which rapids would bung
up to 175ft The flow of the rver would only operate
the plaut for 3 months m the year—July to September
The maximum flood discharge 1 about 500 00 cusecs
while the minimum discharge s about 5 cusecs all the
available water bemg taken by the Ken Canal when
requwed for mmgation It 15 proposed however to con
struct  storage resery air on the Banna Nadi a tnbutary
entenng some 25 miles above the hora falls The
catchment 1s given as 250 square miles, which 18 pre
sumably that of the Banna The rawnfall 3s as gren
at the upper site {supra} and the run off 15 estimated
as 11600 m c ft average and 4,600 m ¢ f{t mm
wum  The storage site 15 2 mules west of Rangna
willage and it myolves & 2 mule bund 50 ft high
with o saddle escape on the nght banl  The capacity
185000 m o it and most of the submerged area
will be jungle i Bijawar State  The supply from the
segervosr will run in the main gtream bed to Banarpur
and thence by open channel to the fall some 3} mules
A pipe Ine of 500 f6 length 1s required and the tail
waters ¢ be used for prgstion  Apart from power,
the storage site i the Banna Nad 15 worth detuled
sursey as the Irrigation Department 13 1 search of &
reservou site 1o store water for the hen canal a com
twed scheme 1s therefore hopeful The power avail
able 13 cstumated to be 1500 K\Ws  continuous
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from a constant discharge of 130 cusees with a fall
of 175 ft Ths head assumes that the power station
¢ be placed 4t such a ¥ erght above bed level that the
whole draft head can be used the site actually suggested
was 75 ft above bed level The effect of the deve
lopment of the upper site {q v ) would be a huge merense
in the power avulable but 18 3t 18 unlikely this may
be left out of account for the present

(17) Bost Buer tnbutary of Ravgange  Almora
Dustract —Power 15 required 1 this area for rapeways
and an enquiry was made from the Goy ernment of the
United Provinces on the 9th June 1521, as to whether
any good sites had been found My Lyle notes that
a small reservoir site was surveyed at Someswar but
1t offered httle power The sub overseer who was
deahing with this rver and the Ramganga m 1920
unfortunately had to proceed on sich leave and by the
time the engury referred to above was recered the
monsoon had brohen so that the exceptionally low
discharge of 1921 could not be determined The
Prchmmary Report stated that the mmimum recorded
at Ramnagar was 152 cusees and that 200 cusecs are
generally running m the dry weather This 13 one of
many cases that show how essential 1t 1s to have regular
gaugings made of all nivers if information 1s to be
available when required

Major Cawrns whe was temporanly employed on the
Survey submitted a reconnamssance report w1920
regardng the Bument site on map 530/2 8 6 7
shown alse 12 the 4 mch Forest maps 37 and 38
(Bomnagar Division) near the Ranmikhet cart road
The nver here makes 2 ten mile hair pm bend {(wmde
Atlas sheets] and the proposal 1s fo funnel through the
miervemng spur  In this way a drop of 400 ft 15
obtamnable m about 33 nules but the actual length of
tunnel depends on the height of the headworks dam
As the mumimum discharge 13 about 150 cusecs the
coatimuous power avaible withowt storage 13 some
4000 kWs Msjor Carns (whose report was
only recened when this Report was ready for the
press) makes the sdentical suggestion pub forwand
m para 33 of this Report and the mver seems
to be an wdeal one for the purpose  The mmn stream
at the dam ste 13 only about 350 ft wcross the sie
beng a few hundred feet abore the temporary bridge
over the Kos: near Kumerta rest house Instead of
bulding a masonry dam Major Cairns suggested that
the gorge mught be filled m with matenal from the
cut and the river taken over a matural saddle escape
over the spur and down a nala on the gther sde  The
gross hewght of the spur over bed level upstream 13
75 £t This could be cut down 75 to 100 ft or so
to form an escapq capable of dething with the maxt
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mum flood when coupled with, and regulated by, the
storage capacity The pressure tunnel could be con-
structed about 100 1t above bed level, to allow for
sltmg up The mmmum flov during comstruction
could be passed down by a diversion tunnel near the
base (20 or 30 ft ahove bed level) or by a prpe under
the bund It would be essential to complete the bund
1n one season unless a large, cnough wasté tunnel were
bult to carry the wet season’s discharge  The storage
capacity would be about 2y m ¢ ft per foot of dam,
and if the bund were 500 ft high to the saddle escape
there would be some 400 ft of storage above the
tunne], or 1,000 m ¢ ft at least Of this about
half could be used without excessive vanation of head
and alloving o margm of 6O f& for regulation the
normal head would now be some 850 ft  There
would probably be an excess of water surplussed for
at least 6 months in the year Dunng the remawmder
of the year the normal mean discharge will Le at least
300 cusecs (probably far more), and the storage will
enable this to be used as required , the allowable draw-
off from the storage may be considered n the light
of an emergency reserve The power avalable will
then be 300X 85015 or 17,000 W< contmuously
mstead of 4,000 KWs The extra 13,000 kWs
(f there should be a demand for 1t) would justify an
expenditure of some 60 or 70 lakhs at 12 per cent
with a load factor of 50 per cent and a selling price
of } anna Faling the practicability of this proposal,
or the boldness to carry 1t out, a masonry spillway
Ifting dam of some 50 ft or 75 ft would increase
the head and power and teduce the tunnel length
An advantage of the larger proposal 1s that the mum
mum discharge at the Ramnagar canal headworks
below would be about doubled
(18) Kuria (or Kilkila) Nala, tributary of Ken, Panna
State —This agam 1s exactly sumilar to the neighbour
g Chaprer Nala (g v) The natural fall and rapid
with draft head give some 310 ft head  The catch
ment (map 63D/2) 1s 23 square mules of steep and
rochy country, with some cultriation, and the Panna
ramnfall (sce Baght Nadi) has been used The storage
sito 1s immediately above the fall and 2 miles North
of Panna City There would be difficulty over ob
tuning sufficient earth for the bund, which would be
11 mile long and 100 ft lugh to store 400 to 600
m e ft It 15 very doubtful of any dam other than
on carthen one will prove feasible for such small power ,
nevertheless the wmte seems the best of the group of
simlar schemes  The power would be some 13X 310/15
or 270 kWq continuons on the Jowest estimated
storage, and 0 per cent higher 1f the full e tumated
Tun off can be mpounded
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(19) Maka Ruwer, tnbutary of Tons, Ruuak State—
The Keont: falls on this river correspond to those on
the Bechar and Tons near by, and all were inspected
by Mr F E Bull, the late Chief Engineer, 1 February
1921 The catchment area 1s 380 square miles, and
the natural fall of 275 ft can be brought up to 350
ft The nver runs 1n a canyon below the falls, and
an open channel m rock cutting would Yead to a forebay
above the power house site  There 15 stated to be a
farr discharge even m May Mr Bull considered that
8,000 m c ft could be stored by an earthen bund
of 60 to 70 ft m height, but valuable land would
be submerged The power avalable 15 about
210X 350/15 or 5,000 hWs contmuously _ -

(20) Odda Ruwer, tributary of Belan Ruer and Ganges
—(See Second Report, page 80) By combmmg this
stream with s tmbutary the Kanjas Nadi, 2 miles
east of Niagarhu village and 9 mules North of Maugany,
a promusing scheme has been surveyed  (Map 63H/13,
14) There 13 a natural fall (Behoot1 fall, not Babuty
as grven loc cu) of 415 ft which can be mcreased
to 605 ft as deterrmned by levellng The mner
falls to about 2 cusecs, but the average discharge
durmng the dry months of 1921 (an exceptionaily dry
year) was about 15 cusecs to which 5 more can be added
from the Kanjas Nad: The catchment areas are
0Qdda 213 square miles and Kan)as 05 square miles
The ramfall records at Maugan] have been given above,
for the Goorma River It 1s estunated that an average
rmoff of 7,260 m ¢ ft will be obtuned, with a
vummum of 5100 m ¢ ft  The mamn storage would
be 2 mile above the Odda fall with a subsidiary storage
close above the corresponding fall on the Kanjas N,
The maximum height would be 73 it with an earthen
dam some 6 miles 1 length and a flank escape The
estimated capaeity 13 7260 m ¢ ft which would
almost always be obtatnable, unfortunately the sub
merged land 13 mostly agricultural, contamning also
25 villages, mcluding Niagarh1  On tlns account 1t 1=
doubtful if the combined scheme can mature, but the
0dda by atself accounts for 5560 m ¢ ft of storage
The contmnuous power 13 estimated at 115x0600/15
or practically 6,000 KWs tethout fhe hangas A
The site 15 150 miles from Cawnpore 50 miles from
Allahabad and 40 muiles from Rewak  The Magardha
and Amdaha Nalas could, 1if required, be brought
m to give sn extra 1,000 AVie The ste was
wspected by Mr F E Bull, late Chief Enguneer, 1n
February 1921

(21) Parsuns Ruver, tributary of Jumna —For various
reacons this river 1s not very promusmg although it
Las consderable posainlities There 14 a natura d
of 139 ft which coull’ be made up to 160 It

gl
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rapids, B furlongs east of Jurama village  The eateh
ment 15 on map 63D/9 13 and 63 0/16  This was
mentioned 1m the Prelminary Report page 103 It 18
proposed to make a storage reservorr on the Surbhanga
Nadh, a tributary strem, about 13 mile above s junc
tion  The ramfall at Rewah (see Beehar entry abave)
during the dry B months averages 37 mches and
sometimes fails altogether during the monsoon 1t
averages 374 mnches and falls 52 low a2 24 3inches  The
catchment ares of the Nads 15 18 square mules of steep
hilly country and a run off of 580 m ¢ ft average
and 420 m ¢ ft memmum 1s expected With an
earthen bund 1 mule long and 30 {t  lugh 2 espacity
of 580 m ¢ ft would be obtamed and this would
almost always be filled A pick up werr below the
bund would feed a channel 1 mile long on the leit
bank anl lead to a forchay site {from which the
ppe hne wonld be some 500 ft long The power
station would be 4 mile below the falls
Tt may also be mentioned that a <ite for a reservar
was sarveyed by the Irmgation Department near
Itwan willage 3 mles above the Pasum falls for
storing 3380 m ¢ ft from a catchiment ares of 87
square mrles That smite hes partly m Banda Distnict
and partly m Baraundhs State € I Opposition
from the Darbar however cansed this to be dropped
An even better mte so far as storage 15 concerned
eusts just above the falls with & catchment of 113
square miles but the rahway would then have to be
diverted
It ppears that the scheme outlined above can only
be fully carred out if the Trngation Department 13
able to bwild the reservorr at Itwan which 15 unlilely
In that ssent however 1t will supply 447 cusecs
for 285 days  So far as the Surbhanga site 1s concerned
the power 13 lumted to 20x180/15 or 250 1Vs
contmuously
(29) Patar Nala (Swmua Nale on old maps 7}, tr
butary of hen Panna State —This nala has o natural
waterfall near Baraur (map 63 Df2) of 210 ft The
conditions are smilar to those of the Chaprer Nala
close Ly—see entry supra A 40 £ bund 1 mude
long will store 350 m ¢ ft which 1t 18 considered
that the 11 square mules of catchment arca ean Rl
annually The pressure pipe would run directly from
the reservorr with a surge pipe  The continnous
power 4vadable 18 11%240/15 or 175 LWs only
{23} Pindar Ruer, inbutary of Aldknenda and
Ganges —{See Prehmnary Report page 103) Ths
river, jowing the Alaknanda at hampray ag m Garhwal
runs paraliel with the foot of the hills swithm easy
transmuenon distance  Mr Lyle went over the lower
porton of 1t up to Gwaldam, sbout 30 nmules from
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Karnprayag  The bed slope 18 sbout 50 ft per mile
mereaung to 70 f& n the higher resches of thus strotch
No suitable site was found  The possibilsty of tunnel
hing from the Pindar wnto the Gumt: at Gwaldam (near
Baymnath) was evammned and found unfavourable
There 15 & poesibibity of tunnelhog from n point hgher
up into the Sarju valley by way of the Lahor River
or the Kanal Gadh  The notes on the Ganges {supra)
may be vead the Pindar would appear 1o be the most
favoursble tributary to begn on if ever development
on the lines there suggested 1s carred out.  The power
avaulble m stages by biting dams tshmg 1000 ft
of the head only, 13 1000x 1 000/15 or 63000 AV«

(24) Bamganga Ruer, tributery of Ganges Almora
Ihstriet —(Prelminary  Report page 102} The re-
marhs 13 to power required and formation available
on the hosi apply alse here  Such storage sites as have
been d are tisfactory  The nver mses
m Garhwal at Iigh elevations though not m the
perpetual snows Mr Lyle reports that the most
promung scheme i this locahty was obtaned from
an old project of the Irmigation Department, m which
36 was proposed to tunnel the Ramgangr from & powt
near Marchula mto the Eosi valley by way of the
Pamala Sot which joms the Kom at Mohan 14 miles
above Rammagar station The difference i bed level
18 125 it here so that a workmg head of 100 ft
should be obtamable

The munsmum discharge m the hills is believed to
fall as Jow as 100 cusecs the following gaugmngs have
been forwarded by the Chief Engimeer R & B U P
they were taken 100 ft above ferry ghat on the
Hordo Farubhabad road, s e ,1n the plams and meludwg
many large tnbutanes —

Cusecs,
15 Apet 1930 203
1o May 382
7 June | 300

It 18 possible that the river may be capable of flood
regulation—rtede remarks on the Ganges The mm
mum power at the mte named above 1 660 LWy
continuous

{Aote—There 33 another Ram, a River, & inbutaryof the
Sards to the East of the above ) e

(25) Ry Nads (Dalsagar Nady) tributery of Bagh
{Baghan) Nadi and of Jumna —This site 33 reached
from Panna and 1s on map 63 Df5  There 13 a water
fall of 244 ft which can be mereased to 280 ft by
rapids, 1t 18 locally named Lakhanpur Ka Seha  The
stream 13 dry by_Apnl Tts catchment area 1s 50
square miles of steep rochy country with very Iittle
eultisation  The rvamfall ot Panna 19 gnen under
the Baghy Nadi cbote and the pun off 18 estimated
232320m ¢ ft werngesnd 99 m ¢ f mmmum
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The site for the bund 1s 4 furlong above the fall, 1t
would be 2 mules long and 70 ft high, with a flank
escape There are difficulties as to earth for the bund
The estimated eapacity 15 1,600 m ¢ it which can
generally be depended upon A short channel 700
ft, on easy ground, 1s requred on the left bank,
ending at a good forebay site The pipe line 1s stated
to be 300 £t , but 1f the fall 18 280 ft this 15 unhkely
to be correct The power house site 133 mile below
the fall It 13 believed that 750 kWs contmnuous
can be obtained

There 15 another fall of about 250 f6 with a catch
ment of 12 square miles on a tributary of the Ram)
Nady, a mile to the west of the above site

(26) Sarda Ruer, tmbutary of Gogra Rwer and
Ganges —In view of the begmnmg of work on the
great Sarda Canal Project this mver, nsing i Tibet
and flowng betvzen British ternitory and Nepal, takes
on new mterest It was mentioned 1n the Prelmmary
Report, page 103, where the information was not
altogether correct  The mver 18 gencrally very
similar to the Ganges, and a reconnaissance was made
by Mr Lyle m 1920 ‘Beyond the junction of the
Ladhia and Kal Rwvers, which make up the Sarda
proper, 1b 13 out of reach The snow fed Kah 18 the
man niver , the Sarju (q v ) 13 not permanently snow-
fed, though 1t mises at high altitudes The most hope
ful powmnt on the river scems to be the double bend at
the junction with the Ladma, but any works here m
the way of a dam or a tunnel through the lower bend

would wvolve co operation between Nepal and India,
short crrcuiting the upper bend would place the tunnel
1n British 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 13 a fall between 500
ft and 1,000 ft at the bend at Uparkot:, 11 mles
north east of Tanakpur station TFor the present no
estimate of power on this river 18 possible, discharge
curves are, however, available 1n connection with the
c1nal works

(27) Sarju Ruer, trbutary of Sarda —See entry
regitding Sarda River in Prelminary Report, page
103 Mr Lyle mspected the Sarju for 5 miles above
Bageswar, there 1s a gorge Just above where the Lahor
River comes 1n, but the prospects were not very favour
able  See however remarks on the Ganges, which apply
here also  There 13 no information as to discharges

(28) Tons Ruser, tributary of Ganges, Rewak State —
The noted falls on the Tons River were mentioned
on page 103 of the Prelminary Report and on pages
80 81 of the Second Report, to which an old print of the
falls formed the Frontispicce The site has now been
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surveyed, and the results bear out the earlier forecasts
The waterfall 15 1} mules south east of Poorwa (or
Purwa), and 1s reached from Rewah The natural
fall 1s 193 ft high, but with an open channel 1t can be
mcreased to 335 ft as ascertamned by levellng  The
niver 1s perenmal, but falls low m the hot weather,
1t carried 45 cusecs on the 30th March 1921 and 13 be-
Leved to go up to 400,000 cusecs The catchment
area 15 2,075 square mules The ramfall 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 38500 m ¢
ft mmmum  An ideal reservorr site has been sur-
veyed a mile above the fall (2 miles by nver) where
a 31 mule bund 82 ft high will mmpound 49,400
m ¢ ft with a waters pread of 92 square mies The
cost per mlhon cubic feet stored will be only about
Rs 183 which 13 exceptionally low There 15 a
flank escape on the left bank, 3,000 ft long
A good deal of the sul d land 13 agr 1, and
there are 73 villages withm 1t A channel 4} miles
long on the mght bank leads to a forebay mte that
would need deep excavation The pipe hne would
be 600 it long leadmg to a power house site on the
Beehar River (¢ v) which would be combmned with
this scheme There may be dufficulties over the sub-
mergence of so much good land, but 1t 1 probable that
the project for the two rivers can be recast so as to be
more favourable from the Darbar’s pomt of view
The continuous power available from the Tons alone
19 1,440%x335/16=32,000 kWe This 1s within 130
miles of the great industmal area of Cawnpore
Project estimates are under preparation

{Mote—The Tons River 1n Delra Dun Distriet, mentioned among
] sites not examined 19 & different niver)

94 Umted Provinces; Canal falls —The falls
on 1rmgation canals i the United Province were histed
1 the Prelimimary Report, pages 103 105 The available
power, as tabulated there, 13 as follows on mimmum
diccharges (subject to closure} —

1t

TapLe 37 —U P canal falls

Upper Ga ge3 Ca al—
Anupshahr Branch (D falls) 1260 kWWe,
Al arh Divasion (3 falls) 200
Biland hahr Diviston (4 falls) 1040

Meerut Diszsion (1 fall) . 1m0 o

Northern Diwis on (3slls 1 developed) 220 o
East ra Jumna Cavale

Upper d vis on (11 falls} .10,

Lower Gages Canal—
Nomformation . . ., .

w

"

Teriz
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Of these, projects ate on foot for utihzing the Pales
falls Aligarh Divivon Ganges Conal, and the Ghunpa
and Sarkan combined falls East Jumna Canal The
former 33 known as the Khurja hvdro-electrie project
(400 kWe ) and the lotter as the Saharanpur hydro
electrie project (300 kWe)  Further projects are
n preparation for utiizing the Somera falls, Abgarh
Dwvison {206 AWs) and the Bhola falls m the
Meerut Dnvwsion  In the latter case 3 umts of 250
kWe are proposed worked by double honzontal
open type wheels of 376 B H P The cost, mcluding
transmussion to Meerut 12 estrmated at about 22 lahhs
Should the Jumna scheme be carried out 1t would
cover much of the aboie areas

Cearrer 13 —Enown Sirss Worrn Derarien
InvEsTIGATION

95 Summary of known sies —A number of recon
nassances made, cither by the Surtey or before this
began have shawn power to be available at many sites
on a practicable scale although the type of project has
not been finally determmed snd the ground has not
been surveyed  Generally too the avalable water has
only been casually determined as only m very few
nstances has regular gauging been carmed out  The
{following pages deal mith the Provinces and States 1n
alphabetieal order and under each give such miorm
ation 23 18 avallable  The followmg table summarnses
the results

TABLE 38 —Summary of known riwers and sies

Probavie
intmum
Reterence. Provie of State Tpmres 1 Cpower
eout auata
Titagmaph 98 | Asam 2 £ 0000
" o7 Peogal = 5 00O
- 3 B h.n' lml frissa 3 "4 063
3 T 15 220 350
00 L 14 492 400
PO 1 Soateal Totin (nhupu) i 400
» 192 Cestral Pros] 18 113 B0
n o103 Coorg 1 500
» 304 Jamron sod Kashwic 2z 170 500
- 105 dm 1 300
» 08 ] Pualey sot Knowa
~ 197 Rafputans  Alwar {
" Rl Y ’l'n n:roxn 1 Ot hnown
Trovinces—ses Chapters
lu ll\\l H
Torek 23 1167070
90, Assam, known sies —Further exammation

and survey 1s required of the sites already enumerated
as ““ mvestigated but not deseloped’ snd m addition
the Sobansitt Ruver nnd Jatwga River (see Chapter 14}
appear worth funther ersmination There may be
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others m this latter list, of which Little or nothing 18
known at present  Lack of funds has prevented mote:
bemg done as yet

97, Bengal, known sites —The following entnes
relate to mtes which have been examined to some extent,
but of which the possibilities are not really known

{1} Daneeling Dstrict —As noted 1 the Prelumnary
Report, page 69, the varous trsbutaries of the Little
Rungeet River, which joins the Great Rungeet and the
Tista are known to bave power available to the extent
of over 2000 AW but as the 25 year old Darjechng
plant (Table 60) has not had to be extended for many
years 1t appears that the district does nat demand
{further power 14 15 certsin however that other local
stresms than those mentioned {loc cr ) would greatly
ncrease the total avadable See also Tista Ruver,
para 111 When tes finng and manufacture 18
carried out electrically {see pars 48) the<e sources
of power will prove valuable

{2) Karnaphuly Ruer, Chittagong ~The Barhal rapids
on this niver, some 45 mules from the fAounshing port
of Chittagong and 16 mules above Rangamat: were
casually reported on by Mbsses  Scott Machenaie
Dreshler and Bell in 1906 07, but no further action
was tahen as the project was regarded as of questionable
vahue and hikely to be too expensive  Ifisvery doubtful
1f this verdiet was correct and there ha< been no expert
exammnation (Map 84 B} In the course of about
11 mules 1o the Barkal gorge (according to the above
reports) there 1s s normal foll of 38 ft, though this
goes down to 20 ft or perhaps less during heavy
floods IDischarge readings sppesr to mdicate normal
discharges of 700 cusees or more, though 1t 15 beheved
that the mummum may be as low as 100 cusecs The
average ramfall 15 of the order of 100 inchus It was
reahized that with so low and vanable a fall s hiting
dam would be necessary, together with a channel about
a mile Jong from the dam to the foot of the rapids , but
as the hydraulic deselopment was hkely to cost some
10 lakhs the project was dropped There 15 & good
natural weir at the head of the rapids which would
apparently form a foundation for a hifting dam  Esther
mnmediately belund this, or further upstream, there
appeaTs to be a basin which  would form a dry season
atorage reservorr ' but mo guess at the capacity was
made  This storage may serve either of two purposes
or both  If 15 13 comparatively small 1t may still be
suficient {or flood regulation, hat i3 to ray the dha
chargs of an evceptional flood fo= & few days mght be
sprend over o week or two so that the fall at tlxe foot
of the rapids would not be lost from the rise of tad
waters  If the capaeity 13 larger 3t wonld serve defi-
nitely to sugment the flow over the dry period  There
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are no rain gauge stations m the catchment, but n the
Chuttagong distnet generally there 13 ordmanly some
Tam 1 every month and no long drought 13 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 1t be assumed however that
150 cusecs could be always depended upon
As the locality 13 subject to earthquakes lugh dams
would be madvisable, but with remforced concrste
moderate dams could safely be bult In the absence
of any details let a 40 ft liting dam be assumed
erther alone or 1n combination with a storing dam higher
up, if the latter were mn fact practicable, and offered
the storage needed, a much lower lifting dam would
suffice as all the natural head would be available It
may be taken that with a channel (apparently m tunnel)
about a mule long a net fall of some 70 ft could be
depended upon
On these somewhat speculatiy e assumptions 1t 18 prob
able that 150X 70/15 or 700 kW contmuous could be
e developed The load factor i Chittagong may
safely be estimated a* from 35 to 40 per cent so0 that a
plant of some 2,000 kW could m all probabiity be
operated , 1if the site proves favourable the power avail
able may be twice as much Supposing the whole
1 t, meluding the tra to Chittagong
to cost 15 lakhs 1t would probably be able to compete
_with fuel at present prices At any rate the project 1s
worthy of expert exammnation
The prelimmary edition of the } mch map 8¢ B 1s
now available but form lines only are given not con
tours It appears however very probable that a site
can be found withm a distance of 10 mules above the
rapids where large storage can be impounded this
should be below the junction of the Thega Khal which
flows m from the south and brings a large catchment
of hilly country in  If such a reservorr 13 possible there
can be no doubt that a suceession of lifting dams (para
31) could be used to obtam the whole power of the
Tiver , no levels howeer are known at present
98 Bihar and Orssa, known sites —In addition
to the Burhabalong and Subarnarekha Rivers entered
m a previous piragraph the three rivers below merit
further exanunation as well as the whole Hazarbagh
Ranchi plateau Doubtless some of the areas and
sites not investigated ”’ will also prove, on reconnas
sance, to be worth detailed exammation
(1) Dumragarks and Gilling Silling, Ranchy Distract —
A fall of about 500 ft can be obtamed at Dumragarhy
mear Johna  Reservours can be constructed 1o the Raru,
Ganga and Dumargarhi streams  An especually good
storage site exists 1n the Raru below Harpabera but it
has not been surveved It 13 believed that a constant
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discharge of 200 cusecs could be obtamned, giving some
6,600 kW continuously There may be much more
storage available up to double this power, but the com
bmation with the Subarnarekha (g v} 15 reported 1m
practicable  The fall 1s only 11 rules from Johna rail
way station, Bengal Nagpur Railway, and could be
approached by a lme running round the foot of the hulle
from Suli  (Map 73 E/11)

(2) Koel, South —There are falls of 50 ft near Nag
peni, which cannot be mereased owing to scruples regard-
g a local farr, the site of which would be submerged
by a dam  There are however “ plenty of storage sites
hugher up, and a discharge of 1,000 to 2 000 cusecs
could probably be obtamed” The catchment 1s very
large Considerable storage 1s requiured m this miver
also m connection with the projected steel works near
Manoharpur, and the Survey has been asked to examine
sites  If power on the above scale of say 1,000 50/15=
3300 kW or perhaps double that could be obtamed,
and the tail water subsequently utilized for condensation
purposes the prospects would be bright The site on
the map has not been rdentified but 1s on the direct
road from Ranchi to Gumla

(3) Moahanady Rwer, Daspala State —A Caleutts firm
brought to notice the posstbilities of the narrow Burnool
Gorge which extends for 12 or 14 mules below Tihaparan
mn Daspala State (map 73 D/14) Some of the area
oxists m the 4 inch Forest maps The site 13 access
1ble from Cuttack 2 Angul Discharges are probably
known 1 the local Irrigation Branch  If flood regulat
mg storage 1s possible development by hftmg dams
(para 31) can be done otherwise development by
open channel from a single hiting dam 1s likely to prove
feasible No detatls are at present avalable The
river 13 navigable by small eraft for which arrangements
would perhaps be essential As regards the Hasdo,
Mand and Tel tributares of the Mahanad: River sce the
“ Central Provinces—sites not exammed ” There are
large storage possibihities, all of which would tend to
reduce the flood discharge of the Mahanad: itself and to
mcrease 1ts dry weather discharge There are also
rapids near Padampur and down to Sambalpur  There
1s little doubt that the river has great potential power
and 1t may be hazarded that 10,000 LW 1s obtam
able from 1t

99. Bombay, known sites (partially examn-
ed) —The following summary relates to known sites 1n
Bombay which have been parfially examned by the
Hvdro Electric Survey and which ment complerg
mnvestigation. As however the Survey has now !}
closed down 1n the Presidency (<ee para 82),the
tion of the work will bave to await more
times

/
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Of these, projects are on foot for utihizing the Palra
falls Ahgarh Divinion, Gapges Canal, and the Ghunna
and Sarkan combined falls East Jumna Canal The
former 15 known as the Khurja hydro electric project
(400 kW) and the latter as the Saharanpur hydro
electric project (300 LWe<) Further projects are
m preparation for utithzing the Somera falls, Ahgarh
Division (200 LWs) and the Bhola falls in the
Meerut Diviston In the latter case 3 umts of 250
LWs are proposed, worked by double homzontal
open type wheels of 375 B H P The cost, mcluding
transmission to Meerut 13 estimated at about 22 lakhs
Should the Jumna scheme be carried out 1t would
cover much of the above areas

Craprer 13 —KNown Sites WorTe DeTATiED
InvesTIGATION

95 Summary of known sites —A number of recon
nassances made, erther 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 determmned and the ground has not
been surveyed Generally too the available water has
only been casually determined as only m very few
stances has regular gangmg been carried out The
following pages deal with the Provinces and States m
alphabetical order and under each give such mform
ation as 1s available The followng table summarses
the results

TanLE 38 —Summary of known rwers and siles

Probable
 mmum
Reference Province of Btate Npmber | Tpower
‘contizuons
Teragraph 06 Assam. 2 50007
97 Bengal F3 50001
23 Bihar and Onssa 3 0 000
99 Bombay 15 30 350
100 Burma 14 492 400
v 101 Central India (Bhopal) 1 400
™ 10° Central Provinces 18 113 860
- 103 loorg 1 500
» 104 J:mmu and Kashmir 2 179 500
» 102 n 3 900
” 108 not known
- 107 )mpntam Alwar { 160
108 Travancore 1 not Lnown
nn m Yravmces—!ee Chapters
ToTan 83 110 070
96 Assam , known siles —Further examination

aud survey 1s required of the sites already enumerated
2= “ mestigated but not developed” and 1n addition
the Sobansiri River and Jatinga River (see Chapter 14)
sppear worth further eramination There may be
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others n this latter list, of which little or nothing 18
Lnown at present Lack of funds has prevented more
bemg done as yet

97. Bengal, known sites —The following entries
relate to sites which have been examined to some extent,
but of wheeh the possibilities are not really known

(1) Darjeeling Dustrict —As noted 1 the Prehmimary
Report, page 69, the various tributaries of the Lattle
Rungeet River, which joins the Great Rungeet and the
Tista are known to have power available to the extent
of over 2000 kW , but as the 25 year old Darjeeling
plant (Table 60) has not had to be extended for many
years 1t appears that the district does not demand
further power 1t 15 certain however that other local
streams than those mentioned (loc it ) would greatly
increase the total avalable See also Tista River,
para 111 When tea finng and manufacture 1s
carried out electrically (see para 48) these sources
of power will prove valuable

(2) Karnaphuly Ruer, Chiltagong —The Barkal rap:ds
on this niver, some 45 miles from the flounishing port
of Chittagong, and 16 muiles above Rangamati were
casually reported on by DMMessrs Scott Mackenzie,
Dreshler and Bell m 1906 07, but no further action
was talen as the project was regarded as of questionable
value and likely to be too expensive It 153 ery doubtiul
af this verdict was correct and there has been no expert
examnation (Map 84 B) In the course of about
1} miles 1 the Barkal gorge (according to the above
reports) there 13 a normal fall of 38 ft, though this
goes down to 20 ft or perhaps less during heavy
floods Discharge readings appear to mdicate normatl
duscharges of 700 cusecs or more though 1t 13 beleved
that the mmmum may be as low as 100 cusecs The
average ramfall 1s of the order of 100 mches It was
realized that with so low and vamable a fall a hftmg
dam would be necessary, together with o channel about
a mile long from the dam to the foot of the rapids , but
as the hydraulic development Was likely to cost some
10 lakhs the project was dropped There 15 a good
natural werr at the head of the rapids which would
apparently form a foundation for a lfting dam  Eather
mmmediately behind this, or further upstream, there
appears to be a basin which * would form a dry season
storage reservorr” but no guess at the capacity was
made This storage may serve either of two purposes,
or both If 1t 15 comparatively small 1t may still be
sufficrent for flood regulation, hat 1s to say the dis
chargs of an exceptional flood for a few days might be
spread over a weel or two so that the fall at the foot
of the rapids would not be lost from the mse of tail
waters  If the capacity 1s larger 1t would serve defi
nitely to augment the flow over the dry period  There:
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rain-gange exists i the catchment arca The nearest
Tain gauges are —
Abore Ghats —Sixst 18 mu , average rainfall 95 891n.,
minimum ramfall 60 49 1.
Below Ghats—Kumta 20 m:, average ramfall
138 81n , nummum rainfall 94 71
The ramfall 1 the catchment area will probably be
30 to 40 per cent 1n excess of the Kumta figures, and a
minmum run off of 60 m. can safely be sllowed—
equivalent to a discharge of 3,206 m ¢ ft Tt will
probably be found that the monsoon flow can be rehed
upon to give the required discharge during the months
half June, July, August and half September, but m
order to guard agawnst a late commencement or an
early stoppage of the monsoon, the storage work should
contan 10 months supply 3,206 m ¢ ft less, say,
300 m ¢ ft for losses m lake 13 equvalent to a dis
charge of 92 cusecs throughont the year The requred
storage 1s therefore —
300 plus (92 86,400X 303)=2,678 m ¢ ft
The proposed dam site 1s situated 1 m1 up stream of
the Kumta Sirst road crossing and 1 m1 to the W of
the willage of Balehop It appears probable that a
dam 150 ft high and 1,500 £t m length will store the
required volume
From the dam a canal lne 5 m1 long leads to a possible
forebay site  The greater portion of this length will be
1n heavy cutting or tunnel The forebay site 1s close to
the Kumta Sirst road near the top of the ghat From
the forebay the pipe Lne about 7,000 ft long leads
down to the Kandi Nala giving a head of 1,200 it
There 15 a good smte for a power house on the bank of
the nala sitnated about } m1 north of mule 13 on the
Lumta Sirst road It 15 doubtful whether the tal
water would be uced for 1mgation It appears likely
that power 1 the neighbourhood of 7,000 kW could
be developed, and a market for this power might be
{found at the towns of Kumta, 14 m and Hanavar 30 m
ditant  The scheme appears to be a promising one
and 1s well worth detarled 1ny estigation
(3) Damanganga Ruver Hydro Electric Project, Nastk
D triet (Map1°Topo Sheet No 46 H/12 and 16 )—
The site can e reached from Nasik by Umbrale, Karan
Jalt Adh, and Gonda  Metalled road to Adk  Motors,
horse tongas and bulloeh carts avadable at Nasik A
resthouse at Umbrale, but after that tents are needed
Trcm Adh to Gonda and Mahanjawal coolie transport
onh 15 possible
The following ate some suggestions based on a few
levels taken by anerord while making a reconnaissanco
of the Damanganzs Runer From these and the 1°
Topo Sheet 1t would seem that & dam mught be bult
across the rnerat 4 pomt about 20° 12 10° N by
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78° 35’ 25" E almost due west of the ““ M in Mahaja-
wal The catchment area above this site 15 47 55 m1,
and 1s almost entwrely situated m the ghats There 13
o flow between February and June so that any project
for this river would have to be based on monsoon flow
sided by storage The nearest ramn gauge 15 at Pemnt
about 51 from the centre of the catchment area At
this place the two consecutive years of lowest aggregate
ramfall durmng the last 30 years were 1904 and 1905,
whenthe falls were 65 1 1n and 58 95 1n giving estumated
run off of 35 m and 30 10 respectively  On the abovo
estimated run off the aggregate run off for 1904 05 would
be 7,173 m ¢ ft, and estimating the possible draw off
1 the same proportron as that of sunilar cases more
fully mvestigated, 1t 15 probable that a yearly draw off
0f 4,159 m ¢ ft —that 15, 132 cusecs—would be possible

As the falls occur 1n a length of 13 1m the project would
probably have to be developed i two stages —

(1) The first canal might yun 1 a N -V direction
from the dam along the nght bank of the
1ver, entering a tunnel through the ridge to
the south of Jambulmal village, debouchmg
on the far side, and running 10 open cut 1n a
8 W durection toa pomt on the hill some-
where near the 1sland m the river at about
20°12'N by 73°33 10" E The first pover
house might be situated at a conyement
place on the right bank of the rver near the
aforesmd island

(u) A pick up weir might then be built a Iittle way
below the power house, and s second canal
mught be taken from the pick up werr along
the right bank of the rtver to a second power
house atuated at the sharp bend of the
1ver S by W of the village of Umrad

Between the dam and the tail water at the first power
bouse there would probably be about 460 ft of fall or
say, 450 ft net head, tlis would give 132X 50 15=
3960 LW continuous  Between the pick up weir
and the tail water at the second power bouse the fall
and net head would beabout 140 ft and 130 ft
respectively , this would give 132X 130/16=1,110 kW
contmuous or a total of say, 5,100 LW

Referning to the table on page 23 of the Prehmipary
Report on the Water Power Resources of Indm 1919,
assumung the cost of coal to be R< 24 per ton, a power
factor of 40 per cent and a 50 mile transmicsion line,
1t will be <cen that the probable admissible cost of
hydraulic development per e b p 1nstalled 1s R« 511

Therefore total admisitle cost =511Xx6,810x12
=Rs 87,38,000

The proposed power house mtes are about 40 m: from
the nearest pointon the B B &
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station and 30 my from G I P Radwsy at Nasmk
station  Yudustnal development might begin at these
places 1f there were a supply of cheap power

{1) Gara Ruer o tnib dary of the Purna Rwer Surat
Dgngs (Map 46 H/13 }—The ste 15 near Gurmal village
and s withm 5 m of the Navapur Girmal road at
present under construction  Mavapur 1s a station on
the Tapts Valley Ralway No ram or rver gauge
recorde exish for this river the nearesh ram pgaunges
bewngat Awah and Navapur The average andmum

fall at these stat: 18—

Awah B6792a013 34 n
“\avapur 4188a0d 17901
Aversge 5400end 251° n

Of the two Awah 19 the most Likely to rep the
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A canal kine would take off on the B bank from the
dam 75 ft sbove nver bed level and would be carried
mostly mn cuttmng or tunnel for & length of 2 1 o a
forebay site 3 m1 NE of the village of Girmal whence
the prpe hine would lead to a power station mite 30 ft
above the river bed at the bend of the niver a mule north
of the village of Lahan Girmal  The total fall obtam
able 15 408 ft to the Power House plus 30 ft draft
head =438 {t winch with the constant discharge of 100
cusees would yield 2 900 LW

Six mules below the power houss between the villages
of Sindupara and Bardipara 1s a further fall of 50 it
where allowmng 4 cnsecs for losses mn tranat 96 cu ecs
could be used to produce a further 320 AW  making
the total for the project 3 040 kW or some 9 000 LW

ramfall m thg area ag Navapur 1s 1 the flag country
to the N of the lulls Tt appears from the nature of
the catchment area that a run off of 36 m can be
assumed for an average year and 12 1 i the worst
year These figures would yield 5058 m ¢ ft and
1686 m ¢ ft respectriely The river has Little or no
dscharge alfter Jannary and the project must there
fore be developed on the storage system A good mite
for the storage work 13 found just above the village of
Chaora where 16 appears that a dam about 150 £t high
and 2000 ft long would store 4000 m ¢ ft The
catchment area above thi site 15 605 sq m

The analysis (Table 40) shows that assuming that mon
soon flow Was rehied on for 2 months and the storage
for 10 months 1t would be safe to utiize 2828 m ¢ ft
of the storage annually leaving a carry overof 1672 m
¢ it to supplement the worst years run off Thss
woald saffice for a constant draw off of 100 cusecs

Tapre 40—Gira River

ona 1 load factor

Use for power would probably be easily found erther
m existing mills in Surat 56 mu off or at new mulls
which {if the ewrstence of a power scheme was recog
nsed) might be constructed at Mavapur on the Tapts
Valley Raitway 15 my off

(5) Hiranyakeshs Ruer Belgaurs Dictract (Maps 47 Lf4
and 48 I/1 squares A3 B3 and Al respectively }-—The
site which s 38 my from Belgaum 15 reached by the
mae road leading to Vengurla and s on the head
waters of the niver Hiranyakesh: which 1s a tributary
of the Ghataprabha rrver jomng 1t about 6 st 8§ W
of Gokah rulway bndge There are two possble
methods of developing the project and the catchment
areas above the respective dam mtes are 13 and 15
sq xules The catchment runs approxmmately parailel
to the ghat edge and 1s a partreularly favourable one
There 15 practically no dry weather discharge w the
niver and the schemes therefore depend on storage and

statement shounng s ¢ of storage required to gie a constant draw. off of 100 cusecs

=

Coutents of | Draw-off

Ranfall { pooon | Volawe of &‘:Q a | forpower comen:aeal Draw-off e&:;;ﬁtbin Balanco 1n,

2o Lagawan | TR0 | T begmangof| urposes Mgy for & wd | tankatend
] mangaon. mg:;i monsoon, } months | jyeorpe o | Of esson
Inches Tochea AWe s o it Meft Meit Mo dt Melt Meft

210 5000 -
moolel o3l owl owl om omowm mom
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monscon flow alone Ram gauges have been mam
taned at Ambolt ghat, which 1s ati the head of the pro
posed lake, by the T e B Belg: Dis
trict, and by the Savantwad: State These together
give records from 1881 to 1889, and 1893 to 1920, or
37 years’ records  The average annual ramfall over the
pertod 1s 274 27 1n, the mmmum 179 m m 1905, and
maximum 346 m 1m 1900 The heaviest daily ramfall
recorded was 16 7 in on the 4th July, 1882, while the
two consecutive driest years gave 179 and 256 m (1905
and 1906) The approximate storage capacities of the
two schemes are 2,500 m ¢ ft, project A, and 8 000 m
¢ ft, project B Applymg the ramfall at Ambol: to
project A and 80 per cent of this ramfall to project B,
to allow for part of 1ts catchment bemg more distant
from ghat edge, the probable annual run off i an aver
age year 18 estimated at 6,200 m ¢ ft, project A, and
9600 m c ft,project B, while mn a mummum year
3700 m ¢ ft are estimated These figures are based
on the assumption of an 80 per cent run off with 350 m
ran at Amboli, and 60 per cent Wlth 100 m of ranfall
With project A the run offin the Tmnimum year exceeds
the annual draw off so that allowmg for evaporation
losses an annual draw off at the rate of 100 cusecs could
be safely depended on In the case of project B a
balance table (Table 41 on page 120) has 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 mamtamed continuously 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 descuibed as follows —
(1) Project A —NMasonry dam from the spur South
of Wadi to near the junction of the Belgaum
Ajra roads, lengthabout 4 m: , height about
80 ft maximum Flood waters could be dis
charged over the weirs on both flanhs  From
a pomt on the river about 3 N W of Mur-
vandvad: an approach cut cross to the nullah
N W of Bavantwadi would lead the water
to the head works dam and a pressure tunnel
runmng slightly N W for about 1 mi  where
1t jomns the mpe hine of about 1 mn 1n length
The power house would be at a pomnt 1 m
and 3 furlongs bearmng 44° from Yerla and
the head would be about 1,800 ft
(1) Proyect B —Mamn dam between the spurs N of
Dhangarwady village near mile 11 on the
Belgrum Ajra road, length about 3 m,
height about 100 ft maximum  Ilood water
could be discharged over & weir on the low
ground on the left flank. Owmg to there
being low ground, North of Wadi, where the
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head of the Narayangad gorge indents mto
the Deccan, two other dams would be neces-
sary, each about $ mz long and 80 and 40 ft
high respectively From one of these dams
a short canal under  m long would lead the
water to the forebay 1n a nullah at the most
easterly corner of the Narayangad gorge
The pipe lme about § m long would run to
the power house site at the junction of three
nullahs 11 m1 from and bearmg 305° from
Vadi, the head would be approxmately
1,400 £t

In the case of both projects the waste water after
leaving the power house might be ut:lized for irrigation

m Savantwadi State A scheme on the Iimes of project

B 13 already under mvestig: by Messrs Dalchand

Bahadursingh of Calcutta, who, 1t 1s understood, have

applied for a There are derable depo

sits of bauxite near the mite of the proposed works and
1t 15 mtended to use the power for the manufacture of
alummmum  Surplus power, if any, mght be avatlable
for Belgaum, 36 m1 away, or Savantwadi 11 m1 distant
from the power house

{6) Kaners Ruer, tributary of the Kalinads Ruer, North

Kanara Ihstrict  (Map 48 I/12) The site lLies about

10 m to the 8 E of Kumbharvada to the E on the

Belgaum-Karwar road, 34mt from Londa ratlway station

and 50 m1 from Karwar The nearest bungalow 1s at

Gund, 3 m1 to the E of the eity

The dam site 13 2 1 downstream of the willage of

Chandegalt and 1s situated m anarrow gorge On the

1ight bank the hills rise to 800 ft above the niver bed,

while on the left bank they rise to 300 ft above the bed
dip to a saddle about 250 ft above the rivers and then
contmue torise  The site would, therefore, appear suit

able for a dam 250 to 260 ft high and about 3,000 {t

long, with a waste weir on the saddle of the left bank

The catchment area 1s 145 sq mu and 1s situated 1n an

area where the munmum ranfall 1s probably not less

than 100 m  There are no ram or niver gauges mn this
area but 1t appears to be safe to take 8 mummum run-
of 601, which would yield a volume of 20,210 m ¢ ft

