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INTRODUCTION. 

The Report.-This First Triennial Report of the Hydro-Electric Survey of 1ndia contains a 
considerable amount of technical matter which appeared in the  Preliminary and Second Reports ; 
the  former is now out of date while the  latter was of the  nature of a n  interim report only.. The 
present volume contains information and directions which will enable the  civil and electr!cal engineers 
engaged on the  practical work of the  Survey t o  size up the  ~otentialities of any possible source of 
power under investigation. If the explanations in Part  I of this Report appear somewhat elementary 
i t  must be remembered that  the  officers in charge of the Survey in the Provinces have had, for the  
most part, no previous experience of the specialized problein of water- ower ; and, dea!lng ~ l t h  lpl- P mense areas, their subordinate staffs have necessarily had to work large y on their own ilutlatlye, with 
no text boolts other than the  earlier reports. Applications for coples of these reports contlnue t o  
come in from all parts of the world. The first direct result was seen during t h e  cold weather of 
1920-21, when technics! representatives of a number of large firms interested in  ~ h n t  for hydro- 
electric developments visited I n d ~ a  t o  see for themselves what the prospects are and what are t h e  
special conditions t o  be met with on projects which have already been investigated. 

An explanation of the  change of size and malte-up of this Report is obviously called for. The 
Preliminary Report was issued in foolscap, and the  Compiler was told tha t  the  public would not read 
blue boolts ; though in point of fact several thousand copies were actually distributed. The Second 
Repoi-t was consequently printed in quarto, in the style of the  reprints of several Government Com- 
mittees' and Commissions' Repoi-ts ; this size however does not lend itself t o  t h e  insertion of maps 
and diagrams, which when placed in a pocket are often left there. Now tha t  a substantial amount 
of work has been done, and t,he speculative " sites " of the  earlier reports have in many cases either 
been written off as useless or found t o  be of value, a n  intermediate size of page has been definitely 
adopted. The earlier reports also cease t o  be of value, as  the  present one contains what is still use- 
ful from them, so that  it is not necessary t o  bind them together with this volume. The current 
R e p o ~ t  of the Inspector-General of Irrigation is being issued in a similar size, and  t h e  two subjects 
will some day be more intimately connected than they are now. 

The list of sites in Part  11 of the Report is set up in alphabetical order as  far as  possible, a s  
shown by the  full list of contents, but a complete index is also given. 

The Surrey, P~ovincia1.-As a consequence of the  " Reforms " t h e  G o v e r ~ l e n t  of India decided, 
in October 1920, that  " all outlay on water st,orage and water power mill be Provincial charge, and  
the  necessary provision for hydro-electric suryeys should t,lierefore be made in the  Provincial esti- 
mates from and after the year 1921-22." Consequent,ly t,he funds required for carrying on the Survey 
from the  1st April, 1921, ha\-e been voted upon in the  various Legislative Councils, and in a y 
many illstances reductions were moved. As matters now stand the  Survey is in  dan er of fa !ng 
between the upper and the  net,her millstone, a.s the Go~ernment  of India is no longer ab e t o  provide 
funds for the  continuance of the  work. Nevertheless, the slender thread t h a t  binds t h e  Chief 
Engineer t o  his colleagues in thc Provinces 1ia.s prolred t o  be of good material ; a n d t o  one and  all 
of those colleagues and their assistants hc tenders his heartfelt thnnlts for their cordla1 co-operation. 
It cannot be too ~ l a i n l y  ul.gcd tha t  thc completion of the  survey is of t h e  utmost importance t o  the  
industrial fut'ure of 1ndia ; and that  it  will be carried out more efficielltly if the  work is done quickly 
and with as few cha.nges in personnel as possible. The snhjects of \\'ater Storage, Water-power and 
Elcct,ricitjy are " Reserred." I n  technical matters t,he officers in charge in the Provinces are free, 
as heretofore, t o  consult the  Chief Eiigincer on technical questions either by correspondence or when 
the h e r  o5ircr is on tour ; but they renlnin under the direction and orders of their own Chief En- 
gineers. I n  the det,ailed sections of Part  I1 of t.his Repol-t the  facts stated are talren, in  most cases, 
directly from Provincial reconnaissance and Survey reports ; the comments and (in some cases) 
estimates of power have been added by the present writer. 

B 



viii INTRODUCTION. 

Personnel.-Mr. F. E. Bull, Chief Engineer, left India preparatory to  retirement in March 1921 
and was succeeded by Mr. J. W. Meares, Electrical Adviser t o  the Government of India, who for the 
sec,oncl time took over the direction of the Survey in that capacity. During his absence on leave 
Mr. Meares spent a short time in Sweden and Norway and submitted a separate inspection note 
regarding the 11yclro-electric works visited, wl~ich has been circulated t o  all officers concerned. 

I n  Assam, Mr. B. A. Blenkinsop has continued in charge, except for a short part of the summer 
of 1920 spent on leave in Europe. The survey is proceeding. 

In Bengal, no one has hitherto been appointed t o  the Survey, and no progress has therefore 
been made ; but steps are now being taken to  rectdy this omission. 

I n  Bihar and Orissa., Mr. Stevens took furlough in 1920 preparatory t o  retirement and hither- 
to  no whole-time officer has been appointed to  take his place ; the current duties have however 
been carried on by Mr. H. Wardle, Superintending Engineer. It is hoped that an Executive 
Engineer mill be appointed during the current cold weather. 

I n  Bombay, Mr. P. L. Bowers, C.I.E., M.C., has remained in charge, except for short leave 
during the summer of 1920. Three additional officers were selected in England to  assist Mr. Bowers, 
of whom two took over their duties during the cold weather of 1920-21. Meantime, by Public 
Works Department Order No. C. W.-12193, dated 8th August, 1921, the 'Government of Bombay 
has decided that the Survey shall cease forthwith. A separate Report on the work done is being 
published by the Government of Bombay, and certain rain and river gaugings are to be 
continued. 

I n  Burma, Mr. H. Nimmo officiated for Mr. B. Raikes during the leave of the latter in 1920. 
Mr. Raikes took over charge again in the cold weather of 1920-21. Two additional officers were 
selected in England to  assist Mr. Raikes, and they have taken.up their duties. 

I n  the Central Provinces, there has been no progress in the survey, the whole staff having reverted 
t o  Trrigation owing to  famine demands. The present report deals fully with the admirable work 
carried out by Mr. Po~vys Davies and his successor Mr. N. C. Bhattacharji during their one working 
season. 

Jn Madras, M i .  R. T. Sneyd, M.C., officer in charge, retired from Government