The contents of a lahe formed by a dam 260 ft high at

the selected site would probably not be much more than

16,000 m c ft, as judgng from the map, the valles

appears to hase a shightly larger spread than the valley

at Bhandardara where a dam 270 ft high forms a lake
with & capacity of nearly 13,000 m. ¢ ft  The project
should, therefore, be developed on the monsoon flow
aided by 9 months’ storage  Assuming a constant draw-
off of 600 cusecs the volume required dunng the monrsocn
would be 4,730 m ¢ ft, leaving a balance of 16 450 o
¢ ft m the vear of mmimum run-off Ae< that
E N
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TaBLy 41 —Ambols Project, Storage Balance Table —Project B °
Seur Dtwatmn | ranen et | siomn Druwolf for| Drawoftfor | faste | Batano
!
Inches e it M o Moo ft ety o ft
1881 o1 19991 9160 7060 6000 1000 0 190
188 oy 140 6 10 830 8000 6000 1°00 3590 000
1883 228 1208 1 40 5000 6000 1 ® 1510 © 000
1884 o9 13339 10179 8000 6000 1°00 290 © 000
1883 200 11941 8530 5000 6000 100 160 000
1856 07 17008 3920 8000 6000 100 120 000
1887 o 1090 1° 630 8000 6000 1 00 5430 © 600
1888 267 10003 1 80 § 000 6000 1°00 5080 2000
1889 o0 13 97 10180 $000 6000 1200 3980 ? 000
1890 o records o rec ord
1801 o1y 1 40, 9310 $000 6000 1°00 110 2000
189 31 13206 10°0 8000 6000 1°00 00 2000
1893 o) 183 9630 8000 6000 1°00 © 130 600
1804 200 12931 9 0 5000 6000 100 © 530 ° 600
189 18 1698 9570 8000 6000 1°00 239 "G00
1896 o1 19319 9200 5000 6000 1°00 2000 2000
1897 5 13161 9960 8000 6000 100 2 6 2000
1893 LE1 133 10010 8000 6000 1 00 2310 © 600
1800 lod 890 6270 70°0 6000 1°00 0 160
1900 o7 16 134 1° 860 8000 6000 1200 4680 2000
1901 oG 13162 9960 8000 6000 f, 170 760 600
190 167 5533 8410 8000 6000 1°00 110 600
1ou3 206 11999 8890 3000 6000 1900 1600 000
1901 208 1us | s9s0 8000 6000 1900 180 000
190, 143 8330 o 0D 6500 6000 1200 [ 500
1908 05 11941 8830 8000 6000 1°00 10 ° 000
1907 o3 1 980 9800 8000 6000 1°00 o 2009
1908 og 15 436 17160 & 000 6000 100 19¢0 009
1009 17 1° 610 940 8000 6000 1°00 70 2000
1910 007 1 608 8920 8000 6000 100 120 000
191} 189 11009 7990 8000 6000 100 920 2000
1915 44 14°18 10 940 8600 G 000 31900 3 10 2000
1013 17 10310 730 8000 6000 100 10 000
01 0 15 °7 17410 000 6000 1°00 2240 2000
1915 0 11 650 50 8000 6000 1200 130 2000
1000 - 15 841 12560 8000 G 000 100 2360 2000
1917 o34 13630 10400 8000 6000 1200 3500 000
1918 183 10 660 650 8000 6000 1°00 480 ° 000
1919 19 1 o7 9530 8000 6000 1°00 380 200
190 17 10 310 730 5000 6000 1200 10 2000
Trom above figures the safe ann sl draw-off wh ch will carry through the worst year 18 7°00 m ¢ £t

Talug losses for evaporat on and soakace as 400 m ¢ ft the ava able water 13 7°00—{00 6530 m ¢ ft annually or 215 cu ecs

continuous,

the lake will hold 15000 m ¢ ft 1480m ¢ ft would
be surplussed over the waste werr while of the storage
14190m ¢ ft would be used for power and 810m ¢ ft
would go 1n losses 1n the tank  From the dam & canal
running m a general 8 B direction for some 9 mu through
difficult country would lead to a forebay site 1 a nala
near the village of Komb whence a pipe line about 1
mi i length would lead to a power station site at the
sillage of Holgade on the hanks of the Kalinadi river
The fall obtainable s 1 150 It which with a constant dis
charge of 600 cusecs would yield 600X 1 150/15—46 000
LW contmuously A possible use for this power would
be the manufacture of pulp  3hills could be erected neax
the tidal waters of the Kahnad: to which bamboos ~ould
be rafted down

(7} Mahadeo Ruer Belgaum Distnet  (Map 48 If6
squares A2 A3 B2 and B3 }—The site 1s'reached by a
forest road from Khanapur or Gunj: stations on the
Madras and Sonthern Mahratta Railtway by way of
Shiroh and Hemedga the distances being 17 and 13 m
respectively from Khanapur and Gunpi The mver
Mahadeo 18 a tributary of the R Caudcapar which it
jomns m Portuguese territory  Its catchment area above
the proposed dam ite 15 52 sq mu of which a great part
s ghat atez  The project appears capable of develop
ment on combrned flow and storage Mo records appear
however to have been hept of the niver discharge or of
the ramfall in or near the catchment A rough estimate
of the discharge on Apnl 2nd 1921 gave 20 cusecs but
1t would probably fall to less than thishy June Inthe
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absence of any contoured sheets of the catchment area
1t 15 impossible to estimate the capacity of the lake until
surveys arc made The proposed dam site 1s at & pont
23m1 from Gawal village bearing 35° from that village
The dam would be about 900 ft long and from 100 to
150 ft* Ingh, the flood water bemg discharged over a
weir on the dam or by means of a waste water tunnel
The land submerged will be mostly forest land and a
small amount of rice land, while one small villige may
be partly flooded From the dam a canal, about 4 m
long onthe I H bank of the niver, and through difficuls
side long ground, will lead to the forebay  Aqueducts
and tunnels will be necessary and this 1s hkely to be an
expensive part of the work The forebay site 1s not of
very great capacity owmng to steepness of its bed It
may be necessary to line 1t, as rock 13 not everywhere
visible From the forebay there are two possible pipe
lines, one 2 m: long giving a head of approximately
1,400 it , and one I m1 long with head of about 1,100 ft
The first Iime would serve a power house near the junc
tion of the Tallivad: Nals with the Mahadeo River and
the site 15 some 15 £t above flood level and 30 ft above
niver bed level The second line would serve a power
house 1 the gorge below Blumgad fort, and some diffi
culty 13 to be expected i finding sufficient room for it,
as the sides of the niver are very steep There are no
mngation possibilities m Brmtish terntory as shortly
below the power house site the river enters the Portu
guese colony of Goa In the absence of any ram gauge
or miver discharge records 1t 13 mpossible to give an
naccurate estimate of the poweravadable It would how
ever be safe to assume an average ranfall of 100 mches
and with a run off of 70 per cent power m the neigh
bourhood of 8 000 LW could be developed As regards
a marhet for such power, the power house 18 some 26m1
from Belgaum and 16 m: from Khanapur, where there
are distillertes, tile and brick works while near Tallivadi
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and 1ts Iength for a height of 200 it above the river bed,
would enly be 1,340 ft  The niver has been gauged for
some years and the lowcst recorded discharge for 12
months (1st June to 315t Mey) 1545390 m ¢ ft  The
lughest recorded flood discharge was mn August 1913,
when 2 000 000 cusecs are reported to hay e been ganged
This 1s probably very much over estimated From local
mformation this flood rose to a height of 75 ft above
the normal low water level of the river m the gorge
while 1mmediately below the gorge, where the salley
opens out considerably, the flood level was 50 {6 above
the low water level (The maximum discharge of the
Indus 1n the last 20 years 1s under 1 million cusees,
probably the above figure was actually 200 000 cusecs }
During the months January to May the flow of the niver
15 neghgible, so that any project for power at this site
must be on the monsoon flow aided by storage basis
Although the site 1s a very favourable one for a large
storage work, and there 15 every probabihty that the
cost per million ¢ ft stored will be low, the fact that
there are no natural falls precludes the possibiity of
making a power scheme that will pay by 1tself, and 1t
will be necessary to find further use for the water
Three good pick up weir or barrage sites exist below

the dam site 11z —

(1) 1 m downstream of Limbodara village Map

16 E/12,
(2) Near the village of Harod Map 46 E/12,
(3) Just above the junction of the Mah: and Panam
Rivers Map 46 £/12

all of which sites are 1n 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 Mah River to irngate Jand 1n the Lunayada and
Balasinor States and 1 the Ahmedabad distnict  Tlus
scheme will probably form a very good combined 1rni
gation and power project as given a demand for water

there are deposits of o The p hties of

for p 1 crops there 1s every possibility that an

the scheme appear to warrant the undertahing of ram
fall and nver discharge 1oy estigations and should these
prove favourable detmled surveys might be carned out
with advantage

(8) Z7¢ Maks Rurer in hadana State (Map 46 Ef15 }—
Some three miles from Kadana the capital of a <mall
State of the same name, 1n the Rewa hantha Agency,
the Malu River pasces through a deep gorge where the
rocky cliffs on either sde nise to 250 to 300 ft above
the mver bed  In the gorge it<elf, where the distance
between the ¢l fls 1s only 300 to 400 ¢, the niver has
cut out o channel which when <ounded 1 1920 was
found to be 113 ft decp Above tle gorge the valley
opens out shghtly, and a tarner of hard rock erosses
therverbed  The proposed dam 1< sited on this Larmner,

irngation scheme would pay by iteclf. The Mahi 1n
the worst year, diccharges more water than could posaibly
be utilized for irmgation if a storage work was con
structed to hold about 23 per cent more than the 1m
gation requirements abos ¢ outlet elmices placed 10 ft
or more above the mver bed at the dam site, 1t would
be posable to utilize this ertificsal head for power with
out interfering with irngation intercsts, and the extra
cost of the storage work could probably be easily carred
by a power echeme The power generated could be
transmitted to Ahmedabad 67 mi away, where large in
dustries exiet or 1t might be poseible to form a new
industrial centre at Godhra 40 m: from the power
station site It 1s dessrable that thie ech ‘ould le
s estigated m detal
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(8) Sonda Ruter tribulary of the Bedis Ruer and Ganga
walt North hanara District (Map 48 J/9 and 13 }—The
site 1s reached from Kangod village 7m by foot path
Kangod 1s on the Yellapur (18 mi ) Sirst (13 rm ) road
The catchment area at the proposed dam site 1s 192 sq
m1 of which probably a fifth can be classed as ghat
catchment No niver gauge records are available but
m March 1920 a rough gaugng gave a discharge of
25 cusecs The only rain gauge 1n the catchment area
1satSirst  Thus, however 1s centrally situated and 1ts
readings may be apphed with a certam amount of con
fidence to the whole area  The average ramfall at Sirs1
18 9989 1n and the lowest ramfall 15 6049 m  Some
60 m may be taken as the run off m the average year
and 30 1 1n the worst year giving discharges of 26 740
and 13370 m c ft respectively If the project 1s
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 18500 m ¢ ft
will provide 13750 m ¢ ft for power purposes for 9
manths 1 the worst years on record and will leave
1020 m ¢ ft i the tank at the end of the worst year
to safeguard agamnst a late monsoon The dam site 1s
situated above the village Ganeshpal and below the
junction of the Sonda and Patnad mvers A natural
fall of 352 ft occurs 1} m below the dam site Tt
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appears likely that a dam 200 ft gh and 5 000 {t long
will grve the required storage  The waste weir would be
on the right bank so as not to mterfere with the canal
hne The canal Line would tale off from the dam on
the left banl and after passing through some rather
difficult country would reach the spur above the junc
tion of the Bedt: and Bil rivers 1n a length of some
5 m1 most of which would be m a heavy cutting or
tunnel A forebay site 1s found at the head of a nalt
flowing 1nto the Bedt1rrver on east of this spur whence
the pipe hine about 8 000 ft long would lead to a power
station site about I 1 N E of the village of Konk,
4 mu1 by cart track from Arbail on the Karwar Yellapur
road The fall of this length 1s 1 100 ft so that as the
storage will allow of a constant draw off of 540 cusees
power of the order of 1 100X 540/15—39 600 LW conld
be developed Kanara possesses no marhet for power
of this order and as long as the agreement between the
Indian and Portuguese Governments 13 in force her
coast towns are dented railway commumecation with the
mtertor  With the enormous quantity of power avail
able 1n the district 1t should not be beyond the bounds
of possibility to develop industries 1 these towns for
the manufacture for export of cotton and other goods
from raw materials imported by sea from 8md Kath
awar other parts of India and from South Africa

TaBLE 42 —Sonda ruter balance table

l ' ‘
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(10) The Tattskalle Ruer, tributary of the halmady Ruer
North Eanara Distnice  (Map 48 1/12 and 16)—The
‘lathhalh River joms the Kalmadi River abeut 3 mi
above the Lalgult falls, and m the last 6o of 1ts course
falls 156 ft There 1s a site for a pick up weir, or a
possible dam site, # mi up stream of the Halyal Yella
pur road brdge, whence acanal hne 13m long through
difficult country would lead to a forebay site about 2mu
L N E of the village of Lalguli, whence a pipe lue
5,000 it long would lead to a power station site on the
banks of the Kalmadi River  The total fall obtamable
19750 £t The rnver has not been gauged and only two
ran gauges exist 1 the catchment area of 456 sq m
The area 1s non ghat, and appears to be 1 the tract of
the country where the wverage ramnfall vares between

5 and 35 m  The average ramfall at Habyal and
Kalghatgt 15 39 99 1n and the mmmum rawnfall 1s 23 35
i These figures could probably be adopted for the
whole catchment atea  The run off would probably, be
1510 manaverage yearand 61n 1n the year of pummum
rainfall yielding 14 120 and 6 348 m ¢ ft respectively

A dam 5000 {6 long and 150 ft Iugh at the site ndt

cated above wonld probably store some 10,000 1t ¢ it ,

whieh, 1f worked on the carry over system would allow

for an annual draw off of about 8,000 m ¢ ft, yielding

a constant discharge of 240 cusecs and leave 432 m ¢ ft

to cover losses 1n the lake

With this dischargy and a fall of 750 ft 12000 LW
could be obtamed continuously This project 15 worth

Investigating on 1ccount of the fall obtainable, though

the long canal hne necessary may make 1t a rather ex

pensite one
(11) The Talry or Aghanashiny River North EKanara

Dustriet (Map 18 J11and 15 )—The Lushmgton Fall

(330 ft ) are 3m by foot path from the village of Hostot,

connected with Nilkund by a muram road 5 mt long

Nilkund 1s 17 mt on a metalled road from Sirsy, » Taluka

1leadquarter town, and 71 m from Haven station on

the Madras and Southern Mabratta Ralway —Angther
route 15 from Kumta by metalled rond to Nilkund 24m:

Lhe river has not been gauged but has ohly + small dis

charge i the hot weather  There 13 no site for # storage

worh close to the falls as the bed fall of the rver above
the falls 1s rapid and the valley 13 narron  bat a site
cxists between the villages of Mlatiman: and Hulimam
about 1} m:  upstream of the Nilkund Sidhapur road,

8 mt from Nill und and 11 nu from Sidbapur Ramn

gwges are munt uned at Sirst and Sy lhapurin the catel

ment area, from which 1t appuars that the aver3ge ram-

ful 1n the eatchment area of 210 sg mr 15 10679 1o

while the mimmum ranfall 13 70 19 1n A run off of

$31n or 18,374 m ¢ {t can be rehed on in the worst

Y% Tho dom st 1 stated W w gotgs, whar the
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river passes between two hulls nising to about 250 f¢
above the miver bed, with a saddle about 200 f& above
the nver on the left bank  The length of the dam would
be about 2,000 ft for a height of 200 {t and the waste
werr would be 1 the saddle referred to above From
the examnation of the map 1t appears that the contents
of a lake formed by a dam of this height would be lewy
than the mmmum run off, and so the project would
have to be developedon monsoon flow aided by 9 months
storage  The storage capaeitv of the proposed lake has
been assumed to be 13,750 m ¢ ft which, allowmng
715 m ¢ ft for losses, would yreld a constant discharge
of 550 cusecs for 9 months During the 3 monsoon
months 4335 m ¢ ft would be required for power so
that during the worst year over 1,000 m ¢ ft would be
surplussed over the waste weir A better site for a dam
could probably be found further upstream, but thi
would mvolve either the lengthenmng of the canal Ime
or the construction of a pick up werr  I'rom the dam,
a canal some 10 m long would lead to a forebay site
near Durga Devy, at the edge of the ghats, on the Kumta
Nilkund road, whence a pipe line 2 mt long would lead
to a power station on the banks of the Benihol Nala near
the village of Morshet, about 1 mu aboxe the junction of
this nala with the Tedn: River  The fall obtamable 1s
about 1400 ft on which with a constant discharge of
550 cusecs <ome 51 300 AW could be obtaned con
tvously This project 1s well worth detailed nvest
gation, should a call for power anse 1 this part of the
country

(12) Varturna Ruver, Nas! Dastriet (Map 478/9 }—Tls
river rises on the southern slopes of the Trimbak range
w the Nasik District and after flowing <outh for some
miles finds 1ts way over the edge of the ghats The
above ghat catchment area 1s 6223 sq m1 and 1s very
favourably situated ae regards ramnfall Three ramn
gauges are mamtamed o or near the catchment area,
vt~ Tnmbak Waghera and Kusegaon The average
ranfall at these stations 13 remarhably regular ~Tnm-
bak 9333, Waghera 9071, and Kusegaon 8932 i
The combined average ramfall of 9112 i may be
adopted for the catchment The minimum ramfall 14
1283 m A runoff of 60 mn in an averige vear and
1510 10 the worst year may be assumed  “These run off<
would s1eld 8 671 m ¢ ft and2168m ¢ ft respectrvels
from a catchment arca of 6223 &.q m1 The discharge
of the niser has not been gauged but from loeal inform
ation there 1s hittle or po flow after December  The pro
ject must thercfore be developed on the monsoon flow
aded by storize A good <ite for a dam cxists 2me te
the § of the Ghot: Sirghat road cros ing Letween the
villages of Wai and Dhargion - The dam sect 2 ard
amsy e s, g tmaa bose b oo o s
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these 1t appears that 4 dam 160 £t high and 3,142 ft
long, with o waste wewr on the right bank, would store
5358 m ¢ #t A higher dam might posstbly be con
atructed, but difficultes would probably be encountered
with the waste werr site, and the height given above
appears to be the economical height
With a storage of this capacity and a worst year's
ran off of 2,168 m ¢ ft, 1t will be possible to utilige
3,600 m ¢ ft from the storage annually, leaving a
balance of 1,768 m ¢ ft, as a carry over to meet a bad
year This 3,600 m ¢ ft represents a constant dis
charge of 111 cusecs A canal hine would take off on
the left bank from the dam mite and after passing
through some moderately difficult country, would be
carried i tunnel through a ndge to a forebay site found
1 a neld about 13 m1 south of the village of Wagia
Lrom the forebay site a prpe hme 5 300 ft long would
lead to the“river bed 832 ft lower down aud allowing
for placing the power station well above high flood level,
the available head may be taken as 800 ft  The storage
saill yreld 111 cusecs continunously so thab the power that
can be developed on the above fall 13 6 660 LW con
tmuously The generatng station will be 67 mu from
Bombay 37 mt from Kalyan 23 mu from Igatpuri and
8 from Nosik all places where the need for power
custs or 1s hhely to do so in the future  The project 18
well worth detailed investigation
(13) Venna Ruer Hydro Llectric 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
Alahabaleshvar, and the level of which 1t 1s proposed to
tasse 30 £t for power purposes 1s about 1mt N E of
Aahgobaleshvar from which place 1 can be reached by
car The catchment ares of the lake 13 only 1sq mt
of ghat wrea  From Iebruary to June there is no flow
from the streams wto the lake The lowest recorded
ramnfall 1s over 139 m which <t 70 per cent run off
would give » volume of 921 m ¢ ft At the suggested
full supply level of R L 4,263 the Jake wonld cover
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about B6Y acres wstead of 12 acres as at present, 1nd
would contam about 102 #3 m ¢ ft nstead of about
2018 m c ft as at present  Rasmog further than ths
19 nob practicable, as the submerged land would be
too valuable The cantl would be taken along a faling
contour on the left bank of the Venna Naln to a forebay,
situsted ab a pomt about 17°85 25" N by 73° 44’ 50"E

im 8 W of Ankaly, whence a pipe hine about § mu

long would lead to the power house This would be
situated 1n the Venna Nala at 1 pownt about 17° 547 45"
N by 73° 44 50" L asbout }rmm from the foot of the
falls  The tail water would flow mto the nala  The
outlet level of the present Inke 13 B L 4 216 and the
nala bed at the power station about B L 3,105 givang
2 total fall of 1,111 £t  Deducting 11 ft for fall
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 ¢ ft impounded by rusing the dam

would be available It 1s not proposed to run the plant
during the unless P 15 to be hed
as well as Mahabaleshvar, thus 82 m ¢ ft would be
nsed 1n 9 months giving 35 cusees  This would grve
some 250 LNt contimmously for the 9 months

The power v ould be used for pumping the water supply
of Mahnbaleshvar and for hghting and a plant of some
600 kW or more could be mstalled Refernng to the
table on page 23 of the Prelumnary Report on the
Yater Power Resources of Indi, 1919, assumung the
cost of coal to be Rs 21 per ton a power factor of 40
per cent and practically no transmission hine, 16 wall be
seen that the admissible cost of the hydrankic develop
ment pere b p installed 13 about Rs 636 or the total
admissible cost B} labhs -

100 Burma, kmown sifes —The following summary
relates to Inown power sites of which reconnassances
have been made, and so much mformabion as
15 avadable follows I will be observed that most
of the sites ;n Burma “can be developed on flow
alone

Tapre 43 —Burma , summary of Inown «es

s Co\astmb Probable
ite ow Head contintuous
Ser al River or site Nature of supply pumber assumed T posrer Fruares
cusees kWs
(0] 100 500 3300
(1) | Bala Chamg Flow i
(3] 160 1000 10000 -~
¢} | Bumard Mye Rever | Do 10 3000 2000
or moro
@) | €1 mgop Chaung | Do 14 1000 1400
(1) | Chnlmn Prver ‘ Da 3000 30 G000
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Constant Probable
Senal River or s to Nature of Supply nu?nt:er ag:&::: a4 “;?’d cm;:;‘:;’e‘:s REMaRES
cusecs kWs
&) | Belaung Chaung Flow 50 | 2000 6000
(6) | Trrawaddy Piver Do At Smbu 10000 20 50000
(1) | Ba ngeys Ye ta goon Do _ 5 1500 500
(8) | Konwet or hunwe River Do 20 20007 | 2000
(9) | Nam Kwe Do 25 1100 1800
(10) | Namma Raver Do 300 120 f{2 400
(11) { Nam Tamphak River Do 200 00 12000
(1) | Salwoen River Do At Hatgy: 70000 ? 90 120 000
or moro

(13) | Shweh Ruver Do At Selan 4000 1000 240 000
(14) { S ttang River I'low and storago 50 \ 1200 4000
{15) | Tepng R ver Flow 500 500 17000
(16) | Thaukye,at R ver Tlow and storage 300 200° 4000
- Torar 497 400

(1) Balu Chaung S Shan Slates—(1} This about 120 sq m and Mr Raikes reports that

stream enters Imle Lake valley near Indemze and has
a discharge which 1s believed not to fall much below
100 cusecs It was partly examined m 1904 and agam
m 1920 There are no clear falls but rapids are
numerons and extend for several miles up to a height
of about 1 000 ft above thelake (Map 93 D/11 15)
By hiting dams 1f not otherwise des elopment may be
possible #f the ground will hold water This howeser
15 doubtiul By open channel {somewhat costly) 1t
seems probable that half the fall or 100x500/15=
3300 kK\V continuous could be obtaned
(1) The river dramng Imle Lale to the S 1s

also called Balu Chaung The mummum discharge
18 unknown but 13 probably considerably greater than
160 cusees as other streams flos mmto the ke There
are patural falls of 600 ft and a number of small
falls withn o few mules of where the nser reaches
the Nam Pann  The lahe has o large water spread
and swamp area and by rawsing 1t a few ft regula

tion could be obtamed The total fall 1s some 1 000
ft all of which can probably be used The con

tinwous power 13 not less than 10000 KW and
may be three times as much

(2) Bernard My Prwer Vg k—This mier 9 m

N of Vogoh 13 a tnbutary of the hun Chaung
ani Shwel:  The nummum discharge due to springs

13 about 10 cusees or more an1 there 1s a drop of 3 000
to 1000 ft in a shortdistance The catchment 1s

“springs and reservorr sites appear to be numerous
m this area > The contmuous power 13 probably
not less than 2 000 kW  (Map 93 A/8)

(3) Chaunggyr Chaung —A tnibutary of the Nammel.
and Shwel (map 93 Af12) The discharge 1s believed
to be never below 14 cusecs and there 1s an available
head of 1500 ft or 1400 kW% continuous

(4) Chanduwn River tributary of Irrawaddy —This
large river has a catchment of the order of 5000 sq
m mostly unsurveyed on map 83/0 The hant:
falls 20 m above hant: are about 30 ft normally
but 1t 1s possible that they may di=appear in the rains
(cf Narbada R) The mimmum discharge 13 beliesed
to be about 3000 cusces and if flood regulation 19
possible development 13 also possible  The continuous
power will be of the order of G000 AW if deve
lopment proves possible

(5) Helaung Chau g tributary of Hpawrgow —Tiq
rises near Wetwun and fallsabout 2000 ft n 1§
between the railway line there and Hhelawng  Tp,
mmmum discharge 13 of the order of 50 cucees apg
<ome 6000 AW may be expected (Map 93 B o
16)

(6) Irrawaldy Mrer —It 13 vers doat tfalsf econome
development of this immene river 14 pocuble A
rough project was drawn up b+ Mr Hare for damy, 5,
the niver at the defile below £ nbu and diverting 1t 1,y
g channel to the E w1z tle { Mo
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rmers, a matter of 45 m1 It 15 doubtiul sf this 1s
practicable unless flood regulation on an enormous
scale 1s possible Nevertheless the power obtamable
15 almost beyond conception, though there appear
but small prospects of 1t ever being required m so
remote a district Some 28 m above Myitlina the
Irrawaddy proper 1s formed by the confluence of the
Mab Hha (W) and the N'Mar Hha (E)  The former
has o fall of 510 ft in 155 wn and the latter 730
ft m 121 mu appronimately Both miers have
many gorges and rapids, but there appears no prospect
of usmg these 1n the present century
Mr Hare’s proposal 1s to utilize the whole dry
weather flow of the main mver on a fall of 80 to 100
ft mear Smbu which 15 at the mouth of the first
defile, some 79 m below Myithina Here the river
runs 1 & narrow gorge m kigh hulls for about 33 mi
before emergmng some 6 mt above Bhamo  The
passage through thws defile appears to be somewhat
of a geological freak, as an easier passage could have
been effected At the gorge eutry the rer backs
up some 80 ft 1n flood times, at Sinbu gauge and
has reached 102 ft If the witers were headed up
to 140 ft here they would be diverted over the divide
between the Namsang Chaung and the Mole Chaung
and, avording the defile, would have resched the mam
bed agam just above Bhamo by the Mole and Taping
nvers Mr Hare suggested that the rner should be
led off at low water at the Tahena bend 1n an escape
channel, taking off from the mouth of the Namsang
Chaung 8t level 400 fo while the gorge atself 1s
dammed , alternatvely o diversion tungel could be
constructed , as the whole supply would probably
never be utilized this could afford a dupbeate perma
nent flood outlet The lake formed behmd the pro
posed dam would be of enormous extent, <o that flood
regulation 15 defimtely a posabiity, if carmed up
to the 450 ft contour the waterspread would be
about 325.4q m and another 10 ft would shout
double this, 1 foot giving some 9,000 m ¢ it extra
If the whole of the excess water were diserted as pro
posed there would be a head at the dam of from 80
to 100 ft It appears as though a constant draft
of at least 10,000 cusecs could be obtamned and pro
bably far more Qp an 80 f6 head this wounld men
about 50,000 LW
7) Kawmggip Y ta Goon —Thus discharges mto the
Madays Ruver, near the Mandalay Camal headworls
Only about 50D LYW could be obtamed, as no
storage 1s possible The discharge drops to b or 10
cusecs but the fali 13 1,500 t0 1,700 £t (Map 93 B7)
(3) Ronteet (or Kinwe) Rorer, Mogok ~This 1s not
marked oo the maps {93 A/4, 8) 1t has been stated
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to have a mmmum flow of about 20 cusecs and a fall
of 2000 ft wn afew mi and may probably be good
for 2,000 kW or more A tmbutary of the Km
Chaung 15 marhed under this mver as also hwing a
cold weather discharge of 20 cusees (?) and a
farr fall

(%) Nam hue, Yamethin—A combned 1rmgation
and power project can be earried out on this wver
The wnigation schime consists 1o stormg and dwerting
the head waters of the Naunge Chaung towards the
plaips near Yamethin by means of a dam near Mam
Kwe and a tunnel through the northernmost branch
of the stream flowing past Konywa , map 93 D/2, 3 6,
7 With s head of 1,100 £t 50 cusecs would be asad
able for 12 hours 2 day throughout the yer for power
Assunung that by a pich up wer or otherwise this
flow could be <pread over the 2¢ hours (25 cusecs)
the continuous power would be 1800 LW

(10) Namma Ruer —This joms the Nam Yao at
Se en rallway statton and flows into the Namtu I
ot Hstpaw and below Mancan Falls In a deep gorge
12rm up from 1ts junctron with the Nnm Yao 1 runs
through a large ““ natural bridge” mn the hmestone,
over a series of rapids  There 15 a fall of 120 ft
the GOD {t above and 200 ft below the bndge
The discharge in November was estimated to be 600
cusecs so the mmmum s probably not above 300
Owing to the fissured roch 1t 1s doubtful if a storage
reservorr could be constructed, though a site for one
exists above here  The stte would, 1t 1s said, be very
costly to develop , though on the face of 1t a low dam,
with a short tunnel and pipe *appeir possble The
power avalable 13 2,100 LW (Map 93 F/10, 14
and 93 J/2}

{11) Nam Tamhpul Rier —Ths yons the Nam Pawn
near Wan Man and 15 saxd to have a good dwscharge
and fall near there Probably 200 cusecs with a
fall of 900 ft 1s near the mark, or 12,000 kW
It 1s m the viemty of the Balu Chaung and Nawng
Htao Lake which are both said to have good falls and
discharges  (Map 8¢ L/5)

(12) Salween Ruer—The Hatgyr rapids 100 m
S E of Taungyr and the same distance N of
Moulmem are well known by repute though fewn
people appear to have seen them They are some
40 mi above the cntry of the Yunzalnm River and
below the entry of the Taungin Ruer Reports are
confiteting and there are said to be falls of from 70
to 300 ft  Probably the lower figure 19 more correct
for these rapids, but others may eust further up
The mmunum discharge 13 very great, of the order
of 20,000 cusecs, and flood discharges of 2 pnllion
cusecs (as large as those of the Indus) are beleved to
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o.ccur , the floods mse 90 ft when no doubt the fall
mostly disappears If flood regulation 1s at any place
possible (para 33) there 1s no doubt enormous
power capable of devclopment by lftwg dams and
1t 15 safe to estunate 2t least 120 000 KW as possible

(13) Skucle Ruer, inbutary of Imawaddy —This
great miver 1s said to have a diccharge of 1000 cusecs
normally m Apml It 1s reported to have falls (the
largest 3% ft) aggregating 1,000 {t m 5 m  This
18 below the large swamp or lake at Sclan, which conld
doubtless be slightly rased for flood regulation and
storage The elevation at Selan 1s about 2,400 ft
and the land 15 cultivated, so that no great submergence
would perhaps be possible  There 15 gramte available
The site 1s probably worth about 250,000 KW
continuous and may be even better if storage can
ensure proper regulation of floods The upper reaches
below Namkhan and the Kyau Ktabo rapds are also
mentioned as well 1s the Nam Chit tmbutary falls
of some 300 ft (Map 93 E/6 9 13)

(14) Sutang Ruer —There 1s said to be a good power
site on this niver N of Pymmana near Yezin village
and Taungnyo  Further N 20 mules dee E
of Yamethin, there 1s 2 fall of about 1 200 it reported
The discharge falls to about 50 cusecs but could be
supplemented by storage  The possibibty of tunneling
through the watershed was mooted which would bring
the tail waters to where they could be used for irnga
tion  Although the rock 1s himestone, which 1s gener
ally badly fissured 1n Burma, 1t 1s stated that earthen
bunds have been used here m the past with success
It seems jrobable that wupwards of 4000 LW
conld be obtamed continuously (Map 94 A/l 5 93
D/3, 4)

{15} Taping Ruer, tnbutary of Irravaddy —The
confluence 1s near Bhamo About 31 m1 wp the niver
from the confluence, on the Bhamo Tunhong road
there 13 believed to be a cold weather discharge of 500
cusees and a drop of 500 it m 5 mi The ste 1s
worth exammation and may gne 17000 LW
or more continuously The Tunhong gorge beyond
Kalechet has also been mentioned  (Map 92 H 11 14 )

{16) TTaukyegal Rerer, tributary of Sutarg — A site
G a8 of Toungoo has heen partly examined
on maps 94 Af11, 12, 16, B/9 13 The catchment
15 consderable and on the N or mam branch a
resersoir site (about 1000 m ¢ ft) apjears possible
The discharge m March 1919 was 300 cusees and
most of the small feeder nalas have 2 httle water n
them The § brwch e po wibly be led round
by a channel to the rt ervonr site from whence an open
channel weull apparenths lead to o good forebay and
ine hwe roate No scheme has vet 1oen deann up
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but 1t seems probable that about 4,000 LkW. can
be obtaned continuously

101. Central India ; known sites  Blopal ,
Gadana Nale —This  stream runs parallel to the
ranay from Bhopal to the Narbada at Budnt (map
55 T/9), whete a new industnal aity 15 m process of
maling  Local engineers dren up < rough project,
on hnes suggested by the Survey, and Messrs Bull
and Meares visited the site m January 1920 Various
alternative methods of development are possible, but
the confirmed data are so far altogether msufficient
to form a judgment on  The new ity will probably
require some 3! million umits (kWh ) per annum  The
catchment area 1s about 34 sg mu with annual
ramfall generally between 36 and 40 i The run
oft 1s ikely very high, from the nature of the ground
The average run off 1s ikely to be of the order of 1,800
m ¢ ft A dam site at about R L 350 ft was
examined and found favourable, but the capacity
has not at present been determined A further possible
reservolr stte exwsts atabout R L 316 ft and a third
site at about 240 ft probably the best of the three
for mitral development From this lowest smte there
13 a fall of 52 ft m 4,000 ft Clearly on so low
a fall large storage 1s mecessary Posubly by gomg
further a total fall of 72 ft may be obtamable
Several possible methods of development were suggested
to the Darbar for survey The estimated consump
tion of 3} m umts 1 equnalent to 400 LW
contmuous, and this can probably be obtammed As
the project depends on storage any load factor or peak
load can be met

102 Central Provinces, summary of known
sifes —The following pages give abstracts of the
reconnaissance reports on a number of sttes m the
Central Provinces which appear to be well worth further
detailed exanunation and surve; Some of them will
almost certamly prove worth developing 1f there 13 a
marhet for the power, but it 13 essential not to lose
sight of the fact tha* a water power ste 13 often
rumed for good 1f a partial development only 1s planned
To enable the ate to be fully developed, nearly the
whole cost of the hydraulic lay out must be meurred ,
and unless the pover can alco be fully utilized the
units that are generated have to bear the whole of the
capital charges

The investigations were made durng 1920 under
the direction of Mr Fowys Davies, Frecutive Fngneer
Officer in charge, who was Iater succeeded by Mr
N C Bhattacharn  temporary engincer The fic
crrele officers (supervicors) employ ed were €1 aran Singh
B 8§ Nagop K Fanduddin Heers Simgh ard D K
Kieju all «f whom dil excellent work for the Sunen
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mvers, a matter of 45 m1 It 13 doubtful if thus 1s
practicable unless flood regulatton on an cnormous
scale 15 possible Nevertheless the power obtamable
15 almost beyond conception, though there appear
but small prospects of 1t ever bemng requured m so
remote o distniet  Some 28 m above Myitkina the
Irrawaddy proper 1s formed by the confluence of the
Mal Hka (W) and the N Mai Hla (E) The former
has a fall of 510 ft mn 155 m and the latter 739
ft 1 121 mu  approumately Both rners have
many gorges and rapids, but there appears no prospect
of using these in the present century
Mr Hare’s proposal 1s to utiize the whole dry
weather flow of the main river on a fail of 80 to 100
it near Swbu, which 13 at the moath of the first
defile, some 79 mu below Myithina Here the mver
Tuns 1 & narrow gorge i kigh hills for about 33 mu
before emerging some G mi above Bhamo  The
passage through this defile appears to be somewhat
of a geologcal freak, as an easier passage could have
been effected At the gorge entry the mver backs
up some 80 ft 1 flood times, at Smbu gauge and
bas reached 102 ft If the waters were headed up
to 140 ft here they would be duerted over the divide
between the Namsang Chatng and the Mole Chaung
and, avoidmng the defile, “ould have reached the mam
bed agawn just above Bhamo by the Mole and Tapng
nvers Mr Hare suggested that the river should be
led off at low water at the Tahena bend 1n an escape
channel, taking off from the mouth of the Namsang
Chaung st Ievel 400 ft while the gorge 1tself 1s
dammed, alternatisely a diversion tunnel could be
constructed , as the whole supply would probably
never be utifized this could afford a duplicate perma
nent flood outlet The lahe formed behmd the pro
posed dam would be of enormous extent, so that flood
lat 18 defiutely a )3 , if carmed wp
to the 450 ft contour the waterspread would be
about 325,6q mt and another 10 ft would about
double this, 1 foot giving some 9000 m ¢ ft extrs
1f the whole of the excess water were diverted as pro
posed there would be a head at the dam of from 80
to 100 ft It appears as though o constant draft
of at least 10,000 cusecs could be obtamed and pro
bably far more On an 80 ft head this would mean
about 50,000 LW
7) K ainggys Ye ta Goon —This discharges mto the
Madaya River, near the "Mandalay Canal headworl s
Only about 500 LW could be obtamed s no
storage 1s posstble The discharge drops to & or 10
cusecs but the fall 151,500 t0 1,700 it (Map 93 B7)
(8) Konwet {or hunice) Ruer, Mogol —This 1s pot
wathed on the maps (93 Af4, 8) It has been stated
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to have a mmmum flow of about 20 cusecs and a fall
of 2,000 it 1n afew m: and may probably be good
for 2,000 KWW or more A tmbutary of the hm
Chaung 15 marked under this river 715 also having a
weather discharge of 20 eusecs (?) and a
{mr fall

(9} Neum Rae, Yomethin —A combined nngation
and power project can be carned out onthis.mver
The 1ngation scheme consists 1 stonng and duverting
the head waters of the Nannge Chaung towards the
plams near Yamethin by means of 8 dam near Nam
Kwe and o tunnel through the northernmost branch
of the stream flowing past Konywa , map 93 D/2, 3, 6,
7 Wirth a head of 1,100 it 50 cusecs would be avail
able for 12 hours a day throughout the year for power
Assummg that by 3 pick up weir or otherwise this
flow could be wpread over the 24 hours (25 cusecs)
the continuous power would be 1800 LW

(10) Aamma Ruer ~This joms the Nam Yao at

Se en raitway station and flows mto the Namtu I
o1 Hsipaw and below Mansan Falls In s deep gorge
12 m1 up from its junction with the Nam Yao 1t runs
through a large “ natural budge” in the limestone,
over a series of rapids There 1s a fall of 120 ft 1n
the 600 ft above and 200 ft below the brdge
The discharge m November was estumated to be 600
cnsees 50 the mummum s probably not sbove 300
Owing to the fissured roch 1t 1s doubtful if a storage
reservorr could be constructed, though a site for one
eusts above here  The site would, 1t 1s said, be very
costly to develop, though on the face of 1t 2 lon dam,
with a short tunnel and pipe ‘appesr posmble The
power avalable 1 2,400 LW (dap 93 F/i0, 1t
and 93 J/2)
* (11) Nam Tamhpal Buer —This joms the Nam Pawn
near Wan Man and 1s sard to have a good discharge
and fall near there Probably 200 cusecs with =
fall of 900 ft 1s near the mark, or 12,000 LW
It 13 m the vicaty of the Balu Chaung and Nawng
Htao Lake which are both said to have good falls and
discharges (Map 91 L/5)

(12) Salueen Ruer—The Hatgyr rapids 100 m
S-E of Taungyn and the same distance N of
Moulmein are well known by repute though few
people appear to have seen them They are some
40 mt above the entry of the Yunzalin Ruer and
below the entry of the Taungta Runer Reports are
conflictmg and there are sard to be frlls of from 70
to 300 {6 Probably the lower figure 13 more correct
for these rapids, but others may eust farther up
The mummum discharge 13 very great, of the order
of 20,000 cusecs, and flood discharges of s nuthon
cusecs {as large s those of the Indus) are beleved to
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o.ccur, the floods mse 90 ft when no doubt the fall
mostly dieappears  1f flood regulation 1s at any place
possible (para 33) ther¢ 1s mo doubt enormous
power capable of development by lfting dams and
1618 safe to cstmate at least 120 000 AW as possible

(13) Shuch Ruer, tribulary of Irrawaddy —This
great Tiver 1s said to have a discharge of 4,000 cusees
normally m Apmi It 13 reported to have falls (the
largest 34 ft) aggregatmg 1,000 it m 5 m  This
13 below the large swamp or lake at Selan, which could
doubtless be shghtly rawsed for flood regulation and
storage The elevation at Selan 15 about 2,400 ft
and the land 1s cultivated, so that no great submergence
would perhaps be possible There 1s gramte available
The ste 1s probably worth about 250,000 kKW
continnous and may be even better if storage can
ensure proper regulation of floods The upper reaches
below Namkhan and the Kyau Ktabo rapids are also
menttoned 88 well as the Nam Chit tmbutary falls
of some 300 it (Map 93 L/6 9 13)

(1) S:ttang River —There 13 said to be a good power
site on this river N of Pymmana near Yezn village
ond Taungnyo  Further N 20 miles due E
of Yamethin, there 1s 2 fall of about 1200 {t reported
The discharge falls to about 50 cusecs but could be
supplemented by storage  The possibility of tunnelling
through the watershed was mooted which would bring
the tail waters to where they could be used for irnga
tion  Although the rock 15 hmestone which 1s gener
ally badly fissured v Burma, 1t 1s stated that earthen
bunds have been used here i the past with success
It seems probable that upwards of 4000 LW
could be obtamed continuously (Map 94 A1 5 93
Df3,4)

(16} Taping Ruer, tributary of Irrauadd;—The
confluence 18 near Bhamo About 31 mi wp the mver
from the confluence, on the Bhamo Tunhong road
there 15 believed to be a cold weather diecharge of 500
cusees and o drop of 500 ft m 5 The site 1s
worth cvammation and may gne 17000 LW
or more continwously The Tunhong gorge beyond
Kalechet has al<o been mentioned (Map 92 H/11 14)

(16) Thaukyegat Duver, tributary of Sitarg —\ site
6 m S of Toungoo has been partly examned
on maps 9 Af11, 12, 16, B/9, 13 The catchment
15 conuderable and on the N or mam hraneh a
reservoir site {about 1000 m ¢ {t) appears posuble
The diccharge in Vareh 1019 was 300 cucecs and
niost of the «mall feeder nalas have a lLttle water in
them The S Dranch cam possilly be led round
by a channel to the e ervenr site from whence an open
channel would apparently lead to o good forebay and
pipe hine reute  No echeme h1s vt teen drawn uj
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but 1t seems' probable that about 4,000 KW can
be obtained contmuously

101. Central India ; known sues  Bhopd ,
Gadana Neala —This  stream runs parallel to the
railnay from Bhopal to the Narbada at Budm (map
55 T/9), where a new idustmal eity 1s 1n process of
making  Local engmeers drew up a rough project,
on hnes suggested by the Survey, and Messrs Bult
and Meares visited the site 1n 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 ety will probably
require some 3% mithon units (kWh ) per annum  The
catchment area 13 about 34 sq mu with annual
ramfall generally between 36 and 40 m The run
off 18 likely very Ingh, from the npature of the ground
The average run off 15 likely to be of the order of 1,800
mc ft A dam site at about R L 350 ft was
exammed and found favourable, but the eapacity
has not at present been det d A further possibl
reservorr site cxists 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 a fall of 62 ft m 4,000 ft Clearly on so low
a fall large storage 13 necessary Posaibly by gomg
further a total fall of 72 ft ma)y be obtamable
Several possible methods of development w ere suggested
to the Darbar for survey The estunated consump
tion of 31 mu umts 18 equralent to 400 LW
continuous, and this can probably be obtamed As
the project depends on storage any load factor or peal
load ean be met

102 Central Provinces, summary of known
sites —The followng pages gne abstracts of the
reconnaissance reports on a number of eites in the
Central Provinces which appear to be well worth further
detailed examination and survey Some of them will
almost certamly prove worth developing if there 1s a
market for the power, but 1t 13 escential not to lo<e
sight of the fact that o water power smte 13 often
rumned for good 1if a partial development only 1s planned
To cnable the site to be fully desveloped, nearly tle
whole cost of the hydraulic lay out must be incurred ,
and unless the power can also be fully utilized the
umts that are generated have to bear the whole of the
camital charges

The imvestigations were made dunng 1920 under
the direction of Mr Powys Davies, Freeutine Frgineer
Officer 1n charge, who was later succeeded by Mr
N C Bhbattackarp, temporary engineer The five
carrcle oflicers (superyisors) employed were Carn Smgh
B § MNagop K Fanduddin Heerd & ' + VD K
Kieju o't of nhom did excellent wo ™ ‘e
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By followmg the directions contamed 1n the

Reconna1 sance Survey and Report Form printed
on pp 19—28 of the Second Report (jara 34 supra)
adnurably logical reconnaissances have been recorded
These are on record 1n the office of the Cluef Engeer
Hrvdro-Electnic Survey and contamm a mass of useful
data regarding ramfall atd run off with maps and
plans discharge curves and <o forth. Owing to the
closing down of the work in the Central Provinees the
data have mostlv not been correlated this would m
volve months of work and will 1t mav be hoped be
undertalen hereafter At present as 1s well known
the calealation of the flow from a catchment 15 hitle
mor than itelbgent guess work  Regular gauging of
the rmers and the provision of automatic water stage
recorders 1n the more mmportant ones 1s very neces
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cary The exceptional drought of 1920-21 offered
4 chance that may not recur for manv vears 1n the
mterests of Inda 1t 1s to be boped that this will be so
but the closing down of all mvestieation m this area
at such a time 1s a dicaster from the pomt of view of
the Sunvey of water power re ources

1t will be <een that practically all the projects wou'd
deperd on storage for many months whie the head.
are mostly low or medmm with verv long pipe line<
These conditions make for expensive development
but only =actual survey can determe whether
such projects can compete wrth fuel developed
power

Thefollowmg 15 8 summary of the wites detmled
below <nd the continuous power which they appear
on pre ent nformation lkelv to afford

TasLe 44 —Central Provinces, summary of Fnown sttes

Continnous
S Canstant flow Head l
Semal. | P verorate. | Nature of WP | iumbe | assmed eusecs. " pover Rrataess
| ' !
(1) | BewasR Stora_s  for some 170 00 l 1600
) | Cluba da Platean Ditto O 1 1700 500 | () ]?n;ﬂ () we
) S alte
Chitarewa—Seo < tarews |
(3) | Denwa R I Dtto 176 300 | 3500
(#) | Indravat R | Flow and Storage () | Probably too expen ‘ -
fuve.
| et D 100 <000 | () and (v)
1°00 ) and (v) are
) add tonal to
(€)] 1,200 00 ’ 16 000 [ 1) (:) 15
al emat ve
) 1°00 °50 { 00006 [No () s kely
J to ke a cheap
=) ot exammed. development.
Kasaha—Ses S g
) | Mechma B Flow and Storage QO 33 00 1000 | () o addt onal
(n) 30 350 00 [ do ( % wm‘ll«i be
= _ 8 cheap deve
{6) | Mahanadi T Storage 8 400 °20 lopment.
Moga—Seo Purna.
) Nasdoosn T Flow and Storage 56 30 * 0
(8) | Nabara R torage %0 660 4000
(9) | Narbada E. Flow and Storags 1000 10 11 000
(10) | Patna K. Storage 44 300 &g
Fench—See  Bilewam
Ghat paragraph §a
{11} | Pergan=a P Flow and Storsge [87] 657 2.0 11000 { For ()} () (u)
(1%) | Pums and Meza R. Storage () 5o 430 1,00 ) see entry below
() ' Doubtfuluthty |
) 10° 100 680 ()15 adiit onal
a3 i< L:\ Kasshs and Sankn! | Storage 183 o0 000 to()
(19) | S tarews Do -8 15 8 00 | A chesp scheme
(15) ; Son thadra N 1 Do 13 150 2 5.0 to de\gdop
(16) | Tapt R | Flow and Storage ((; 450 100 3000
10 400 1 000 | (u) 13 addit onal
() | Conalfalls | Many sy
i Torsr 13860 | ke

Norr—TLese projects marked as “ Storage  depend mamly on monsomn storare for a penod of 1 to 6 months,
Thosenvers a kedas Flow and Storage  have some perenmual Fow but it must be supplemented dunng the bot weather
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(1) Beuas Ruer, tributary of Ken, Saugor Dastrict —
This was exammed m the neighbourhood of Lidhora
Khurd Railway station map 65 I/13  The catchment
15 280 sq mi and the ramfall m the two dmest
consecuttve jears was 318 and 20 81n respectively,
giving an estimated yteld of 5990 and 2400m ¢ ft
The site of the dam appears to be near Richhawar
on square 6 4t R L 1600 where 1t 18 proposed to store
a gross 6000 and net 4200 m ¢ ft but apparently
the site would hold leger storage to allow for a carry
over from good to bad years A channel on the R
bank some 8 mi inlength with 1 m of pipe would
gve o fall from 1600 f6 (plus heght of water) to
1400 ft D of Padema willage on square 8 of the
map A constant discharge of 120 cusecs (probably
more} with a fall of 200 to 250 ft would give power
of the order of 1600 to 2000 kW contmuously
The scheme appears pruna facie to be a favourable
one likely to prove reasonable n cost on commerctal
load factors and 1t 1s worth detailed investigation
Saugor town 13 close b

(2) Ohikalda Plateau Mclghat Taluk Amraots Dis
triet —In the Prehmmary Report page 84 (Chukalda)
and page 85 (Melghat) mention was made of this area

(meluding McKenzie Falls) as one of those proposed
by Mr Batchelor The ongmal proposal put forward
was for a man reservorr on the Baram Sat1 Nadi above
Mchenzie Falls about 1 mt N E of Gawlgarh
Tort whence a fall of 1300 ft 13 obtamable It

was proposed to divert the nalas on both sides mto

this mawn storage tiz, on the W the drainages from

Chikalda Hospital to Chandm Burj or Machi Tal and

on the L from Motha willage The catchment

would be only 6 sq mi and the average yeld

m two bad seasons 15 recl oned at 156 m ¢ ft only

gving under 400 LW continuous This proposal

15 thereforo valueless The site comes mnto map 55

G/7 but for details the 4 n Forest map sheet \IV

(Chikalda Torest Reserye) must be referred to  Exam

nation of the above-mentioned site suggested two

other possibl methods of development to the invest
gating officer
Ist site —It 18 suggested to place a bund across the

Sona nalh 1wt § of Sidona wllage (xquares

1and 7 of 1 :m map) where the catciment 1s 49

sq m and to carry the water along R L 2750

to a mamn reservorr on the Sepan NMadid m N

of Kamajur village (squares § 5) The catchment

of the S1pan Nadi here s 78 sq mt at R L

2700 The waters of the Jamunala (Jamuda ?) nala

on the east with a,catchment of 08 &g m1  woull

nleo bo divertel to the yeservoir A channel would
then runalong R 1, 2700 to a reservoir on the Yoths
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Marka pala some 3 mu S E of Kamapur,
cutting through the spur between the Sapan and its
tnbutary The Motha Matki nala would provide
a catchment of 24 sq m1 at its reservorr site
near the Blotha Ellichpur road Thence a channel
could be constructed near R L 2700 to where 1t cuts
“the nala flowing towards Manbhung (square 8) Irom
a forebay here the pipe line would run down to a power
statton N of Dhamangaon at R L 1500 There
would be § nalas to be dammed 9 mi of chanrel
and 13 mr of pipe lne, mostly on difficult ground
The total catchment 1s 16 sy mt giving a mm
mum yield estimated at 416m ¢ 1t buta far greater
normal yield As the fall 11 1200 £t the contmnuous
power would be of the order of %A% x 3920 or sy
950 KWW but with additional carry over 1t may
Pprove more on exanmunation

2nd site—The second alternative proposal for this
area 19 to dam the Sapan Nadi between B L 1950
and 2000 3 i N W of Arnadi village (sqnare 8),
where the catchment 15 23 sq¢ m To supple
ment this the Morapatha Nala and its trbutary from
Maju village on the I could be dimmed at R L
2000 the combmed catchments bemg 129 sq
mr  Channels of 8 and 6 mu would do this The
channel from the mam reservorr would run between
R L 1%50and 2000 for3 mi and then with a pipe
Ime # m1 long will drop toR L 1500 at a
power house North of Dhamangaon village The total
catchment 13 36 sqg m1 with + bad year yield
estimated at 936 m ¢ ft givng an assured flow of 27
cusecs and probably more with carry over from good
years  The continuous poser 18 of the order of 27x
160/15 or 800 ATV

None of these projects would be cheap to construct
considering the small power available but they ment
further examination

(3) Denwa Ruer [Moslangabad and Clindvara
Districts —This 1s a tributary of the Tawa and Narbads
nsing 1 the § of the Pachmarh: Hills and flowing
round to the N of tlem The «ta evammed 13
opposite mile 34 of the Iipana Chlundwara Road
4m W of Sitadongn: village (map 55 J/11 equare
1) The nver 1s perenmnl though the flow falls very
Tow 1t was 10 cusecs on 21st Mav 1920 The catch
ment arey 13 177 sq mu largely forest and 1s
mostly within the 70 m ramfall contours around
Pachmarhi  Pacl marhi records show an average of 73
1 and & mummum of 378 1 vith as muchas18
m of ram on one day Thetwo dni at coreecutine
vaarsgare C9and 378 1n Theyeld 1s reck 7 to
asverage9360m ¢ ft with an exceptional mh‘
of 2500 m ¢ ft The dwn a mile do M
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Bandhan, at the place referred to above would be
1600 ft long snd 110t high gieing a gross capacity
of 8780 and effective 6185 m ¢ ft  The aubmerged
land 13 forest partly belongmg to Pagara State, the
niver formmng the boundary beiween Hpshangtbad
and Chhindwara Trom the dam an open channel
would be carried along the R hank over 8 mx of
diffieult eountry at about R L 1700, to a forebay
a httle N of Totar Pahar (55.J/10 square3) Thero
would be two large nala crossings and 15 smaller ones
a tunnel of 1600 1t will reduce the length by a mile,
and much of the route 13 precipitous and may involve
further tunnelling The forebay site 18 5§ m S W
of milestone 24 op the road named The report
proposes dapuming a nala for this purpose but 1t would
appear far cheaper to excavate a forebay, for which
the ground appears suitable on the 1 m map The
pipe Ime mcluding & tunnel of 1060 ft would be
1} mu long and would give a fall of 300 ft to the
Dudher tubutary 2 mu W of the name on the 1
m map and 2} m W of the 24th milestose
The dependable discharge 15 about 176 cusecs from
the storage alon¢ which would be increased durng
most of the year by the natural flow and with some
extra carry over It 13 probable that 200 cusecs could
be obtamed m the worst years Taking the lower
figure the power would be 176X 300/15 or siy 3500
LW contmuously Pachmarhi 1s pear by and
there are possibihties m the way of a tramway there
but the load could not be absorbed at present The
project would be moderate m cost namely about
Rs 900 per KW contmuous or say Rs 300 per
XW  mstalled for the hydraulic development
on};
(i) Indravaty Rwver Chitralot fall Baster State —
This 15 23 mu W of Jagdalpur and 13 shown
onsheet 41 of the old 1 1 Centrsl Provinces
and Vizagapatsm Agency Topo Survey and 13
on map 65Ef12 The catchment above the fall
s 6400 sq m of which about half s
under cultnnation  The total monsoon yield 1s
estimated on Biime s method to be 362000 m ¢
it based on a mean monsoon fall of b528
‘Thero are not enough rainfsll stations to enable Barlow s
method to be spphied bub the average total ramfall
i over 60 :n The mver has not been regularly
over a long period so the mformation avail
» somewhat scanty Gaugings dunnpg 1920
sre tentatively assumed to show that with
» constant discharge of 3 000 cusecs durmg
of the 7 dry months ean be depended upon
discharge i the  wet  months 13
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The figures given are ag follows —
Tanre 45 ~Discharge and male up for Indravali

Ruver
Astumed | Moskesap | Quantty
drscharge from of male
Month of stream, storage up {(m.c¢
{Cusees } (Cusece } ity
QOctober 3000 A Ad
November 2 500 00 1796
December ? 000 1000 2678
January . 1600 1400 3750
February ! 1300 1700 411”
March ‘ 1°00 1800 48°1
Apnl * £00 2900 5 03
May [ 500 2560 7186
equal  to| Toran "9 450
! 25800m m e ft
b

1st proposal —The project would therefore prefer
ably be developed on combmed flow and storage The
dam site 1s 700 ft upstream of the Chitralot fall
the length would be 5400 ft with 8 maxmum height
of 63 ft  But the submerged arca of over 60 000 acres
covers very valuable agricultural land and many villages
and 1t 15 therefore probable that some less expensive
site would have to be found, the compensstion at
this site would be aver 13 lakhs  As reconnoitred the
above reservow would contan 41 400 m ¢ ft effec
tive the bed level bemgat R L 1707 cull level 1720
and ghest level 1 770

The natural waterfall 13 about 100 ft i height
but by means of a contour channel on the I bank for
156 m a fall of 300 ft 13 obtaable from & surtable
forebay site opposite Karh The length of channel
1 some 15 mi mostly on clff 1 prpe lLne
2} m1 long, of winch Imt ‘would be m tunnmel 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 shortenng the pips line) The power house
site 18 stated to be 50 £¢ above bed level and 20 ft
above flood level but no R L 1s given If the fall
of 300 ft 13 to the power house site 1t seems probable
that that site could be lowered so that the whole (vart
sble) draft bead below could be utilized grung about
10 per cent more fall and power

The power available with the shave lay out would
be of the order of 3000x300/I5 or 0000 LV
contmuously The cost of the hydraulic development
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1s Toughly estimated to be Rs 500 per bW con-
tinuous, or say one-third of ths per KW mstalled,
so the project 1s distinctly a cheap one  For reasons
mdicated however this project may be considered
mpracticable, considermg that 1t 13 10 & Native State
If the large storage were ever justified 1t could be
carrted out as a supplement to the less ambitious
projects that follow
2nd proposal —If Chutralot fall alone were developed,
with storage as indicated above, thero would be no
open channel and a pipe hne of only 1,100 ft , and
a good power house site exists on the left bank well
above H F L The effcctrve fall 1s stated to be 75
ft but this evidently assumes that the draft head
from power house to bed level would be lost, the
full head of 100 ft would naturally be utilized, giving
3000 100/16 or 20,000 kKIV Thu @mte 18 also
much more accessible
Bastar State 1s very isolated end far from any
present demand At a distance of about 65 mi
there are promising schemes near Jeypore, which s
nearer by that amount to Vizagapatcm, so there 1s
not much prospect in the coast ditection For the
present, however, the object 15 to ascertam the most
practicable schemes 1 case power should be required
3rd proposel —It seems clear that the great storage
contemplated by the local imnvestigating officer would
not be permussible But from data given above 1t 1s
probable that o P il harge of about
1,200 cusecs can be depended upon to about the end
of March  The Apml discharge 1s taken as 800 cusecs
and the mummum measured i 3ay was about 400
cusecs To obtamm a constant mummum discharge of
1,200 cusecs some 3,100 » e ft only would be
requred instead of 41,000 m ¢ {t The contour
plan of the site shows that this storage would he
practicable and probably reasonable 1n cost , at contour
R L 1,740 some 3,600 m c ft could be obtaned
with a comparatively small waterspread  Using the
natural fall only, the power capable of development
would bo 1,200%100/156 or 8000 KW With
no channel, a short pipe Iine, and a low dam this would
certamly prove a cheap development
4th proposal —If this scheme were carried out the
{all below could still be utihized. The old maps show
no levels, but the river below the fall runs m a gorge
At some pomt to be determined a pich up wewr would
be placed across the river, such that the tal waters
would discharge inte this small reservorr without
sertous 1058 of head Trom behund this weir o tunnel
would bo tahen strught throuch the spur to 8 pomt
nesr Bintha, whence the remamnmg fall of 200 ft
(probably 250) could be developed by a short pipe
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Ine to near Kamkot With the regulated flow of
1,200 cusecs the power here would be an additional
16,000 LW contmuous The length of tunnel
might be not more than about 3 mi but this 1s a
matter depending on the slope of the river bed snd
the hesght of the pick up wer

5th proposal —The report states that jp 26 m: below
Chitrakot thereis a fall of 550 ft, or 250 {6 over and
above the two projects last outhned, the balance
occurring m 11 mi  If the upper schemes materalized
the lower reaches—and possibly the reach from below
the fall to Karihot—could be developed by means of
a series of hiting dams of 50 it orso, eide paragraph
31 of this Report above The extra power avail-
able 18 20000 kW at any rate, however obtamed
Tunnelling seems 1mpracticable on these reaches

6th proposal —The Report further states that the
Indravati enters Bastar State at R L 1800 while,
through the range to the 8, the Kolab River at
its junction with the Gapesh-bahar from Bastar 1s
R L 1500 (Map 65 J/1) A 16 mile tunnel
however 13 a serious obstacle to developmg m this
direction It 18 however worth exammation, as the
he of the land may be more favourable than 1t appesrs
from the maps *

(5) Mackna Rucer, tnbutary of Tawa and Nerbada,
West of Betul (Map 55 Gf13 }—Upper site (see further
entry below) (1) Thisate 1s reached from Deogaon
village at m1 9% on the Betul Chicholi road The
catchtment area 15 136 sg m! and the two consecu-
tive driest years gave 18} and 31} . of ramn respec-
tively The mean yield of dry years 15 taken as 1,135
m c ft droppmgto429m ¢ ft m the worst year.
Thers 1s 5 small flow even an the dsy months, aversging
about 13 cusecs, but dropping to under 2 cusecs 1n June
By means of an earthen dam 2000 m ¢ ft. could
be 1mpounded, giving an available storage stated to
be 1,840 m ¢ ft A mean flow of 321 cusecs could
be obtained, 1 the worst year, with the carry over
included in these figures Tn 1920 & day’s ranfill
of 64 1n resulted m a flood discharge of 25,600
cugecs, the heaviest fall recorded mn a day 13 1401
i The earthen bund would be about 5,860 ft
long and 741 ft maximum height with an sversge
of 27 f& 1t would be mtuate between Deogaon and
Padal Ehurd willages, 8 m: S5-W from Betul
(or Badnur) Flood waters would be surplussed by
means of a waste wewr into a small nala N of Padal
Khurd, for which the site 1s good Part of the sub-
merged land would be sgncultural apd the rest
waste, but two villages with 60 houses would bLe
ncluded  The Betul Elichpur road wonld also have
to be raed shightly for about § mu  From the dam

T2
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an open chanuelm earth of 23 mn on the left bank
would lead to 4 forebay at X L 2000 some deep
cutting up to 45 ft would be requued through the
watershed with two sypbons and two road bridges
The forebay site chosen would have a large regulating
capacity carpying some 141 m ¢ 8 {f so much
proves mecessury which s doubtful} Trom the
forebay a pipe hne of 21 nu would jead to a power
house on the banks of the River Taptr near mn 11
from Betul on the Tihchpur Rosd at an elevation
of R L 1545 Ths gives o fall of 455 it The
selected mbe 15 1086 above H ¥ L and 40 ft above
bed level It semas probable therefore that as
reactson turbines would be wsed on this head a further
fall of 10 to 25 ft could actually he obtmmed by
placing the wheels lower down and using the draft
bhead The site 13 generally favourable and the cost
of storage 1s estinated at only Rs 211 perma ¢ 1t
The total cost of the hydraulic development up to
but excluding the forebay 13 estimated to be only
4} lakhs or say Rs 500 per L% contumons 1b
would therefore he about one third of tius amount per
kW anstalled which 1 cheap The power obtam
able continuously will be of the order of 3. 5x455/16
or uneatly 1000 kW so that on commercul load
factors a plant of 2500 K\  or more could be
mstatled st an exceptionally low cost of zbout Rs 175
per KW up to the forebay or perhaps nut tbove
Rs 300 wncluding the pant which could generate
8% multhon umts per ammum Plan anl estumates
are on record and the site 13 certawnly worth detatled
survey
() A second site 1s B oy from Chicholt . Botul
Dustnet see preceding entry  The site examined 13
on map b5 F/1G and reached by cart tfrack 10 mut
N W from the 44th mu  of the Betul Frazs
Road A dam aite was selected 1 mt downstream
of village Bondni on the left bank from which by
means of a long channe} a fall of 350 ft 13 obtawable
The river 15 almost perenntal and geuerally carries
some water 4l about the mmddie or end of May on
30th Aprt 1920 the flow was 38 cusecs The catch
ment area above the mte 13 263 sy ™ mostly
undulating land under cultnatron The ramfall in
the two drnest consccutive years was 18¢ and 313
rad the effective yield {mean of the two years) s given
a3 835 m ¢ ft per sq mu Over the vwhole
catchment this gives 2200 m ¢ £ If the upper
wnd more favourable site on the Machoa R {q v)
15 developed 1ts waters would be duserted to the Tapit
and 136 sq m of eatchment would be lost except
for such floods a5 gt be cecaped mto the mver
This must not be overlooked and m the present pro
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ject as drawn wp the net 127 sg mt only are
considered  The 31eld m the above conditions would
therefore be 2 200x 127 or 1060 m ¢ ft while m a
yenr of exceptional drought not more than 400 m ¢
it would be obtamable The necessary carry over
has been allowed for m the scheme as drawn up A
dam 2000 ft long and 130 it high at the highest
pomnt would impound some 2000 ;m ¢ ft at the
pomt named submerging a willage wnd some good
land The channel proposed on the nght bank 9
€ mules long ncludmg two tunsels aggregating 4 850
ft It would appear possible to shorten the route
greatly by means of syphons or suspension bridges
at the wtervemng streams A smaller dam near the
end of the channel would atore 33 m ¢ {6 additional

for segulation at s moderste cost of 3% lakhs The
project as drawn up weludes & further short channe!
to o forebay and a pipe e 3 mm long to a good power

house site  There app bow to bz a possibility

of carrying a pipe hine through a short spur from the
regulating storsge and thence down 2 shorter route
to a pomt some way lower downstream The tail
waters would not be required for umigation It would
appear probable that sbout 1000 m ¢ ft could
be depended upen 1 the worst year namely 400 yseld
and 600 carnied over gning a flow of some 30 cusecs
throughout the year  This 1+ eguivalent to 700 LW

24 houss contmuous power Rongh estumates of the
cost of the hydraultc development come to about
Rs 10 lakhs so that the cost per kW contmuous

would be about Rs ¥ 400 for this development This
on commercal load factors would be some Bs 500
per LW nstalled which 1s vot unreasonable

mplymg some Bs 650 to Rs 700 with the plant It
1s for conmderation whether the site should not pre
ferably be developed for the full catchment to the
exclusion of site (3) preceding

(6) Valarads Ru r tridutary of Son  Jubbulpore
Distriet (Map 64 AT 8)~The sie examined 1
afew mi B of Kundam willage Hore the eatch
ment area 15 96 sq wi and the mean yield of the
two driest years 1s estimated to be 2976 m ¢ ft
grung 85 cusecs  The maximum storage to be pre
vided for 13 estimated st 4700 m ¢ ft for the
maxunum yield and the dam site proposed at R L.
1 850 (apparently on the 7th &q of map 64 A/2)
would carry 3900 m ¢ ft with a length of dam of
3000 ft and heght of 50 £t A length of open
chansel of 12 would 1 13 stated gne a fall of
18501460 or 100 {5 No detarls oo given but
apparently the tad waters would be discharged wnto
the Labhera Mala on the 6th sq of map 64 A/7
The poner asmiable 15 of the order of 85x400/15 or
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2,250 KW  contimuous 24 hour power A some
what obscure note to tho report mdieated mmgation
possibilities near the power house on Labhera Nala,
where an additional eatchment of 19 sq mp will
yield over 500 m ¢ ft with a fall of 200 #t The
connection 18 not clear, and the scheme ments com
pletion

(7) Nagdoers Ruver, Hoshangabad District —The best

site discovered on reconnaissance was 2 mr S-
W of Nimghan village, square3 of map55 J/6 The
stream 1s a tributary of the Denwa, Tawa and Narbada,
nsing on the N slopes of the Pachmarhy Hills,
and “Teached from Sohagpur The catchment at the
ste 13 253 5q m1  of forest land The average
yield, determined by v Barlow’s imedhod, 15 estrmated
2t 1,690 m ¢ ft while m the two worst years 1t would
be 1,367and 667 m ¢ ft A dam 660 ft long and
250 ft high 1n a gorge 1s suggested, but the cost of
this would appear to be prohibitive The capacity
would be 1,367 m ¢ it of which 1t 13 rechoned that
1,017 m ¢ it would be available m each of the two
driest consecutive years This gives a coutmuous
discharge of some 29 cusecs The river 1s perenmial,
and carried 263 cusecs before the monsoon or the
3rd Junme 1920, further gauging 1s however necessary
before this figure can be accepted as 1 mimmum
‘The total continuous discharge 1s for the time bemg
taken as 56 cusecs butb 1t 15 doubtiul 1f 1t would be
so much A tunnel of 7,200 ft followed by an open
channel of 2 700 ft (or more probably, & pips) would
lead to a forebay on the R bank N of the site,
where a pipe lme 7500 it long would give & fall of
730 ft nto the nalal om N of Kokra wvillage at
R L 1270 Thedamsiteis at R L 1850 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 contmuous and the
hydraube deselopment 15 estimated roughly to cost
42 lakhs  Tor the present therefore the project would
be very expensive even 1if fully developed It 15 pro
bable, if gaugings show that there 13 always a fair
nummum flow, that the scheme would work out cheaper
per kW with a farless costly dain carrymy enough
water to supplement the flow during the dry monthg
to 30 or 35 cusees

(3) Nahara Ruer, Bather Tahsil, Balaghat Dustrict —
This 1s mentioned 1n the Preliminary Report, page 86,
as worth recomnassance, and the reconnaissance
shows 1t to bo worth survey The site 1s on map 64
B/4 and 8, and 1» detail on the 4 m Forest map 112
S I, 1 The nver 13 not perenmal and would
bo developed on storage The catchment 13 11) sg,
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rar steep and hilly, with monsoon ramfall of 34} m
and 40} m m the two dmest consecutive years,
at Bather, which 15 outside but near the catchment
The probable mean annual yun off 18 6,300 m ¢ ft
while 1n the driest year 1t 1s taken, by Barlow’s method,
tobe 1,796 m ¢ ft It 15 proposed to bwld a
masonry dam near Sale village, 800 ft long and 126
it lgh at maximum This would store some 4,000
m ¢ ft Thence an open chanmel of 5} m on the
L bank would lead to a forebay above the jume-
tion of the Uskal and Nahara rivers A pipe
Ine of 6,000 ft would then give a fall of 660 ft
to a power house below Tikama willage Takmg the

dable contiuous discharge as 90 cusecs (with
the carry over provided) the avaiable power 13
90x 66016 or say 4,000 kW continwousty The
hydraulic development 13 estimated roughly to cost
30% lakhs, or say Rs 800 per kW contmuous,
which gives a very reasonable outlay on commercial
load factors It 1s conceivable that the Uskal R
mght be combmed with this

(9) Narbada Ruer, Mandla District —This project
proposes to bridge across the loop m the niver of which
Mandla town 1s near the centre, from 30 to 45 m1
of bend could be short circwted by a channel some
12 m long {(more or less) with some tunnelling or
deep cuttng  The niver 13 perennual, but the discharge
dropped to 28 cusecs at the site m May 1920  Storage
would therefore be necessary to supplement the hot
weather flow The catchment 13 3,380 sq m
at the proposed headworks, situated near Mohania,
14 m1 N E of Mandla (map 61 Bf6, 10) This
15 below the junction with the combmed Burhner
and Halon Rivers, which are accountable for some
two thirds of the totl discharge If these rivers
were regulated as proposed, and posstbly the mawn
nver also, there would be no difficulty at the pich up
weir 1n the combined river at Mobhama

The proposals sent wm deal with three reservoir
sites on these tributary nvers and one on the rner
itself, with a total capacity of 35,500 m ¢ ft but
the sites have not been fully investigated They are —

Ist on the Burhrer River (Barmer on old maps) map
64 Bf14, near Parsa and Dintni villages, where the
catchment 13 616 sq mt with a probable yield
of some 17,000 m ¢ ft

2nd on the Halon River, map 64 Bf15, between Phonk
and Bija near Chapartola village, where the catchment
13 330sq m! and the probable yield 7,700 m ¢ ft

3rd on the Narbada itself near Dinden, map Cf
T/1, where the catchment s 8>2 57 m and the
probsble yyeld 31,000 m c fi
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An open channel some 12 to 15 mt long 15 proposed
from a prch up weir near Mohana to a forebay site
near Kondra, where there 1s a rond bndge {map 6
B/6) , but see alternative proposed later  The available
lead, with a pipe hne 1,500 ft long, 1s given as 150
it to a power house site 80 ft above bed level and
20 ft above ligh flood level It appears thercfore
that at least 170 ft head can actually be depended
upon, usmg the draft head, and considerably more
except at very occasional flood times On the forest
map 110 N E 1 the fall 18 givenas1576—1425=
150 ft net, whereas spot levels on the map 1tself
show a bed level of 1281 ft instead of 1420 ft
but an arbitrary datum was probably taken There
19 o site for regulating storage about 2 m  back from
the forebay, and with so long a channel this may be
advicable to the extent of sbout 1 day’s supply (say
80 m ¢ {t) unless the forebay site offers suntar
faciities The maxmmum flood discharge of the mamn
mier at Mohanta in 1920 was 278 000 cusecs on 8th
August , the actual maximum 1s unknown but may be
far greater Further investigation s required espec
ally as regards the effect of the dams on the reaches
above them It 1s estimated that with storage to tide
over the dry months 1000 cusecs can be obtamed
This, on 170 ft head, 15 equivalent to 11,000 kW
contmnuously
The project 15 worth detailed exammation, to supple
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it of pipe lme, discharging nto the tributary of the
Padni N above Majholi (square 5) which joms the
Patna lower down With a mimmum discharge of
41 cusecs the power would be of the order of 44X 300/15
or 880 AW continuous power Further exammation
18 required

(11) Penganga Ruer, Yeomal Distriet—This 1s
mentioned 1n the Preliminary Report page 86 and
agaw m the Appendix to “ Last of Sites,” two possible
developments being referred to

Ist site —~The site at Sahasru Kund near Brttargaon
Kinwat T'orest Reserve (map 56 I/3) has not been
examned , the pataral fall 1s shown as 120 ft on the
map but beyond the fact that the mver 1s perenmal
there 13 no wformation

2nd site —The second of these wtes 1s m Kelapur
Forest Reserve (map 56 I/5) and was exanuned locally
by Mr Nagojt who found no fall or prospects

3rd proposal —In the Second Report, page 62, the
suggestion was made of & possible development of the
great double loop which embraces both the above sites
and covers a large part of map sq 56 E and I
This certamnly mertts further examunation, m conjunc-
tion with what follows

4th proposal —The smaller of these bends between
Brahmangaon willage and Phulsangwi village (56 E/14),
—both shown on the Atlas sheets—has however been
examned and offer good promse of power There
18 a possible site for a reservorr near Smdg: village

ment the recomnawssance report If p ble 1t
would appear preferable to place the headworks near
Dupta 12 m further N than Mohamma  where
a considerably greater head would be obtainable with
a channel of about the same length Only survey can
determme 1f this can be done It would mvolve a
further pich up werr on the combmed Burbner and
Halon rivers and a channel from 1t to the headworks
through the intervenmg spur on map 64 B/9 The
additronal capital cost of thus alternatie can be
balanced agamst the additional value of the power
from the extra head obtamed
(10) Patna Ruer, Damok District —A site was
exammed near Salua Railway station, Bma line, on
map 55 /13, where the catchment 1s 90 sq m
The rawfall of the two driest consecutive years was
219 and 319 1, the lowest record bemg 21 1
(1868)  Yaelds of 1,140 and 1940 m o it are est
mated for the two years and more than this quantity
of cffective storage could apparently be obtamned
a mile upstream of the rulway bridge, a dam of 4 000
ft ot about R L 1,450 would give o waterspread
of 23 s mi A channel of 6 mu with s tunnmel
of 3500 ft. 1n addition along and through the mdge
to the west nould give o fall of 300 ft with 4000

on square 6 of this map, 43 mi 8 of Dhank
A dam or earthen bund of considerable length—some
3 mi—would be required for the ctored water to
command the 1 300 ft contour, the bed of the stream
bemg at about B L 1,250, and the ground very level
The catchment 13 3,100 sg m and the average
ranfall of the two worst years 13 taken as 212 m
and the catchment 1s classed as C m Mr Barlow’s
method—sce para 23  The run off has been tahen
as 15 per cent gwving 74 m ¢ ft persq m
or 23,000 m c¢ ft per annum, equvalent to 657
cusecs From the reservoir a channel would run along
R L 1300 with vartous nala crossings and some heavy
cutting (50 ft) near the summt at Kharus Khurd
It 15 stated that thé channel some 13 mi m length,
would for the most part not be expenstie to construct
The forebay would be made by a dam across the nala
2m N of Kharus Khurd, between clhifs, and
could be of furly large capacity Thence a fall of some
200 ft 1s obtamable with 13 m of pipe, to a
power house 2 xu § of Mingnur willage (squares
5, 6) at an elevation of R L 1030 orless The
power avalable 13 therefore some 657x250/15 or
11,000 LW continuons, so that on commercial
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Joad factors some 30,000 LW could be installed, thwrd scheme

of there were need of 1t The distance 13 about 120

m only to Nagpur

This 18 one oi the most promising sites yet reported
on, and 1t certainly ments detailed and early myesti-
gation The investigation however should extend
over a larger’area, s0 a3 to embrace the second great
loop , 1t ay be possible to find such an alignment
for a channel with a tunnel through the ridge, that
the waters relensed from the single storage could be
used a «econd time  Or, agam, the fall proposed above
ends far above, and many miles from the mam nver,
in a subsidiary nala, possibly a reasomably short fall
can be found to utihze the whole head with a longer
open chinnel  If so the power would be greatly
mecreased  An extra 100 {t  would mean a further

4,000 LW continuous, and would justify a large
addional expendit Furth i

ab one site were effected, 16 might be possible to use
the regulated flow at a semes of Ifting dams further
dc\mstreum m the manner wdicated ubove for the
Indravatt R —ude para 31 also

(12) Purna Ruer, Amraots and Betul Disinicts, wn

conjunction twth Moga Ruer, Elhchpur —Separately
these streams have been relegated to the List of “ useless
sites,” but the mvestigatmg officer suggests the posst
bility of combing 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 mule § of Junapam
and 1 m upstream of the Ellchpur Betul road
bridge, with an open channel on the 2,000 ft contour
up to near statton B L 2546, where a short tunnel
wauld be required and 2 drop to R L 1550 or say
430 ft net would be available to near Pipalna The
length of channel would be over 8 mu of dificult
ground In conjunction with this, the N tributary
of the Moga N could be dammed at Kothal Kund
& as to ﬂow mto the channe] 3 mu 8-E of
the village at mule 18 on the road The catchment
areas aro 100 and 20 or 120 sq mi together and
the yield 18 estimated at 1310 and 430 or 1,770 m ¢
ft i all, which could apparently be stored at the
sites chosen Taling this as 55 cusecs the power
available would be about 1,500 kW contmuously

(1) To dam the Moga mamn nala at Kund: and run
a channel along at R L 1,750, droppng at the junc
twon with the N tombutary where there would be
a fall of about 150 ft The yield from the 40 sq
m of catchment isestimated st 1,000 m ¢ ft but
this appears to be excessive as 1t1s basedon 297 .
of actual runoff By 1tscll this scheme 13 useless,

Lut the :dea 13 to utihze the regulated flow agam 1n the
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It. would be better to collect the water
there and omit consideration of this site, if 1t can be
done. '

(m) To dam the Mogs at Sipala, where the tal
waters of both Purny and Moga as well as the yield
from the extra catchment would be mmpounded A
constant discharge of 102 cusecs 13 estimated as possible
From the reservorr a channel onR L 1,500 would
enableadropto R L 1,395 to be obtamed or say 100
ft giving another 680 AW contmuouns

None of the three projects appears particularly
promising as the power 1s small and the cost of the
works would be large In the case of No (1), which
alone has a farr fall, 1t would probably be worth while
to continue the channel along the 2,000 ft contour
on the 8 sde of the tunnel, or, alternatively, to
avord the tunnel and continue on the N side of
the mdge, up to a pomt which would then be either
1m or2 m doe W of Pipalna Khurd, where
a fall of nearly 550 ft would be obtammable to the
stream at Khumai R L 1,450 The extra 3 or 4 m
of condmt would probably be balanced by a shorter
pipe hne, with greater head and power Even the
1,500 KWW continuous assumed 1mplies, on com-
mercial load factors, & plant of 3500 to 4,000 KW
A further possibility would be to dam the two streams
as m (1) and to divert the waters of the Purna into the
reservorr on the tributary of the Moga near Kothal-
khund on the 2,000 ft contour It 13 not certam
from the 1 in map that this 1s practicable, but it
should be examned If the levels work out, a much
shorter channel could then be carned along on the
R rbank of the tributary to a pomt below the station
R L 2,270 whence a fall of some 400 ft (more or less)’
would be obtamnable to the neighbourhood of Dhaba
Dhana The project ments further examnation of
the yield of the catchments, the storage capaaty
obtamable by the dams, the best channel route, and
the falls with length of pipe lime

(13) Silgs, Kasaha and Sankul Nadi, Jubbulpore
Dustriet (Map 64 A 11, 12) —This 18 a combined
scheme embracing 3 small tributares of the Mahanad:
which flows into the Son, they rise in the hills near
Shabpura The catchment areas are 138+ 564-2¢=218
sq mt ond the maxumum and mean aggregite
yields are calculated to be 10,680 and 6,760 m ¢ ft
gwing a dependable discharge of 193 cusces Storage
sites are available on all three streams and ase
of holding 8 610, 8,010 and 3,000 m ¢ ft . ,
which 13 much 1n excess of the yields A«
cut 2m long would run from the Sig to the ™~
and ene of 2 000 ft. from the Kasaha to the ™
From the Sankul a 51 m1 channe) wanld lead to
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An open channel some 12 to 15 m1 long 1s proposed
from a pich up wewr near Mohansa to a forebay site
near Kondra where there 1s a road bridge (map 64
B/6) , but see alternative proposed later  The available
head with 2 pipe lme 1,500 ft long, 1s gwven as 150
ft to a power bouse site 80 ft above bed level and
20 ft above high flood level It appears therefore
that at least 170 ft hesd can actually be depended
upon, using the draft head, and conuderably more
except at very occastonsl flood times On the forest
map 110 N E 1 the fall 1s given as I 576--1,425=
150 ft net whereas spot levels on the map itself
show a bed level of 1,284 ft 1instead of 1,425 ft
but an arbitrary datum was probably taken There
13 & site for regulating storage about 2 mi  back from
the forebav, and with so long a channel this may be
advisable to the extent of about 1 day s supply (say
80 m. ¢ ft) vonless the forebay ste offers sumular
factities The maximum flood discharge of the main
mier at Mohania 1n 1920 was 278 000 cusecs on 8th
August , the actual maxamum 13 unknown but may be
far greater Further mnvestigation 1s required espect
ally as regards the effect of the dams on the reaches
abote them It 15 estumated that with storage to tide
over the dry months 1 000 cusecs can be obtamed
This, on 170 ft head, 15 equnalent to 11,000 AW
contmuously

The project 13 worth detailed exammnation, to supple
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It of pipe line, discharging mto the tmbutary of the
Padri N above Majholt (square 5) wluch joms the
Patna Jower down With a mmmum discharge of
44 cusecs the power would be of the order of 44 300 15
or 830 LW contmuous power Further exammation
1s requred

(1) Punganga Ruer, XYeo'mal District—~This 13
mentioned m the Prehminary Report page 86 and
again 1n the Appendix to “ Lst of Sites,” two possible
developments being referred to

st sute—The site at Sahasru Kund near Bittargaon,
Kmwat Iorest Reserve (map 56 I/3) bas not been
evammed , the natural fall 1s shown as 120 #t on the
wap but beyond the fact that the mver 1s perenmal
there 13 no 1nformation

2nd site-—The second of these smtes 1s m Kelapur
Forest Reserve (map 56 1/5) and nas examined locally
by Mr Nagopt who found no fall or prospects

3rd proposal —In the Second Report page 62 the
suggestron was made of a possible development of the
great double loop vwhich embraces both the wbove sites
and covers a large part of map sq 56 E and I
This certamly ments further examnation, 1 comjunc
tion with what follows

4th proposal —The smaller of these bends, between
Brahmangaon village and Phulsangwi village (56 E/14),
~both shown on the Atlas sheete—has hoswever been
examined and offer good promuse of power There
1s a posstble site for a reservoir near Smdg village

ment the reconnarssance report If pr ble 16
would appear preferable to place the headworks near
Dupta, 12 mi further N than Mohama  where
a considerably greater head would be obtanable with
a channel of abont the same length  Only survey can
determmne 1f this can be done It wonld mvohie a
further pick up weir on the combmed Burhper and
Halon nivers and a channel from 1t to the headworks
through the mtervemng spur on map 64 B/ The
additional capit1l cost of this alternative can be
balanced agamst the additional value of the power
from the extra head obtamed
(10) Patna Rater, Damoh District—A site was
evamined near Salaa Railway station, Bina line, on
map 53 M/13, where the eatchment 1s 90 sq mi
The runfall of the two drest consecutive years was
219 and 319 m the lowest record bemg 21 m
{1€G8) Yields of 1,140 and 1940 m ¢ ft are esh
matcd for the two years and more than this guantity
of effective storage could apparently be obtawned
a nule upstream of the rulway brdge, & dam of 4,000
ft at atout B L 1,430 would give a waterspread
of 23 sq mt A chunpel of 6 mt with + tunnel
of 3500 §t m addition along and through the ndge
to the west would giie o fall of 300 ft with 4,000

on square 6 of this map, 4% mu 8 of Dhanks
A dam or earthen bund of conmderable length—some
3 nn—would be required for the ctored wnater to
commard the 1,300 ft contour, the bed of the stream
bemng at about B L 1,250, and the gromnd very level
The catchment 1s 3100 sqg m: and the average
ramfall of the two worst years 13 taken as 212
and the catchment 1s classed as C m Mr Barlow's
method—see para .3  The run off has been taken
as 15 per cent giving 74 m ¢ ft per sg m
or 23,000 m ¢ ft per annum, equvalent to 647
cusecs From the reservoir a channel would run along
R L 1300, with vartous nala crossings and some heavy
cutting (50 ft) near the summit at Kharus Kburd
It 1s stated that thé channel, <ome 13 m wm length,
would for the most part not be expenstve to construct
The forebay would be made by a dam across the nala
2m N of Kbarus Khurd Dbetween clffs, and
could be of faurly large capactity Thence a fall of some
230 ft 1s obtamable with 11 m of pipe to a
power house 2 mt 8 of Mmgnur sillage (squares
b, G) at an elevation of ® T 1030 orless The
povner asadable 13 therefore some 657x250/15 or
1,000 LW  contmuous, so that on commeseral
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that the river can provide larger power on other lines
namely by means of o smngle large upper storage
and hftmg dams—uide para 31 above At mite O
of those mentioned in the ‘useless’ category the
constant  discharge under the worst conditions
13 given as about 450 cusecs The elevation of the
bed 1s about R . 1030 but all further data are wanting
Let 1t be assumed that 1n this neighbourhood a mamn
storage large enough to mmpound the average yield
of the catchment could be constructed without
detriment and that the draw off level 1s 50 ft above
the regulated flood level of the bed ILet the mean
beight between full supply level and mimimum draw oft
be another 50 ft Then the discharge of 450 cusecs
under a mean head of 100 ft will grve 3 000 kW
continuously Even allowmg for the fact that tiis
on commercal load factors would enable a plant of
6000 to 10000 kW to be put up 1t mght not be
commereially practicable

The case would however be matenally altered if this
regulated flon were used at a series of hifting dams
below say n 50-foot steps (see para 31 supra)
In the mext 100 mi or so to the junction with the
Ruver Purna there 1 a fall to about R L 630 or a
further 400 ft Eight hfting dams of 50 ft each
would cover this and gie a further 12000 kW
contmuous power without taking into account the
larger additional catchment area which a second
wam storage might 1mpound It 1s desirable that
the Tapt: should be further investigated along these
lines as 1t appears probable that 15000 to 20000
LW continuous could be developed from 1t
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ment areas of the Abbi and Saratabbi falls are too
small to be of service as the posstbilities of storage
are also small The Janepari fall however 15 worth
mvestigation The contours are so close on the 1
m map that a photographic enlargement was prepared
From thts 1t would appear that by means of an open
channel 1n the rock a fall of 1000 to 1250 ft can be
obtarned 1nstead of the 150 ft of the fall it elf The
channel would be 5 or 6 m: long (according to the
tunnelling effected through spurs) f a 9 m channel
were built the total fall would be 1500 to 1700 ft
An mpounding dam could be bwlt at about R L
2450 or 2500 near Kadike Motts but the capacity
has not been determined There seems very little
doubt that some 15 cusecs could be sassured giving
some 1500 kW of continuous power but exami
nation by an engimeer versed in the work 1s necessary
104 Jammu and Kashmir State known stfes —
(I) Chenab Rwer Rwazs—Although not i Bntish
India this project would probably find its outlet for
the sale of power mn the Punjab and 1t 1s therefore
dealt with A good deal of investigation has 1t s be
leved already beendone Reference tothel m map
43 K /16 shows a great bend m the Chena a few miles
N of Rumzi Although fat smaller thanb the Sutle)
loop 1t 13 10! m: round and only 1} m: across
the short circmt It has been proposed to dam the
niver at the headworks but 1t 1s doubtful if more than
a diversion dam would bejustified if however an extra
50 or 100 ft of head could be obtamed m this way
1t would be so much gamed and 1t might even be
possible to get enough storage in this way to increase

(I7) Canal falls —The Chief Eng Irng;
Branch considers that there 1s good scope for utilizing
the canal falls for pumping to uncommanded areas
especially from the Mahapad: canal where large areas
of well drained bkata soils hie out of command This
soil 1s particularly switable for growing long stapled
cotton as recommended by the Cotton Commuttee
The canal falls are not likely to be of any use for general
purposes s they only run a comparatively small
number of days i the year Most of the wrmgation
15 done during the hhanf rabi wmngation 1s purely
subsidiary There are 62 canal falls running from
90 to 120 days

103 Coorg kmown sttes —Several sites have been
mentioned 1o Coorg 2 (1) the Abb1 catchment basn
scheme map 48 P11 (u) the Saratabhr waterfall
map 48 P/16 also on the Barepole River and (w)
the Jenparm fall (or Janepar:) map 48 P/16 on the
same rver  The Executne Engmeer Coorg drewupa
schemo for using the Abb: fall but the prospects were
not sufficient to warrant further action. The ecatch

the flow The R L at the headworks
site 18 about 1474 ft and at the tunnel exit about
1316 grving a gross drop of 168 ft without any hfting
dam The tunnel would be about 8600 ft long or
of course less1f the height of 1t were raised by a dam
The cost of the dam mght be balanced by the reduction
i the cost of the tunne lplus the additional power
The normal flew does not fall below 6 000 cusecs but
4 341 cusecs 15 the mummum recorded at Marala head
works If 1t 1s assumed that the head at the dsver
sion would about compensate for losses the mummum
power avalable without any defimte liting dam will be
about 2900x150/15 or 29000 kW continuovsly
There 15 a smaller loop withm the great loop with a
fall of 35 ft which could be used for construction
purposes the mver has already nearly ent through
the very narrow mtervemng nech here The highest
flood mn the last 20 years at Marala was 542 000 cusecs ,
but a flood of 713 000 cusecs occurred in 1893

(2) Jhelum River, near Mu.affarabad —Like the
preceding entry (Chenab) this project although

T

N
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actually m Kashmur terntory, 1s unlikely to be deve
loped for Kashmir needs theexisting site at Mohora
further upstream with a hydraulic development lad
out by Col Lotbinlere for 20000 b p has so far only
been utibzed to about one tenth of its capacity M
H W Niholson BSc AMIOE  Executive
Engmeer after completing the preparation of the
Bhakra dam project was placed on special duty with
the Hydro Electnic Survey but before he had talen
up his duties he was recalled to work on the
Sutley Valley wmgation project Later on  before
proceeding on leave he handed over to the Survey
a note on the possibilit es of the Jhelum nver at the
hair pim bend at the bmdge near Muzaffarabad on
1m maps 43 F/7 8 11 12 Thts deseription 1s
based on Mr Nicholsons note the comments bemng
added

The slope of the river 13 about 30 £t & mile and
the project s based on tunnelling through the ndge
80 as to short cirewt a considerable length of the bend
There 13 no one ontstanding alignment for the tunnel
as m the case of the Sutle; Chenab and Jumna loops
and Mr Nicholson examined no less than seven alter
natives on the contoured maps The followng table
shows the sites and data of these tunnels lengths are
taken from the maps the fall 1s taken at 30 ft a mule
and the drop 1 the tunnel 1s taken at a slope of 1 m
2000 The slope requires to be checked by levelling

TaBLE 46 —Alternative tunnel sites on Jhelum
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The letters refer to a deposited map bus the reduced
<distances enable the points to be measured off Clearly
the shorter tunnels A A and B B would permanently
put a very fine s to out of action by lmiting the fall
to a fraction of that avalable The tunnels CC and
D D would give practically the same power per foot of
t innel—and the cost of the tunnel would evidently
be the predomnant factor The tunnel EE 1 dis
tnetly less favonrable i this respect bes:des beng
of unwieldy length for two working faces only and the
same temarh applies to tunnel F ¥ The last alter
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native F L F mvolves two tunnels in series of 62
and 55 m 1n length respectively and conseguently
gives four working faces furthermore the tunnels
can be brought out in the Agar Nala on the level
cnabling & bolancing reservoir to be constructed

On the whole the tunnel D D with a worhing head
of about 750 ft 1s clearly the most favourable one
to consder until survey settles the matter The
formation of the hills mdicates that there should be
little trouble m driving the tunnel which would be
a granty and not a pressure tunnel The pipe lme
will be of reasonable length The headworks would
be near Garhi on the Murree Kashmur road the mtake
dam bemng entirely m Kashmir terrstory  The tunnel
through the spur would also be m hashmir terntory
entirely under a lofty ridge The power station would
be over the river a Little above Kohala on the Murree
Kashmir road where the miver itsell 1s the boundary
between British and Eashmur terntory A very small
exchange of land would remove any difficult es on this
score 1f 1t were desired by both parties to construct
the works The evsting roads serve all the sites
while transm ssion lines would be entirely 1 British
Inda

The mmmum discharge of the Jhelum at Mangla
for the last 20 years s about 2 944 cusecs the maximum
during that period 13 364 000 cusecs but a flood dis
charge of 500 000 cusecs oceurred i 1893 A project
for a barrage w the Woolar Lake beyond Baramula
was prepared by Mr Purves late Chief Engineer,
Punjab Irngation to 1mpound 167 000 cusee days
this 15 still under 1nvestigation  If carried out 1t wonld
give an extra 1000 to 2000 cusecs according to the
period when the water would be used for wngation
the natural flow from the time of the melting of the
snows 1s of course very great There aro other storage
posstbilities also 1 the lakes of the main river and i
its tubutaries so that the short pemod of mummum
co11d nndonbtedly be made to mcrease 1ts yield The
mmimum power available 13 practically 3 000%750/16
=150000 1W contmuous This project inter
linked with that of the Sutle) River and 1n turn with
the Jumna would provide power for the whole of the
area bordering on the Himalayas for some time to come
Construction power 1s avmlable from Mohora near
by Tt 1s slso recorded by Mr Nicholson that the
site 15 stuated mn the Sumur series and Nummultic
geological beds which are particularly swtable for
various electro chemical 1ndustries as well as for port
land cement The site 13 without question one of the
finest 1 the whols of {geographical) India

105 Madras, known sites —The following pages
give abstracts of the reconnaissance reports on o pumbet
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of stes 1n Madras which appesr well worth further
detaled examination and survey Some of them will
certamly prove worth developing if there 15 a market
for the power

The mvestigations were begun by Mr R T Sneyd,
M C, snd contmnued after that officer’s retirement by
Mr James Tate, Executryc Engmeer, Officer in charge
of the Survey i Madras

A good many of the sites require storage for thewr
full Gevelopment but ramnfsll tonditions are mere
favoursble in Madras Presidency than m most parts of
India and most Tivers are perenmial Most of the
projects have moderately high heads, one has 5,000
ft

Sites already mvestigated to an extent which mahes
an estimate of the mumimum power refiable are m a
separate List above , mites not exammned at all are also
teparste

The table below 15 & summary of the stes detailed
below and the contmuous power which they appear,
on present imformation Likely to afford

MADRAS, KNOWN BSITES

139

(1) Chagattakall Sanabbe and Chagattakall Doddabbe
Ruers —These two mivers near the Madras Mysore
boundary umte as the Sankada Gundi River at the
foot of the Western Ghats The former has & catch-
ment avea of 3sq 11 and a natural foll of 500 it , the
latter a catchment of 6} sq xu anda natural fall of
800 ft The locality 1s close to Bhatkal harbour,
and 20 m1 distant from the Halad: River, Kunchikal
Ab1 scheme (@ ¥) A project has been worked out
by Mt H D Ruce, who conmders that 1,000 and 1,400
ft head could be developed, and that 4,700 m ¢ ft
could be annually obtawed and stored  1f50 a constant
discharge of 140 cusecs on 1,400 ft head gives 13,000
LW. of contmuous power It 1s not clear whether
the fall 13 m Bntish or Mysorean termtory, m most
cases hereabout the boundary divides the catch
and the fall

{2} Caonoor and Harters Ruer —These are referred
to 1 the Prelimmary Report p 89, o project having
been diawn up by the present writer m 1905 for utilizing
these streams for the electrification of the Nilgin Rail-

TaBLL 47 —Madras, summary of Rnown sites

Sertal Prver orsite Nature of supply
|
1 Chegattakalt Sanabba
Tlow and Storage
Doddabla
2 Coonoor and Katen R Do
3 KolbR Tethgume (Seo Bagra Falls)
4 Macbhand R, Duduma falls | Flow and Storage
Dute  dtte Pegulated flow from (1)
|
5  Nagavall P Flow
6 Palm Hills Piojkave pro  Storage
Ject
7 PalmHills PorandakrIiver| Do
§ Talns Hls humber Raver | Do
ot Manjapatiar
9 VannrRiver Do .
10 | Varani River KonchilalFall | Do .

ToTst

b

T
Constant.

Continuous
Site flow Head
mumber  sssumed | () | R Resause
(cusecs) ®)
140 1400 13000 | Mr Rices pro
Ject
20 1500 2300
() 260 210 4000 [ Dependant on
development at,
Bagra q v
o °gp [ 11 600
(Yete °90 10000 | Dependsnt  on
regulaton  at
() semes of
' 1t ngdame
190 80 1000
5400
13 1500 1500 |
15 1500 1500 l
1 500 1.0
10 1400 3°.0 | Protably mere
53900 continuous

2
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acteally w Kashmr terntory, 1s unlihely to be deveo
loped for Kashmir needs, theexsting site at Mohora,
further upstream, with & hydraufic development lud
out by Col Lotbuere for 20,000 b p has so for only
been utihzed to about one tenth of s capacmty Mr
H W Ngholson BSe, AVMICE, TDxecutive
Dngineer, after completing the preparation of the
Bhakra dam préject, was placed on special duty with
the Hydro Electne Survey, but before he had talen
up his duties he was recalled to work on the
Sutle) Valley umgation project Later on before
proceeding on leave he handed over to the Survey
a note on the possibilities of the Jhelum riser at the
harcpin bend at the bridge near Muzaffarabad on
Ian maps 43 Ff7, 8 11, 12 This description 15
based on Mr Nicholson’s note the comments bemng
added

The slope of the river 15 about 30 ft a mile, and
the project 15 based on tunnelling through the mdge
s0 as to short cieerut a considerable length of the bend
There 13 no one outstanding alignment for the tunnel,
as m the case of the Sutle) Chenab and Jumna loops,
and Mr Nicholson examined no less than seven alter-
natives on the contonred maps The following table
shows the sites and data of these tunmels, lengths are
taken from the maps, the fall 1s taken at 30 ft 2 mile
and the drop mn the tunnel 15 taken at o slope of 1m
2,000 The slope requires to be checked by levelling

TavLe 46 —Alternative tunnel sites on Jhelum

© 47yxCE FROW FIIDAE KILIS Nett fall

o ‘*V“{ ry |
2 Upstream strean ToTaL es

1A 2 000 12 38 48 144 141

nn l 11 300 35 60 a5 35 0

cc } 19 900 69 88 155 403 13

D 1 9w 1°0 1338 *>8 774 "a?

TT 31000 138 195 38 1002 183

T o7 "0 167 1y 330 1U6 1111

TFF oR a0 107 213 w30 110 1110

Tho letters refer to o deposited map, but the reduced
dustances enable the points to be measured off  Clearly
the shorter tunnels A A and B B would permanently
put a very fine site out of action, by limitng the fall
1o a fraction of that available The tunnels C C and
D-D would give practically the same power per oot of
tunnel—and the cost of the tunnel would evidently
bo the predommnant factor. The tuunel EX 3 dis
tinctly Jeas favourable m this respect bemides bemg
of unwieldy length for two working faces only, and the
same temark applies to tunnel FF  The last alter-
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native, FL F mvolves two tunnels m series, of 62
and 55 . m length respectively, and consequently
gives four working faces, furthermore the tunnels
can be brought out i the Agar Nala on the level
enabling a balancing reservorr to be constructed

On the whole the tunnel D D, with a working head
of about 750 ft 1s clearly the most favourable one
to consider, until survey settles the matter The
formation of the iy mdicates tht there shonld be
httle trouble 1 driving the tunnel which would be
4 gravity and not a pressure tunnel The prpe Ime
will be of reasonable length The headworks would
be near Garht on the Mutree Kashmir road the mtake
dam being entirely m Kashmur territory  The tunnel
through the spur wonld also be m Kashmir territory,
entirely under a lofty ridge The power station would
be over the river & hittle above Kohala on the Murree-
Kashrwr road, where the river itself 1s the boundary
between British and Kashour terntory A very small
exchango of land would remove any difficulties on this
scote 1f 1t were desired by both parties to construct
the works The ewusting roads serve all the sites,
while transmission lines would be entirely in British
Jodia

The muumum discharge of the Jhelum at Mangla,
for the last 20 years 1s about 2 944 cusecs , the maximum
during that period 18 364,000 cusecs, but a flood dis
charge of 500,000 cusecs oceurred 1n 1893 A project
for o barrage 1 the Woolar Lake beyond Baramula
was prepared by Mr Purves late Chief Engneer,
Pumjab Irmgation, to impound 167,000 cusec days,
this 1s still under investigation  If carried out 1t would
give an extra 1000 to 2 000 cusecs according to the
period when the water would be uved for mrmgation,
the natural flow from the time of the melting of the
snows 13 of course very great There are other storage
possibihities also m the lakes of the mamn river and 1
its tnbutaries so that the short period of mumum
conld undoubiedly be made to merease its yield The
mimmum power v ulable 18 practically 3,000%750/15
=150000 LW contwmuous This project, 1mnter-
hinked with that of the Sutle) Ruver, and, mn turn, with
the Jumna wonld provide power for the whole of the
area bordermng on the Himalayas for some time to come
Construction power 13 avallable from Mohora, near
by Tt 13 also recorded by Mr Nicholson that the
site 18 sitnated in the Sirmur series Md Nummulitic
geological beds, which are particularly swtable lfor
vartous electro chemical ndustries as well as for port
land cement  The site 15 Without question one of the
finest w the whale of {geographical) India

105 Madras; known sites —The folloming pages
give abstracts of the reconnaissance reports on o pumber
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of sites 1 Madras which appear well worth further
detailed examination and survey Some of them will
certamly prove worth developmg if there 1s a market
for the power

The mnvestigations were begun by Mr R T Snpeyd
MC and contmued after that officer s retirement by
Mr James Tate Executinc Engmeer, Officer mn charge
of the Survey 1n Madras

A good many of the sites require storage for thewr
full development but ramfall conditions are more
{avourable i1n Madras Presdency than m most parts of
India and most mvers are perenmial Most of the
projects have moderately high heads, one has 5000
ft

Sites already mvestiated to an extent which makes
an estimate of the mmunum power relable are n a
separate list above eites not examined at all are also
separate

The table below s & summary of the sites detailed
below and the contmuous power which they appear,
on present information likely to afford

TasLy 47 —Madra-s
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(1) Chagattalall Sanabba and Chagattakell Doddabba
Ruers—These two rivers near the Madras Mysore
boundary unite as the Sankada Gundi Ruer at the
foot of the Western Ghats The former has a eatch
ment area of 35q m1 and a natural fall of 500 ft , the
latter a catchment of 63 5 m1 and s natural fall of
800 ft The locality 13 close to Bhatkal harbour,
and 20 m distant from the Halad: River Kunchikal
Ab1 scheme (g v) A project has been worked out
by Mr H D Rice who considers that 1 000 and 1400
{t head could be developed and that 4700 m ¢ ft
could be annually obtamed and stored  If 50 a constant
discharge of 140 cusecs on 1400 ft head gives 13 000
kW of continuous power It 13 not clear whether
the fall 18 m Bmtish or Mysorean terntory m most
cases hereabout the boundary divides the catchment
and the fall

{2) Coonoor and Karters River —These are referred
to 1 the Prelmnary Report p 89 & project having
been drawn up by the present writer m 1905 for utihizing
these streams for the electrification of the Nilgirn Rail

summary of Lnown sites

Serial P ver ors te Nature of supply
1 Chagattakall Sanabba
Tlow and Storage
Doddabba
> Coonoor and Raten R Do
3 RolabR Tetl guma (Ses Bagra Falls)
4 Machhand R Duduma falls | Flow and Storage
Dto dteo Pegulated flow from ( )
& Nagavall P Flow
6 |Paln HIs Pojkave pro  Storsge
ject
: Taln Hlls PosndalrDPser| Do
8§ Toln HIls humbar Rver| Do
or Manjapat r
9 Van rRver Do
10 | VarsniR verTunchlalFall | Do

ToTsL

Constant
Cont nuous
§te ow Head
number  assumed (ft) (ﬁ\‘i‘:’“ Rexangs
(cusecs)
140 1400 13000 | Mr Rces pro
Ject
20 1500 °300
(@] 60 210 4000 | Dependant on
levelopment at
Bagra q v
[§} 290 550 11 000
( yete 290 10000 | Dependant  on
remulat on at
() series of
\ 1fting dame
19 0 1000
5400
1o 1500 1500 |
15 100 1 00 ‘
1 500 40
0 1400 3 W0 4 Probably mo e
|
£3900 emt auous
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way The scheme was abandoned at the time, but
has lately been re examned in view of the further
power requrements of the Government Cordite Factory
at Aruvankadn This factory at present optams its
power from the upper reaches of the Karter: River—
see para 64 Varous alternative developments of
the same site have been considered m some detail
50 83 to make compartson possible two of these schemes
were not ongwally the work of the Survey but they
were revised by Mr Tate who also added the third
In all cases the mtake and water supply are the same
59 that if development proceeds 1t 1s a matter of which
of the three methods gives the best results Al three
projects nvolve tapping the combined streams near
Runnymede station Nilgm Railway (map 58A(15)
and thence constructing an open channel to a pomt
where there 15 a considerable drop The following
are the broad outhnes —

TanLe 48 —Alteratres on Coonoor and Karters Ruers

Main stora e

Moimum  discherge | 1° * cusecs 122 cusees 1% » cusees
assumed
Minimum constant fow [ 18 @ cusees 15 cusecs 15 ensees
with stotage
Channel 8000 1 for 211 15800 tt. About 1° 00
nsecs (insuth
cen
Forebay eapacity so000e £t [ Notstated Nottated
Tipe line length 600 ft. 67001t About 5 000 ft,
0 Xfog bead 1000 1t 21001t 1500 1.
1a 1 [ 1850kW 3000 KTV ® 250 kW
Tlaot assomed tots (1200 kW €200 XW (150 W
work ) wo klag Wo king )
Tranemlsson lino to| Skm ém tim
Cord & Factor:
Totale timate! cost 14} lakbs 23 takhs 159 lakby
Cost per kW of work | P's 1160 Bs 1150 Rs 1060
fag plant l
063a0ma 055 auna 033anes

I tma eJ cost per a {
oaf wo king cond

1t appears clear that the thud project will be the
cheapest The mummum gaugng of 1217 cusecs was
{ound 1n connection with the railway project referred
to 1n 1900 after the driest yewr known the ramfsll
i this year was 4103 1 agamnst an average of some
601 over a caichment of about 63sq mt  Tho average
flow for such a year may be taken as 23 cusecs and
the storage required to carry over the dry season of
one vear and to get 23 cusecs from the ron off of the
worst year with 5 dry months 13 rechoned at 130
m c ft In the course of the ralway investigation
sites smtable for the storage then required were found
on both nivers but thew full capacity was not deter
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mmed  There 15 however lttle doubt that at least
20 cusecs constant discharge could be obtamed On
the 1500 ft head this would give 2,300 LW cont1
nuous 24 hr power

The headworks site at Runnymede 15 at about 4 800
it and No II project above carries the flume to not
far off Lambs roch It would be practicable with
some tunneling and & forebay 1n the roch to reach
a pot beyond this ¢cliff above the station where R L
4 47118 recorded on the 1 1 map From here there
15 a clear fall down to B L 1500 or (allomng for the
chanrel) not less than 3 000 ft 1n a horizonta) distance
of about 1} m and dwectly beneath Kallar station
It mught be necessary to lay the pipes m a tunnel, as
has often been done elsewhere, but the additional
900 ft of head over project II gives 40 per cent more
power and m 1/ prove the cheapest project m the end

(3) holab Ruer at Tethguma Vizagapatam District —
This site 13 where the river falls from the 2000 ft
Jeypore plateau to the Mallangim level on map 6o
J/9 13 1n Lat 18° 44 Long 82° 12 It has a usable
fall of only 210 ft according te Mr Sneyds notes
and storage 1s probably out of the question if however
the Bagra site were developed above the mimimum
flow at Tethguma would be materially increased It
15 therefore, a reserve stte for the future and with the
regulated flow from Bagra would grve some 4 000 LW
continuously  (See also the Bagra Falls on this river
para 88)

(4) Mackiand Rwver, Koraput Agency Vizagapatam
Dustrict —Some information regarding the 5{0 ft
Duduma falls on this niver about 80 mt from Vizaga
patam was giwven 1 the Prebmmary Report p 90
and Addendum to ¢ List of Sites and m the Second
Report p 74 The Korapnt plateau 13 at a general
elevation of some 3 000 ft and 1t 1s dramed by the
Vachhand and the Kolab Rivers which later unite
at Motu ag the Sileru River, tributary of the Godasery
Below the plateau at about 2000 ft, 13 the Jeypore
plateau dramed by the Kolab and Indravati Rivers
(@ v) Some 30000 contmuous H P at least 1s
available between 3 aites on these rivers and far more
eventually  Attention has been mamly concentrated
on the Bagra Falls on the Kolab (g v para 88)
50 not much additional mnformation 15 available as to
the Duduma falls The site 15 on map 65 J/6 and 15
reached by many stages from Salur, B N R The
catchment area above the falls 13 904 5q zu and
the average annual ramnfall at 4 stations 1n the Jocahty
15 as follows —

Jespore 7510 of wheb G4n falls from June to Sej tember
horapat 53 49
FPadaa 34 37 »

4

Pottang 63 - "
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The fluctuations m 22 years are, for Jeypore, 46 to
105 1n and Koraput 40 to 8¢ in The lowest
concervable Tun off 13 many times the highest possible
storage, 50 the pomt 1s & ymimor one except as regards
surplussing, which 13 well prowided for There are
two alternative dam sites , one examuned by Mr Sneyd
13 I{ m1 above the falls, and another further upstream
2} m1 above the falls, giving 40 ft of extra head as
well as cheaper storage was found by Mr Tate Both
have solid gramte foundations The latter site has not
been surveyed, but the former will serve present pur-
poses , the surface area of 1ts lake would be 83 m sq ft
and taking 30 ft eflective on a 100 ft dam the capacity
would be 3300 m ¢ ft This would give 190 cusecs
for the 6 dry months The lowest recorded gaugmg
was about 100 cusecs 1n May of an exceptronally dry
season following a poor monsoon Normally there 13
likely to be 300 cusecs to the end of the year The
mimmum supply with storage 1s conservatively esti
mated as 290 cusecs The land submerged by the
dam 15 of little value The ongnal reconnaissance
suggested a pick up weir some 300 yds below the
mam dam, for feeding the open channel, which 13
% rar long Tt s 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 1s found the best an open
channel would be necessary Two forebay sites evist
the better one entailing a loss of some 16 ft of head
There 13 no natural site for the power house , Mr Sneyd
suggested excavating one underground m the rock,
out of the way of the spray of the waterfall Probably
this 13 the best solution of the problem The waterfall
18540 ft hogh and at least 580 ft head could be obtamed
from the lower dam or 620 ft from the upper dam
The power available with storage, under the worst
conditions, will be 290x580/15=11000 kW conti-
nuous 24 hr power, at a very reasonable cost
The above however 1s only a small fraction of
the power 1 this river If the Duduma falls were
harnessed, and the flood waters regulated at the mam
dam, there would be a constant flow of some 300 cusecs
mmmum down the river bed subject only to the 24
honr vanations The maip falls appear to be at an
elevation of some 2,400 it nnd thereafter there are
tapids for a great distance At least a further 1,000
1t of fall 13 asailable which, given the imtial flood
regulation, could be developed by means of a  semes
of hiting dams The larger tnbutates would greatly
increase the muumum flow and probably a further
flood regulating storage would be necessary, or more
than one With so much power posuible this could
be faced At least a further 10,000 KW could be
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obtamned 1 this way  If it proved possible to impound
the whole run off of the upper catchment, as seems
Iikely from*the nature of the ground the river would
be good for nearer 50,000 than 21,000 kW

(5) Nagaralls Ruer at Royagedda, Vizagapatam Dis-
trict —Mr Sneyd reported “ a simple 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 gnes
the power as 1,000 kW continuous with a head of
80 ft, but no details are ab present avalable Ths
1s on Mr Tate’s hist for further examination The
site 131 Lat 19° 10, Long 83° 30 on map 65 M/8  See
however the Kolab and Machhand Rivers m this
district

(6) Palm Hills , Pinpthare pouer and trrgation pro-
gect, Komar Ruer, Madura Distract —This s the revival
of an old irnigation scheme considered and dropped—
for apparently nsufficient reasons—m the *sixties of
the last century Mr Sneyd m the course of his
reconnaissances found the site, and the old report on
it, and at once saw 1ts great value for power The
story begins m 1861 when Col D Hamilton was m the
Kodakanal area and came accidently across an old
breached earthen dam, stated by him to be some 600
it long and 90 ft lgh, in the upper reaches of the
Kumbar river not far from the watershed, and 12 m
West of Kodaihanal Examnng the ground behind the
dam he found clear mdications of the high water level
1n 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 wmigation 1 the plamns
on the far side of the watershed, thousands of feet
below, thus antieipating a common present day practice
m hydro electne worh  The lake only filled to a
height of some 50 ft at the dam, but evé 2 5o was stated
by him to have had a capacity of some 4,000 m ¢ ft
with a catchment of 30 sg mn  Vir Tate finds that
catchment only 62 sq mi and the dam onty 280 ft
long  After some years discussion the Madras Govern-
ment finally decided i 1872 not to proceed with the
rebuilding of the dam, and the project was forgotten
In later years a reservoir has been constructed 1 the
h beyond the watershed, for a
smular purpose of imgation Mr Sneyd m 1919
marhed the site off for nvestigation, judging it to be
probably capable of giving 8,700 kW, on a head of
about 3 000 ft

In 1920 Mr Tate examined the site and drew up a
plan and & complete project in the rough  The situa
tion 15 on map 53 F/8, at an elevation of over 7,000 {t,
while the plamns below, over the waterbed, aze st about

hbouring
g
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1,500 §t , there 18 therefore a clear fall of over 5,000 bi7
m a few miles
Mr Tates project does nmot altogether 'agree with
Mr Sneyd s proposals, but the discrepancy cannob be
traced exactly In rough outlme a dam would be
bult on the homar Raver about 7 m below the old
dam site at Pupkave and the waters diverted thence
to the evsting Bergjam reservow, where the maxmum
waterlevel 157 040 £t Thence the water would flow for
4 furlongs m the natural channel to & regulating tank
{miscalled a forebay) From here 1t 1s proposed to
construct an open channel for 13 mt mvolung a
fall of 120 ft to & pomt where the pressure pipe would
begin At this pomnt the forebay proper would have
to be buslt on this plan  but the more effectrve method
would be to utilize this 120 ft of extra fall n a pipe,
with & surge tower at the end of 1t, m which ca<e the
{forebay would be as presumed by Mr Tate the pressure
pipes startin, at the surge tower The mam fall 15
then over 5,200 ft Mr Tate proposes that 1t should
be tahen i tno stages the first givesa fall of 2500
¢ (or 2,620 {t) i 10000 ft From the tad race of
this upper scheme the above comment holds good,
the water should be collected m a second forebay with
a light prpe kme of 1 nu tor the smuli drop of 100 ft
at the end of which a surge pipe would be required
then there 13 & sccond fall of 2,500 ft (2,000 ft) m
8750 {t mto the Varahanadi River abuve the Thalaiya
thur rmgaton anrcut
The development m two stages would probably be
preferable to talung the whole foll m ope Using
pipes and suree towers as suggested the gross falls
would be 2620 and 2,600 ft respectnely, or about
2,500 ft net each
By buiidmg a new bund « Benjam, lower down, and
temoving the present one, sn additional 1§ sq mu of
catchment (gning 18 55 m in all) as well as extra
cajaeity would be obtamed, 11z, 150 m ¢ ft m all
The detads regarding the Komar catchment snd
capacity arenet clear  In the 1868 report the Pinpikave
catchment 1s definttely gnen as 30 s m and the old
tapk capacity {up to the well marhed hugh nater hne)
4000 m ¢ it Mr Tate gres the same catchment
8s 6 s on only and the reservowr capacity as 300
m ¢ {t only.

When the custing Bemjam imgation project was
sanctioned w1 1903 the run off nas taken a3 34 per cent
of the monsoon rainfall, though 60 per cent was actually
ascertamed 1n the case of the Kodahanal water supply
close by The average s very unlikely to be below
40 pes cent Mr Tate takes the mamum run off to
be 33 per cent of the muimum romfall for the South
West and North-Lust monsoon pertods, apast from the
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mnunvm. perepnial flow  This 13 equisalent to 14
m of run off on a catchment of 135g mt giving 423
m e ft The constant flow from storage 15 therefore
13 cusees i the dmest year, of which 3 cusecs are
allowed for local rngation leaving 10 cusecs for power
The nunimum perennial flow 19 taken as & cusecs
gving 16 cusecs m all for power m the wonst
year

The contiuous 24 hr power avadable at each of
the two stages 1s some 2,700 kW or 5,400 LW\
slf  Mr Sveyds estumate of 7,500 LW continuous
(using the old dam site) seems to be based on the eateh
ment area given 1n the old offieal reports, which appear
to be mcorreet Mr Tates rough estimate for the
whole project complete, ncluding 13200 ¥V of
workwng plant, 1 77 lakhs only, which would mean
sbout Rs 580 per AW installed The hydraule
development up to the upper forebay sronld be extra
ordmary cheap, v1z about 5 lakhs only for the storages,
efc, the pipe ine as always on very high heads, would
be by far the most expensive parb o} the power plant
If the upper este and fall were developed on thewr full
storage the project would almost certamly be a very
cheap one

Over and above power some thousands of acres
(probably 8000) could be mrigated i the plams
Mr bneyd pomts ont that objections were rmsed
the 18G9 report to cutting off 30 sq wu of catchment
from the Amaravathi mver, mto which the humbar
flows but he considers that this would not m faet have
any serious effect as 1t 18 not even part of the mam
catchment Even the local Kumbar rengation would
not m ns opumon, be seriously mterfered with, 1t
could be contmued from the new lake  The advantages
of this combined power and wrigation scheme are very
great and 1t 15 hard to understand why it has lam
dormant smee 1872 It appears worth carcfnl detatded
survey

The Pupkave project appears by far the best m
these bulls, but Mr Sueyd has examned 3 other posut
bilittes m the Porandalar River, the humbar River
and the Gundar Ruver, the lastenamed is useless for
power  All are on map 08 ¥/1, 8

(8) Palmy Hulls, Porandalar Ruer 15 formed by the
junction of the Gundar and \annantorawr (or Pum
baras) streams There are some 200 to 300 acres of
nigated land m the latter valley, wlich would absorb
allits water i a bad year  Storage on a comparatiely
emall scale 13 possible, with a hugh and expensne dam,
and the probable munmum flow with storsge 15 tahen
as 15 cosees  The fall available 15 about 1,500 ¢ €0
some 1,500 W contmuous could be obtasned  (Msp
58 ¥/7) Mr. Sneyd considered this project the most
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favourable one m these hills after the Pimpkave mte

v

(q(9) )Palm Ihlls ; Kumbar {or Mawapatiar) Riwver —
The upper reaches of this niver, above 6,000 ft eleva-
tion, are entirely exhausted by terrace wrngation
dry years, small reservoirs could be made at several
pomts, which would be valuable for rnigation but not
of sufficient capacity to be worth their cost for power
Sumlarly, down to the junction of the three chief
branches, all the water 13 required 1 the dry weather
Here there 1s & fall of 1,500 to 2 000 ft to the plains
The mmmum flow at the junction pomt, where the
headworks would be, 1s estimated at 5 cusecs With
+the small storages mentioned 1if they proved reasonable
1 eost, 15 cusecs altogether mught be obtamed giving
some 1,500 AW continuously The keadworks storage
would not be more than that of a large regulating fore-
ba;

{10) Vamar Rwer , Shevaroy Hills, Salem Dusirect —

In response o a request from the Director of Industries,
Vadras, Mr. Tate visited Yercaud to collect mnforma-
tion as to the possibility of finding factory power for
Salem m these hills, the Vamar Ruiver, 10m: N ¥ of
Yercaud and 21 mu N E of Salem appears to offer
the only practicable scheme (map 58 I) The catch
ment 13 24 sq m: and a 40 ft dam 15 proposed at a
pomt opposite Vellakadal, 7 mt N E of Yercand
The run off m the worst year, 1892, which followed
two seasons of defective ramfall, 1s reckoned to be
8} m Taking the longest period without ramn as 6
months the requred storage 1s estimated at half the
rnummum run off, or 237 m ¢ ft, which could be
obtamed with the proposed dam , this, however allows
1o carry over  With a mimmum flow of some 2 cusecs
and some 12 cusecs from storage the constant flow 13
assumed to be 14 cusecs, the estimate appears to bo
conservattve There 13 a head of 500 ft avaldable,
with a channel of unspecified length and a pipe lme
2550 ft long A good forebay site apparently exists
with ample regulatmg capacity Six miles below the
reservolr site there 1s an rrrgation ancut on the Vamar,
with « supply chaunel wrgating a duect ayacut of
99 acres aad feeding the Venhatasamudram tank with
an ayacut of 250 acres  There 13 a further amcut 10 m
lower down feeding 656 acres directly and mndirectly
from Alarpuram tank  The upper mdirectly iwrngated
area might be affected but 1t 1s probable that with the
continuous flow from the tail race the ultimate effect
would bo beneficial to imgation.

Tho continuous power avalable 18 1£X500/15 or
sy 150 KW only and the cost would bo very high
{about 18 lakhs}, but further investigation may put a
better complevion on the case
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(11) Varaks Ruer, tnbutary of Halads, S Kanara Dis-
trict —The Kunchukal Talls on this niver were exammed
by Mr Sneyd m 1920, and pronounced favourable for
development  While the falls are 1 Brtish terntory
however the catchment area and storage sites are m
Mysore The site 1s on map 48 0/2 square Al of 1" map
The catchment area 13 about 18 sq mt lymg within
10 m1 of the edge of the Western Ghats As there
are no 1ntercepting hills the average ramfall 1s probably
150 m , there 1s a small area with this mtensity on
the ramfall map of India, including this eatchment
On the lowest computation there will be 4 run off of
2,500 m ¢ ft average, and as this 1s greatly m excess
of the amount that can be stored the figure 1s not of
importance A good storage site extsts 400 yds above
the falls and with a 75 ft dam some 300 ft wide at
the base 1t 13 estimated that 250 m ¢ ft could be
stored There are also further storage sites higher
up Difficulties will occur as to surplussing, both
during construction and when working, unless the
dam will allow of surplussing over 1ts crest The bed
15 solid roch and the sides are precipitous  From the
mformation available 1t seems probable that the best
method of development would be by running a pipe
directly from the draw off pownt of the reservorr, leaving
sufficient “ dead water” to enable silt to be clexred
by under slwemng  The cliffs on both sides of the ravine
are very steep and whether an open channel or pipe
18 used 1t would probably have to be mnside the chff
m tunnel Mr Sneyd suggested a pick up wewr 200
yds below the dam, but there 1s no apparent necessity
to sacrifice the (variable) extra head at the dam The
avallable head 13 given as 1,350 ft from a forebay at
the end of a short open channel, and will therefore be
1,400 ft or more 1f a closed pipe 1s used from the dam
The length of open channel 1s given as about 1,000 ft
1 addition to 600 ft of the nver bed This 1,600 ft
should preferably consist of a pipe, Iaid on a com-
paratively small slope, endmg 1n 1 surge tower, the
extra pover obtamed would clearly gine a very good
return on the extra expenditure The pressure pipes
would then omginate at the surge tower, and the cost
of the forebay would be elimmated The power house
site 13 favourable and ample and the whole project
would be sery reaconable in cost

There are further possibilities of diverting the Valatte
(Malat:} Hole Nala into the Varahi at the 2000 ft
contour near Settigalahoppr  There 13 believed to be
a flow of at least 20 cusees nummum 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 further
20 cusecs in the drv period, or 40 cuzecs in all  This
on 1,400 ft 13 equinalent to 3330V continuously
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The final possibilities are much greater  If the mmimum
run off assumed can be stored 1t would give a further
60 cusecs all the year round of 100 m all  The diver
sion mvolves a tunnel of only about 3 mm 1n length
mmediately S of the place mentioned on square §
of map 48 0/2 The Malat: Hole would then be dam
med 2mi § E of that point where the 2 000 it contour
crosses  The project 1s a prormsing one
106 Punmab known sifes —At present no hydro
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 1n the Survey which 1t 18 hoped will be begun
this year 1s to mahe thorough reconnaissances of the
whole Himalayan area of the five riers and ther
tributaries 1t will then be possible to sav what sites
are worth detatled nvestigation It may however be
noted that two projects usually associated with the
Punjab namels those on the Chenab at Riazi and on
the Jhelum at Vuzaffarabad are actually m Jammu
and Kashmir States respectisely they are noted on
under this head Such iformation as 15 avallable
regarding Punjab rvers will be found 1n the following
chapter
107 Rajputana Alwar known site —Ruparel
Ruerat Bara — A proposal to mahe a storage wen at Bara
(map 51 A) has long been under consideration  Vr Bull
ssited the site o March 1990 and Sir Thomas Ward
Inspector General of Irngation also viuted the site
The dam site 13 1 a narrow rocky gorge and very
switable The annual ra nfall varies from 9 8 to 58 m
at Thanagazt and the muer runs dry mn February
Dning 28 years there has been less than 10 m 1 3
years and less than 194 1 11 3ears  From 1899 to 1903
there nas a run of bad years and Mr Bull cons dered
that at least a years carry over nould be necessary
There 15 no fall 1n the nver and the fall must therefore
be obtamed from so much of the dam as 1s below draw
off level With a dam of 100 ft m height some 2 640
m c ft could be stored up to R L 320 ft Above
R L 988 ft thisgves 1650 m c ft of useful storage
with s head varying from 92 ft to 60 ft It 1s rechoned
that 1100m ¢ ft are required for the load obtamable
thus leaving 550 m ¢ ft or 6 mo supply m reserve
with a full resennoir  On an average head of 76 ft
the continuous power would be 160 kW guung 145
mullion umts per annum which can be taken at any
rate required subject to the total mt Exammation
of the probable run off shows that even this could not
alyavs be depended upon 1n a bad semes of years
but further 1nvestigation 15 required The estimated
constant di charge of 19 cusecs i the cold weather
and 41 ew.ecs from Apnl to July nould be salusble
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for irnigation  Mr Bull strongly recommended further
myestigstion of the trver both normally and m floods
a3 the percentages of run off 1n the vanous years are
based on experience and not on actuals In doubtful
cases lihe this actual gaugings are the only safe eniterion,
A water stage recorder has now been installed

108 Travancore known sites —Eleven projects
have been examined under the direction of the Travan
core Darbar all on nivers flowing West  As they are
consecutrvely numbered on the map prepared 1t will
be best to give them here 1n the same order with such
particulars as are known The power available 1s not
stated

(1) Tanbraparmr Ruer af Vahathumugm falls —
Thisstte 1son map 58 H lat 8°30 long 77°20 There
are falls of 1200 ft m 1} my with a very smail
catchment (about 3% sq m1 ) mn the hills near Ambasamu
dram The rver appears from the map to flow mnto
the Indian Qcean there 15 another mver of the same
name rising near the same spot flowing E  from which
mills are wothed—see psra 69  The falls drop
into Kodayar Lake The yield 1s not known.

(2) Meviar Ruer at Kombe Lan falls —This site 1s
6m W of Mo I of this hst on the same map The
catchment area is 5 sg m only and there 15 a fall of
500t n1m

(3) Ittikary Ruer at Meenmutty falls —Thiy 13
situated near the road at lat 8°55 long 77°8 on map
58H/1 The catchment 1s 115 sq mt and there 1s a
fall of 350 ft 1 7 mu

(¢) hallade Ruer at hadurutty falls —This site 1s
on a branch of the Kallada River 13 mi N E ofNo 3
and also on the road on the same map  The catchment
1350 sq m and the fall 250 ft m 2 m

(5) Kallada Ruver at Ootakal falls —This 1s 2 or 3 mu
N W of Nos 3 and ¢ on the same map The
catchment 13 230 sq m  but the fall 1s not shown

(6) Gire Aur Mala trbutary of halke Aur —Thig 15
onmap 58 G lat 9° 10 Jong 77°15  The catchment
area 13 under 5 5q mu and there 13 a fall of 40 ft only
The hakht Aur has a catchment of 83 sq m: at the
500 ft fall lower down, Thisistothe S W of Perryar
Lake This stream falls mto Mo 7

(7} Peruntenaru 1 Ruer abore yunction with Kalky
Aur (see6) Thissite 313 within 6 m1 § W of a bay
of Penyar Lake The catchment of the Lake 15 230
8q mu so that the known aflow should be a good gmde
to all these neighbourmng sites The catchment of
No " 1353 8q mi butit1s divided between3 tnibutary
streams two having fallsof 200 ft and the third of
350 ft

(8) Pert janc 1ty Raver

trbutary of Peryar R
Carday om  Hills —Thys 1

appears to embrace the
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¢ ardamom Hills reservorr ™ site, at one time proposed
to supplement Pertyar Lake It s at Kallar, map 58 G,
lat 9° 50, long 77° 16'. The catchment 1873 sq m
and there 18 a fall (Thural falls) of 300 ft some 5 m:
W of Kallar The suggestion may be ventured that
with so many other sites near by this catchment would
bepefit the people of India more if utilized as ongmally
proposed

(9) Mudrapuzhar Ruer at Pellnassal falls —A fall
of 200 ft 15 already uttlized here, at Munnar, map 58
F/4, ude para 6% The total fall 1s shown on the
map as 800 to 1,000 ft

(10} Persyar Rwver at Karimbankurka falls —This site
15 on map 58 Gfl, west of 8 and S of 9 and 12 1m
or 50 from each of these The catchment 13 300 sq m
and there 1s a fall of 30 ft The excess from Penyar
Lake flows down 1ts ongmal course hgre, with this
addihional catehment

(11) Perwar tributery —This ste 1s some 14 mu N'W
of 9 and 10 and has a fall of 80 ft map 58 Bf16

CrapTER 14 —AREAS AND RIVFRS NOT YET
EXAMINED

109 y of 1 not yet under-
taken —The followmng paragraphs show, by Provimces
and States, 1 alphabetical order, what remams to be
done before the first stage of the Survey can be sad
tobecompleted The list 1tself may quite probably
omit many entries which should be present. Such
estimates of power as are given are far more speculative
than those m earher chapters, but m some cases (eg,
the Punjab) there 13 some definite information available
The following table 1s a summary of this chapter

TanLe 49 —Summary of areas and rwers not examined

Number Posslbla
Reference Trovnca o State el Sontiauous.
Tora 19 Assam - 17 300 000 7
. 11| Bengal 3 650 000 ¢
112 | Bibar and Orisan 25 30000 ?
. 118 | Tombay 13 0000 +
o 15 | Burm 0 300 000 ¥
w 115 | Central Provinces n 10000 1
s N6 ' Kashmir 3 20000 ¥
» I Madras T 5000 ¢
, 118 | North West }rontler Province 5 [1 000 0003
. 1o i Punjab 30 166 000}
w 1| Rajputsoa 1 smaft v
. 121 United Trovinces 18 “0000 1
w32 NativsStates of Jndls Mo Information
Torar ) 3017 660
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110. Assam, areas not investigated.—Attention
m Assam has so far been concentrated mamnly on (1)
the Cherrapunpi platean and {u) posstble sources of
power for the projected Hukong Valley Railway link
to connect Assam and Burma  As noted 1n the Prehm:
nary Report, the whole area of the Khasia, Jaimta
and Garo Hills offer large possibilities which must
remam entirely probl 1 unti d  The
Inlls are mostly virgin forest, passable only to elephants
From Tura 1 the Garo Hills to Calentta the distance
18 250 miles, so that much of the ndustnal area of
Bengal 13 within practieable transmussion distance of
these hulls  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 1s 3,000 to 4 000
feet above the surrounding plains, and the mean rawnfall
varzes from 166 mches on the outskirts up to 300 and
400 mnches around Cherrapunji the unknown possibi-
lities are great, therr utibzation however depends
entirely on large water storage sites bemng found, and
these must not depend on very high dams owing to the
area bemng subject to earthquakes In the absence
of any mformation let 1t be assumed that 1t may be
possible to utihze the mmmum ramfall of 100 i
qver 500 sq mu (which 1s less than a quarter of the
elevated area) with an aserage head of 1,600 ft Usmg
the approximations agam reprinted 1 the present
Report, 100 1n over 500 sq mt would give about 3,000
cusecs throughout the year, or 300,000 AWs on
1,500 ft head It 1s clearly worth while to endeasour
to locate a fraction of this power, as 1t 13 beyond cavil
that eight or ten times that power 1s annually disstpated
1 the torrents

Of the large hill area of Assam to the east of the
ranges menfioned 1t 1s better to say nothing, since
the country 15 wild and uncrvilized and quite out of
reach of any mdustrial bfe at present, the rainfall
however varies between 75 and 100 12 over many
thousands of square mules of elevated land

The Humalayan slopes on the north of Assam are
m Bhutan and the great nivers which make a steep
descent mnto the Brahmaputra are snow fed from
ranges of 18 000 ft and upwards, with a ramfall pro-
bably exceeding 100 1 this area howesver 1s outude
the purview of the Survey

Mr Blenkinsop reports that “ the Kopil: River and
the Sobansin Rrver should well repay imvestigation ™
The former has not been found :n the Atlas, and no
dication 15 given of its whereabouts, the Sobansin
18 a tnbutary of the Brahmaputra on map 83 I, flowing
m from the Min Hills, porth Lakhumpur It bas o
very large hull catchment and there 1s no doubt as to

1
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ia value for power, but it 1s very remote Neither
of these nvers oppeass 1 the Prelinmnary Report
The followmng 13 an slphabstical hist of the sites
suggested as posmble 1 the Prelmmary Report pp 66
o zeq and elsewhere, none of which have been exammead
28 yet with such mformation as was given before
(1) Abong Ruter North Cachar —MNear the Subong
Tea Estate there 15 said to be 2 good reservoir mte, as
poted 1 the addendum to the Prelimmary Report
(2) Bhugm Ruer Garo Hills map 78 K/7  This 13
unsurveyed so far as modern maps go  The average
ramfall from ipni to October 13 about 90 1 over a
catchment of some 85 sg mu at Stthat where the
Naranga B jomns
(3) Dibrugarh —A mte smd to be good for 26 000
H P hasnot yet been found or mvestigated It may
be the Subsnsin R mentioned above (OrHukong V)
{4) Dudhnar Rwer Garo Hills map 78 K 13 At the
junction of the Manda and Clinchurs trbutanes the
eatchment 1s about 110 sq mu with an average rawfall
of some 100 w between Apnl and October The
slope of the stream 15 steep but the nrea has ot been
surveyed 1 deta
(5) Jaduhata or Rynshang R Akasa Hils wap
78 O There are many falls on this mier and the
catchment above those of 70 ft shown on the 3
map w the Nongatom area 13 abous 24 sg m1 with
an average ramfall of some 90 1 between Apnl and
October
(6) Jatmga Buer af Damchara A B Ry —This site
13 on map 83 G/4 A reconnussance has shown that
1t 15 possible to store some 3000 m ¢ it at the ham-
pin bend near mile 277 of the lne Just below the
qunction with the ha Yeng tubutary, uswmg » 90 ft
dam The catchment 15 about 96 sq me with anaverage
roinfall between 141 and 250 m It 1s reported that
there would be great dufficulty over the long flume
requeed of about 10 mt  The project has therefore
been left over untit mbang has been further examined
Flowwould be more than sufficent for 6 months
nunually and the etorage and fow would gue 100
cusecs for the rest of the y3ear Some 250 ft of fall
133 obtmmable gving about £ 500 kW continuously
(7) Jenari or Dadram Ruer Garo Hulls map 78 R/b
Thus hae n catchment of abous 100 sg m at Rochsaun,
with romiall of the order of 100 1 snd = steep slope
(8) Atang Rever «Locttion unknown but referred to
m the eddendum of the Prelminary Report as desery
g of reconnaissance
{9) Kopil Dlreey —See beginnng of this paragraph
(10) hulss Ruier hhaswa Hills maop 78 0w The
«atchment area at the hauls: awamp ewit 1z over 100
eq mi with overage ramfall of 100 1 The stream 13
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perenmal and hos a rapid slepe and falls higher up
The swamp or Iake 13 almost at plams level but s of
very large avea  There ave possible dam mites apparent
on the 4 10 {o the mule forest sheet 28 N It 4, where
the gorge 15 only 2 mt wde  The bed level herc 1s only
184{t If however ahighdam were buwlt the water

spread would be very large when once filled and the
top 50 ft or sa mught afford consxierable power with
the head due to the balance of the dam above draw

off level

(11} Kriskras or Damring Riuver map 8 h/9 The
catchment at Chelteret 15 about 200 sg mi wnd the
slope 1s steep

{12) Monas Ruer —This flows mto the Brabmaputis
from Assam and has a latge perennsl flow  The fall
i Butish termtory may be considerable (\fap 78
J)13)

(13} Wongscang Lake —This 1s an alternative site m
the Hubong Valley regiont seo para 78 Wr Blenkm
sop reported a storage mte with a fall of 2 000 it

(14) Sobansirt Buer —See begmnmg of this para
graph

(15) Sympana Nala —See Mongeeang lake abote
This nala also offers storage and a fall of 1 600 1t

{16) Umian Rwer Ahana Hills —This crosses the
mam road to Shillong at Barapant where a reservorr
ate may exist with 2 catchment of 20 sq m:  There
13 no mformation as to falls  (Map 78 O/14 and 83
o 2)

(17) Um Bay River Khana Halls ~This1s o tnbutary
of the Um Tru {q +) and crosses the Shillong road
The discharge here has fallen as low as 1 cusec. The
Laroh rapds have not been 1dentafied  (Map 78 Q 13)

111 Bengal, areas not investigated —8o far the
Government of Bengal has been unable to Jook xato
s water power resources For the most part the
province consists of the aliuial delta of the Ganges
and 13 practically ab ses level It was explamed m
the Preluminary Report that zivers with o fall of & few
mches to the mile in a flat plain cannot be utihzed for
power, they are already hable to overfion their banks
with disastrons consequences and any cbstruction such
as a hiting dam {para 31 supre) to gne the lowest
practicable worhing * head  would result m certam
and far worse mundations  Purthermore the head zo
obtamed would be certamly lost through the afffux
of the tail waters 1 flood times

(1) The smaller tnbutartes of the Great Rangih m
the neighbourhood of Darjeeling have already been
examized to some extent but the Great Rangit and
the ma stream of the Tista into which st flows requure
detaded snv estigation (Prelummary Report p 70 and
Appendix to List of Sites) These riers may prove
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smtable for the ordmary type of low head lifting dam
t The difficulties of construction would
be considernble but there are well known parallel
coses of large nivers being harnessed 1n steps at a series
of hitng dams tde para 81 supra Up to the
junction of the two rvers near Kalmpong there 15 a
fall of over 300 ft with a mmnmmum discharge said
to amount to 10000 cusecs If 1t were posmble to
develop this power 1n stages 1t would amount to 200 000
LW mimmum
(2) Above the junction the slope mncreases greatly
and the mimmum discharge of the Tista alone 1s sard
to be 1250 cusecs up m Northern Sthhim  If develop
ment proved feasible the two rivers above their junction
could (apart from tmbutanes) possibly give another
800000 kW and as arough conjecture 400000 kW
may be entered Eien allowmng for the fact that
swtable sites cannot always be found 1t 18 probable
that the Tista and 1ts tributares together could be
harnesced to grve 500000 1W 1 the aggregate The
question therefore resolves itself mto (1) mvestigation
{or posuble sites (1) the economucs of developmg these
m competition with Bengal coal
(3) The Hill Tippera ranges and therr contiuation
10 the Chittagong Hinll Tracts are even less known and
3t 13 mnpossible to say what power they may contan
The annual ramnfall 1s probably over 100 1 upon a
hull area of 16500 sq m1 or more equivalent to some
9 000 cusecs for the year but the mam mvers appear
to be mostly at altitudes below 500 ft Whether the
great storages which the Atlas sheets appear to en
courage are i fact present and if present whether
they represent agricultural land which could not be
flooded 1t 15 for the future to decide In any case
the falls obtamable would depend on liting dams
and would be low and therefore expensive 1 terms
of horse power from stored water 1t 13 however by
1o means 1mposstble that the district has considerable
power as there are no detailed maps available of this
jractically unsurveyed area It 1s little more than
guess worh to say that from 30000 to 50000 LW
are probably obtamable Diecharges of certan streams
m Chittagong district follow
M 1 um discharges obseried mn Marc] April 1919 —.
In the absence of more detailed information the follow
g discharge observations may be recorded Of the
streams mentioned the Jaldaha s dealt with elsewhere in
tl1s Report as also are the Darjeeltng streams

Jalpa qur D met Cusees
PiZbanon 14 R veat T tul s e
hataton 40
Rangpur D stn t
Jalunasart It ver near Bad rea . 100
Chagat 1 ver near T bway b dgo. .o
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Cosecs
Dharla R ver at hur gram 3081
Bangali River 276
Malda D strict
Tangan R ver near Much a 78
alindy River near Nema Sarat 127
Purnabhaba R ver near Rahanpur 82
Bogra Dstrict
haratoya River near } mile E of Titul 2 3%
DNagore River 174
Tulsh ganga R ver %
Jabuna R'ver 3
Duars D str et
Jaldaka R ver near Ratlway br dge 231
Kus DeanaR ver near br dge 3

Murt R ver near bndge 6

Rydak R ver at Vhutanghat 609
Janti R ver near Jant 15

Dareel ng D str ct
L ttle Rang tat B L. 3 000 near Pul Bazar 23
hah 1 (or Balusbash) at R L 3 000 £t neac P 1 Bazar 9%
Balasun R ver (1915)—not m oimum 6
Ranjoo and Ryang (1915)—near Tista—not m pimum 50

R ttago g .20 sér ¢é
Khootakhal: Chara near br dge 5
Eadgaa Chars &t Mahantarghat 18
Bona Chara at Jaorta Nala 1%
Bagkhal at Cowerkhoop 24
Matomoohary at hokra Mouza 81
H zal a (Rejoo) at br dge
Bara hum ra Khal at hum ra, i
S tal Jharna at Pachlish I
Santa at Santa =l
Halda at Waz rhat 2
Dolu at Somadurpara, 1
Ichamat at Rangoom a nl
Slakat 8 lak b

112 Bibar and Orissa areas not inveshgated
It will be seen elsewhere in this Report that not much
of this Province has been exammed sofar  The northern
boundary 15 below the foothills of the Nepal Himalayas
and if any development 1s possible here 1t can only
take the form of hiting dams with low heads on the
mivers debouching into the plams  Of these the Atlas
sheets show (from Fast to W est) the Kankai the Kosi
the Balan the Kamla the Baghmati together with
some smaller nvers Of those mentioned the host
18 by far the largest In the absence of informition
as to cold weather discharges 1t would be rash to specu
Iate on what power (if any) could be depended apon
from these rivers The ranfall nces from 50 it to
75 . over the border and 1n the higher altitndes 1s
probably greater furthermore the winter rains i the
higher altitudes will Lie as snow till late m the season,
while the hosi and 1ts great tnbutares are fed from
the great snowy range itsel{ including Mount 1 erest
and Gaun Sankar If therefore Lifting dame are
practicable within the borders of the provine e,
if they can be bult without flooding large stretekes of
agncultural land—tle possibilities are consderable,
but no estimate 1s possible

Regarding the Maranbagh Ranchi plateau dramed
by the Damodar the Sub La and the Brah
with their manv mmportant tnbutaries the general
elevation 13 over 2000 [t running up to 3000 and
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1t value for power, but 1t 3s very remote Newther
of these mvers appears in the Prchnunary Report
The following 1s an alphabetical het of the mtes
suggested as possible 1m the Prebimunary Report pp 66
¢t seq and elsewhere, none of which hate been exanuned
as yet with such mformation as was given before
(1) dbong Ruer North Cachar —Near the Subong
Tea Estate there 13 sad to be a good reservorir site, as
noted i the addendum to the Prehimman Report
(2) Bhugar Rirer Garo Ehils, map 78 N7 This s
unsurieyed 5o fur as modern maps go The averige
ramfall from Apnl to October 13 sbout W0 m aver o
catchment of some 83 sg mn at “hat where the
Naranga B joms
3y Dibrugarh —\ site <aid to be good for 26600
H P, has not yct been found or mmvestigated It may
bo the Subinsin R mentioned above (Ur Hubong V)
{1) Dudhnar Rwwer Garo DMk map 8 K 13 Atthe
junction of the Mands and Chmibura tnbutanes the
catchment 1s about 110 5g ms with an average ramfall
of some 100 1 between Apnt and October  The
slope of the stream 13 steep but the arer has not been
surveyed mn detaid
(5Y Jadukata or hynshang B hlave Hills wmap
78 O There ate many falls «n the rnver anf the
catchment above those of 70 f& shown on the § m
map, m the Noogstomn arer 13 about 21 sq mn wrth
an average ramfall of some 90 1 between \pnl and
Qctober
(6) Jatings Ruer at Damchare, § B Ry —Thu site
json map 88 G4 A reconnmssance has shown that
1t 13 possible to store some 3000 m ¢ ft nat the hawr
o bend near mile 277 of the hee, just below the
junction with the Ka Yeng tnbutwy, using a 90 ft
dam  The catchment 3 about 96 5q au with an averige
yamfall between 114 and 230 m It 13 reported that
there would be great difficulty over the long flume
requred, of about 10 m  The project has therelore
been left over vntil Vmbang has been further examimed
Flowwould be more than suficient for ¢ months
annually, and the storsge snd flow would gne %90
cusecs for the rest of the year Some 250 £t of fall
15 obtamable, giving about 2,500 LW continuously
(7) Jinors or Dhdram Ruer, Garo Halls, map 18 K/
This has & catchment of about 100 sq mt at Rochsaun,
with ramfall of the order of 100 1n and a steep slope
(8) Asang Itwer —Locatton unknown but referred to
m the addendum of the Prelummary Report as deserv-
ng of reconnaissance
(9) Eopalt Rier —Sce baginning of this paragraph
(10) Aulst Buer, Khasa Hails, map 78 0/5 The
«atchment area at the Kula swamp ewut 1s over 100
sq nu with average ramfall of 200 m. The stream 1s
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perennil, and has a ropd slopr and falls hugher up
The swamp or lahe 19 alinost at pluns level but 1s of
sery huge avea  There are pos ible dam «ites apparent
on the $in to the mie forest <heet 28 ¥ L 4 where
the gorge1aonly § mt wade  The bad level here 15 only
181t If however, nlugh dam were buidt the water
spread would be vers Tirge, when once filled ; and the
top 70§t or so mught afford conuderable power with
the hewl due to the balnee of the dam ebove draw
off tevel

(1) Ariddnar or Damroeg Iiver, map 78 K9 The
eatchment at Chelteret 13 about 200 sq mu snd the
slope 13 stecp

(12} Monas Niver —This flows ante the Brabmaputra
from A<sam and his o large perennat flow  The fall
m Botsh termtory my be considerable  {Map 78
J13)

(i3) Mong eang Lake —This 15 an alternative site m
the Hulong Valley region, <o para 78 Mr Bleshmn
<op repotted & sorage site with 2 fall of 2000 {t

(11} Sobansin Ruer ~See bemanng of ths para
graph

(18) Sympana Nale ~See Mongseang lake above
Thas nala nlso offers storage and n fnll of 1,600 ft

{16) Eman Burer Ahasiz Hills ~~Thia cro ses the
nun rowl to Shallong at Barapam where o reservour
site may eust with a catehment of 20 sg nn There
13 no information as to falls  (Map 78 O/14 and 83
Ct 2}

(17} Um Ras Ruer, hhasia Bills —This 1s a tnbutary
of the Um Tru {q » } and crosees the Shillonz read
The dischazge here has fallen a5 low as 1 cusec  The
Laroh rapsds have not been rdentified  (Map %8 013)

111. Bengal, areas not mveshgated.—So far the
Government of Bengal has been umable to look mto
its water pover resources  For the mosy part the
province consists of the allusial delta of the Ganges,
and 13 practically ot sea lnel It was explamed wm
the Preliminary Report that rvers with a fall of a few
inches to the mile m o flat plamn cannot be utihzed for
power, they are alreads hible to overflon therr banks
with disastrous consequences, and any pbstruction such
a8 & hiting dam {para 31 supra) to gie the Jowest
practicable workmg * head,” would result w certamn
and far worse mundations  Furthermore the head <o
obtamed would be certamly lost through the sfflux
of the tul waters, w flood times

(1) The smaller tributaries of the Great Rangt m
the nerghbonrhoed of Darjeeling have already been
exammed to some extent, but the Great Rangt and
the mamn stream of the Tista 1t which 1t flows, reguire
detarled P y Report, p 70, and

mvi [#4
Appendix fo Iast of Sites) These mers may prove
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smtable far the ordmary type of low head lifting dam
dev ¢ The difficul of construction would
be considerable, but there are well known parallel
cases of large rivers bemng harnessed in steps at a sertes
of Lftg dams, w:de para 31 supra Up to the
junction of the two mvers near Kalmpong there 1s a
fall of over 300 £t with & mmmom discharge sad
to amount to 10000 cusecs 1If 1t were possible to
develop this power 1n stages 1t would amount to 200 000
LW mmmum

(2) Above the Junction the slope mcreases greatly,
and the mimmum discharge of the Tista alone 1s said
to be 1250 cusecs up 1 Northern Sikkim  If develop
ment proved feasible the two rivers above their junction
conld (apart from tmbutaries) posably give another
800000 kW and as a rough conjecture 400 000 kW
mav be entered Eiven allowmng for the fact that
swtable sites cannot always be found 1t 1s probable
that the Tista and 1its tributaries together could be
harnessed to give 500000 | W 1n the aggregate The
question therefore resolves 1itself mto (1} mvestigation
for possible sites (n) the economes of developmg these
1 competition with Bengal coal

(3) The Hilt Tippera ringes and their contmuation
m the Chittagong Hill Tracts are even less known and
1t 13 mpossible to say what power they may contamn
The annual rawnfall 18 probably over 100 m upon a
hill area of 1500 sg m1 or more equivalent to some
9000 cusecs for the year but the mam nvers appear
to be mostly at altitudes below 500 ft Whether the
great storages which the Atlas sheets appear to en
courage are in fact present and if present whether
they represent agricultural land which could not be
flooded 1t 15 for the future to decide In any case
the falls obtamable would depend on hLfting dams
and would be low and therefore expensive m terms
of horse power from stored water It 13 however by
no means impossible that the district has considerable
power, a3 there are no detailed maps available of this
practically unsurveyed area It 15 Dittle more than
guess work to say that from 30000 to 50000 AW
are probably obtamable Discharges of certam streams
1n Cluttageng district follow

Minomton discharges obserted in March Apnl 1919 —
In the absence of more detailed information the follow
g discharge observatsons may be recorded Of the
streams mentioned the Jaldaka 1s dealt with elsewhere in
thus Report as also are the Darjeeling streams

Jalpa yurs D stret m,m
Malanan 1A R verat Titula . .
afaton P, 40
Rangp ¢ D atr et
Jatunawr §vernear Badrganza ., . 100
Ghagat River near Ra lway br dge N 2
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Cusecs
Dharla River at Kurigram 3081
Bangah River 276
Malda District
T ™ * ' 78
Ry 1 ' 127
Y| i 82
Karatoya River near § mule E of Titulia 3}
Nagors River 17}
Tulsh ganga River 74
Jabuna River ¥
Duars Drstr et
P - ' 231
. 3
6
609
15
Lattle Rangit at R L 3 000 pear Pul Bazar 23
Kah 1 {or Baluabash) at R L 3 000 ft near Pul Bazar 9}
Balasun Rever (1915)—not m n mum. [
- - T —notm mmum 50
5
18
1§
24
81
i
£
i
Saota at Santa nl
‘Halda a} VWaz rhat 27
Dolu at Somadurpara n
Ichamaty at Rangoom a ml

Slakat§ lah

112 Bithar and Onssa, areas not wvesfigaled.
It will be seen elsewhere i this Report that not much
of this Province has been examned sofar  The northern
boundary 1s below the foothills of the Nepal Himalayas,
and 1f any development 18 possible here 1 can only
take the form of hiting dams with low heads on the
nivers debouchmg mto the plamns  Of these the Atlag
sheets show (from East to West) the Kapkar the Kost,
the Balan the Kamla the Baghmat: together with
some smaller rvers Of those mentioned the Kos
15 by far the largest In the absenco of imformation
as to cold weather discharges 1t would be rash to apecu-
late on what power (if any) could be depended upon
from these nivers The ramfall nses from 50 1 to
75 m over the border and in the higher altitudes ia
probably greater, furthermore the winter ramns m the
higher altitudes will lie as snow till late 1n the scason,
while the Ko«t and 1ts great tubutanes are fed {rom
the great snowy range itsell ineluding Mount 1 erest
and Gouri Sankar If therefore hfting dana arg
practicable withi the borders of the provucy, 1o,
1f they ean be built without flooding large stret-hies of
agnicultural land—the possibilities are consmderal I,
but no estimate 13 possible

Regarding the Hazanbagh Ranchi plateau drar. §
by the Damodar the Subarnanks and the Bedw o,
with their manv important inbutartes tl, y teeal
elevation 15 over 2000 ft rusning up ¢ { Gy gni

I
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4,000 ft on the west Modern maps are not availible
Tor most of the areas Likely to be of use so that recon
narssance alone can determuine what sites there may be
The mean runiall 1s between 50 and 60 12 but 1s very
sauable A few sites have been examuned as recorded
elsewhere, but general exanunation 19 necessary  No
estimate of the power available 1s posuble 1n most
mstances
To the south of the provinee the Mahanad: prsees
through the Lastern Ghats i Dispals State and 1t
appears certam that deselopment by means of hiting
dams 13 possible  Fnquiries have been made regarding
this site winch 13 some 200 miles from Caleutta
OF posaible sites sugge ted in the Prelumnary Report,
pp 71 et seg and later the following have onlv been
easually exammed or not examined at all
(1) Balan Ruer and Bagmue Ruer —Sec remarhs
above
(2} Bansloe River —Discharges of this river with the
Brahpum and More nivers were tahen in Bengal near
the boundary between provinces m September and
October  They are available but thes giie no idies
tion of the hot weather flow The higher contours
of the river are in Bihar and Onissa
(3) Bralmany River —See Bansloe R the sime
remarks are applicable to this smlar river  There
are roch barriers and rapids of about 1t mt through
Gangpur State
(1) Bhera Nady near Ormanjee Rancls —There 13 a
fall of 500 ft but storage possibilities are small and
ugexamuned as yet
(5) Dardhars Ruer Pakripat plateau —There 19 a fall
of over 600 ft where the river drams off the 8 E sto
of the platenn A dam site examined below Pirapntal
wou d be very expensne to develop as would also be
the open channel to above the poner station site at
Tendar It 1s beheved that only 1100 KW contmn
ous would be avallable, but the site ments further
mvestigation Enquirtes have been made regarding
1t for use 1n connection with aluminium refining
(6) Garka Nadv Singbhum —The site at Dutaura,
4m N of Dhirol P W D rest house on the Chubasa
Mohoka road has not been inspected 1o detait  There
1 no natural fall so development by hfting dam (with
storage above 1t) would be essential The cost of
sorage wonld be heavy, but 1f a succession of hiting
oan be employed (see para 31) the site may
(Map 73 J/6)
RBwer, irbutary of Mahanade Sambalpur —
reports that Mr Walker who mvestigated
a genetation ago found a very fine one
23658 1 of catchment and a capacity
. ¢ ft  Unfortunate'y the railway bridge

WATER FOWER RFSOUPCFS

[Para. 112.

now passes through the site, wlich 1s therefore lost
There may however be other storige mtes  When
the 1 gets within 8 or 9 mt of Samtalpur (map €4
0/15, 16), 1t takes n vulden turn to the W ond falls
wnta the Vlahtnadi 12 m1 upstream of the tonn  There
1s n fall of 102 ft 1n this stretch, while the ndge to be
cut through to utilire 1t 19 only about 20 ft above
the Ib flood level  Something may hereafter be made
of this mver

(8) Indratats  Faver —(Sre  also under  Central
Provinees)  The Garetteer savs ““ In these Julls of the
Dangala arca of Kalahand: (Feudatory States of Or1¢<a)
the splendid stream of Indranati tahes nse near Thua
mul it quickly gathers volume and even in February
roars and rushes down 1ts Hully course mn secthing
cataracts 1 ats short wild rush to the plamns and the
State of Bastar to joun the Godavant ™ ILafting dams
are clearh andicated, but there 13 no further informa
tion as to the river 1n On sa

(9) Jonk Rier —Mr Clayton reported that a recer
varr site was partly sunvejed on this mver in 1865,
& map exusts locally showing the site  With a catch~
ment arer of 1750 sq mut o storige of no less than
37000 m ¢ ft was caleulated to be stored by a 163
ft dam  Mr Clavton pointed out that if enly the upper
half of this storage were used for power, with a head
varving from (swv) 100 to 163 ft 1t would make a
promusing scheme  The dam 15 quite short  If 25 000
m ¢ ft arc assumed as stored above the 100 ft lesel
this would gne some 700 cusces which on sn average
head of 130 ft 15 eqursalent to 6 000 KW s contrnuously
This seems well worth further examnation as the tal
waters could stilf be used for mrmgation and the cost
could be shared between the two purposes

(10) Aamla Rirer —See introductory remaths to this
paragraph

(11) hanchy Birer —The Dasan Ghag fall 6 mn S of
Taimara at the 19th mile of the Ranchi Bandn road,
1 about 150 ft and can be increased to about 200 ft
with rapids  The dam zites have not been examined,
but the catchment area above would be under 200
sq m and the mam reservosr would probably impound
the whole yield The scheme 1s reported as worth
further mvestigation (Map 73 Ef8, 12)

{12) hanlar Ruer —See 1introductory remarhs to
thig paragraph

(13) Aaro River, Ranchy —The Perua Ghag falls, 6 pr
S of Tophara which 13 on the Khunt1 Kamdera road,
are 100 ft gk The catchment area 1s about 500
s5q mi A recomnsissance was made upstream from
10m1 above the fall and showed no good storage site
The 10 nu streich has not been exammed Further
mvestigation 13 desirable
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(14) Koel Ruer, North —Two places have been
reported from the Son Canals reservoir survey as
possibly useful  Each has a fall and rapids amounting
40 150 ft  The Gazetteer mentions the rocky bed and
rapids north of Hutar coal fields (map 73 Af1, 2) and
near Parro
(15) Konkar Ruwer, Sargiya and Palamaw —There are
5 or more falls on this rver, falling from the Sonabira
platean, close to the border between Bihar and the
Central Provinces, ncluding the Chota and Burra Pooar
Ghag and Post Ghag all apparently 1n Sargujs State
(16) Kos: Riter —See introductory remarks to this
paragraph
(17) Kurhady Ruer, Bonar —The Gozetteer says that
“the stream runs fast and clear, falling m cascades
along 1ts boulder strewn course and forming deep pools
and eddies, on both banks 1t 13 closely shut 1n by tower-
ing forest clad ulls *  Lafting dams are o possiblity
(18) Mokana Ruver, trbutary of Phalgu Hazaribagh
—In the Prelimmnary Report p 72, the Tamasn and
Hanbhal falls, of 50 and 60 ft, were mentioned , they
are 10 m S of the Grand Trunkh Road Ixtra head
can be obtamed at Itkhor and storage from 200 sq
mi of catchment may be possible The site bas not
yet been exammed (Map 72 H/3, 4, 8)

(19) More Rirer —See Bansloe R , the same data
are available for this similar river

(20) Nettarkat —A fall of 900 ft 13 possibly obtainable
‘here, but the catchment 1s small The site has not
“been exammed fully

(21) Rovo Riwer —Nr Clay ton reported that there were
““* obvious possibihties 1 the way of small falls {prob
ably Lifting dams) combined with storages 1n this iver

(22) Sankk Ruer Rajdera —There 1s a natural fall
of 175 ft 3 mt from Rajdera Paknpat Netarhat platean,
and by means of a dam 3 m1 above the falls 350 ft
could be obtamed The power station site however
would not be convement, and the open channel would
be expensive The catchment 13 only 32 sq m &
cheaper alternative would be to dam the mver ab

Rajdera and tunnel 600 yards through the hll, when

a fall of 500 £t would be ob d The project dep

on storage however, and 1t 13 doubtful 1f as much as

750 LW could be obtamned Examination 1s however

desirable  (Map 73 A3 )

() The site at Peraa Ghag lower down, 12 mt N of

Kochdega and 4 m1 E of Kundra on the Gumla road,
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(23) Son Ruer—This has not been examined,
storage would be valuable for irmigation m the Son
Canals

(21) Subarnarela Ruer —For the Hundru Ghagh falls,
see ‘“Sites investigated ' m  Chapter 12 The
Chandil site, 4 mu from that village has not been
examined yet By storage and a hfting dam {or dams)
for head, there may be useful developments Tha
storages above Hundru Ghagh falls would materially
benefit this lower scheme (Map 73 J/51}

(25) Usry Ruver, Hazarbagh -—~The Irngation Depart-
ment in Bengal reports this river and 1ts proposed storage
as useless 1n that province, but 1t may be possible to
develop 1t 1n Bihar and Onissa  There 15 a fall of 180 ft
ot Usry, 7mt from Ginidih, 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 Usn junction

113. Bombay , areas not investigated —As noted
m 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 earher survey
of the irngation possibilities of the Deccan from reser-
vorrs  While the Northern and Central areas are the
most likely to develop industrially, there are equal
possibilitres further South though m regions which at
present do not requre power In this connection
there 1s always a chance that possible mdustries may
not be pushed forward for lack of power facilities while
power sites are not exammed because there 1s no marhet
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 mto distriets, m each
of which reconnaissances have been made of likely
sites, but another two years’ work at least would
have been required before 1t could be sard that the
water power resources of Bombay would be Lnown
In Sind there seems no likehhood 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 vamsh Iven the power
required for operating the gates will, 1t has been decided,
be supplied from a fuel driven power station Here-
after 1t 18 said that the Rohn canal, fed from the
barrage, will have falls aggregating some 40 ft which
can be concentrated and produce some 15000 h p
{ g to Dr Sumner) At present however the

canal 1s not bult

has also not been , see Prel y Report, d
P 72 The natural fall 1s only about 23 ft, but 1t
could be raised by a hfting dam no doubt ~ The catch

ment 18 900 sqg m1  (Map 73 Bf5)
Enquries have been made regarding the Sankh 1n
connection with aluminium refining

The following 18 a ist of r1vers and eites not examined,
with such information as 13 available

(1) Bhatsa Ruer Thana District —There are said to
be falls 1in this niver at a eite indicated near Shabpur,
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but no details are known except that the ramfall i the
eatchment of nearly 10059 mi 15 very high, probably
200 1n or more 1n the ghat ares, from local information,
though there are no records of the Meteorological
Department there It practicalls all falls between
Juno and September A power scheme might interfere
with the Bombay water supply, which 1s of vital 1m
portance  (Map 17 I/7)

{2) Bhima Ruer, Poona Distnet —This was imest:
gated during Mr Beale's surs ey, for irngation and 1t 13
probable that a combmed project 13 possible

(3) Ghatpraba Valley Belgaum District a3 m (2)

(4) Ghod Rirer Poona District as 1 (2)

() Gurna Ruer, Vasik District as 1n (2)

(6} Godavery Riter, Nasik Dustrict as1n {2}

{7) Indus Ruer at Sullur —See remarks aboie n
this para

(8) hadoa Ruer and tnibutaries Nasik Dhstrict
()

(9) holaba District —Onls small power <chemes are
possible here

(10) Arishna Valley Satara District —See remarkhs on
serial number (2) above

(11) Malapraba Ruer, Belgaiwn District —There are
falls 1 this river but no detuls are hnown at present

The catchment area 13 about 250 sq mi and extends
throngh the zones of 30 to 100 m ramfall wlich mostly
falls between May or June and September Tt has
been 1y estigated for rrrgation and a combined scheme
1s probably practieable (Map 48 M/1)

(12) Wula Ri er, Ahmednagar Distret —There are
two Bombay miers of tlus name one 13 dealt with
under the ““ Nila Mula Project * The other nises m
the Trimbak hills which have a rapd drop from about
5000 ft elevation down to 2000 ft  The catchment
area at the smte mdicated appears to be about 180
5 m with a monsoon ramfsll averaging 30 to 40 m
but probably far lugher in the upper reaches, 1t 1s
confined however to the monsoon period The rner
has been exammed for mmgation and 4 combmed
scheme may be posuble (Map 47 E/11, 15)

(13) Nera Prer Blor State and Poona—This has
been investigated for further irmgation worl and a
combned scheme may be possible It was noted
the Preluninary Report that “ after the new Bhatghar
Dam 15 built much more power will be available,
especially 1f the Vir Tank 15 enlarged to pick up the
tall waters and store them for irmgation The Ing
falls or rapids also appear to offer some power for 8
months , some 1,700 ¢ h p * For the Bhatghar dam,
see " Power Developed,” Chapter 10

sCe
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(11) Praphra Ruer, West hlandesh, see remark on
renal {2)

(15) Pur Ruer, Nasih and Dhurampur State ~Mr
Rovwers notes that a project on the Jines of that on the
Damanganga Riser (para 99) may be possible

(16} Ratnagirn Dietried —Only  small schemes gre
pos<sible

(17) Tungabadra Rurer, Belgaum District —This has
been inveatsgated for ingation and appears promsang
for a combnned scheme

(18) Vakal Rarer, Udarpur State —A high fall project
may be possible here, see al o para 122

In addition, Mr D A Vichare, LCT, ML 4,
late Txecutrve Tngmeer, Bombay P W D, hag called
attention to the Jatent po sibihties of the rivers 1o
Kolhapur State  Thesc are all tributaries of the Ki tna,
nsng in the W Ghats and nclude the following —

Dudhganga B, map 17 L/3

Panchagingn R with 1te tributaries the Kasan and
Bhogavaty, and the Tuldhs winch joms the Iatter, all
on map 17 Lfl, 2

Yarna River, map 47 L1

Vedgangs R, map 47 L3 and 1ts tnbutary the
Chalotn Bner

114 Burma, areas not wmveshgated —It will
tale rome years to make reconnartsances of all the
possible mites 1 Burma, of which there are certamly
hundreds apatt from further posubilities 1n the great
niers  No doubt many of the nivers i the Iist below
mav cventually find their place among the ““useless
sifes,” but time alone can show

(1) Bean River —There 1s gaid to be o fall of 1,100 {t
on map 95 J/12 aed K/9

(2) Buin Ruer, near Papun —This 18 sad to be
worth evammation for storage mtes but 1t runs dry
for 3 months No information as to falls (map 94 G)
There appears o possibihity of diserting part of the
head waters of the Thelaw Kio snd Yunzaln rners
mto thus stream

{3) Che Chaung, Yaw district —This stream rises on
the Mt Victona range and 1s reported to have “ plenty
of water’ even i the drv season It 15 also stated
that any one of the mountam valleys here could be
used for storage There 15 & promwung gorge abont
4 above Yeshm village 456 m: from Pauk

{1) Chipr Chaung —This tnbutary of the N Maiha
comes from the Panwa pass, map 92 K/f1,and1s
reported to have a rapid fall

(5) Chirtkha stream —There 13 a fall 1n this of about
160 ft 1o § m1 near the 8th mile on the Sinlum Lotaw
road, also a further fall of 50 ft where 1t falls mto
the Taping River, between Kalichel and Khalon Eha
on the Chinese road (map 92 H/11)
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(6) Dabalat waterfall —This1s on an unnamed tnbu-
tary of the Lesser Tenasserim River  About 30 mt
from that town there 1s * a large fall
(7) Enkan gorge—This perenmal stream n the
Katha district 1s sud to be worth examination, but 1t
has not been identified
(8) Hpmengaw Chaung, tubutary of Namtu —This
15 said to fall 2000 ft above Hhelawng The flow
on 19 March 1920 was 120 cusecs and the mimmum
15 believed to be about 100
(9) Indawgys Loke —This has an area of some 40
sq m and & low dim would impound an immense
volume of water There 13 a perenntal flow from 1t
down the Indaw Chaung and regulatton would be
smmple There 1s ao information regarding falls  Map
92 C/1,8
(10) Kadingasin Chaung, Prome —There 18 & fall of
about 50 ft some 12 mi N of Paukkaung, with hlls
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 85 M/12,
N/1,9) There are further falls lngher up
(11) Kaw Kare:k Chaung —This rises on the Dawnas
at about 3,000 ft and has a rapid fall through & narrow
gorge The stream 13 believed to be perenmial
(12) Khin or Kua Chaung —This 1 a tributary of the
“Nammeik and Shwek on maps 93 A/4, 8 and B/L, 5
A duscharge of 76 cusecs was measured near the Junction
with the Kinwe or Konwet, in 1919, but the date 1s
not given There appear to be many falls, including
one of about 600 ft near the road crossing, but little
1s known for certam The Bernard Myo (¢ v) joins
this stream
(13) Kun Chaung Toungoo —This 13 saxd to have
possibiities  The trbutary Sinmakadin hes falls but
storage would be necessary as the flow 15 very small
at the end of the dry season Map 94 A& B
(14) Ryaulgyr Chaung, Shwegym—Sad to have
-possibihties  Map 94 %/6, 13
(15) Kyauksit Chaung, Yaw —This nses on Mt
Victorid and has a very steep descent with a perenmal
discharge Map 8¢ H/3
(16) Lam Pai Chaung —A tributary of the Haungtha-
raw, 25 mi 8 of Kaw Karertk It rises on the Dawnas
;‘7 about 3,000 ft and has a rapid fall Map 94
3.
. {17) Lampar River —S2:d to be perennial wath a large
all

(18) Lemru Ruer, Akjab—This flows mto Hunter’s
Bay and 1s said to have possibilities 1n the “ Unad
tered Area” Map 84 T1/8, 7, 6,2 Downstream from
Pengwa the nver has been exammmed withont success.
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North of that place there 1s a hair pin bend which
would give a fall of 200 ft with a 3 mile tunne!l The
discharge 1 April 1921 was 400 cusecs, but heavy floods
come down

(19) Lenya Rurer, Mergur —Sud to have power sites
and has a catchment of some 700 sg m  Map 96 1/15,
16

(20) Lilu Chaung tributary of Mon —Near Paungsel,
Shwegyin District, there 1s a fall of 100 ft with peren-
nial flow  Map 94 Bf14

(21) Madaya Ruer or Nampay, tributary of Irravaddy
—This has a mmmum discharge of about 350 cusecs
near Mandalay and 200 cusecs S of Kyauktalone As
high up as Mogoh 1t also has a good discharge anda
farrly rapid fall of about 60 ft a mile As the bed
slope 13 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
18 about 1,200 sg mt Map 93 B There are some
rapids and falls as well as storage sttes

(22) Mmsa Khaing Chaung —The site has not been
dentified 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
Kyauhop falls  Map 94 2

(23) Mali Hia —This 1s one of the mam sources of
the Irrawaddy At Lat 26° 51’ 1t contracts to a
width of 40 or 50 yards at Taping gorge  The perenmal
discharge 18 very great and small falls are known, but
floods (unless regulated) would render development
difficult Map 92F/12 to 16

(24) Man Ruer, tnbutary of Irrawaddy —Said to have
posaibilities below Ngape A discharge of 40 cusees
was found near Payagy: on Tth Apml 1919, but the
river may dry up There 1s a possibility of piercing
the watershed The district 13 very unhealthy Map
84 L/8, 12

(25) Manipur Ruer, tnbutary of Mytha —This 13
stated to be good for about 3,000 kW but httle 1s
known about 1t The stream has a quek descent
and 13 subject to heavy floods from a catchment of
4,000 sq m: The great Loktal lake near Imphkal in
Mampur 15 mcluded, and could clearly be used for
flood regulation (Map 83 H)

(26) Mawhal or Ledan Chaung, Katha —There 13 2
big fall reported on this stream 3 m above Mawhan
railway station, mile 620 Above the fall there 13 a
flat open valley with no permanent cultivation suitable
for storage This would be required, as the stream
runs low 1n the dry weather Map 92 D/2

(27) Mandon or Maton Chaung, tnbulary of Irrawaddy
—The upper reaches 1n Thayetmyo distnet are said
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to be worth exsmination  Map 851  The catchment
13 about 600 s m
(28) Mole Ruer tnbutary of Irrawaddy—North of
the Taping this falls raprdhs along the Clinese frontur
and down a narrow gorge as it leaves the frontrer
Towner of abont 1 000RWN  could be cheaply obtaned
(29) Minpare —A 30000 b p scheme has  been
menttoned with a foll of 280 ft but 1t 13 not 1dentified
May be the Nampaw ou map 931 13 ¢
(30) Mon Ruicer tributary of Irrmwaddy —Thiz nses
mn the high lands W of Mt Vutona  The upper
reaches are s to be worth exanupation but nothung
definste 18 known as to pover ates  Bilow Hnundingy in
rnd above the canal hendwerks at Mezali 3t 13 probalile
that good storage sites mav be found useful both for
power and irngation  The discharge at the canal
headworks m Mas 1919 was 450 ensee and above the
junction with the Dwe Chaung 279 cwvees There 13 a
good slope m the higher reschds but they are very
unhealthy Catchment about €00 «g m Some of
the tnbutars streams  espeennih that jomang near
Dwe look favourable on the map (81 L 2) Thas
trbutary carried 18 cusecs near Patheok m \pnl 1910
{31} ¥u Raver —The lowe t recorded dncharge s
95 cusees locality nct hnown  There mav be po sy
bilities in the upper reaches  Map 81 M
(32) Myaungelo Pier ZThaledan Forcdt —Sud to
hate poesiilities 28 e {edfin Padeung opposite Prone
The discharge 13 not great but n fall of 1000 {t 1
believed to exist
(33) 3hpithe Ruer tnbutar) of Chindwn —Near its
junctson with the Chindwin this mver wiich smcludes
the Manipur Brver {g % ), 15 saud to have a series of
rapds and a large discharge but it as of doubtful value
except n the upper reaches above halewa The
lower reaches are at times naugable The catchment
area s abont 10000 sqg m A value of 2,000 LW
hias been taken but this 18 very speculatune and pro~
bably far below the mark VMap 81 I
(34) Matnge Ruer, tnbutary of Irrawcaddy —Part of
the lower reaches of this myer was examuned 1o 1920
The hair pin bend 20 on E of Mavmyo proved dis
appowting, as the drop round 1t 1s only 20 it The
miver 1s used for logging and earnes & normal discharge
of the order of 5000 cusees The floads rige 30 it
or so and 1t 13 very doubtful if the mver can be wsed
unless 1% be ngher up
(33} Nam Ok, tributary of Skweh—Sad to be
perennal and to have falls of some 300 £t (Map
93 BJ2)
(36) Nam Bt Raver, trtbutary of Megunge —Thws 1w
Inowa slso as the Mawmlang m the lower reaches. The
wniver is reported to have falls varyig m height up to
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12 {t between Keng Ram and Na Maklaw  An
exammation of the map (93 €19, 14 and G/1 to 3)
shows considerable (10l hut 1t 1@ not hnown whether
a wseful head ean be obtained m a reasonable distance
The dry sevvon discharge 13 £11d to be about o00 cusee»
{rom o catchment of about 1000 &g w

{87) Nam flaw —~This falls into the Balneen below
VMohaung and 33 sud to have power mites  Map 93
I

(3% Mamt Chawng —Thas tnbutary of the Chaungyt
Jamwmeh sud Shwel 1s bebmed to hate 2 nunpum
dischazge of 8 cusces with a fall of 1,500 ft or more
Map 93 A712 A branch of the zame muight al o be
used

(3% Nem Hla tnbutary of Mam Lang ~Falls ou this
stream near Mong Tunzg M Shan States have been
mentioned  (Map YT F 5 8 12 10)

{10 Namhpal Hha tnbutary of Taping and Shirels —
This hes o good volume of water even sn thedny
seazon At a place about 33 m: from the Swnlun
Mongin roat there weawd tobe o fall of 800 ft m 3 o
(Map 92 ¥ 7 11)

($1) Vam Hsaien or Nam dong —8ad to have a
good Il and discharge sbove ats junction with the

Momma  Map93d &
(42 Aam Hewn ~Has been mentioned Vap 93
Fjt

{43} Dam Lam, tribufasy of the Shiwreli —Thss stream
jons the mver on the L bank just above Kyuea and
16 mm above Molo It 1s reported to fall 2000 ft 1n
about § vx m casendes of 20 to 100 £t The stream
18 perenntal with a fare flow 1 \prsl and veighbourning
streams could probably be combmed with it Map
93 E/3

(14} damh Hla trnbutary of N’ Uar Hla, Bhamo —
Ruzes at an clevation of over 8,000 ft. § of Badon and
15 saxd to have power mtes  Map 92 Gf14, 15

(45) Aam Pan, tnbutary of Aam Teng —Reported to
have & dry weather discharge of 400 cusecs and 2
considerable fall near ity yunction with the Nam Teng..
Map 93 H/12,1631/3, 4,7, 8

(46) Aamparga Ruer, tributary of Chindiewn —8ad. to
have o lasge discharge and rapid slope

{47} Nam Pawn, tribulary of Saliceen —Thus river 15
navigable up to Lat 19° and has & large perensual
discharge  There nre falls between Hsatung and
Karenns, but of no great height, and there are probsbly
rapids 3o the upper reaches The cotchment sbose
Lat 20° 1s come 1,600 5 o with ramfall of 40 te 50
m Mep93GH

48) Nam Suso —Has posmbibibes  Map 93 Af12,

(49) Nam Tabet or Tabak Kha —Ths trbutary of
the Irrawaddy 1s said to be worth exammation near
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Sima map 92 Gf12 Where the Lwema Kha jomns up
2 m E of Namlanv there 1s & gorge with a drop of
about 150 ft with a good perenmal di charge and
possible storage

(20) Nam Tawn Cha mg —This1s said to have & good
discharge and scveral falls  Map 93 /10 11 14 15

{51) Mam Ter g —In addition to the site mentroned
carlier there 15 a further one reported nearer the source
with a fall of 150 ft

(97) Yamyol Chaung tribuary of the Uyu and

Chind rin —\ perenma) stream with a farr discharge =

and <ad to fall between 2000 and 3000t 1n 10 m
Map<30 P
(23) Vam Yom —Has been mentioned as pos tble
near its junction with the Nam Teng  Map 93 Hf1® 16
(24) Vawng Htao Lake —At Wan Man 3 mr N of the
junction of the Nam Tamppah with the \am Pawn.
The lake 15 fed prmnerpally from <prngs at 1its porthern
end and 1> reported to be deep  The dr_charge wto the
[arger miver 15 by a swmift <tream now working <everal
country ol mills  Probably 1000 to 1300 ft or more
head could be obtamed. Map 93 Efo and 92 H/4 8
(99) ¥ Uailka Picer —One of the mam <ources of
the Irrawaddv It bas many rapids and the dr.charge
15 large (2000—4 000 cosecs?) all the year ronnd
Map 82G/10 14 J/4 K/1
(96) Pat®e Chaung Toungoo —This mav have enough
power for immediate local needs but is a small stream
without reservorr «ttes 1t has been brought to notice
becanse 1t nses near Thandaung where the ramfall
15 over 7001, Map 94 4/12
(97) Pin Pwer —This tmbutary of the Irrawaddv
flows from the old volcano Popa near Palokko and
Yenangyaung The catchment at Magyigon 15 about
40 =g m. only but the <tream 1s <pring fed. Map
810/t 8 P2 6
(08) Pyu Rirer Toungoo —This stream leaves the
hiflsby a gorge with a fall 1n 1t <ome 6% m from Pyu
ralway station The dry weather discharge 15 very
<mall but the stream 15 <aid to be worth examination
Map 94 B/ 6
(29) Salin River trib stary of Irrawadd; —Reservorr
sites are sard to exast on this nver and would be neces
sarv ss the rawfall 13 not grest and the discharge of
the tobutary streams falls very low There may be
po ibtittes m the remote Mt Vietons ares The
trbutars which runs from Kodabham towards Laungshe
13 said to be worth reconpaissance. There 1, po defl
nite information  but 1t1s beheved to be good for 700
LW with storage
(60) Sac Craung Yac—The gorge above Saw and
"o mu from Seikpyu can 1t 15 «ard be dammed to a
Beght of 80 or 100 £t There 15 a good dry weather
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flow and considerable fall 1n the upper reaches (Map
84 /1 and G/16)

(61) STeegpn Claurg  <ee Yunzalm River among
sites wvestigated  This nver itwelf mav alo have
ates  Vap 9 G/13

(6°) Smna hadin Charrg Touwngoo — fall of 80
ft 13 reported on tlus tnbutarv of the Kun Chaung
(9 v)2¢m from Pra It 1s perenmal.

(63) Sinbo Sin Ma falls Taroy—A senes of <mall
fall.  Map 90 Jf7 ete

Tabak Hla River —See \am Tabet.

(64) Tandin falls N Aralan —This niver 13 need
for timber flotation and has a 60 ft fall which mav
be worth reconnarsance Map 84D ?

(6) Tenassernm Pwer —Papids apd waterfalls are
reported m the upper reaches of this niver AMap 94
J O P L Esammation 15 m progress Below
Mitta there seem to be no falls but there are reservorr
<ites which conld be utilized for Liting dams The
ducharge 15 not known.

(66) Yaw Riuver—This nses on Mt Victons range
and 1s <aid to have a perenmal flow and a rapid hed
fall A dam site has been <ugge ted where the stream
breaks through the Pondaung range of hills 20 m
from Paok Map 84 Kf3 7 -

(61) Ye Pyan waterfall —This 1s on an unnamed
tributary of the Hpawneaw Chaunz about 20 m E
of Mavmyo and 4 m1. \ E of Hhelawng The stream
fall> from a platern at 4000 ft elevation and has a
sheer drop of about 1000 ft The discharge on 19
March 1970 was 61 cn ec< so that storage would be
required to make anything of the ste  1Map 93 B/12
16

{(65) Yu Rirer tribwtary of Chindin —There are
falls about °0 m: up from the confluence which are
<aid to be worth exammation. Map 83 L/3 8 12

(69) Zamay Pier—There 15 a waterfall m forest
compartment 91 and the niver 15 believed to be worth
prospectmg  Map 94 G

(“0) Zinggatk Chaung Thaton —Although this runs
dry for <ome months re-ervorr sttes mav 1t 13 anha
pated be found There 1s a good fall Map 94 J/S

115 Central Provinces, areas not nveshgated —
Of the 1tes on pages 8483 and 1n the supplement
of the Preliminare Peport the followmg do not appear
to have been examined <o far Tke cnlv wformation
available 15 that m the place quoted the relevant parts
of which are repninted here

(1) Ban Piver tmbutary of Purna, near War. This
flows from the Gawilga.h Hill: Satpura Range near
the border of Jal~ton and Lo taluks map 5 €12 16
There s <aid to be a natural fall of 60 or 70 ft whick
can be mereased bv rapds or a dam or both. The

T
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catchment 13 130 &g mr and the stream  docs not
entirely dry up  Reservorr sites are smd to entst The
annual ranfall 13 small {(1bout *0 m ) and precarious

(2) Bearma Ruer, tnlutary of Ken at Khumersir
Here there 15 s1d to be a favounible recersorr «ate with
a catchinent of over 100 =g m below the june
tion of the Sonar, where 2 flood di chorge of 235 000
cusces g been recorded  The site 15 on mep 55 M
neat Damoh, and the rumfall during the mon oon 1s
about 43 1 but 1s Iiable to practieat farlurc

(3) Bewas Rier —S8d to be worth exammation

(1) Chornar Rteer at Uprora Thus 1« near Bilaspur,
map 64 J/10, and there 1s helieve 1 to be are ervenr site
with 8 catchment of 150 < m  and
flow A fill of 100 ft 1~ mentioned The moncoon
ramnfall averiges about 50 m  and Mr Batehelor
believed that 8,000 hp could he obtamel  Thig 13
very doubtful

{5) Darekasa Walerfall Gondia  1his 13 citnted n
hilly country near the rulway station of Gondin Bengal
Nagpur Railway map €1 C/11 12 The
up and no information 13 avalabl s to storae

{6) Denta Ruer  Noinformation

(7) Deo Ruer Balythat— Th noes
plateau and flows mto the Wamoungza Noar Bharpar
the catchment 13 120 s m1 - (Map 8 C 5 ¢ @)

(8) Erar Ruer, tubutary of Wardha ner Chanda
Reservorr sites are menttoned 12m N\ of Chanda
The catchment 13 about 300 <q on and snnil falls
are known (Map 33 P 1 8)

(9) Ghesars Ruer nuar Dhansura Ther 19 sud to
be o natural fall here of ““several hundred feet ” but
the stream practically dries up It bas not been
identified

(10) Gogra Rurer, near Sohagpur  There are sud to
be rapids here, but nothing 13 known as to the «te

(11) Hasdo Ruer, near Chhur and Xorba—See note
below (30) Recervor smites are suggested where this
mver leaves the hills, with a catchment of 2,800 <q mt
at Garaghat, clevation 1,000 {t 10 mdes N of
the rulway there are rapids with a perenntil flow
(unspeeified) =

(12) Kankan Ruer, at several pomts  An rngation
scheme was prepared 1y olving a reseryoir on this mver
(which the Pench joms higher up) + few mmles north of
Nagpur, but 1t fell throngh The site may be worth
reconsideration for power purposes i combmation
with 1rmgation from the tail waters No detals are ab
present known, except that the site 13 near the Junction

witk, the Wamngunga, above the village of Ambhora,
and B 8 of Bhandara, where any large fall 1s
unlihely  Ramfall over catchment 35 to 40 mches
between June and Beptember, (Map 55 0/12) The
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cateliment ot the 2,000 ft contour 15 178 £
my ncrre Y, bofore the junction with the Pench
to about 1900 rq mn Tour other pomts en

this river between Khapa and the above were alo
refrned to (Map 53 K/15, 043, 8)

(13) Lapadl ina Ialls,}elow Amard antal The earc
cud to b about 1006t but nothing further as known

(1) Maclra Biter Sl to be worth (xammats v

(1) Vals Prer tubutars of Wardha, at Destinnt
[t 15 <ael that storaze ean be obtaned here from L00
sq mu of eatehment  Map 55 (/15 %

(16) MJas River, Letween Wuzaon and Hingna - &
rmall storage 15 andicited here, m Nelraon dr tnct
{mip 53 D) To bk the Mun and Pamngunga rivers
could Te developed mto thie, which would merease the
citchment from 90 to 170 «q me

(17) Mwryars () Ruer near Bilaspur - An old
iwn_atien progoct here may be werth reviang fer poser
Map 6t d

(16) Murraor Mornee River, at Shal 1a
to le & reservoir =ite here, 1€
mip 53 D16 and /S
np

U9 Magdooar Rier —Sud to he worth examm
ntion

(20) Vangahan — At an elevation of 2700 ft there
18 gard to he a perenminl stream with 4 rapid drop of
1,000 ft -

{21) Patna Riter —S1ud to be worth examination

{22) Pench Nharer — (8ce alvo Salewant Ghat scheme )
There 14 21d to be a storage site at Bluwagarh, 22 my
N of Nagpur with a catchment of 1,760 &q
m  The catchmedt s 627 sy m at the
2,000 ft contour (Map 65 0)

(23) Rakshad ) Iell, near Berir Pam This 157on
the horder of the Lurmi range and Mandl distriet and
there 13 s to be 2 fall of 1,300 ft 10 a nnle

(28) Sen Ruer, mear Langt wmd Bysgarth  No
mformatron 1s availible, but this 1s said to be worth
reconnuseance N I of the plice named  (Map
61 C

(25} Son bhadra Ruer—Sud to be worth exammna-
tion

(26) Tun Rucr, at Pendry This 1s mear Bilaspur
(map 61 F) A reservorr wte 13 ndicated at an eleva
tion of 2000 ft, with a rapmd fall of 700 ft, ner
Marun  (Map 64 I')

(27) Taua Rirer, at Bagrh This 1s near Itars,
Great Indian Peninsulh Railway on map 55 F/l4
There may be favourable sites near the junction
with the Denwa River

(28) Uslal Rurer, Balaghat near Udwa  There 13
said to be a fall of 1,000 ft 1n 4 rex=onable distance on

There 1s cnid
S of Akols,
nearhy  dries

m
The rver
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the river, winch 1s perenntal, and a conwderable reser-
vorr mite 1s ndicated  The catchment above the
junction with the Nabhara 1s 130 sq nu  and
con=iderable power 1s ndieated
(29) Wamngunge Riter—This 13 worth reconnwus
sance  The catchment above 2,000 ft 13 275 sq
mt and above 1,000 {¢ 1,800 sq m
As will be «cen clsewhere m this Report, nearly all
hydro electric projects in the Central Provinces have to
depend on storage for s good many months 1n the years
perenmal nvers are fen and f1r between and the annual
ranfall 13 precarious and very varable  Storage sites
are however found on many i ers, and not « few of them
would be reasonably cheap to develop  Carry over
storage for bad seisons would generilly be required
(sce paras 27 to JO supra) and this will add to the capital
cost of such projects  On tho other hand, w iter storage
for 1rrigation 1s the chuef need of the province, i view
of 1ts famme record There 13 thereforea reasonable
prospeet of combimng forces for both purposes even
though their nceds are somewhat dissmilar I'or
wrigation the demand 1s interrmttent and seasonal,
for power the draft 1s farrly continuous all the year
round If both purposes are to be served 1t 18 necessary
to mmpound the tul waters after passing through the
turbmes, untdl they are wanted m the 1mgation chan
nels  This means additionsl cost, but does not neces
sanly Lall the schemes
{30) In this comnection BIr Clayton, late Chuef
Engineer, Bihar and Orissa, pointed out that a site had
been investigated on the Ia do (erther m the Central
Provinces or 1n Bihar and Onissa) with a catchment of
1,700 sq m: and a storage capacity of 5900
m ¢ ft witha 90 ft dam and further possibilitres
with a higher dam This may be the place on map
64 J/9, 10 above Chhun and Korba mentioned m the
Prelimmary Report The officer who actually inves
tigated the Hasdo reported that ‘nme mules N of
Champa, and 28 mq above 1ts junction with the
Mahanads, the channel of the Hasdo 18 almost choked
up by a high wrregular bar of rocks which extend from
Deomn on the R bank to Chikbenly on the L
bank ”  There may be good falls here
(31) Mr Clayton also pomnted out some tune ago that
when the Jonk storage (g v 1n para 112) was wvestt
gated several other reservour sites were cxumined on the
tributaries of the Mahanad: all of which are on record
m the Province  Of these the Mand site (61 N and O)
had a catchment of 1910 sqg mu 2nd a capacity
of 10000m ¢ ft and the Tel site (map 6¢ P) a catch
ment of 3,500 sq mm and a capacity of 33000
m ¢ ft, both dams bemg 90 ft high only,
These are 1 the Central Provinces apparently

KASHMIR ; AREAS NOT INVLS1IGALED

155
116 Kashuur ; areas not mveshgated —As Kash
mir alrendy has more cvisting and des eloped poner than
cin be utihzed (para G3), together with tiwo known
sites of great capacity (pary 10{), 1t has so far not
been necessary to look further afield
(1) Chenab Rwer —The hnown Riazt site 1s referred
to under ‘ Sites exnmmed,” but the great tubutares
of this mver undoubtedly contam much further power
They aro unnamed on the Atlas sheets , but the largest
one, joimng up on map 43 0/11, 15, 1s snow fed from &
very lurge catchment and falls rapidly from the high
peths down to about 3,600 {t at the junction
(2) Kushenganga Ruer, tributary of Jhelum —This
snow fed river has a catchment of over 2,000 sq
me, all at lugh altitudes, out of the 13,000 sq
mi of Himalayan catchment of the maun niver Its
valley 13 ‘throughout very preciprtous, and for the
greater part hittle better than a chasm m the moun-
tamns  Its basm 1s peculiarly rarrow and elongated,
being mn places only 17 mu1 wide from water parting to
water parting * There 1s undoubtedly large power
to be obtuned from this river, even 1n 1ts lower reaches
It jowns the Jhelum at Muzaffarabad i the muddle of
the loop referred to under that river
(3) Punch Ruer inbutary of Jhelum —This river
jomns the mun river 1n the pluns  Above Kotls, where
the catchment 19 some 1400 sq mi, therc 1s hikely
to be large power available The niver rises in the Pir
Panjal range, at altitudes between 11,000 and 16,000
ft, so that 1t will be snow fed to a conwiderable extent
during the lot weather The mmumum discharge
recorded since 1916 13 300 cusecs at Tangrot and the
mastmum 270 000 cusecs
117 IZadras, areas not nvestigated —The follow-
1ng sites are menttoned, on information of more or less
definitenes  as having possibilities but they have not
been examined as yet
(1) Aramalm ILlls Alyyar Raver, Cormbatore Distruct,
and Sholijar (or Surul) Ruwer—In the Prelimmary
Report page 89, mentton v 1s made of tw o possible sites,
netther of which his been exammed DMr Tate hopes
to vistt the Aliyar River this year, the site 1s at Lat
10° 2> Long 77° 00 near the boundary of squares B/15
and F/3 of map 58 It has been stated thot of the total
fall of 2000 ft 500 ft could be utihzed, but the
actual head may be anywhere between these hmuts
The mummum discharge 1s believed to be about 6 cusecs
The catchment area 1s not known, but the ramnfall from
Aprl to November 15 between 40 and T5m and
discharges up to 800 cusecs are mentioned  Probably
from 1,000 kW< or more, continnous, can be
developed with storage.

*Durrard and Hayden o7 ext, gage 1
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The Kalianapandal Talls 1 the Sholyar River may
or may ot be another name for the same mte A
mimmum discharge of 6 cusecs with a fall of 200 ft
19 on record, but the full may be capable of extenaen

(2) Bhavam Ruer, Combatore District —The {alls
near Thondas, 22 mu frem Combator. and 13 mr
jrom Metapollmyam, are mentioned on page 89 of the
Prelimmary Report  Lhe site 13 at Lat 11 10 Long
76°30°onmapi8A Theatesneirthe Stent Valley’
aite (g v ) and may be the emme  Mr Tate hopes to
visibat thus year  1he falls are saud to be about 50 ft
The catchment sres s gisen as {00+ m ond
the ramiall 13 not 1nown between the 20 snd 75 n
lunte  Disscharges ane brhesed to vary {rom 3000 to
40 cusecs

In the Mnlabar District (loc et ) a fnli of 2500 [t
3m is shown on the maps w the upper rewhes of
this mver, 15 mu from tounbatore and 21 me from
Ootacamund Mo other detuls are hoown

(8) havndinyanadiy  Ruer, Chaltoor and D
Arcot—The Mardana falls are 17 mu from Gudi
tham Railnay Station and 3 m from Mardana  The
fall 1a about 700 it

(4) holakambe uatcrfall, Ndyire Halls —1hus 35 b ar
the Karterr River (3 v) on map 5% ALl L. By
means of a tunnel 1,000 ft head could, 1t 18 believed
be obtained  The mmumarn flow 13 snd to be 10 cusces
and storage 18 posstble It 1s believed to be good for
some 2,000 kW

(6) Nurpurye Raer, Nalguns —This 13 mestioned in
the Prelumnary Report, page 91, but has not yet beea
visted The site 13 near Cherambada ssllage, near

Glenrock Tea Lstate, Wynaad

(6) Sulent Valley Forest Reserie, South Malabar
Dustnet (Bap 58 A8 j~As stated on page 91 of the
Prelmizary Report, there are
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menttoned , and for the eabe. of completeness these may
be rummanzed agun here, with rome additional
remarl «

(1) Indus Brocr ~This becomes a North Weet Trontir
Province River nbove Attoch, where st first enters the
Punpab pluns  The mummur deccharge ever recorded
at halabagh 13 18,870 cucees It 1s unbid ely that the
river will ever be harnesced for power m the North We t,
and 1t 1s probable that the cost would i any cace be
prohtbitine The only pocsible method of develop-
ment would be by means of sertes of biting dams, as
expluned 1 para 31 of this Neport Ilere bow-
ever the maximum flood i charge, recloned at about
one rtllion cusees, would have to be allowed, for 1t 18
exceedmgly unhikely that any pomnt could be found
where flood regulation would be possible, at Ieast within
reach of envalization  The haghest di charge i the last
20 years at halabak, wis BODO0D cusces In the
absence of suck regulation the tal waters m fleod times
would almost certmaly mise o that mo t7of the head
would disappear  There 1s wnformation regasding the
gridient of the rver 1o Part I of Burrard and Hay den’s
well known worh * from whieh 16 appears to atverage
some 17 ft a nule for hundreds of miles above Attock
1f therefore development by Lifting dams were possible
1t wounld lmnde continuous powver on the muanmmum
flow of the order of 20,000 MW per mule run, or
over 2 mithon AW m the 120 mi between Attock
and the entry of the river into Kashmur terntory

1t 19 mteresting to note {from the work aited above)
that the great flood of 1841 was caused by the breal g
down of o landslip dam 1,000 {t high wn the Galgit
region, as also happened at Gohna Lake If such a
lahe as then exssted for s year could be formed end
mantained lovwer down 1t would go far towards flood

1

liere, a reservour site 1s knonn to ewst, mth 1amfall of
about 150 m. 1 the catchment and & * considerable
drop ” mto the plams § of Mannaghat The officer
1n charge of the survey hopes to vistt the site this year
(Bee also Bhavam R )
(7) Swmgampuits scheme, Madura District —Nothmg
1 known of this at present
118. North~West Fronher; areas not mvest-
gated —There has been no survey n the North West
Frontrer Province 5o far, and 1t 1s doubtiul whether the
cost of any such general survey would be warranted
The area 1 lorgely wild and uncivilized, subject to
frequent raids, and laching in present or prospective
mdustries It 15 poswble that rmnor projects may
hexeaiter be developed for special purposes, but the
of lines would remain
In the Px:ebxmnary Repoﬂ: page 94, certam mivers were

reg This however 18 a possibility that affects
a very latge number of rivers m India, and 1t has there
Jore been dealt with separately 1 para 33 of this
Report

(2) hokat Toi—~1It 1s believed thut power can be
obtamned from this Inll stream nesr Kohat (map 38
0/2, 6, 7) but no imformation s avadable

{3) hunkar Rwer —This spow fed niver, ns noted 1n
the Prelwunary Report, page 91, joins the Jhelum (q v)
outs great bend belowMuzaffarabad on the Abbottabad
Kashmir road It has many rapids and a large peren-
mal flow, and there 1s httle doubt that 1t could be deve
loped on & senies of hftaing dams 1f 1t were ever necessary
As however peither the mummum flow nor the gradient
of the niver 3 known no estumate can be made of ats
possible power.

* The Geography and Geology of the Himalsya Mountams and
Tibet {1007)
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(4) Smnan Riuer —Thiy tributary of the Indus had a
small plant on one of 1ts own tributaries, near Manschra,
during the Boer War, as noted on page 94 of the Prehi-
minwry Report The Sman ateelf could doubtless be
developed by means of ifting dams, and there may bo
sites where other methods of development on Ingher
heads could be used No information 13 available
however

(5) Canal Falls —As noted 1n the Preliminary Report,
page 94, the Upper Swat Canal at Malakhand could
pronide about 20000 Lp practically continuously
under 230 ft head, while other canal falls haye consi-
derable but unexsmined power

119. Punjab; areas not investigated —In dealing
with this Province the water power 1s practically all 1n
the Himalayan area, out of the Punjab, and the only
logieal arrangement 1s to deal with the “five mvers”
and therr tributaries, together with such tmbutanes of
the Indus on the W and the Jumpa on the E as
come within the Provinee  These main rvers are there
fore dealt with from W to E m the order Indus,
Jhelum, Chepab, Rav, Beas, Sutle), Jumna, and m
each case the Punjab trbutares are n alphabetical
order In this section, n the absence of exammation,
a good deal of speculatton necessanly occurs There
15 1o doubt whatever that many fine power sifes exist,
with enormous potential power, but very little of 1t 13

actually mn the Punjab Reference to other sections
of the Report (Kashmur North West T'rontter Province,
United Provinces) may be made

The following 19 a summary of the Punjab mvers
with the power that can probably be developed from
them, so far a3 18 at present known

TasrLe 50 —Punjab Ruers

senal ] River ‘Tributary site “"’"ﬂgl\%’"“"
| Todus See NW T
Trovince

© Haro 1800
) Jablat No information

) Sosn - 000
57| Ihetom 8ce Kashmir

(6) | Chenaby Ditto

@ | rawt Moltiple lift ag dams| 200 000
®) Dhadal D tto 30 000
@ Dat Ditto 30000

(10) { Bens l&‘h}\"ﬂl&‘hbelow ll‘,‘:l":‘“ 94 000
[2eH) Bisnu Teservolr site Not Loown

a anjh Ditto Ditto.

a3) 0ot 6000
an Dachatt 20000
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Probable power
Berial River Tributary Bite XWs
(15) Sain) Above Largt 50000
(10) Tirthan Ditto 10 000
A7} Butl . 1) Lower resch to 60 000
L ] q«mkm by lifting
-
(I} Rampur to (i} 100 000
liftlng dams
(18 Arni Confluence to bifur 600
catlon
a9 Baspn Taturing gorge 30000
(20) Bhers Ktnd| fmall
1) Chalare (}md1 Donbtful.
27 Gumber and; Ko Information
Gumrola
(23] Kurpan Ditte
=) hhadp
24 Machhn d o Bmall
khad
2) Noglt River | Above Rampur 1900
{20) Sher Khad | A seservoir slte Unknowd
(27) | Jumna Bee Umted I'ro
“inces
(28) Tabar Blver) 30 000
@n Girl River No {nformation
30) Pupln See Pabar
0 8upin }
ToTAL (sy) 662 000 kKW
continoous

(1) Indus Ruer and Tributaries —The portion of this
river which runs in the Punjab, or on the boundary
between the Punjab and the North West Frontter
Province, 18 1n the plams The comments under the
North West Trontier Proviuce 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 Frontrer
Province In the Prelminary Report page 95, mention
was made of the two tributartes which may have possi-
bilittes 1 the Punjab

(2) Haro Ruer, near Hasan Abdal, Attoel, —There 15
said to be a fall of 50 ft which can probably be
mereased by a lftmg dam and “a good perenmal
discharge ** (map 43 C/5, 9, 13} A private firm enqmr
g for power belicves that 1,850 kW continuous
could be obtamned

(3) Jablat (or Chablat) Rier—This 1s pear the
preceding entry (Haro Rrver) but there 13 no informa-
tion whatever regarding 1t

(4) Soan Ruer near Ranalpnd:—No wnformation 13
available regarding this river, but 1t has been examined
under the auspices of a private firm and 1s beleved
capsble of supporting o plant of 2000 AW  Ths
may be taken as the equivalent of about 700 LW
1y, as storage 1s a part of the project

. .
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(5) Jhelum Ruer and 2 vibutaries —Thys forme! the
boundary betwecn hashuur and  the  DNorth Weat
T'rontier Province m the latter part of its Hunilyan
course, and between hashnur and the Pungab at the
lowest part of all  The trhutarses 1sn, m the lnlb
are all ether m hashmur or the North We ¢ 3 rontur
Provmee, to which refesence moas boemsle Ihelonest
recorded discharge of the mun river 15 . 9 en ws at
Mangla and the mamun (1893} K00 000 tuse

(6} Chenaly fover and 1 ributarie fhe wh i f th
Himalayan course of the Chintb ml et ufaes s
m Kashmir, vefirence fo pry 100 will by tou
it has great po «bihn Th v wm e has
recorded was 1 31F cusees at My ol an bty ssoann
{1894) 71 10O cusers

(1) Bave Buer ard drd stores dhe Ly v B
Doab Canal takes off from th Was ¢ Malb po0 o}
the power posaibiitie ot thst 3 t bkt aath

under the Pumab Cunbe Ybhove Mathupur the niser
forms the boundary butween Brtwh ¥ Bivan b hoshuar
to gome way N of Dithowse ab o vTuh pomtat
15 1 Chamba dState  the Cstchment w vl we the
cansl intake 18 some 00 ponn awmdow ot
great peals of 2000051 Hw I 1y ot 1

at Mubtesar 15 1 334 cusees wnt the oo st 0 H

charge prutelly 200000 cv e o P O % w
many other cases mentwned throu hs nt this roport

il flood regulation 14 jessible st any pomt (f s
33) then hfting dams can § utihectt hoo sth
mver  Its aversge fall throu howt v« wr  F 10

m o3 161t s mule and the mver 5 nowmbare vy
remote from the plams  * The Ravy rrey m the ba in
of Bangahal, and dramy the sounthern <lopes of the Fur
Panjal and the northern slopes of the Dhauladhar
The basn of Bangahsl 13 sixty nules in crrcwmference
Numerous tnbutanies flow down its maer walls many
of them with steep gradients , the Bhadal rees on the
N ab 16000 ft and falls 311 fi @ mule for 5 am,
the Nai, which rises m the mountams knowa g Xah
Devy, has a length of 30 ™ and an merage fall of
366t sxule The height of the bed of the Raviab the
lowest powmt {(Wulw) of the Bangahal basin s about
5,000 {t Gathering together all the wnter that
runs off the mmer walls of this estraordmnary rock
cauldron, the Rav: flows out to the W The gorge
by which 1t eseapes from Bangahal may without ex
sggeration be described 08 naccessible, 1t appears
to bate been scooped out of sohd rock and its sides
re perpendscular  Alter leaving Bangohal the Rens
flows through the valley and State of Chamba m a
N W dwection parallel to the Dhauladhar range
‘West of the Chamba capital 16 mahes a sudden bend
at nght angles and cuts 1ts way through the Dhavladhar

WALFL FOWIY 1LA0UELIS
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tothe 8 T hedefile that 1t bLos
the Tange v a feov males D W
Dhthonew "™

Suth a de cription s i app 2l at once to the hydro
dlectne engecr, but (nh reconia cmee can thow
what power 15 setaath G bk of develiymont The
Joup at Dsthon 1 39 prob bl eqy ible of bemng <hort
created with o Witng dun to mmerceec the hond
At time of munmmum flow the mam rner 53 ecrtamly
resp bk for noarly all the water flowm, though the
wnow fud trbutan {prebabhy the Bhadal) entening
sbout o W of Chunby o account for about
am ff{thoft et st bea wmed that the smun mcer,
U ardd bedow this junction evrnes 8 mmnnum of
1oy we o averazed along the 60 nu of 1ty course

enved  through
of the station of

Aoy Ahlfugur b tctal fall i ths 60 my be
UE oot 0 . MK ftoa mike wstead of the
ooy, Dt B of thie or 3000 ft

ewm 1o utthred by mews of hiting dam the power
wulal e (st multigleaites) s 1 008 3000 15 or 20000
PW ¢ ptinn o B owith {ur more escept at the
rr bunes of a1 dute miwsmum

5w L W o1 ooarde trifutines nothing 1 known
Poyond sy bt s venoam the endract above regarding
b Bi P4 i the Du 1t s however more than
pr il that thy v bo dy Dipad mothe stretehes
nur thur junctions with the moun streun On falls
of lour 300 ft « nule eveny cusee of flow will gne
SO 6N per wmde 3 therefore s mmmimum flow 15
wwe bom oo boof th <o smportiat tnlf utaries of
130 cu ces auhv ant 16 mu of eich s taken o< pract:
cable —.0 nu m alt—a  further 60,000 IW 1 m
s it This sl probababty 18 for below the mark
but the problem s compheated by the distances of
transmussion  These however are not Jarge, from the
great junetion 20 mi T of Chamba  far aboie the
reaches here conssdered st 18 only 50 m to Pathankot
and 7¢ to Hoshaarpur

{10) Beas Ruer and Tributaries —Ths rer has so far
not been utilized divectly for 1zrigation, nor has 1t been
exosmined for pover, the present wuter has howeser
been along its course from its roe at the Rohtang pass
up to is Junction with the Suny and Tuthan at Targ:
In this 75 my the fall averages 125 §6 a mule The
mer and its mam tributanes—the Parbatty nnd the
two mentioned above—are used evtensively for timber
transport , but by the a1d of bear trap dams or other
well Loown arrangements this nied not be nterfered
with by power developments The ramumum recorded
flow of the Beas at Naushera 18 2,500 cusees and thd
Tughest flood 164,300 cusecs ab Wazir Bhallur, from »
catchment of 6,700 sq ms.

* Burrrd ond Haydem, op cxt, page 166
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Below Largt the sloj ¢ of the niser bed drops until m
the outer Mimalyya 16 13 only about 10 ft a nule
There 13 o great gorge imme Tiately below Iargy where
the mver cuts throngh the Dhauladhar range after
whieh it widens out  Inthe 25 or 30 m below Iarm
1 Mandi State there are certanly considerable posa
Iihties  Parts of thra stretch howeyver have a road not
very far above Ingh flood level eo that hitng dams
nught submerge 1t, this 18 certamnly the ease around
Targ (where anew roa1to Mandris under construction)
probably most of the way to the town of Mandi  Rond
mahers do not consider this j omnt when Iy, out then
ahgoments  TargiisatR I 3140t and 2000 ft
1s reached some 30 or 35 m lower donn gning a
slope m this mtermediate and most promesing stretch
of about 36 ft a mile At Mand: there are Inown
possthilities  which however are wnevamimned iut
Mr Nicholcon records posaible storage sites on the
mam mver (1) about 5 mu upstream of Mandi town
on map 53 A/1t (n) rear DMagan 10 mr vV W
of Mandi on map 53 A/13 and (m) 10m W f
Harpur at long 79° 0 on map 53 A/l
As regrds water diecharges were speeinlly taken of
the Samn) and Tirthan at Largr through the hindnees of
Mr A S Montgomery, Chief Engmeer Roads and
Buwldings, Punjab on the 4th and 5th June 1921
during the exceptional drought of this year Tley
<how 950 cusees for the Sun) which flons m from tle
snows to the Bast and 320 cusees fm the Tirthin
draming from the South  The corresponding discharge
of the Beas alone ab this pomt can certamly not have
been below 1200 cusecs gving 2 475 cusecs for the
combmed river The latent power therefore from
Larg: downwards up to where the rver flattens out
assumuing that half the total fall could be harnessed by
means of hitmng dams 1s 2475x570/15 or 94 000
kW continuous
Above Larg: the Beas itsddf could not well be deve
Toped m the Kulu valley except high up where 1ts
discharge s small It 13 nteresting to note that the
valiey of the Beas rans at some 600 to 700 ft higher
elevation than the par:llel Sutle) R ver at correspond
mg pomts i the mountuns¥ Wrter 1o the local
engmeering papers have suggested tunnelling thro igh
the mtervenmmg ndge  This 15 no doubt possible from
the engineering pomnt of view but appears quite impracty
cable A tunmel of not less than 20 mu in length
with two working faces only would e required appar
ently to obtan 500 ft head
The chief tributames may now be referred to
alphabetical order

—_—
*B vard and Hayden op
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(11) Bienu Ruer —This flows m on the Tight banl
at the small loop on map §3 Af9 and Mr Nicholson
records a storage site on 1t <ome 2 mu from the con
fluence, the elesation 13 not known at yresent He
alco records n storage mtc on the unnamed tributary
flowing m on the night bank near Dera Gopipur (map
6% A/l B) at o distance of 5} mi direct from the
conflience

(12) Guyh River —Tlhus tributary and the unnamed one
immediately to the east of it on the nght bank flow
m from the Kangra Valley (mtp 52 D/t) and Dharm
saln famous for its slate quarnies and its great earth
quale The confluence 13 far below the stretch of
myer dealt with above but the tributaries are of mterest
as Mr Micl olson has marl ed off promising storage sites
mboth  The dam site 1n the Gush 15 10ughly 11} mu
from Dharmsala  while the second smte 1s 8} mu
S L of the first These reservorr smtes may
some day be of mmportance either for power or for
wngation or for both  Their levels are not known

(13) Ool Ruer Mandi—This tributary joms the
Beas on tle nght bank o few miles above Mand:
flowing ymmediately under the lee and to the east of
the spur of momntam from Drang to Jatngra (map
53 Af13 14) On the 28th May 1921 towards the end
of this abnormally dry season 1t was found by Mr
Gilbert Lxccutive Engmeer to be carrying 530 cusecs
Thke drop of the bed 1s very steep and there appears to
be a fall from about €000 ft to 3 000 ft in about 8
or 10 m The mver can probably be assessed as good
for at least 6000 LW on a high fall development
and perhaps more  but there 1s no defimite information

(14) Parbatr Ruer —This large snow fed tributary
flowmg 1n from the high peaks above Pulga (map 52
H/4 8) has of rapids throughout 1ts const
derable length It may be considered probable that
1ts mmimum discharge 13 of the order of 200 or 250
cusecs though no mformation has been received on the
pomnt Timber 1s floated down 1t throughout the hot
weather from Pulga Of the two man branches the
N one appears from the Atlas to have a fall of 2bout
2000 ft (from 10000 to 8 000) ;n some 10 m:
the south m or Pulga branch falls more gently  There
13 however Little doubt that the river contams power,
capable of levelopment to the extent of <ome 20000
LW contmuwous The junctron with the Beas 1s at
about 4 000 ft elevatton more or less

(15} Satny Pucr abore Tarqr —The gaugmng of 950
cusecs m June 1921 13 probably not far from the mim
mum of tlus <now fed tributary of the Beas 750 eusers
may be taken for secunty There are rapids falling
1000 ft (1000 to 3000) m “the 8 mi above tle

wnin annflnanca nn ta t1a namt where tha nicer hifnr
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cates, and the whole of this could be developed by an
open channel, preferably on the left bant judging
from the Atlas sheets and the view from Largr  Thos
would gine 50,000 KW f the data prove correct,
aud they caunot le very far uront  Above the bufur
cition the fall 19 exceptiomilly steep  but the
catchment 13 much redueced
(16) Tsrthan Ruer, abore Largi—The gauging of
95 cusecs mn June 1921 18 here abo likely to mdieate
an absolute mintmum of about 200 cusecs i the lower
reaches  The stream bifurcates 6 mi above the mam
confluence, but the L branch frcm the Ingh pesks
carries most of the discharge  The fall m thi 6 m
1s moderately steep and 1s of the order of GO0 ft
Manglaur bemg R L 3 850 and about 100 ft above th
niver bed  The power in tlus stretch therdfore nmounts
to some 10,000 kW continuously
There are other (unnamed) tributaries between
Largt and Mandi especially on the left bank, with
{arr catchments but not smow fed From the knowan
data of corresponding tributaries of the Sutley, fed from
the same hills 1t 1s probable that three of these
tributaries can give not less than 1500 MW each or
4,500 LW all together continuoush
(17) Sutley River and Tributarus — Aa regards the
“Sutley Raver project’ and the subsidiry Aon nod
Nangal projects the reader 1s referred to para 90 ,
while the existing Simls scheme 15 entered i para
68 These however are merely a small proportion of
the total power of this great mver The mountan
ba«n of the Sutley hes mamly N of the Hmmalaya,
this area of the Himalay proper dramed by this mver
between the great range and the plams of India,
conmsts of an rmsigmficant tranverse stnp’* The
Gt on the § and the Beas on the N are at
o much higher elevation at corresponding pownts and
the basin bhetween 13 only 20 m wide {loc cit)
Reference has been made, under the Sutle) River
project, to possible storage stes for regulating flood
d and discharges  The
muumum discharge ta the last 20 years 1s 2 900 cusecs
at Bhakra but Colonel Battye 1s satisfied that 3 300
cusecs can be depended upon In fact 3 400 cusecs
the lowest record at Rupar, downstream of Bhakra
The greatest flood 1n thus pertod 13 250,000 cusecs
In the mam nver Mr Nicholson has noted such sttes

() 4 m N of Biaspur, near Parua on map
B3JA Junctron of 11, 12 (u) 8 m D NE
of Bilaspur, newr Clumb, on map 53 Af15 It either

of these dams were bult the whole reach of the mver
below, down to the projected tunnel (av rather the
H F L of the Bhakra lake) could be developed by o
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succeesion of hiting dams  Between the upper dam
site and the projeeted Dihe there 1s o fall of the order of
500 ft, which would gne seme €0000 bW cont
nuously, allowmy for only ¢iwelalf of the tatal fall
beng used  “ The fall of the Sutle) from its source to
the pluns of Inda 13 very umform, and averagee on
every section of its length 30 or 35 ft  per role, the
hught of 1ts bed 13 15,000 ft near Rakas Tel, 10,000
it near Shply, 3000 [t at Rampur, 1,000 it
at Bilacpur ' * There1s therefore o further fall of some
1000 ft (more or fess) between the upper dim «ite
referred to above and Rampur, where the mver cuts
through the Dhauladhar range , and f one thurd of this
could be utilized by means of hiting dams (insvolving a
Igher flood storage) a further 100000 LYW s
availble  Rampur 1s G0 my only from the cune
of the foothills so the whole of this reach 1s within
ewy transmussion of the pluns lurther upstream
Khatolu gorge, with a hiting dam and tunne), offers
further power

Those tributary streams regarding which any mfor
matton 1s avarlable may now be mentroned i alphabeti-
ca) order It may be powmted out that farly full m
formation 18 gvadable regarding the developed Nautr
hbad and that hydrographic data so recorded ean be
used (with great caution) for other tnbutanes ecpecially
those on the lcft banl  The annual ramfall rapidly
dimimche ns one goes porth, the mam watcrshed
between the Sutley and the G {1e, between the
Indian Ocenn and the Bay of Bengal) passing from Simla
along the Hindustan Tibet road and catching more of
the precipitation than the ligher ranges on the right
banh of the Sutley Through the landness of Mr
A 5 Montgomery, Chief Engmneer, Roads and Buld
mgs, Punjab several of these tnbutary strenms were
gauged early m June 1921 Most unfortunately (from
this point of view alone) the great drought, which caused
record low discharges in the Nauti Khad and Apu
Khad, durng May 1921, broke up a weck before with
some casua} storms, the effect of these however only
lasted for 3 days, when the discharges returned to their
former low level

Anu hhad Riwer —See Punjab * sites investigated

(18) Arns Ruer —This flows 1 on the rght bank
below Dalash and Lun bndge, with a steep descent
from the Jalont pass A discharge taken ab mle 57
on the Gth June 1921, at the end of the exceptional
drought but soon after s casual storm at Smla (40
mt W) shows some 36 cusecs Probably the munr
mum 18 not much ahove 18 cusees TLoeal mrmgation
chaunels and flour mulls show that there 15 always &
farr flow even at the settlement at An above the mamn

* Burrard and Hayden, 0p ¢ pags 161

* Burrard and Hayden,op ¢t page 165
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bifurcation  The 4 mt or so between this point and
the mam confluence probably have a fall of not less
than 500 ft which mdicates conttnuous power of some
600 LW onlr A casual reconmassance while n
Kulu mdictted that the stream has much greater
possibilities
(19) Baspa Rurer —This snow fed tributary of the
Sutle) 1s somewhat remote, about 90 mt  from the
cutve of the focthulls, but 1s of mmportance 1n that 16
mses from and flows between two spurs of, the Great
Himalayan tange Its muumum discharge 13 not
known, but will be before the snows begin to melt
On the 16th June 1921 1t carried 3 500 cusees or more
than the mmimum discharge of the Sutlej itseli ! Pro
bably 1t falls to 1 500 or even 1000 cusecs occamionally,
though 1t gets more rawnfall than the far larger trans-
Himalayan catchment of the mam niver At Raturing
gorge (map b3 I/7) there 13 a senies of rapids amounting
to some 500 ft of fall in half a mile near Sangla It1s
therefore certamn that some 30000 kW could be
obtamed contmuously here 1f not half as much again
(20) Bhera hhad —Thus 1s practically useless, except
perhaps for timber sawing The flow was 11 cusecs ab
mile 58 of the road on 3rd June 1921 and 36 cusccs on
22nd May 1919
(21) Chanre Gad—This small nala, 12 m W
of Lun bridge on the nght bank—the next nala below
the Ami—s stated by Mr B W Thick (late Power
Station Supermntendent, Simla) to have possibilities
The mummum discharge 13 no doubt of the order of
10 cusecs from s catchment of some 50 sq mi,
but there 15 a fall of about 1000 ft from Pamlog and
Chamre villages where regulatng storage conld be
bwlt But as explamed 1n connection with the Anu
Khad (para 90) regulating storage will not appre
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Nauts Rhad —This 1s developed , see para 68

(25) Nogh Riwver —This jouns the Sutlej near Rampur
(map 53 T/11) and 13 snow fed from an 1solated group
of huigh peaks running up to 20000 f A reconnais
sance made by the present writer shows 1t to be capable
of giving some 1900 LW  continuously, with along
opun channel The mimmum discharge 1s probably
about 40 or 50 cusecs , on the 29th May 1921 16 carried
250 cusees and on 21st May 1919 480 cusees at 1ts con
fluence with the Sutle] nt the end of long drought but
probably after a shower The mam rver was then
carrying 7,000 cusecs

(26) Sker Khad —This tnbutary with a good catch
ment jowns the river a few mules 8 W of Bilaspur
on the nght bank (map 53 A/11) opposite the Gumber
At 2 pomnt near Gaha and Umrac 73 my N W
of Bilaspur, Mr Nicholson records a reservowr site,
1t 18 apparently not at any great elevation above the
main river, but might be useful as a subsidiary to the
Sutle; River man project

Ullay Ruver —8ee Gumber river above

(27) Jumna Rwer Tributaries —The Jumna River
atself 1s dealt with under the United Provinces Of 1t
Punjab tnbutartes not much 1s known

(28) Pabar Ruer —This was gauged on the 15th
June 1919, probably after ram and carried 1 380 cusecs
at Rohrn 10 m: from Kadrala and 74 from Simla
It 13 partly snow fed, and with the Rupm and Supin
nivers makes up the Tons (map 53 E F, and # which
forms the boundary between the Punjab and Untted
Provinces There 18 very httle doubt that all these
nivers have considerable power, but the layered Atlas
sheets are the only source of information as to falls
Above the mam confluence of the tributaries of the
Tons there are falls of 1000 ft m a few miles The

clably increase the mmmum flow over a
pertod of drought

(22) Gumber and Gumrola Khads —These two neigh
bouring streams together with the Ullay Nala jom the
Sutle) near Bilaspur (map 53 A/15) on the left bank
They have fanrly good catchments to the W of Simla
and Subathu and the mam water parting  Beyond
that nothing 1s known of them at present except that
they begmn their valley courses at several thousand feet
abave their confluences

(23) Kurpan Khad —This flows 1n on the nght bank
opposite the Nogh rrver and below Nirmand It carried
77 cusees on 13th June 1921 and may possibly be of
some value

(24) Mackhada KRhad —This has small power for
forestry only The discharge on 3rd June 1921 at
mile 62 on the road was 19 cusecs and on 22nd May
1919, 110 cusecs

discharge will there be considerably more
than double that given above but this was probably
nowhere near the mimmum  If the Tons falls to 500
cusecs all told 1t would appear to have some 30000
kW contmuous m a small area at the mam
confluence What there may be below, on litmg
dam development 1s a matter for mvestigation
The confluenceappears to be at about 4 000 or 6 000
it elevation while the plains below are at 2 000 it
(29) Gars Ruer —This was exammed 1 1900 below
Phaga (Sunla Hills) and found difficult to develop
Inthis neighbourhood (7 mu from Theog) it carried 73
cusecs on the 11th May 1919, but the mummum 1s
probably pearer 25 cusecs at that pomt Lower down
16 gathers volume and improves, but Lttle information
18 avallable It 1s worth prospecting upstream frora
the point some 20 mu from the main confluence where
1t 15 jomed by two small strexms under Kaleog, here
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there 13 o very long stretch of comparatively level
bed, where reservorr sites may perhaps be located

(30) Rupin Ruer, Supin Ricer, Tons River—Sce
Tabar Ruver above

120 Rajputana; areas not investigated —Sirols
State, Mount Abu —There are smd to be possibihities
some 3 m1 E of Mount Abu, where there 15 a
rapid fall of 2,000 to 3,000 ft Any project would
depend entirely on storage sites being found, as there
13 a very small catchment The runfall however
averages 60 1n on the it (Map 15 D)

121 Umted Provinces areas and sites not
mvestigated —(1) Bawr Ruer Naimy Tal District —
Prehmimary Report, page 100 This 1s unlihely to be of
use as a discharge as low as 9 cusees 13 on record
{(Map B3 O/7)

(2) Dabke Rier —Near the Baur and the same
remarhs apply (Map 53 0/3)

(3) Garas Ruver, Mar~ap tr District —There 18 a fall
of 180 ft but no further wnformation 1s available
It flows mto the Kahganga (g +v)

(4) Garrah Ruver Barelly District —Tlus was gauged
m the pluns near Sandi and found to carry

cusecs
1>th Apnl 1919 220
1oth May 214
~th June 1913
This gves no wmdication of the hill discharge, the

stream 1s not identified
(5) Gaula Ruer, Nainv Tal District —Thus 13 under
examination
(6) Jager Lake, Garhwal —(Prcliminary Report page
101) Thus has not been examned but the remarks on
the Gohna Lake para 93) probably apply here alse

(7) Kalauma Nady —(Prehminary Report page 101}

This 18 under examination, but reports have not yet
come to hand

(8) Kalyg Ruer, 1 —{See Prel ry
Repo t, page 101} This has not yet been examined
at the Launsan site previously referred to

(9) Kanhar Ruer, trbulary of Sone —(Prehminary
Repo t page 101) This has not jet been examined
{Map 63 Pf3, 7, 8}

(10) Khayur: Dakua and Jargo Nadis, Mirzapur —
(Prebmmary Report page 101) These have not yet
been exammed (Map 63 K/12)

(11) Ekok Rwer, Garkwal —Possibilities were ndi
cated 1o the Prehminary Report, page 102, at a pomt
4 m above Dogadda Ropeways are proposed m
the distiet No exammation has yet been made
(Map 53 K)

{12) Mussoorie —The various small sites

Cark
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sible extensions for the Mussoorte Dehra scheme (Table
16) have not yet been exammed (Map 53 J)

(13) Nandhaur Rcer, Nainz Tal Dustrict, and

(1%) Nayar Ruer, tributary of Ganges, Garhical —
These nvers (sce Prelimmary Report, page 102) have
not yet been reported on, but are under examination

(16) Pindar Rurer —Thus snow fed trbutary of the
Alaknanda 15 under exammation  See Prehmnary
Report, page 102, map i3 N

(16) Rer Ruer, tributary of Sone —This promtang
mver (reo Prelimmary Report, page 103) has not yet
been exammed (Map 63 L and P)

(17) Tons Ruver, tributary of Jumna Delra Dun—
This should not be confuced with the nyver of the same
name 1n Rewah The aite at Kalet where the Tons
joins the Tumna has not vet been evamuned The
catchment area as shown i Burrard and Havden's
great work * 13 larger than that of the main rver If
a mmmum discharge of only 500 cusecs 13 assumed,
and a fall of 500 ft developed by lifting dams the
power will be of the order of 16000 KW con
tinuous

(18) The Gure tnibutary 1s not likely to show much
power as 1its discharge runs low

122 Native States of Indin; areas not inves-
tignted —So far as 13 known comparatnely little
nvestigation has been made of the water pow er resources
of many of the Native States and Territories adjomnng
British India In previous tabular statements certam
worhing plants and projects are included and these need
not be referred to further here No doubt other sites
have also been either examned or suagested by those
immediately concerned with them, and in <ome cases
detailed 1nvestigations may have been made, of which
no detatls have reached the survey Nothing whatever
18 known regarding Hyderabad (Deccan) or Baluch:
stan, and very lttle regarding the many States com
prised 1n the Central India Agency or Rajputana  In
the latter, however, two possible sites have been men-
tioned mn Udaipur

(1) Dhebar Lalke, Udarpur —It 13 not known whether
by rasing the level of the Dhebar Lake, 30 mi
S-E of Udmpur City, any power possiilities would be
found , the lake 1s of great area howeser

(2) Sbarmaty Ruer, Udaipur —There appear to
be posutbihties 1n the Wakal Ruver, tributary of the
Sabarmatr erther near Bansiwara or Manpur (Atlas
sheets, map 45 H, left half) and posaibly iz the other
tributaries or the mamn mver which crosses the boundary
between Bombay and Udmpur m this area  The
rainfall 1s scanty, about 25 in but reservorr sites may
be available The bed level where the Manas and

1 the Prehmmary Report (page 102), as offermng pos

# Geography and Geology of the Himalaya Mountains and Tibet
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Wakal Ruvers join, at Bansiwara, 13 1,410 ft while
at the junction of the Wakal and Pamn R, 25 miles
downstream 1t 13 941 ft—see 1 mch map 43 H/3, 7
old No 143 Bombay and 120 C I and R A tunnel
through the ntervenng ndge on tlus large hair pin
bend would reduce the distance to 9 miles, but the
nncontoured maps do not show what length of tunnel
would be required Or agmn there appears to be a
possibility of wr lang esther from Bansuwara or from
Manpur (at the turn of the bend) down to the South
East where the drop to the pluns could be developed
(Map 45 11/4, 8 old 111 Bomba) and 121 C T and R)
Whether any storago stes cust 1s unknown as alse 13
the discharge but the il catchment 13 considerable

Criarrer 16 —USELTSS SITES

123. Reasons for rejection —The following pages
deal with the Provinces 1 alphabetical order and give
a list of the sites 1 each which have been examtned to
a sufficient extent to enable them to be pronounced use
less for power purposes This 13 sometumes on account
of the total run off being msufficient m small catch
ments , sométimes because storage sites sufficiently
large to carry over the dry season are not available, or
because the cost of the development would be proh
bitive  Where the last factor 18 the decidng one time
may prove the verdict wrong, as fuel becomes scarcer
and more costly , but no project has been condemned
on grounds of excessve cost that 1s not clearly out of
the question at present  The following 1s a summary —

TaeLe 51 —Summary of useloss sites

Number of
Reference Province or State useless sites
exanune
Patagraph 124 Assam 2
, 125 engal . 2
. 1°6 Bihar and Ons:a 8
127 Bombay 8
, 1z Burma 21
» 129 Contral India 3
. 130 Central Provinees 17
131 Madras 3
, 132 Untod Provinoes 5
ToTAL 69
usoless iten
examIn

124 Assam; useless sies.

(1) Ea Yeng Ruer —This trbutary of the Jatmga
R (g v) jomng at the proposed dam site of the latter
18 almost certainly useless

(2) Loobah Ruter, at Loobak Charra, Sylhet —This was
examined and reported as useless It had beep stated

USLCLESS SITLS; REASONS FOR REJTECTION,
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that o good site evisted, where large storage could be
obtamned This appears to be true, but there 1s very
Dittle fall  The site 15 on map 83 C/8 (avatlablen 3 1n )
above Kanairghat, the Surma River comes out of the
Iulls here and the Loobah (or Luba) 1s a tnibutary
strexm  The catchment area at site 13 49 sq m1 with
o ramfall of about 200 1n, so that the annual run off
18 enormous  With a dam 100 ft high 1t 15 reckoned
that"',000m ¢ £t of useful storage could be impounded

above draw off level, the huge surplus spiling over the
dam  The dam site 15 at Kuddum, which 1s not m the

map  Between here and Kanairghat there 1s a gradual

foll of 116 ft only ~The maximum power on the above

basts would only be 27 cusecs on 115 ft , or say 200 kW.

The site 1s therefore clearly useless

125 Bengal, useless sifes

(1) Bansloe River, Brahmwny Ruer, More Ruver —
These three rivers flow out of the uplands of the Santhal
Parganas (map 72 P), 1n Brhar and Onssa, mto Bengal
In the latter province there appear to be no posstbilities
m the nvers, which are referred to agamn under
Bihar

(2) Barakar Rwer, Damodar Rwer, Usr Nalo —As
noted n the Prelimmary Report, p 69, a flood regulation
project 1 the Damodar River was then under consider
ation , but, as recorded in the Second Report p 61,
all the three rivers named have been exammed by the
Irngation Branch of the Bengal Public Works Depart
ment and found impracticable Power requirements
would 1n any case have to be subservient to the mamn
purpose of the storage reservours

126 Bihar and Omssa, useless sifes —Of the
sites suggested m the Preliminary Report, pp 71 et
seq , or brought to notice later, the following have
been exammed and reported useless

(1) Durgaots Rwer, Shakabad (Map 63 P/14)

(2) Harnagarha —No mdication 1s given as to where
this place 1s, but a fall of 250 ft has been exammed and
reported useless because there 18 no good storage site

(3) Eakolat fall, Gaya {(Map 72 H/10)

(4) Kao Ruer, Shakabad (Map 72 Df1)

(6) Murku falls, Ranche Dustrict —These falls (river
not mentioned) are about 100 ft and cannot be increased
artificially  There 1s a good catchment but exammation
shows no storage sites

{6) Nindr Riwer —Reported too smsll to be of any
use (Map 73 A[7) .

(7) Papaharan Ruver, Sambalpur —Defintely uscless
—no catchment (Map 64 P/1)

(8) Phulwaria River, Shahabad ~ (Msp 63 P/9)

127, Bombay; useless sites —The followng sies
have been examined and (for the reason given) wntten

off o3 u eless, 1 the Bombay Presidency
s
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(1) Barda Ruer and Borkl et Nala Hydro Tleetric Pro
gect, Surat Dangs —\lap 17 Topo Sheet Mo 36 11/9 & 13
The storage sites are situated on the Barda Riser at o
sharp bend about 20° 16 N by 73° 6 T", due south of
Saduma village and on the Borkhet Nala at pomnt about
20°46 N by 73° 15 20" I near the village of Borkhet
Both can be reached except during the monsoon from
Kalx Amba Railway Station on horsebnek or in bulloch
tongn 122 Ahw o distance of 26 and 23 i respectrs ely
The catchment arets above the storage sites are 9sq mu
on the Barda River and €5 sq m on the Borkhet
Nala (also called hapri Nl oon the maps)  Both areas
are mamly of steep hulls covered wath teah and bamboo
forests  Both streims cease to flow 1n January and
therefore any project must be worhed on monsoon flow
awded by storage  In the 10 y cars 1910 19 the nggregate
ramfall at Ahwa was 68176 m  grang an estimated
Tun off of 109 m  Trom statisties avmlnble for other
parts of the Presidency 1t appears that in the last 30
years the decade of lowest ranfell was 1899 1908 when
1t was about 79 per cent of that in the decade 1910-19
It 13 estimated therefore that the runfall ap Ahwa for
the decade 1899 1908 was about 538 i or an average
of 53 8 mckes per snnum grvng an estimated run off of
27m  The proposed full supply level of the Barda River
Lake1s R L 1509 giving an area of about 600 acres and
a capacity of about 950 m ¢ ft while that of the Bor
khet Nala Lake 1s RL 1551 giving an area of about
350 acres and capacity of about 700 m ¢ {t The Dam
on the Barda River as proposed would be 148 ft high
(RL 1361atbaseand R L 1509 at crest) and 4 020 ft
long It would contam about 73 m c ft of masonry
which at Rs 05 per brass of 100 ¢ ft would cost
Rs 4035 skks It would tmpound between FS L and
mimum working level (R L 1401) about 950 m ¢ {t
of water ata cost of Rs 4 226 perm ¢ ft  There would
be available 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 high (R L
1,426 at base and R L 1,551 at crest) and 5,700 ft long
Tt wonld contam about 107 m ¢ ft of masonry which
at Rs 55 per brass would cost Rs 5885 lakhs It
would impound between RL 1,651 and RL 1,466—
ze,l nFSL and working level—about
630m ¢ ft of waterat a cost of Rs 934l perm ¢ ft
‘There would be available after allowing for evaporation,
absorption etc, a yearly supply of about 304 m ¢ ft
A canal about 31 m: long would lead from Barda River
dam to a forebay situated on the hill on the east side of
the Barda River at a point about 20° 49 10" by 70°
45 27°E  This canal could be miuch shortened probably
economically, by tunneling  Another canal about 24 m:
long would Jead from the Borkhet Nala dam and connect
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to the firt el ne e the Barde River dam  The prpe
line would Jead from near the forcbas down the hill in
o wosterly directicn to the pover hoticr situated at a
comvement place close to the Barda River into which
the tul water would flow  The Barda Piver lal ¢ would
supply 421 m ¢ ft per annum or 13 { cusecs and the
Borkhet Nala lake, probably about 30f m ¢ ft per
annum or 9 6 cusecs mahing a total of 23 cusecs  The
fall from the forebay to the Barda River would be about
110 ft therefore the continuous power will be some
629 LW

Assummg the cost of coal to be Pa 2f per ton the
power factor 10 per cent and a L0 nule transmussion
line 1t will be scen that the probable adnu ille of
hydrauhe cost devclopment jer FII P ipstalled 1s
Rs 0511

Therefore the total admissible ¢ t1s some 10 lakhs

As the cost of the dams alone would amount to Rs 99
lakhs 1t 13 obvious that this project 13 not admessible

(2)T7¢ Dhodar Piicr, a tributar of tle Purna Rucr,
Stutrat Dangs — Map 46 I1/13  The site of the suggested
storage work 13 1} m1 above the Junction of the Dhodar
and Purna Rivers 231 m1 from Navapur station on the
Tapt1 Valley Railway  The catchment nrea above the
dam site 18 58 sq mt and lies mn the arca where the aver
age ranfall 1s between 50 and 7510 There 13 no flow
m the mver dunng the cold months so if any i roject
was possible 1t would be based on monsoon flow arded
by storage By taking off & canal from the dam site
on the nght bank and by runnmng across country to a
pomt I m N T of the village of Ghana where the Purna
River mahes 8 ag bend, « fall of 174 {t. 13 available
Under existing circumstances this fall 13 not sufficrent
to allow for the comstruction of & storige work for a
power scheme and as water 13 not required for wrriga
tion 1 this part of the country, there is no possibility
for a combmed scheme Tlus scheme, therefore 1s not
worth mvestigating under present conditions

There are however, rapids on the Purna River, near
Mahal Chikhla and Meheshatri—Vap 46 H/9—where if
& Btorage work was m existence higher up the valley,
additional falls of some 50 ft at each place could be
utibized for power

(3) The Hadaph Ruer, a tributary of the Panam Rive
Bara State—46 J/1 &2  The site 1s on a small platean
3mi L of the village of Umna some 10 m south east
of Lambhera Station on the B, B and ¢ I Ralway
man hne  The catchment area 1s about 10 sg m and
18 situated 1n the region of average ramfall of 50 m. No
IaIp gauges are 1n existence mn the immediate vicimty
of the site ond the flow of the nver has not been ganged
A fall of about 200 {t 13 available below the proposed
dam site, which 1s situated on the Karol River 3 m
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abave the pownt where the junction of the Karol and
Jhot nivers form the Hadaph River  The project was
oxamued at the request of the Bana Darbar and for
reasons given below it has been ncluded m the hist of
projects not switable for detmled mvestigation —

(a) The fall available 1s lower than 1s generally con
sidered necessary to givo a paymg hydroe
electric project based on storage

() The eatchment area 13 too small, n a year of
mummum ramfall the run off will probably
not be more than G mn, giung a volume of
139 { m ¢ f{t, sufficient for a constant dis
chargo of only 4 cusecs  Thus tho constant
power available would only be somo 50 kW

{¢) The canal or pipe line from the storage eite to
the power station would bo expensive

(d) The combination of an 1irngation project for this
discharge would not matenally improve the
outlook of the project

(4) Eapra Nala, tnbutary of Ambika —Fossibihities
were forecasted n the Second Report, but this is the
same as the Borkhet Nala above, and 1s useless

(5) The Nfarbada Ruer at Mokkady, Rayppla State —
Map 46 G9 & 13 The Narbada River, between
Mokhad: and Ghora, 1n a distance of G m1 , passes over
rapids which give a total fall of 21 ft The mimmum
gauged discharge of the Narbada 13 586 cusecs so that
1f 1t was possible to utilize this fall some 820 kW could
be generated without the help of a storage work As
unfortunately the HF L at Ghora, where the power
station would have to be situated 1s 45 ft above low
water level 1t does not appear likely that any way can
be found of utihzing this discharge except at a prohiby
tive cost  The project 1s, therefore, classed as noti smt:
able for detmled mvestigation at the present time

(6) The Ramchand Nale, a tributary of the Khapr
Ruver, Surat Dangs —Map 46 H/10 & 14 Thero 1s a
possible dam site near the village of Ramchand 4 mu
from Awah the capital town of the Dangs The catch
‘ment area above the dam mte 15 24 5 55 m1 and ltes m
the region where the average ramfall 1s between 50 and
76 m  There 13 no flow during the hot months, so a
storage work 1s y to “‘ t the
flow ¥rom the dam site by means of a nght bank
canalabout 3 mu long to a pownt about § m south of the
village of Karanjwa, a fall of 277 it can be made avail
able Furtherrapidsand fallsof 75 ft between Wadthal
and Sonda (map 46 H/10) and 100 ft between Chick
para and Dungarda {map 46 H/9) are found on the

Khapn River, where given the existence of a storage

work upstream, weirs could be built and the falls made
avadable for power purposes Thae project seems likely
ta ha far too expensive to pay under present conditions
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and prices, and therefore 19 classed as bemng not worth
mvestigation

(7) The Tapts Rwer at Bhusaral, East hhandesh Dis
trict —Map 46 0/16

(1) The Tapt1 River at Bhusaval has a perennial flow,
which may fall to not more than 24 cusecs i the hot
weather  Just below the @ I P Railway Bridge over
the Taptt River o series of rapids aro found aggregating
61 it m a distance of 5m  There 15 an excellent site
for & pick up weir about 4 mu above the Railway
Brdge, near the village of Sudgaon but unfortunately
the cost of this weir and of 2 canal b m: long through
dufficult country to & possible power house mte below
the rapids could not be contemplated on a mimmum
flow of 24 cusecs  The Tapt1 has been exammed m this
province for a storage site, 1 which the 1824 m ¢ ft
storage requred to guarantes 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 tnbutaries m connection ‘with
one of the Central Provinces hydro electnic schemes 1s
constructed, the tail water from which would increase
the hot weather flow of the Tapti, 16 will be impossible
to put up a payng scheme for this River mn the Bombay
Prestdency Detailed surveys mn connection with this
work are practically complete and prove the impossibihity
of the project under present conditions (Statements
showmg the flow of the niver are recorded )

(n) The site of the Haran Falls or rapids on the Tapt1
18 at Blulpada near the village of Raygad, 18 m from
Nandurbar station on the Tapt1 Valley Radway , map
46 K/3 and G/16  The fall of the miver i a distance of
3 mr 15 641t An excellent pick up werr mte exsts
immedtately above the head of the rapids, and a canal
Line on the left bank leading from the werr to a power
station site below the rapids would be easy to construet
Unfortunately, as in the case of the other Tapts site at
Bhusawal, the mmimum flow available 15 too small to
give a paymg project, and nothing can be done until
some means of mcreasing this mmimum flow can be
devised

(8) Tarla Rwer, a trbutary of the Krishna Ruer,
Satara District —3ap 47 Gf/14  The Tarla River raises
on the same plateau as the Vena and Urmodi Rivers,
and near the village of Chalka has a catchment area on
the plateau of some 5 5q m1 mn the region of average
ramnfall of 1001 The run off in the worst year would
probably amount to 20 m, so that, assuming that the
project 1s developed on the worst year’s ramfall,and that
the above run off amounting to 23230 m ¢ ft can be
stored with a reasonable height of dam, a contiuous
discharge of 7 cusecs can be obtamed The fall avaul
able 13 about 800 ft so that continucus power of tla
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order of 370 KW could be developed  The site 13 some
16 m: as the crow flies from the town of Satara, where
no mdustries exist at present  As the Urmods scheme
will be & considerably cheaper one than ths, and will
suffice for the highting of Satara, this project 14 put on
the list of projects not worth detmled mvestigation at
the present time

128. Burma, useless sites —Comparatiely few
strowms have ns yet been exammed and found uscless
for power considenng the total number of * possibles ™,
the followng alphabetical list gives these —

(1) Henze Chaung Taroy —The reported falls N .
of Yebyu (Preluntnary Report p 77) have been struck
out s useless

(2) hdladan Rirer Akyib—This nver with a eatch-
ment of 3000 sq 1, was mentioned as 1 possibility
the Preiminary Report It has been examined to near
the border and found useless (map 8t C D, Hand 85 A)

(3) Rhelaung Rirer Mandaluy — The site near Wetwun
(Prelinunary Report p 78) 15 struch out as useless

(4) Laimaw Riter —Tlns has been struch up from the
list 10 the Prelimunary Report, p 78 as apparently 1t
refers to the Balu Chaung (g1 )

(5) Lenge Chaung Mewkftla —This has been struck out

(6) Mayys Chaung, tributary of VMadaya —This has
been struck out and probably 1s entered under the
Madaya

(7) Menyan Ruer —Struck out not identified

(8) Monghang Ruer S Shan States —This has Leen

struch out locally

(9) Nam Kaw, trbutary of Salweern —This has been
struck out locally

(10) Namkue Lake amethin —Thus has been struck
out locally

(11) Nam Lang—The lower reaches have been
examned and found useless The upper reackes are
called the Nam Et, which 1s entered under sites not
exammed Map 93 F/f4, 8

(12) Nam Laung, tributary of Myitnge —Struch out

(13) Nam Tay, tribulary of Salieen —Struck out,
probably this may be the Nam Teng

(14) Pang Ruer, trbutary of Salwcen —Struck out as
useless

(16) Payagale Chaung, Pegu —Struch out as useless

(16) Pinpongyr Chaung, Pegu —Struck out as use
less

(17) Taungduwn Chaung, Minitha —Struch out as
useless

(18) Teng Ruver, S Shan States —Probably misnamed
mn Prelmunary Report

(19) Tonbo Ruer, dMandalay —Struck out

(20) Ye Ruer, Pag 1 —Struck out
(21) Yezn Chaung, Mektela —Struck out

WATIDP POWER IISQUICES

[Para. 130.

129 Central India ; useless sies.

(1) Indore, Narbada Riter —This was cxammed at
the Maleswar rapids below Mandleswar, on map 46 N
The cold weather fall of 21 §t disappears m the rams,
when the nsermay back up 60 or 60 £t from 1ts passage
through the Satpura range lower down  No barrage 1s
possible, as 1t would submerge whole tracts of country
during abrormal floods

(2) Patalpam Fall —This has no catchment ard 1s
uscless  (Map 16 N/11)

(3) Rygarh, Neway River —This rver was examined
by Mr Buoll near Ryygach It was found that the stor-
age which could be depended upon was too small and
precartous for utilization under the small head obtamn-
able It 1s howeser pos=ible that better conditrons may
be found elsewhere on the mver

130 Central Provinces useless sites —The fol
lowing alphabetienl list gives a <hort summary of the
Tesults of reconnatesances of a number of sites 1 the
Central Provinces which, for one reason or another,
appear not to be worth further examination  Some of
the i ers mentioned (te», the Narbada the Tapty, and
the Purna and Moga) al o appear in the list of sites
requiring 1nvestigation  the aites or method of develop
ment being different  The onginal reports on these
sitea are with the Chief Fngincer, Hvdro-Electric Survey
The reconnarsstnces were carrted out under the dirertion
of Mr Powss Davies, Officer in charge 1n the Central
Provinces during 1920

{1) Aran Buer at Masm, Magrul Taluk, Alola Dis
trict —(Sce Prehmimnary Report, page 84) This has
been examined and 1s propounced ¢ certamly useless
The 1ver 1s not perennial so storage would have to be
depended upon , $he dam site s 4 mu North of Masm,
7mu South East of Karanja, and 15 m: North East
of Magrul, near Sangwi Railway Station A fall of
45 ft only would be obtamable by means of an open
channel some 2m long from the dam to the forebay.
The catchment area1s 315 sg m1 A ramngauge station
13 1n the area at Mangrul Pir and shows the following
results —

Total 1n 7 dry months, average 3 6" mmimum, ml

Total 1 6 wet months, average 331", mmmum
105"

Maximum fall in one day, 8 3"

Probable annual run off m & mimmum year 446
me ft

With & masonry dim 1,300 ft long and 53 ft high
(apparently this 1s the mean height) a total capactty of
2176 m ¢ ft could be impounded if 1t were
available while the effective capacity 1s estimated to be
1,310 m c ft  Nether storage por fall can be
augmented so that 42 cusecs only could be obtamed
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This on 45 ft head gnves only 130 LW, continuous
power (Map 55 H/7, 11)

9) Aran River at Rutanpur, junchion with Arna Rucer,
—This has been exanuned by the local officers and a
good reservorx site was found, at the entrance of a gorge,
 nule downstream of the junction of the rivers, and not
far from whero they flow into the Ienganga The
HFL of the backwaters of the Penganga reaclies RL

821 at Manusdan Village and the low water level of the
resersoir would be at R I, 830, s0 not more than 30 it

head could be depended on  Therefore, although the
catchment area 1s 1,712 sq m1 1t 1s clear from the
preceding entry relating to this mver that the sito 13
useless for power purposes

(3) Bhyee {or Bhawgee) Buer, joingaing the Muran
{g¢) Butul Distriet —This was examuned 23 mu from
Chuchol (map 53 F/42) where a fall of 200 ft could be
obtamed by a long open channel and long pipe line
The stream 15 not perenmal and the yreld of the small
catchment, 1if all stored, would only give some 8 cusecs
at prohibitive expense The site 13 therefore useless
{The Narbada 1tself 1s at about 1 000 £t elevation ard
the site 1,00 ft <o that no possibilities exist lower
down on this or the Muran River }

(4) Buwna Ruer Rahatgarh, Saugor District —(See DPre
limmary Report, page 81, second Report, page 72)
Mr Batchelor estimated this nver to be worth 5,000
ehp at each of two sites A detarled reconnaissance
was made with the result that enly 760 kWs con-
tinuous power, could be obtamed at prolibitive cost
The site examned 1s just upstream of Rahatgarh, map
55 1/5&6,25m W of Saugor A fall of 135t 13 ob
tamnable by means of an open channel from the storage
dam The v er dries up i May, so power would depend
entirely on storage The catchment area 1s 421 sq mt,
mostly cultrvated with some forest and Ilugh land
Ramfall records at Khora:, the mearest station show
the following results —

Total 1n 7 dry months, average 23, minimum nel

Total 1 § wet months, average 425, mmmum
194

Maxmnum fall 1z one day 9 0 m

Probable annual run off m average year (44 8),

6445 m ¢ ft
Probable annual run off m mmmum year (218},
2500m ¢ ft .

The run off 13 based on Mr Barlow’s method The
man dam site 15 350 ft upstream of the fall 1n the niver
2m 8 of Robatgarh, m addition to the main dam
5,700 t long and 116 ft deep there would have to be
three subsidiary earthen dams Taking mto account the
monsoon ramfall of the two consecutive drest years the
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effective capacity of the reservorr 1s estimated to be
2,680 m ¢ it agamst a total storsge of 3,000 m ¢ £t
The land submerged 1s mostly good cultivated soil and
contans 18 village mtes  The compensation alone rules
the mito out practically A concrete lned channel of
6,000 ft would be required from the W end of the main
dam to o forebay 1 m1 8 of Rahatgarh, with a ppe line
thence of 2,700 £t to & good power house site 6 furlongs
W of Rahatgarh 5 ft above H F L and near the niver
which would take the tail race discharge  The reservorr
supply would be valuable for wrngation purposes i the
future—there 13 no wrnigation at present—but while the
draft of water for power would be required continuously
that for ingation would be mtermittent The combt

pation 18 therefore madmssible as & commercial propo

sition unless the power could be used almost entirely for
high level 1rmgation  On a contmnuous 24 hour basis
the above effective storage would give 84 cusecs (74
report) which on 135 it {fall 13 equvalent to 750 LW,
The cost of the hydraulic development alone would be
over 42 lakhs of rupees, so that the scheme could not
concervably compete with other forms of power (The
Report 1s accompanied by plans and full details )

(5) Chandrabhaga Ruver, Melghat Talul, Amraoty Des-
trict —This 18 one of Mr Batchelor’s sites, mentioned on
page 8¢ of the Preluminary Report (map 55 Gf7) It
was exammed above R L 1,800, where a fall of 500 ft
would oceur to the plamns at RL 1,250, but a 20 m.
channel would be requred In two comsecutive dry
years 1t was estimated to yreld under 200 m ¢ ft from
the catchment area of 26 sg 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 possibiity be economr-
cally utiized for some 200 KW

(6) Chargad Ruer, tributaryo f Wardka, Morss Distract,
Amraots —(See Prehmnary Report, page 84,) This site
has now been exammed and pronounced * certamly
useless ¥ The ranfall at Mors: varies between 29 and
91n and the niver 1s not perenmal  No large storage 1s
possible at Udkherr and there 1s no fall avmlable other
than what would be formed by a ““ hfting dam ”  (\ap
55 G/15)

(1) Katne Ruer, near Murvara and Katm, Jublul-
pore District —(Map G4 A/5, 6) This niver was Inves-
tigated at the instance of the Electncal Engweer,
Central Provinces Government who required no mors
than 100 KW for Eatnt  There 1s however no natural
fall and no fzll can be created of any value The river
13 perenmal but drops to about 10 cusecs Storige
would submerge 1 aluable agricultural land and villages,
at prohibitive cost The mite 1 question 15 therefore
defimtely useless
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(8) Moga (or Arna) Nullah, Lilichpur, Amraots Dis
trict —Sec Peelumnary Report page 85 The aite nenr
Malns, suggested by Mr Batchelor, was examined and
found useless The catchment 1s 42 ,q ot With a
channel, mcluding a long tunne! and apipe line 3 m
long 1t 1s reported that a fall of 500 ft could be obtamed
The power available nught be of the order of 400 to
800 bW and the cost of development would be proh:
bitive  See however the Purna Ruver, i the hst of
possible sttes where a combimed scheme of posable
utthty 15 suggested along with the Moga

(9) Muran (or Morum) Riter near Clacloly  Betul
District —~This rver o tnbutary of the Gangal and
Nirbada was esammed 21 mi N W of Chickolr (map
55 I'/12) where a fall of 200 ft could be des eloped with
a pipe line a mule long and at considerable expense m
tunnelling  The stream however 13 not perenniil and
15 dry by the end of April and not more than 1 200
m ¢ ft conld be impounded at the darn site ex vmined
where the catchment 13 121 sq nu and the ramfall of
the two driest consecutrve years 18 and 37 m respec
tively It 1s clear that less than 500 LW would be
obtamnable at prohibitive expense and the site 13 use
less  (The Narbads 1tself 13 at about 1 000 ft and the
site at about 1400 ft so that no posubilities exist on
thus stream or its tributaries lower down )

(10) Norbada Ruer—In the Prelmmary Report,
page 86, mention was made of the Dhanghat Falls,

6m N of Ponassa Forest Rest House m Nimar Dis
trict, map 65 B/7  These falls and neighbourmg rapids
were examned and 1t 13 reported that the dry weather
fall (9th February 1920) was only 25 ft and not 50 ft
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the afilux would not reach far hach The good fall
below Sthur Ghat would however probably cnable the
tail waters to get clear away in flood tumes  This last
rroposil 18 Just concenvably po sible, hut would 1 all
probalility be prohibitive 1n coat, 1t requires ealeu
Iatton to be made of the di charge, b1 od on the flood
record referred to and the afflus effect of that diccharge
belund dams of v irrous herghts  The flood levels at the
Hoshapgabad Budoi Rulsvay bridge are no doubt hknown
and enter the problern  On the whole 1t 13 not worth
wlile to continue the 1nvestigation here  See however
the Narbada River site at Mandla, entered among sites
for further s estigation

(11) Purne Laver, dmraotr anl Betul Districts —See
Prehminary Report, page 86 This river was cuggested
by Mr Batchelor as «ustable for development It was
examined at Junipam 15m1 due N of Siraegaon, where
the catchment 13 80<q m A channel of 16 m over
dufficult country, with tunnels and squeducts and a
pipe hne } mu long would give a fall of 500 it The
yield would be some Y00 m ¢ ft mn a dry year
gnang say 20, or with carry over perhaps 23 cusecs
Some 600 to 750 LW continuotts power might therefore
be obtamable at great cost It 13 therefore practically
certain that this site should be relegated to the category
of useless sites  Sce however the combined scheme for
the Purna and Moga nvers, m the list of Central Pro-
vmces sites for further myestigation

(12) Pus Ruver, Marsul, I eolinal District —(Maps 55
H/8, 12 and §6 L/3, 9) A possible storage smite was
examined on this mier, yjust § of Marsul village and
44 m: from Darwha Raway Station, Ycotmal Branch

83 conjectured 1n the above report  The fall pletely
disappears n the ramns  In 16 miles above here the
cold weather fall of the various rapids was only 98 1t
all told The single fall at Dharighat 13 clearly useless
for the reasons given when dealing with the Maheswar
falls m Indore further West, on page 63 of the Second
Report  Stmularly the accumulated fall of 98 ft could
only be utilized by tunneling the whole 16 m, as
the banks are very high on both sides, and a diverston
dam would be required A proposal to use a high dam
at a mite found 1 mile below Salur Ghat (2 300 ft long
and 180 ft high) and to utilize this fall m addition to
the natural fall, has also been suggested , but this would
also involve similar tunneling  The afflux behind such
a dam n the case of a flood such as 13 recorded near
Maheswar (loc cut ) has not been calculated but would
almost certamnly put the idea out of count For the
same Teason the proposal to use a hiting dam alone at
this place 13 likely to prove mmpossble, though with
this method of development a much lower dam would
clearly suffice This method presupposes rapids o that

Itisy d ** certamnly useless*  The niver 15 not
perennial, so storage would have to be employed By
means of an open channel from the dam site o fall of
90 ft could be obtaired The reservorr site 18 Iarge,
but only some 1,300 m ¢ ft of water could rormally
be obtamed, and the effective storage would be;888
m ¢ ft o bad years, grung 29 cusecs contmuously
The cost of the storage would therefore be out of alf
proportion to the 150 LW or so obtamable *
{13) Sapan (or Sarpin) Ruer, Melghat and Ellichpur
Taluls, Amraots District —See Prelmmary Report,
page 86 (Map 55 G/7) Thisis one of Mr Batchelor's
sites  Near Wajar there 1s no switable ste for storage
and the fall available with a very long prpe line 1s 300 ft
The yreld 1f 1t could be stored, 1s estrmated to be depend-
able for only 9 cusecs 1 a bad year, from a catchment
of some 445g m  The small natural fall of 30 ft 1s
useless alone and the stream 1s not perenmal , 1t carned
only 2 cusecs on 24th Janusry 1920  The stream nises
rapdly to an elevation of several thoueand feet’ but
splits up 1to many branches with msignificant catch-



Para. 131.]

The whole streatn appewrs to be

ment  areas
useless
(14) Shaknur Ruer, ncar Amjangaon, Amraon Dis
Ir1ct —Tn the Prehimnary Report page 86, this mite nas
mentioned on the authonty of Mr Batchelor who
recorded suveral sites as worth mvestigation and who
Dbelieved a resers oir could be made with o fall of 600 ft
svatlable below 1t (Map 65 G/3 7 8) A reservoir
ute was found between Moragarh and Ratpur, but the
avalable fall at tlus place 1s only from R L 1350 to
1,250 or 100 ft  The stream 1s not perenmal and dries
up m March, and from the catchment arca of 45 sq m
only 335 m c. ft could be expected A site lugher up
was also mdicated by Mr Batchelor where the total
fall to the plains would be 500 {t  this would therefore
be above R I 1,800 and the catchment area 1s less than
30 sg mu  There 13 no storage wute here to take the
small yield, and  channel of many miles 1 length
would m any case be necessary Higher up still s
Mr Batchelor’s third site, referred to above, with a
catchment aren of 12 s m only By means of a
channel come 20 m1 long a fall of 60O ft could be
obtamed , but the total water avalable mn o bad year
would be under 80 m ¢ it or say 2} cusecs giving
under 100 kW This mver 1s near and sumlar to the
Chandrabhags and Sapan Rivers All apper equally
useless
(15) Taper Ruer abore Burhanpur —The whole mnver
was examined to the T of this pomt up to the junction
with the Tawa and Ambhara (55 K/2) as 1t was md;
cated m the Prehmmary Report (page 88) to have
possible power sites The result 15 disappomnting and
the circle officer recommended no further action  There
1s one natural fall of 50 ft at Dhanora (55 G/14) and
seven others from 8 to 20 ft which probably disappear
m the ramns  The sites examined are as follows —
Site 1-—Half a mile below junction with Tawa on
square 2 of map 55 K/2 The catchment here
18 204 s5q m1 with a probable effective yield m
the two drmest consecutive years of 826 m ¢ ft
gwing 23} cusecs There 1s however storage
capacity capable of mmpounding a very large
carry over, and there 15 a substantial flow except
at the end of the hot weather The available
fall ncluding the Dhanora water fall 1s only
105 it so the power would be not worth consider
mg At Dhanora fall itself the catchment 1s only
250 sq mu and though some channel would be
saved the site 13 equally uscless
Stte 9 —Turther downstieam at Bothi Sehar 10 mu
8W of Badnoor town map 55 GJ13  Here no
useful head 1s capable of development and the
condstions proved uncatifactory
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Sue 3 —At Ratamatr, square 3 of map b5 G/9
below junction with the Betnl River  The catch
ment here 15 stated to be 848 sq m and the
probable cflective yield 8,250 m ¢ ft, giving a
discharge of 176 cusces A fall of only 60 ft
can be obtuned, so the site 15 useless Two
posuble dun sites were exammed one bemg
1 mi NI of Ratamati and the other 11 mr
upstream  Both would be prohibitive m cost

Sule 4 —At the junction with the Labada Nadr on
square 3 of map 556 G/b near Ankhy  The catch
ment area and yield below the Ratamati site are
gven a3 485 5¢ m1 and 3980 m ¢ ft gmving an
extra 86 cusecs or 262 cusecs 1 all A fall of
only 60 {t 1s obtamnable, so this site also 1s use
less on account of the cost of the mpoundmng
dam  There 13 however a good channel lme
through the saddle enclosed by the loop of the
nver and there may be unsuspected possibihities
here

Site b —At Rangobelr square 4 of map 55 G/2
The catchment, additional to that at site 4 1s
535 sq mn with an effective yield calculated as
6500 m c ft, equal to say 185 cusecs or 447
cusecsm all A fall of 45 ft only 15 obtamable—
presumably exclusive of the dam Iift though this
18 not stated

It 1s elsenhere 1 this report pomnted out that the
niver mught possibly be developed by means of hifting
dams

(16) Waglar. Ruwer Yeotmal District —This non
perennial stream runs parallel to the Aran but has a
far smaller catchment area  There 15 a fall of 15 ft
near Waghan Takli village but no reservoir site was
found by the investigating engmeer In any case as
will be seen from the Aran River there would be no
chance of commercially developing power from storage
on so small 2 head and with so low a yield  (Map 55
15)

/(17) Wardka Ruer, ncar Pulgaon Tvardla District —

(See Prebminary Report, p 88) Mr Batchelor esti
mated this site to be good for 1000 ehp It was
examined locally and pronounced “ certunly useless™
There 15 a fall of about 10 ft a <hort way downstream
of the ¢ I P Railway bndge (map 55 L/6) but no suat
able storage site was found  The discharge as early ns
December was found, m 1920 to be only 6 cucecs, and
1613 clear that on <o low a head (even of 1t were posble
to merease 1t considerably by means of 1 channel) ro
amount of storrge would give power con onant with the
cost .

131 Madras; uvseless sites.—The following eitea
n Madras have becn exammed and pronounced usclees

-

‘
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(1) Chandravaulr Rucr, Kipolata Fall (Ltipetla),
GQuntur District —A teconpiisance s as made by Mr
Sneyd who found tls site near Macher]n useless owmg
to lack of flov and excessinve cost of storage  {Prelma
nary Report, page 89)

(2) Palns Hills, Madura District —The Gundar Rner
was examuned by Mr Sneyd and reported uacless except
possibly for & very small plant for Kedashanal  Inview
of the Pinpihas e sate (g 1 ) and other practicable develop
ments m these hills the Gundar may be wntten off
The mnmmum flow 1s about § cusecs and no storage site
18 avarlable  With a bead of 800 ft only 230 L\
contiuons are avatable, at heavy cost

(3) Struvamy Ruer tnbutary of Blaram, Nipin
Iills—See Prelimmmary Report, p 02 This project
was fully investigated and found wanting m view of
other finer mtes m the neighbourhood, ©1 , Kundab
River and Pyhara Riser (g v ) The dam site was un
favourably reported on and the rver will probably be
used for water supply to Coumbatore

182. United Provinces , useless sites.

(1) Darma Rurer and Sobla Lake ~ W hat poser exists
here 13 too remote to be of any uee  Site not wentrfied

(2) Ghagar Madr, Alirzapur —(Prelmnnary Report
p 101) There 1s reported to be no fall above the
canal headworhs vhich could be utslized for power

(3) Gohna Lalc, Garhual —This 1s almoct certamly
useless, but Mr Lyle’s mspection note 18 printed under
** Sttes wvestigated ™ 1o the United Provinces

{4) Gori Ruer, inbutary of Sarde —Thw nver joms
the Kahat Ashot  Mr Lyle examinedat up to Danam,
but found no good site It 13 1n any case too remote to
be of use There are practically no roads 1 this tract

{6) Sarasiatiganga Mier, Gurhwal ~Oving to its m
accessibility, beyond Badrmath and at sn altitude of
some 11,000 6, the site referred to in the Prebmumary
Report, p 103, may be written off as useless

APPINDIN I

Useful Hydravhe and Hydro Electric Data (wn ronnd numlers
generally)

Flow of water

1 cusec flow = I cu ft persecond = 62 ¢1ba persceond,
=0 en ft per mmato==3,7441bs per mmute,
= 374 gallons per munute,
= 3,600 cu ft jer hour,
= 86400 cu ft per day,
=26m ¢ ft per month,
= 31} m o I per year

Gallons per mnvte = tusecs X 374

Qallons rer minute
Cu’socs il e

WATER FOWTE RISOUPCrS.
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Yenhiemetreperec ord{ore”) 5 31au £t jes recond

Iepwlating Mor gr

00000 cobre fock stere ) walt ise 1010 cus ¢s for 24 Toors

v e w2 PR .
woomm w1 R
, e ] o 3

. W 2F ., llowr

Cutelrirrtaanl Fescrocsre

Taere = 135008y ft
tacre of water 1 fast deep ~ 43,760 ¢n ft
=1 nere fnot
Vequare mile = G0 rerez « 2785 1m #q ft
boqeare mule cdwater Yoot deep  1eq mu ft
=278 m ¢ ft whih owill {n prachee) gice
aflew ofabent Jevece f r 12 mortls L eveecs per
4 menths or 3 cusees for ® mentl @
binchofram — 10 tons per acre ar = 360 eu £t per aere
=04000 toms or 233 m ¢ ft pee square
mde
Iu gractice howeser enly agercentage o leften o small
pereenta,e wall e bothe rescrvar fee parngrapte 20 to 21
ot Pey et
A ntnuous fajlat the rateof Tin b ir gries Denscey v
acre of eatchnunt (100 per aent )

ain Horaye

31 m ¢ ft stored e cqunaknt to ) eweee feroa year,
but owing 1o evaporation an i pereolation more storage weuld
actually be requercd  In round fgures —

L0 e ft
stored will grve 30 cusees contiuetisly for a year
» . . 10, " 4 month=
, » o0 , 6,
» 90, ” & .
. . . e, . 3 "

Power from flow .

On the practical bawus as umed throughout ths report
Cubre feet flow X head i fet
—— T eleetrical horse power
If 16 13 the divisor, the result 13 1n lalowatts
On smal} projects 12 and 16 may be used

Pouer from storage

Thousands cubic feet storedx head in fect
4%
= ebp hours
3f the divicor19 56 the resnlt 19 m kW honrs or BO T umts
Vilions cubie feet stored X bead n feet
370
=e¢kp yoars
1f the dressor 1a 500, the result 14 1n k1. yenrs
Alithons cubic feet X head in fect X 17 = BOT unmits
One cuwee day = 24 umts for every 15 it of head

() Regaliting

{n) Mam
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MODLL 'ORM OI' AGRLLMENT 10R GRANTS I OR WATER POWELR DEVLLOPMENT

£
-~
Preardle

Clause I ~Grautees to snclado permitte 1 assigns
Clause 1I —Grant subject to certamn rules
Clayse JIT —¥ xclusine nght to water pover at sito named
Clause I1 —Turchaso of works by tho State
Clause } ~—-Rostrictron on neighbouring grants
Clause 1 I —Ri,bt to construct worl 3
Clause ¥ 11 —Use of canal water power
Clause T III —Canal works
Clause IX —Return of water after utilization
Clause A —Bntish Standards of pressuro and frequency
Clause [ —Tenders for plant
Cla se AT —Leasing of Government land to grantee
Clause XIII —Acqus tron of land
Clause Y1V —Demareation of acquired Jand
Clause A1 —Royalty for uso of water
Clause XVI —Rent for use of works of the grantor
Clause XV II —Share of profits of grantecs
Clause X'} III —Laability for damage

1nnexure

CoxTENTS

Clause AIX —Accounts to be kept

Clause AX ~Transfer of grant to a company

Clause AX] —Prolubition agamst sale, lease, ote, of grant
without consent

Clause X YII —No night to license eonferred

Clause AX1IT —Scounty deposit

Clause X XIV —Determination of grant

Clause A YV —Laabilities not affected by determination of
grant

Clause AX1I —Disputes

Clause XXVII —Stamp duty

Supplementary clauses for use wn special eases

Clause \ \ TIII —Navigation nights to be mamtamed in nvers

Clause \ XIY —Timber transportation by other parties

Clause A XX —Taciit cs to bo provided for timber trans
portation

Clause L XXI —Tlotation of timber not marked or sawn

Clause X \XII —Junsdiction of grantor sccond party

Model Forry of applicatson for a grant for water power development

H1DIo ELLCTRIC SUPVLY OT INDIA

Draft Model Torry of Agreement for Grants for Water Powcr Development

Form of agrce ient for grants of W ater Power devclopment

primanly from storage works and not from mvers or canals
f om Ruvers with o without storage

from Canalg

Preamble
THIS INDENTURL made the day of 19
between the Right ITon ble the Seeretary of State for India
m Council (bercimafter called tho grantor) of the first
part,® and

together formmg an ASOUIBHON Y o a5 the

Compaty

Association aving an address ot
Company
{bereinafter calle 1 the grantces) of the second part
WHEREAS the grantees bemng desirous of carrying out & scheme
for generating electrical energy by meane of utilzing the watc\r

(to be) stored 1n & reservorr of reser oirs {to Le) constructed by
Government

Yo at or near the locality shown

Noles on the draft
A Thesorefcrence letters A B € are used throughout wherc

a clause or a phraso 1s applcable to one or tho other
B caso

c

Preamble —Taken from the Jumna Piver agreement

* 1f 2 Native State 1s concerned with the agreement the add tion
of a grantor scconl party may bo necessary and the
grantees will be  of the third part  Sce ¢l AAXII

A B C following accord ng to nature of project

A According to wl ether an ex sting reservotr constructed by
Corernment 1s to be used or not

a2
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Derft o reenent

of theluver .
pomt .

betsein the pomt « « Jand the
L these pomnts bang marhed by the letters | ..

of the Canal between e pont and the pawmt

these ponsts bung mard ed by the lettery,

on the plan hereto annexet have apple 1 to the Government
of (heramafter <alle ! the Jord Goveramuat) for o
prant for water power dovehpoent

1 the loeahty aforcsand
between the points aforesasd

AND WHEREAS the ool Goncrmment with a view to an
courrge commeretal caterpree snt the kvilipment of th
resoarces of the ountry by mns Of dlectricat power has
determne | that such a prant 8s.s avhe ! for by the grintees
may propesly be granted

fau1* < heress the sud 1 suhorstctoth folbwm, cxtent
that 13 to sy

~

sud Prver 1 the portion of its contye r furrc 1o uborve
namely the portron between thoe betters and
on the plan hereto apnesed

saxd
above pamely

Canal a the portion of its course referred to

adjoins {falls withim) the territories of the grantor sccond party
and the sad granfor sccond purty has agreel to heeome o
patty to thiy indenturc in the manuer on the con litiens and
to the extent beremafter appesungl
IT IS HOREBY AGRFED AND DICLARED AS
TOLLOWS —
N Grantees to nclude permiltel assigns

I —Throughout thess presents the expression * grantees ™
whersver 1t occurd means tho grantees specdied i the
preamble hercol and includes where tho context so
permuts or requres or after the transfer conterupleted
clause X hereof thewr permutted assigns

Grant s dyect to certan Rules
11 —~The grant hereinbefore expressed to be granted 1s 1 so far
as 1b relates o terrstories for the time being admumstered by
the local Government granted subject to the rales preserthed
by His Majesty’s Seeretary of State for Jndia and publisbed
by the Goscrument of India as Desolution No 933

MODLL 10RY.

Notes on the Draft,

Altemateves

A ® Whero there 43 8 * grantor sceond parry P—geenote on
Jres1ous paragraph—the extent to whyeh the site 13 withm
the gures iction of that party should be mentioned here,
and also tho agreement of that party to the ndenture, as
shown between the sjuare brickels  [n that case the
form shoull be esamined for atler cfauses where the
wrantor second pirty may appear

Theso headings are put in for comvenithe, of referonce ans
will not neecssanly form part of the 8preement

Clause I —Taken from the Jumna Eeer pgreement

Treansfer of grant to & Company

Cleuse 11 ~Tiken from the Jumna 1 iver agreement, witt
additions from the Peryar concession
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Draft agreement

of the Department of Iinance and Commerce dated  the
twentieth day of Tebruary 1804 as subsequently amended ,
and the sanction of the authoritics concerned to the granting
of the grant as required by the s111 rulcs, has been sigmficd
i wniting under the hand of the Sceretary to the Government
of Indian the Department indetterNo ., , . .
dated

Ezelusww cright to water power al sile named

III —Suh;ccc as1s heremaftor mentioned the grantees shall havo
the sole and cxclusivo right from tho date of theso presents to
use tho water power,

withm the lunits named
of the Rever.ousvaunisnans

of the , Canal

i the manuer above mentioned, but only for the purpose of
the generation of electrical energy

PROVIDED ALI\VAYS that the granters shall not be hable for
any loss, damage or mcomientence which may happen to the
grantces by reason of any deficiency 1n the water arsing
otherwise than as the direet consequence of any acrion taken
by them or by the local Government

PROVIDED ALSO that after the expiry of
from the date of these presents the Gos ernment of
shall b'at hiberty to Lrant to any person or persons other than
the grantees, grants m respect of such proportion of the water
flomng 1 the sad . as the grantees shall not till
then have utilized

years

Purchase of works by the State

TV —After the expiration of a period of (50) years from the date
of thus grant, and after giving not less than two years’ notice
of hus mtention to the grantee, the grantor shall have the
option of purchasing the whole of the works constructed n
pursuance of the powers herein given and 3f the grantor
elects to purchase, the grantee shall sell the sad works to
the grantor on payment of the then value of ll the lands,
buildwgs, works, materials and plant, suck value m the

absence of bung by + on the
basis of a gownyg concern
Restriction on newghbouring grants .

V —Suhbject and without prejudico to the provisions of the
Indian Electriesty Act, 1910, or any statutory modification
or re enactment thereof, no grant shall be granted by the
local Government to any other person or campany for the
construction of any works for generiting electrical energy
from water power within a ridms of . ,mulesof the site
referred to in this 1ndenture until the option of tahing such
& grant on terms not less advantageous than those proposed

AGRULMENT, 173

Notes on the draft.

Clause I1I.—Taken from the Jumna, Raver agreement, modufied

BY Ten or twenty years ts suggosted
or
CJ Ruer or canal

Clause V —Taken from the Bari Doab Canal agreement, clause
10, modified
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Draft agrecoment i Notes on the Deaft,

Rught to construct vorks

Vi —Thoe gratees shall be at hiberty for the purpose of earryny
nto effcet the above mentioned scheme to erect power houses
in the locality and within fhe limits named nnd to construct
such weirs, reservoirs, channels, tunnels, pipo hines and othcr
works within the smd limits as may be necessary for the
yurpose of the sasd schemo , but the granteea shall not, ¢ xcept
with the sanction of the local Government, construct such
orks 1n & manner which will render the site ineapable of full
development at & later date, if a partial deselopment only
13 contemplated m the first instance

PROVIDED ALWAYS that the crection and construction of
all the works above mentioned hoth as regards numlcr,
situation and design shall be subject to tho inspection and
approval of the local Government and no works shall be comn
menced by tho grantees without tho permission of the sud
local Government to be significd 1n writing under the hand
of the Chief Lngmeer, Branch first had and
obtamed

Clayse VI —Taken from the Jumna Pyep areement,” with
additions 1o works cnumerted
* Clause II of Atrccmnent

Use of Canal water power

VII—As soon as the grantees are rcady by means of ther  Clause 3 IJ —Iukcn from Clanse 6 of the agreement with the
works constructed under this grant to undertal ¢ the genera Punjab Powcr Assoctation fer the use of the power of the
tion of electrical energy the local Govcrnment witl instruct Bar Doab Canal, with additions 83 noged
the canal officer responsible for regulation at the head of the
said canal to maintamn and therc shall thereafter b man
tained, subject to the conditions hcremafter in tlus clause
contined, a continuous supply of water to the power channel
n accordance with the requirements of the grantces from time
to time but subject to o mamimum hemt of cusees
Cvery endeavour will be made on the part of Government
and 1ts officers to prevent mterruption of the supply but

* Qovernment shall ncur mo Lability whatsoever to tho

~ grantees for or 1 respect of—

(a) Interruption of supply due to circumstances beyond the
sl of Qorermmant oad Me affiaany,

(b) Cmergent of supply dered n ary
by the canal officer responsible for regulation at the
head of the canal (whose certificate to this effect
shall be conclusive) m easc of floods or for urgent
repairs ,

(¢} Any interruption due to the mistake or error of judg
ment of & Government servant while acting i good
farth , . -

{ (d) Interruptions of supply during the customary period
of the annual closure of the capal for repurs, of
which due notice will be given to the grantees ,

(e) Interruptions of supply at times when the canal s
closed owing to water not bemng required for irriga
tion purposes 1b bemng agreed that the use of the
said canal for the generation of electrical energy 1s
submidiary always to the use of the same for 1ts prime
function of 1rngation] -

PROVIDED ALWAYS that Government shall not be reqaired
to provide a greater measure of security agamst 1aterruptions
of supply than 1s afforded by the system of river works con
sidered sufficient by Government for the protection of the
poblio 1terests m or depending upon wngation and that
1f further secunty to this end 1s required by the grantees and

\l}overnment shall be able and willing to afford or furmsh such

nes



DRART AGREEMENT,

Draft agreement

secunty the grantees shall pay the cost of additional works
necessary for affording or furmshing such security

Canal Worke

VIII —The [1wns and doazns of all worl s and channeds which
will fall withim the enal boundarics glall bo subnutted by
the grantees for the approval of the Clief Pngincer Itna
tion Branch and be approved Ly that officer before work 19
commenced on them, and the loeal Guvernment may at ats
discretion undertake the construction of any  such
worhs, tle cost thercof including the Dipartmental charges
1 force being borne by the grantees and certafied 1y the said
Chief I'ngincer whose eerttficate both as to such cost and
approval or disapproral of any plans or desipns subnutted
to hum under or in pursuance of this clause shall i e final and
binding on the grantees

The Chief Engincer <hall when commumeating approval of the
desigms subputted, state which worls, if any, are to be
constructed by Government and such works 1f any, as are
constructed by the grantees shall Lo constructed under such
supcrvision as may be considered necessary by tho Cluct
Ep_mecr and to his satisfaction m all respects

XNauigable Ruers

Return of waler after utilv-ation
IX —Tha grantees shall return all wator utthized by them in tho
working of the said scheme to the |
mthnut pollution or diminution cxccpz unave: lalle loss from
absorption or evaporation

Timber flotation

British dards of pressure and freq Y

X —The grantees 1n carrymg out the werks contemplated by
tlis grant shall employ exclusively the British Standard
electrical pressures and the British Standard frequency of
50 periods per second or the subudiary standard frequency
©of 25 prriods per second

Tenders for Plant
x -

and the date on which the said tenders hall be dealt with
shall Lo o fixed as to give manufacturers in the Umited
Ringdom suffcient timo to submit tenders

Leasing of Gorernment land to granlees

TR PRI SR SN PP

X o™ .-

Fespectiely ) as may in the opuuon of the local Government e

175

Notes on the Draft.

Other speeial canal elansos may bavo to be added here, but
sce clanse VIIT

Clause ¥V IIT —Taken from Clauce 4 of the Barn Doab Capal
agreement

C only

Tor draft clause as to Navigation rights see the supplement at
end Such a clause will not usvally be required m Canal
coneessions and never for reservorr schemes

Clause IX —Token from the Jumna River agreement, clause
IT

The stream or canal into which tho tail race mill discharge
should be specified Ordmarily this will be the river or canal
from which the water was taken, or the stream drainmng the
valley dammed  Cases will however occur where a watershed
18 tunnelled and the discharge 13 1n 2 dufferent catcbment

Special clauses dealng with this {(applicable to nivers) will be
found i the supplement at the end, and will probably be
placed bore where necessary

Clause X —It has been gcnera!ly B"Teed that in future only
Bntish should be per~
mitted The only exccptmn 15 thal hutherto the British Eng
neermg a8 not stand:
beyond 11,000 volts and that hugher pressures such as 15,000,
33 000, 66 000 and 132 000 volta are used for transmussion of
power

Cliuse XIJ —Taken from the Jumna Piver agreement, claues
AYIS

{ ) This plirase 13 to cover the erse wlere 8 Native State in
imelied as grentar recon ! party—ace Preaml )
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Dbt agrecment.

neeeseary fos the purposes of the wndertabny of the grantees
upon such terms and coptitiona #8 o payment of rent and
otlerwise a8 ’hatl be mutunlly arran, od Lotncen the pactics,
suth terms i the o1sc of drsputr 1o be sctthd by the docal
Gotcrnment whose deamion shall be final and ol wgen
the grantees

degmisifion of land

KITE —{In the cvont of the transfee of this grant 4o a company
with the permission of the Gosernment of . A4 contem
plated m efmse AN horof) the foral Govormmint shall
subject to any conditions aw to 1t may s bt acguze w
accordance with th provames of da §and Saymsitien
1404, or any statutory madehcatt o e fagut tronsdeos o
the company such land within the terrottos for the o
bemg admmritercd by Qi Joea} Govcrnment s< may m the
opumen of the local Govirmment cartified s aforesut be
necesaary for the purposes of the undertdony of the wrutees
on payment of a lomp sum amoustm, 10 the whele aeoam
of the purchase mancy and the exponecs o F the suguistion
thereof together with tnenty vt ey the amwont of the
iand revenue remutted on the fand so acqund

{The acqpusition of the land mtwated v sthin the tonmters of the
grantor sceoral party by wach company whall be the sahyect
of mutual agrecment tutwecn the company and the prontor
second party )

Demarcahon of arquired land

XIV —The grantees shall mamtam at o}l times the outer boun
daries of any land, acqwred by them by purchase or ather
wige for the purposts of this grant demarcated e s can
£eueus manner

Royalty for ue of water

XV ~The grantea shall pay to the grantor & rovaity upon the
followmy scale, for all poner which he may develop in et
nection with Qus grang, 1+ . .

Rent for use of Works of the grantor

XVI~In consuleration of the diect or wmdirect use by the
grantees for the purpose of thewr works ol the reservous,
cenals, canal headworks, regulztare and other hydraulic
warks, the propetty of and construet®@ by the Government
&s unigation works and particalardy indicated on  the
2unexed plan the grantees shall pay 1o the granler an
ennual rent 10 be caleulated on the capital value of the
said veservowrs, canal head worhs, vrgulators and other
hydranhe works so far as these lie withmn the area
smmedintely connected with the grontees’ worhs and are
utidized by the grantces for the purpose of therr works,
such annual rent ¢o be charged at the rate of ... ...per
tend. per annum on the eapital value of the said works ¢

PROVIDED that no part of a canal at a hstance exceeding one
bundred yerds from the pownt where the grantees shall divert
the water of the eavl conal 4o thesr works vr o fiko distance from
the pomd where the grantees shall retnm the water to tho
same after uthzation shalf bo taken mto consideratton in the
computation of the aunual rent payahle under tius ause

MGPEYL 10RM,

Notezea tie Brify

Clanse X1 —T3h 1 from the Tumna Encr agrcement, dause
in

Dotr 3~ The apeniiz Phese of thieeln ce stors y ot trhe it
ctount the amendment ¢f the Tand \equiten Act, A1,
by sction 37 of the Tadia 11 ctnony Act, 1910 Thas amenid-
moa anfer ab allows the acgueat aef lird § ra pirsen et
bom o mronpun The dhaec hewaver, e n2oan e cne
mamitter Flo ldeatong bas Leon it o ts or wand Lo

Sote 20 The woqu shicn of taped by g piteon or & company
e bron rar g kel Linsorably 1o i subijcet of a separate
arecrent which ¢ be o drwn up as to e comploted at
th s time as the mun arcnuat Otlerwie great
dulan v il myvapnbh occur

1 o coner the ¢ w where & Natve State 1y involved

Glasse A1 —No roralty showd be charged m the case of
ratarsl ates or of po er weed for clectro-chenweal or
metallurgien! procesxcs i the matal stage of opurations

Cinwse X3 I~ appoars fegitamate, where eushng nmgation
works are utibzed the cost of which would m other erscs hase
to be bome by the prantee, that e should pay some royalty
on the alue of these works  On the other hand, any such
payment inevitably becones a fax on the electreal enerpy
supplied or {ou the merchandice manufactured by 1t} so that
it 38 questionabla whether 1t 19 to the mterest of Government
to mehe mors than o nommal charge A rate of one per cent
is suggested as of the night order, though m the cave af lrge
damg this would be excessive  In any agreement the works
eaumerated 1 the cauce shoukl be confined to those
actually waed

The hauttssuggested avearbitrary and based on no precedent ,
but @ stucs hmadation 19 evidently nesessary, It wall
perhape be preferable ta define the himts by reference to
the plan,
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Draft agreement,

Share of profils of grantees

AVII—\When the income, upon which the company formed
by the grantee under clauso X\ hereof shall be assessed far
the purposes of incomo tax under the provisions of the Indian
Income tax Act, 1918, or any statutory modification thereof
shall 1n any year cxceed ten per centum of the aggregate
paid up eapital of the said company, tho foll
hall havo eficot, namely —

(a) If tho sa1d incomo shall be more than ten per cent and
not more than 12 per cent of the said capital the
granteo shall pay to the grantor one tenth part of
the exeess income over ten per cent

(8) If the said incomo shall bo more than twelve per cent,
and not more than fifteen per cent the grantee shall
pay to the grentor one fifth part of the cxeess incomo
over ten per cenf

() If the smd 1ncome shall be more than fifteen per cent
ond not more than twenty per cent the grantee
shall pay to the grantor one third part of the excess
meome over ten per eent

(4) 1f the said meome shall be more than 20 per cent the
grantee shall pay to the grantor one half of the
excess mcome over ten per cent

The saad payments (if any) ehall be made by the grantee to such
officer as the local Government shall nominate in that behalf
within three months from the date on which the said assess
ment for mcome tax 1s made

PROVIDED ALWAYS that the grantee shall be at liberty to
make such reductions in the prices charged by hum for elec
trical energy as will it the sa1d mcome 10 such manner as
he may think fit

gD

Laablity for damage

XVIII —The grantees shall be responsible for all loss or damage
ansing through the escape of water from their reservours,
channels and pipe lines due to the bursting or collapse of, or
leakage from the said reservorr, chanuels or pipe lines and for
all loss or damage caused by any overflow of water over the
banks of the said which 1s due to any dam or
other obstruction erected 1z conncction with this grant
and for all loss or damage which 13 due to the fadure of
any of the works constructed m connection with thus
grant prowided that such loss or damage does not anse
from an earthquake or other convulsion of mature or any
act of the Jungs enemes and shall further indemmfy the
grantor agamnst all ections, suits claims and demands on
account of any such loss or damage ss aforesaad

Accounts {o be Jept
XIX.—The grantees shall keep true and accurate accounts of
all expenditure and shall publish such nformafion at such
times and 1n such form aa the local Government may demand
snd shall poy all soyaltres and other charges psyuble by
them under the terms of this grant at such times as they may
become due and shall permit the grantor® or lus officcrs
servants or agents duly authonzed i that behalf at all tunes
during the hours of dayhght to enter upon the premuscs
oocupied by the grantees for tho purpose of this grant and to
view the same and the works carned on there and shall fur

177

Notes on the Draft

Olause XVII —This clause 1s an ettempt $6 mako o fair shding
scale of profits and royalty By taking the income tax
assessment (rather than the dividend) 88 the Lasis questions
of deprectation and reserve funds necd not be taken mto
consideration A smnlar basia 13 used 1n gho Periyar conces
son  ‘Ten per cent 18 a farr ¢ standard diyydend ” in India
An alternativo method of profit sharing has been suggested

The payment would be made on the profits of the previous
year

Tt 1s preferable that the excess profits should go to the consumer
rather than to the Government In the paso of & grantes
using power for industnal purposes this Iroviso would need
modification to apply to the manufactureg produced

Clause XVIII —Taken from the Mansen Fplls and Kanbauk
mine agreements

Raver, stream or canal

Ths addiion 15 taken from the ongmal clause * Accounta™
next following from the Jumna Ruiver agreement

Clause AIX —Taken from tho Jumna F'iver preement.

* Turst party, if there are two grantors

Cirtain matters dealing with damace snd Compensation tl at
appeared m the ond nal of this clause 1ave been transf rred
to tho § receding clause dealing wath * Liab bty for damsge *

2
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Draft agreoment,

nush all such information 1 relation thereto a8 way bo required
by tho grantor or Jus officers,* servants o sgents authonzed
as aforesand 1

PROVIDED that tho grantort and the local Goveroment
may uso sl} such mformation 83 mny Lo furnshed under tiny
clanse without hmitation for thewr own purposes +

PROVIDED ALSO that the wiormation ao furmshed shalt not
be made public by the graator + ar by the lacal Gavernment
without the consent of the grantees s3ve 1n so far as publiva
tion of such information may be required urder the provmony
of any law from time to tume 1o force or of any rule made
thereunder,

Transfer of grant lo a campany

AX —The grantees shall wathin sears from the date
of thus sndenture form and rogister wndor Gther the Fn sk
or Indian Company Laws 8 himnted labihits wompany with
& caputal and with a memoraudom and artacdes of awonation
to be previencly submutted together with the terms of sibc
to the company for approsal by the 1 s Gosornmant fur the
purpose of takang oser and worhing the grant burcby grantedd
zad the lacal Government if s2trsfied with the capital memor-
endam and articles of asdoctation and terms of zaly will autho
nze the transfer to the sl company of the rights and habs
hties of the grantees under this indenture

PROVIDED ALWAYXS thit the transfer of the nsits ami
habitities conferred anl mpo-cd by this m henure shall not
relieva the grantees of hatulity m rewpect of anvthmg don
or onutted by the grantees whuch woutd attack to the graotecs
but for such transfer

PROVIDED ALSO that if such humted hadbibty compans be
not formed n the manner aforesard withun the presenbed
period 1t shall bo lavful for the grantor to cancel the concession
hereby granted without wotice to the grantees

Prokabvtion agmnsl eale, lease, elc, of grant without
consent

XXY —Save as herem otherwise provided the granfees shall not
acli sub lease mortgage transfer or assign i any way whatever
their nghts or obhigations hereunder cxcept with the previous
consent of the local Government

No right to licence conferred
XXIT ~The sa1d grant shall not confer upon the grantees any
night or clam to the grant of any heence under the Indan
Electnioaty Act, 1010, or any statutory modification or re
coactment thereof, snd notbing herem contamed shall restriet
or affect the power of the lnmx Govmment under the sad
Act ar suy statat thereof
and the rules thereunder, which is hcreby expressly reserved,
to reject any application for such a heence or to grant any
licence subject to ell or any provmsions or condittena which
under the saud Act may be wade appheable or attached
to or compnsed 1 any such hcence and the grantees wall
not be entitled by virtue of this concesson to claim dam
ages or compensation from Government or the grantor en
iBe ground or 1 respect of the refusal or revocation &t any
time of any such hoence notwithstanding snythwg done by
the grantees 1n the exercise of ther nghts or w virtae of therr
obhgations under thiy grant No heemce shall however
ba refused on the ground ulone that the constructron of the

¢
MODLL 10RM.

Notes on tho Draft,

§ Yurst paety, of there oo two grantors

Clause XX —Taken from the Peryor apreemant  This form
13 preferable to the siwrular one m the Jumon Bnver o reement
m wluch the obhiition to transher is relegated ta a provise
to o clause forbavdding the sale, Iease, mortgage, ete, of the
undcrtalang, such as follows next m thi draft  Sce abo
clatse  Determuation of Graut ™

The persod specified in the Periyar agreerent 13 13 years

Tius should perbaps bo mcorporated with tho precedug clause.

Clause YX1I —Taken from the Jumaa Ruver Agreement chinse
X1V The grant of a hicence must bo conuidered on 1ts merits
under the Act and rules relating thereto , bat {as 1 the case
of hnd nqummon aupra} stops should bc {1hen to easurc

tion of all apph d with

the grant,
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Draft ngmmene

works for the of el encrgy lated in
or by tho grant 13 n atself mdcpondcntly of the manner of
such construotion nexpedient

Secursty deposit.
XXIII —The grantees shall within thirty days of the execution
- o Voo

cach aniall of the conditions of thig agreement and the said
Promissory Notes shall be linble to absol ite forfeiture to the

wiso shall be surrendered mn full to the grantees at the expira

tion of the full term of this agreement or the sooner deter

mination thereof by mutual consent All interest aceruwng
on the saxd Government Promissory Notes prior to the for

ferturo thercof to the grantors or surrender thercof to the
grantees as above provided shall be payable to the grantees
through the as 1t from time to tume accrues anl
becomes due
give to the grantors a bond for the sum of Rupees

to be executed sumultancously with these presents for the due
Performance of each and &ll of the said covenants such bond
to be deemed and taken to bo for the performance of a public
duty or act 1n which the public are interested within the
meanng of the exception to Section 74 of the Indien Con

tract Act, 1872

Determination of grant

XXIV —This grant may be determuned by Government m amy
of the followmg events —

(@) In the event of the revocation 1 whole (otherwse than
by consent) under the Indian Electricity Act 1910
or any statutory modification or reenactment thereof
of any Licence or licences which may have been
grented to the prantees thersunder i connechion
with this grant

{b) Tn the event of the grantees making defanlt which
the opmion of the local Government (whose decision
88 expressed m wnting by the Secretary to such
Government ghall be final and bmdmg uvamst the

13 wilful or m the
of the works bef d
and 1 the of the of

electrical encrgy

{c) fat theend of  years from the date of 1ts formation
and approval the company formed under clause XX
hereof shall not have commenced to execute works
for the utilization of the water power referred to 1n
Clause VI bhereof or if at the end of  years
from the same date the company shall not have
nstalled at the sito of the works in complete working
order plant capable of generat ng not less then
brake horse power at the turbmo shafts er 1f such
plant shall not be mamntaned m good werkmng
order

The grantees shall by way of further security~”
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Clause YYIII—Tsken from draft agreement between tho
Punjab Government and Punjab Sugar Worl s

While substantial security should be deposited by the grantee
(or by the appheant) to ensure luy carrying out the works
(as demanded by Clauso I of the Schedule to the Indian
Electricity Act) the actual agreement should provide for the
repayment of the deposmt m the case of public utihty com
panies when the supply begns

In tho case of concerns primanly mdustnal the Government
would have no power of compulsory purchase and security
should be held as & guarantee that if the works are abandoned
other persons can use tho power

Clause XXV —Taken from the Jumna River agreement, clause
XV, but modified as noted

Clause {¢) 1s taken from the Pemyar agreement, claunse 2
Periods of one and four years are suggested as reasonable

(2) In the cvent of the grantees ceasing for & period of The period sn the Jumna Prver agreement clauso \, is'twa

months duning the contmuance of thus grant

years, but ths 19 unneccssanly long  §ix montl s or less is
2ne
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after the date of commencen ent of the generation
of electrien] energy, to generate such energs {2nlto
offer 1t for publio supply)

{e} In the event of the grantecs becomng bankrupt or
entering wto hauidation

{f) In the event of the grantees fuling to pay any sum or
sums of money that may bo dne from them to the
grantor under the terms of eliuces hereof
withun & perto] of sty months from the dats of o
wrtten demand by Gosernment for such payments
male after they have falten duc or i the event of
the non comphiance by the grantees with any other
of the terms and con Litions hereof  Otherwise the
grant ghall endure for the same time as the hcence
or licenses to be granted as aforesard and shall deter-
mine wheneier such hceace or hieences determne

Loabahties not affected by determination of grant

XAV —In the event of the deternination of s grant under
any of the provisions ke d such determma
twon shall be wathaut pregudice to any balnlittes incurred by
the grantees to the grantors hereunder or any elum or demand
by the grantors m respeet thereof all which ehall remam
unaffected anl the grantees shal) not have any nght agamst
the grantors for any compensation or otherwise m respeet
of any expenditure made habihties incurre 1 or thin 2 lone in
respect or in conscquence of or under th grant

Disputes

XXVI—~In the event of any disp te or difference or question
ansing betwee 1 the partics hercto 23 regards this ndenture or
the nterpretation or construction of any of the terms or
provsions hercof or any matter connected Iercwith or with
the operation hereot or the right« dutiea or cbligationy of
cttl er of the »aid parties in relation to the premses and
whether during the or after the
hereof such dispute or difference shall be referred to the
arbrtrition of two aritiators one to be appomted by each
party In the event of disagreement betsveen the arbitrators
the dispute or dufference shall ber ferred to an umpmre to
De chosen by them whose decision shall be final or the matter
shall be referred to an officer to be nomuwated by the
Government of India whose decision shall hkewise bo Ginal

Stamp Duty
3 XVII —The stamp duty hereon shall be borne by the grantor

IN WITNESS WHEREOQF thbe parties hercto have hereunto
set thewr hands the day and year above written
Signed by

Seeretary tothe for and on behalf of the
acting 10 the premises for and on behalf of the Sceretary of
State for Indri 1a Council m the prescnce of
Witness
Witnesq

Signed by
Witness
Witnews

MODLL TORM

Notes on the Draft

sugaeated , so long a eessttion 13 unhnown i eleetnical sapyly
Ths eliould u ually be o conditton but not nrcessanly 1 eace
of works for purcly wdustnal purposes

Clauses deahing with royalties anl other payments sce hist of
contenta

Clauce YYJ —Taben from tle Jumna FPrver agreement,
Qause N1

Olause XXTVI~—Talen from the Kundih Prer agreement

Clause XXTI1—Thts 1s common to many of the agreements

Grantor

Grantees
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Draft agreement Notes on the Draft

Supplementary clauses B Tho followng clauses dealng with navigation nights m
nivers flotation of timber, and the Junisdiction of the grantor
second party, will not generally be required and are therefore
kept separate

Narigation rights to be mawniained wn rivers
XXVIII —The grantees shail so construct thewr work that the 7\ Clause XXVIIT —This clause will only be requed for

navigation 1 the River may bo carried on as navigablo rivers  If 13 not based on any emsting agree
heretofore, or by means of lacks Lits or other devices a tho B ment, and 19 mscrted as & reminder to meet cases as they
sole cost of the grantces, and no toll or other chargo whatso | arie

ever shall be levied upon any person navigating the saxd river
The plans of all works to be erected on navigal le rivers shall
bo subgect to approval by tho loctl Government

Dumber transportation by other partiey

XXIX —The grantors hercby agree with the sad grautees
that the grantors when entering mto contract decds for
forest produce transported by the River and pass to make 1t morc general Where no such transport of
g the grantees works will insert m all such contract timber Ly the nver by cutede agency 1s prastised the

7 Clause AXIX —Taken from the” Jumna River agreement,
|
i

deeds that 1f the party or parties to whom such contruct deed +B  clause will not be required
|

clause IV with  transport’ substituted for *export *

may bs given transports his or thew produce so that such

produce will or may reach the head works of and belongmg

to the said grantees on or between the and the The dates 1n the Jumna concesston are st September
m each and every year duning the existence of the said con J and 15th February but will naturally 7ary with the
tract such transportation witl be at hus or their own nisk and locahity and cicumstances of each case

nerther the grantors nor the grantees will be responsible

for any delay that may oceur

Facilitres to be provided for timber transportation

Clause XXX —Taken from the Jumna River agreement clause
V It will only be requred m the case of rivers used for the
transport of timber by the Government or by Native States

XXX —Subject as 13 heremafter mentioned the grantees
shall at all times take such steps as may be necessary to ensure
that all sawn or matked tumber

praceeding by flotation down the smd River ghall whose territores are above the works  Particulars or hmrta
pass without avoidable let hindrance or detriment over tions on sze may be wserted here

that portion of the river affected by the grantees works and

mors particularly—

{a) shall make all possible arrangements within reason to

define and keep clear the main stream of the niver
within their lmits by blasting

rocks and by confinng the water t0 one channel

{0} shall make and mamtan & rpariah pathway where
requred by the Divisional Forest Officer
D viwon to facihitate the movements of the gangs
employed on flotation within those limits

{c) shall at all tumes allow 2 mimmum quantity of water of

cusecs to pass through or over their weirs
they will The dates here entered 1n the Jumna agreement are the same as

Sub clause {¢) may not always be necessary or desirable

(d) on or between the and the
guve flushes of water 1 order to assist floating within those mentioned 1n the note to the preceding Clause XXIX,
their hmits when required by the Divisonal Torest viz 1st September and 15th February
Officer Division (or the Congervator of This phrase 18 to cover the case where another Adminstration
Forests )} provaded tbat the quantity of or a Native State 13 mvolved

water m the river permuts this to bo done mthlz:t
it ¢d by thewr worl
{e) mﬁl"fﬁ;h“ @ tho a%‘:la“:;gnrfg:l :ummznccmmt. of the 'Tho date here entered i the Jumna concession 13 the later date
rany season they will give extra flushes of water mentioned 1n sub clsuse {d), viz, 15¢h Tebruary
whenever required by the Divsional Forest Officer
Duvision {or the Conseryator of Torests 3}
(f) that they will provide boats when requirel to do sb by
the Divisional Iorest Officer Division {of Sce nota to sub clauso {d)
the Conservator of Forests ) to asast m
the passage of tmber through thew reservorr

Sco noto to S1b elause (§)



182 APPENDIX IL

Draft agreement

(9) if after the anl before the ramy ecason
any batch of tumber consisting of not more than
picees approximately 13 delaycd within ti e
grantees Limits by any cause other than one for
which they are not clearly responstble, such as a
Jandship or the scattering of the Iatch by a freshet
for more than twenty days counting from the datc
onw luch the tail of the hatch passcs into the grantdes
himits to the date on which the tail passes out of the
grantces tmits the grantees will be eulject to n
fine not exceeding per diem for cach day that
the tail of tho batch remams within their heita
mexcess of days at the discretion of the Forest
Qfficer Diyision and aubject to appeal to
the Commuitteo prov:led for m sub-clau o (h) The
amount of sech fine shall be pasd to the eard Iorest
Officer within one month of the order imposing 1t
and that officer shall deei le the method of disposal
thercof
(%) any difference or difficultres ansing between the partres
with regard to flotation shall be decided by a Com
mittee composed of the Supenntending Engoeer,
Irmigation Branch the Manager of the Hydro
Tleotrie Works anl tte Conservator of Iorests,
Circle (or the Conscrvator of Torests )
nccordmg a3 the timber has Leen brought from the
forests of the local Goscrnment {or of tie
State) and the decision of the majority of the Com
mitteo shall be final
Flotation of timber not marked or sawn.

XXXI ~Tumber which may bo brought down Ly the river to
the works of the grantces but 13 neither sawn nor marked need
not be passed thro:gh the works or down the river by the
grantecs  But if 1813 removed from the niver by the grantees
1t shall be kept by them at the disposal of tho Government
and notice shall be given periodically at such intervals as
may be requred by the local Government or any of 1ts Forest
Officers of the remova) of dnft wood from the river and its
retention at any pomt by the grantees provided that the
grantees if they 80 desire instead of removing such tunber
from tho niver may trim 1t so as to make 1t pass casily through
thewr works or down the river and allow 1t to praceed

Jurssdiction of grantor second party
XXXIT—It 1s hereby further agreed and deolared that nothung
herembefore contamed shall bo so construed ss to affect
1n any way the junsdiction of the grantor second party over
any portion of s terntories to which this agreement may
becomo applicable

Model form of Application Jor a Grant for the utihzation of water
power for the generglion of electrical energy

I
of m the distret of m of
national tv o frw b r .
s R I o
\ I foa 1
3 situated taluk (sub div1

100, etc ) m the dstrict of

L4

MODEL FORM,

Notes on tho Draft

As 1n sub clause (e)

Difty rupees in Jumna agreement chw e V {g)
Twenty d1vs i Jumna agreement

Reqtured only when a second Admumstration or a Natuve State
18 mvohed

But see clausd AXVI

Clause XXXI-—Taken from the Jumna Piver agreement,
clauge VI, sco first note to preceding clause

Clause XX XII wil only be required where a second Admints
tration or a Nativo State 1s involved as o party It 19 taken
from the Jumna River agrcement

Name and address of applicant m full
State

If the applicant 1s & Company state date and place of mcorpors
ton

Name of nver, streasm or other source

Town Presidency or
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Draft application Notes on the Draft.
2 Tho pomt of diversion of the required water will bo .
located and 13 shown approximately mn the

map attached by the letler

3 The proposed power station will bo located at .

anl1s shown approximately at the pomt
mn the map attached
Hero give particulars of any observations with results on dis
chargo of the stream or sourco of which 14 18 proposed to utilize

the water
& It 13 understood that the whole of the water uttized Name of stream
shall bo rcturned to .
at the location described 1n clauso 3 above without
ord except ble loss from

ubsorphon or evaporation

The amount of water 1t 13 proposed to divert in the first  Here state maximum and muumum discharges required and

1nstance 1s (a) Continuously cuseos (b} periods (yearly and daily) for which they aro required
Discontmuoushy for .
Eventually 1t 1s proposed to divert cusecs

7 The head to be utiized 13 approximately

feet

s State whether the unutilized fluw of the stream;will be stored if
necessary and if so whether 1t will bo :impounded by the diver
swn dam or by a separate worlk.

9 (a) Mature of storage works (masonry dam, earthen If 1t 18 proposed to construct a maln storage work particulars

bund etc) should be gven
(b} Capacity of storage work midlon ¢ ft
(c) Location of storage work
(d) Hexght of dam will be feet
() F T L will be fect above bed at site of
dam
NN W L wllbe feet Depth and height to be those above deep bed at site of dam

10

1

=

AN
12

(g) The matenal to be used 1n the dam will be
(k) The area submerged st F ‘T L will bo approximately
square miles
(1) Tbe ares submerged at M W L will be approxt  State whether the arcas given above have been obtaned from
mately square mules an actual survey or from a Survey of India Atlas or Standard
sheet
[%)] State ownership of land {(Government Zamm or private) sub
merged at T T L giving approxlmute areas
(&) State hip of land , Zamin or
prvate) at M W L givmg npproxlmnte area
[0} State 1f 1t 18 desired that the Government of
sball acquire under the Land Acquisitton Act, 1894, nny ol the
areas enumerated w {3) and (1) above giving reasona for this
request
If 1t 13 proposed to construct regulatng storage works (not
1 Tn ) .

Ownership of land

(a} Daversion work
(b) Open channel
(c) Forebay
(d) Pipo bmo
(¢) Generating station
Stato for what purpose or purposes the power 1s o be generated

13 1t 13 agrood that Brtish Standard pressures and fro

quencies will bo used exclusively and that, before
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.
tendera aro eslled for, & desensption of the plant
required will be furrushed to His Majesty s Trade
Commussioner an Indsg, an order to cosure flat
opporturuty 18 miven to Bntwsh frms to tenders
also that the date wp to which tenders may to
recesved ghall beso fixed asto give firms m the Umited
Lungdom taue to submt thoie tenders

14 It3s understood that I may not sell eub lease mortgage,
transfer or ssegn m any wiy any rights or olhga
tions that may be granted toorincusred by me except
wwith the witten fonsent of the Government of |

16 The following periods {rom the dato of the grant of the
concession are requred for the followmg purposes —

(s} To torm o company

{b) ‘To commenee construction of worka .
{c} To generate clectrical encrgy . .
{d} Freo water . s a2

Signature of appl cant.

Date of appheation

Application recerved by Government on

Note —T¢ 13 not essential that every atem m this form slall bo
fully end completely filled i Where exset detals are
wentg the fact may be stated

MODLL 10RM.

Notes on the Draft
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Abbi fall . . . . .
Abbottabad . . . . .
Abbreviations - . . .
AbongR. . . . . .
Abu Mit. . . . .
Accousts or Srate UNDERTAEINGS

Acre-foot . .
Adh

Admssible oose of hydm-eloctnu uchemu

Agar N .
Aghzmnshmi R. . .

AGREEMENTS AND LEASES: oo Gmrrs.

Abmedasgar . .
Abmedsbad . . .

Ahwa v . .
Air Valves
A:r tam‘pemmre correation
Akola . . .

Akot . . .
Akyab . . .
Avazanpa R . .
Alarpuram . . .
Aligarh Di canals . .
AbyarR. . . .
Allshabad . . .
Almora N . .
Alwar . - .t
Amarkantak .
Ambala . .
Ambasamudram . .
Ambhara R. . .
Ambhora . .
Ambika R . .
Ambolighat

Amdaba N

Amraots .

Amntsar

»  hydro plant
Anamala halls
Anchormg pipes .
AxpuRs vaLLEY
Ancrod levellmg .

" temperature and diarnal comeotion

w  w  note-book
Angm-a. .
Aty
Anmjangaon . )
Anjhal N, .
Ankhi , . .
Ankleshwar . .
Annalley scheme .

AnaKhad . .
Anupshahr branch cansl
Application form for grant
Am\cndxxl ..

Amban . . .
ArmnR . . .
Abal, . . .
Arcot PP
Ardala Nals -
Areas por kilowatt
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. 163
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Areas of India

Arnadi . .

Ama R . .

Armi R. .

Artifiaal water falls
Arapali temple .

Aruvankadu .
Aruv1 OdaiR. .

Askot , . -

Assam;

Areas not exammed
Bengal railway
Burma railway
Census of power in

Foreeast of water power in

“Grants®m .
Sttes investigated

4, worth mveshguhon

Useless sites
Attock . .
Andit . . .
Aunnratend .
Automatio rain gauges

wah ., .

Awkali . .

Balucbistan .
Barv Cpavra
Bamanwad Khalaspur

AyyarR. .
Badour . .
Badon N
Badrinath .
Bageswar .
Bacux {or Bnghnm) N.
Bagkhali
Baghmu R
Bagmora Sip: Railway
Bagra fall
Bahaﬂunbnd falle’
aher . .
Bm gmath . .
ARRER NADT .
Balaghat . .
BalanR. . .
PBalasmor . .
Balastn R. . .
Balakop . .
Paluabash R. .
B

BanR. .
BandsD .
Bandhon .
Randu .
Bangahal

BangsliR. . .
Panki turbine
BannsN. . .
Bansiwars . .
Panalos R, . .
Pars, . . .,
Darakar ..
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. « 104, 170

101, 102, 103, Il"
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Baram Sate N,
Baramuls
Baranga Teli

Bareilly
Barepole R.
Barcra

Baria St.
Banarpur .
Bari Doab canal
Barkal rapids .
Barlow’s method for run-off
Barmz R. : see Burhner.
Bsrona . -
Barot Muwads . .
Barrages . . .
Bashahr . .

Bardipara .

Basis of water power
Bisea R, . -
RBastar State -
Baur R. .
Beale’s Deccan Sun—zy .
Bean R,
Bearma R. .
Brss R. .
Beot R.
Broae R
EBehootn fall .
Bejs . .
Beuax R, .
Belgsum .
Beloohs . .
Benares State
Bends and loops i ln m—ers
BE¥E Nata. . . .
BENGAL;
Areasnot examined . .
Censms of powerin -
Forecast of water power in
Sites developed . .
. investizated
.. worth investigation
Useless sitesin . .
Beoihol N, .
BERAR, see Centml Pmnnces and
Berar pant . .
RBerijam .
Berxawp Mro B..
Betul . .
BrwasR, .
Brabat R. .
Bhadhbhada
Baacmarm R.
Phajee (Bkanjee)
Bbakra Dam
Ehamo .
BrANDADARA Dm
Bhandara . .
Bhanpur . .
Bhatghar Dam .
Bhatkkal harbour
BhatsaR. . .
Bhavani R. . .
Bhera N, ot Kh. .
‘Bhilad . .
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. 156,170
148, 157, 161
. 1

B—contd,
Pice
Bhilpada . . . . . e e .. 165
Bhima R, . . . . . . . . . 150
BhimberWeir . . . . . . . . €0
Bhimgad . N . . . . . . . o-121
Bhiwagath o o . 4 . . e .. 134
Bhiwani . . . . . - - - . 9
Bhogavati R. . . . . . Pl . 150
Bholafalls . . . . . . . . . 114
Drorar . . . . - . . . 89,114,127
Bhor . . . . . . . . . . 150
Bhoga R . . . . . . . . . 18
Bhusawal . - . . . . . . . 183
Bia Cha R. . - . . . . . . . 0
Drnae axp Omrssa;
Areas not examined . . B . . . < 143, 147
Census of powerin . . . . . B - 37
Forecast of water power in . . . . . 35
Sites mnvestigated . . . . . . . OL7
.» warthinvestigation . . « . . - 114,115
Useless sites . . . . . . . 163
Bija e e e 133
Bhjawar . . . . . .. . 110
Bilaspur . . . . . . . . l\A 1€0, 181
Bil R, - . - . . . . - .
Bilin B - . . . . . . . . ]50
Binabar . . . . - . . . - 108
Bioa . . - . . . . . - . 134
Dina R. . . . . - . . . 167
Binda Chu R. . - . . - . . k.
Bianz R . . . . . . - - 157,159
Bintha - . . . . . . - . 131
Braahi N, . . . . . . . . - 103
Eitargaon . L. e 13¢
Board of Trade, water power commisson . . . 43
Bodhgora . J 9s
Dogra C e e e e e e e 147
Pomaghali . - . . . . - . k23
Boxeary,
Areas not examined . . . . . . . 145, 140
Censusofpowerin . . . .+ . 37
Forecast of water power in . . . . . 55
“Crants™in . . - . . . . . 48
Sites developed . . . . . N . - 56
» ioveshgated . . . . .+ . . 6L73
» under constraction . . . B - 59
. worthinvestigation . . . . 115, 115 o g,
Useless sites . . . . . . . 163 to 166
Bonai . . . . . . - - - 149
Bondri . . . . . . » . - 132
Borkhet N, . . . - . - . . . 164
BDothi Sehar . . . - . . . P 169
Brahmangaon . . . . . . . . 134
BrabmaputraBe « . . . . . - s 145
Brahmim R, . - . . . - . 147,163
Brrrse ENGINETRING STANDARDS . . . . 44
British thermal units . . . . . . . 46
British water power commission . . . . (vin), 47,48
Broach . . . . - . kel
BucUey 8 pockel hook . . . . . . . 17
i . . . . . . . 127,268
Bulzndshahr Dl:‘tnct Cana]s . . . . . . s
Premsatoso R, . P w2
Burhanpar . IR & )
Burkner (Barmer) R . . .. . - 1
Bumya ;
Areasnotexamined . . . . - - 145, 120
Assamrailwsy. . . . . .+ e [
Cenmus of power . L a7
Forecast of water power m I 53
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Bres v
Crants in
M nes
Rubv M nes
S tes developed
invest gated
worth avest gat on
Usoless s tes
Burnool gorge
Bura ar
Buth daung
Bran  hat

Cachar
Cale um earb do
Carcurra
Caxars
Bari Doab
Chenab
Ganges
Ghagl ar
Trmgat on
Jhelum
Jumna
Mahanads
Molakhand
Pravara
Ramnagar
Sthnd
Bwat
Canals and open channels
Canal falls
Central Prov nces
Narth West Tront er Prov nce
Punjab
Un ted Prov ncea
Cana a D strict  sce Kanara
Capae ty of p pes
Cardamom hulls
CATCIMENT AREAS classified

constania
data as to
defined
run off from
Caudcapar R
Cavvery B
CawnpPoRE

CEx30S OF POWER
CExTRAL INDIA
Areas not examined
8 tes exam ned
8 tes worth examinat on
Uscless sites
Water power in
CevTRAL PROVINOES
Arcas not examined
Census of power in
Foreeast of water power ;n
Ra nfall end run off in
S tes nvest gated
§ tes worth exsminat oo
Tecless g tes
Chablat R.
Chachai
Crroarragars R
Chahla N
Chaibasa

145
37
145 148

50 100 158
G0 100

o0 113
100

3

58 60 100
100 113
137

58 1567
73 83

m

93 100
68 1o7
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14 197

163 166

5a

145, 153
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55
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61 89

14 19T efaeg
163 166 to 169
157

10°
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13
101 10
18

C—concld,
Pacr
Chainre Gad 15 16l
Chakotn R 150
Cmarsxun: R 0
Chalka 105
Clamba 18
Champn 15
Chanda 154
Chandegall 119
Chand | 149
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Tadwa . . .
Pagara e .
Paggr . . . .
Paiksok . . .
Pangunga R, . .
Paisumi R. and fall .
Pakokko . . .
Paknpat . . .
Palaman . . .
Palar falls . . -
Palivassal . . -
Palla . . B
Paryr mmes. . .
Pamlog . . .
Pamn R. . .
Pavaxr R, . .
Panchganga R. .
Panchgamt .

Panch mshals .
Pandi . -
Pandn R.
Pandu-Mahwas .
Pandwan . . .
Pang R .
Panuala Sot .
PanzavUse R. . .
Panwa. . . .
Panwa pass .
Paonta - .
Papaharan B, . .
Papun . .
Parnirt (Parbutts) somesre

» (Pumsb) .

Parsa - -
Parua .
Pacvatipur . .
Patalganga R. .
Patalpam fall .
Patar N. .
Patho Chaung

Patiala

PATEAT RANGE

Pataa R

Patnad R, .

Pauk .

Paukkaung .
Paungseik .
Payagalo Chaung
Payagyl
Pegu Distrrot
Pemnt .
PELTON WHEEL
Prxcn reservorr
»  Tver.
Pendra -
Prxoaxas R.
Perenmial rivers
Tennjancutty R. ,
Poreya Odai Khad
PERIYAR PROJEOT
Perus Ghag .
Peruntenarun R
Thagu -
Phalgn R, .
Pheak .
Phulsangwri .
Phulwana R.
Ticean]-Pictet governor
L « .
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Pahatgath

Ra wwavs
Asram Bengal
As m Burna
Bagmora § [i Jankeray
Ghod a Lunavada
Y Ika Smla
Nigs
Bouthern Shan States
Tapt Valley

R4Y rars and run off

clas fied (Barlow)
Central Provinces

» data
nc dence of
records

Rary gavaEes self recording

Ra tong
Ra pur
Rajdera
Rayder fall
Pajgarh (Central India)
Rayp pla.
Rajpura
RAJPUTANA
Rakas Tel
Rakshadah fall
Ramchand N
Ram_anga R
Ramnagar

canal
Rampur (Bashahr)
Rawcar
Ran amah

Ranopur

Ranjt I er se Rungeet

Rangobel
Pangoon

Ragul fall

Ratamat

Ratnagr Dstres
Raturmg gorge
Ravt

Rawalp ndi

Raygsd

REACTION TURBINES
Reading maps
Reass see R az

RECONNAISSANCE AND SURVEY

RECT FIERS
REGULATING STORAGE

data

Report on s te
RERORTS

Board of Trade W P C
Conjont Board of § B

Per B

RESERVE AND DEPREICIATION YUNDS

Peservorn forebay

data regarding

projects
Tewa Kantha
Rewan

INDEX
Pacr
167 Ruazt
T chhawar
66 Rhonda fall Bhandadara
€6 It Lk shesh
67  Prvens perennal and seasonal
80 development by 1ft ng dam
ng 09
130 Qlood regulation of
87 RnrTED rrers
118  Rjulam
14 ¢t $7 Robert jan)
18 Rocl £l dam
19 Pokhr canal
Append x I Rohmu
14  Rohtang Pass
14 Roksaun
10 Rongo Chu
6> Roru Chu
141 169 Rojagedda fall
149 Rqzo R -~
103 Tuderaprayag
166 Rungeet P
77 160  Runnymede
99 RoUM OFF AND DISORARGE
55 114 144 140 167 rainfall
160 Rupear
154 Reparel R.
16 Pupn P
101 110 11°  Rutanpur
11°  Ryang N
111 Rydak R
160 161
72 115 147 148 163
14
67
110 Sabathu
14 Sadun & N
Saha ¢ Kund fall
169  SamvenINn R
80 Bams R
101 112 113 Sakur ghat
147 Salaa
1 6 Bale
1o Salem
60 Baln B
168 Salur
150 Bavwzes R
161  Samalsar
300 157 168 Sambalpur D stoet
157 Samua
165 Sands
3 43 Sangamuer
30 31 Sangla
Sengws
30ets¢ Sankads Gundi R
44  Sankh R
73 BANgHEDA TALUEA PROJECT
Append x I Sankul N see Slg N
35  Banta
Santhal Parganes
48  Fapan N
. (vi ) 47 Saharaupur H E project
162  Sarasvat gangs R
561  Saratabb fall
11 Barda R
Appendix I Sargwya
2% et se7  Sarjm B
77 1°1  Sarkan falls

100 102 168 109 111 112 1I3

barrage

Sarpn

10° 103 19

114 146 147
40

16

4 16
98 160

86
157 158

94 95

94
87 125 126 157

1ns

129

1

101 108 113 i
101 L2

1

129

144

161
164
134

88
159
168
134
133
143
153
40
166
163
148
N2
162

83
181
166
139
149

69



‘Satora District

Savantwadi St.
Sawargaon .

Saw Chaung .

Second-foot or cuses
Se-en . . .
BrEWER ngemmg ysiem.
Sekpyw . .

Satpura range .
Sattalac . .
Sangor. . .

Belan . . . .
Sepan N. . . .
Seravanai Khad .
Settigalakoppa .+ .
SETTLING TANES . .
Shahabad Distriot .
Shabour R. « . .
Shabpur . . .
Shabpura . . .
Shaikla . . .
Sman Starss . .
SmamavaTtR. . .
Shella R. . . .
Sher Khad . . .
Shevaroy hills . .
JBhillong . . .
Shmoga . . .
Shapki . . .
Slirawta dsm . .
Sholiyar R. P
Shwegyin District and Ba
Smwett R . . .
Sudbapur . . .
Siyu ..
SmEmt power . .
Silak R. . . .
Silent Valley .
Sileru B . . .
Srewan: Grar Somzma
Sil;n N, . .
Silhat . - .
Silli . .
Silona N. .
Siwr cLEarANCE .
Suma . .
Smara . .
\ plamt .
Siman R. .
Bin bo Bin Mo
Sibu . .

Smd . . .
Smpi RIvER FROTZOR
Smdg. . .

Smdipara .
Singamputti
Singbhum .
Smlun

Smmnk-dm R, .

Sipala . . .
Sirasgaon .
Sirghat . .
Sirhind canal .
Sirolu State .
Sirel | . .
Siruvani R. . .
Smoaras pmes
Sitadongrei N
Sital Jhaema R. .
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S—eoneld

Sylhet
Sympana Nala

Tabak Hla R

TavLEs 1 REFoRT List of

Taprr I’

Tahera

Tahsouche N

Ta mara

Taku

Tala ngya Chaung

Tall vad R

Tamasm fall

Tem a

Tampraparmr I

Tan T

Tanakpur

Tanda Dan fal}

Tandm fall

Tangan R

Tan_rot

Tavx surge
setthog

valley ra bway
Tara P
Tarn taran
Tars H EP 8§ C
schemes

Tat s bwa
Tarrsrir R
Taungdwm Chaung

Taungm P

Taungnyo

Taungvi

Tavoy DisTaicT

Tawa P

Tes ¥mrxe electneally
TECEN CAL PROGEESS 12 plant
Teesta B see T sta

Tehn Garwhal

Tel

Temperature correct on of aneromd
Tenassertm

‘Tendar

Teng R

Terav nala

Tethzuma

Thaledan Forest

Thana D stnet

Thandaung

Thaton D1 tnet
TBAURYEGAT R

Thayetmyo District

Thazn halow road

‘Thedaw

Thega Khal

Thetaw Klo

Theog

Thernaghat

THEBMAL TNTTS AND POWER

Thod1 B

Thond

Thun a
Thural fall
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Tlara 135
Tiernax R 167 158 159 160
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153 Tonbo P 166
(v} TowsP (REwa) 100 101 10° 111 113
1 173 Tons P (Dehrs Dun) 161 16*
17¢  Tophara 148
100 Totar Pahar 10
148 Toungoo 1" 1ol 13
136 Tow~ srepLy load factor ay
86 83 Tna SWISSION OF POWER 40
191 TRAVANCORE 65 50 114 134
149 Tmch nopoly 9o
90 13¢  Trmbak hills 103
148 Tube wells >
Tot  Tulshi R 156
113 Tulshiganga R 14
109 Tun_abadra R 150
153 Tun! opg gorge °
147 Tuwes -
150 Tura o
7 Toesrses pressure and reaet on 3
10 & ze of modern m
109 types of s
1% 126 1°7 150 151
128 13* 136 16> 169 U
118 164 16u
16 Uda pur 150 162
99 Udker 16
56 57 Udla 109
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s Ully N 161
116 173 Umbrale 1
166 Uman R 146
1°¢ Um hra R 66
17 Um Long 83
87 126 Um Pynngithul 63
88 153 166 Umrad 117
19 131 133 136 15¢ 169 Um Ra D 146
45 Umra Mala o
43 Umrao 161
Umneria 164
104 108 Um Shup B 6
150 Umsoph 62
37 TUmTerR 20 24 61 67 146
151 153 Unch P 69
143 Uwarep ProviNces
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ki Canal falls m 61 113
40 Census of power 1 37
15° Forecast of water power n 55
149 Grants n 48
153 Power Assoc at on 48 108
153 8 tes developed 59
125 1°1 under construct on 0
151 mvest gated 61 100
88 useless 163 90
88 Usirs  see Kilowstt hours
115 Unts from storage Appendix I
80 Unwn s discharge co effic ent 18
161 Uparkot 113
63 Uprora 154
46 Ummod: R 73 8o 163
70 71 UssLEss srres Chapter 15
156 Uskal R 133 154
9° TUm R 149 163
145 Umu R 153
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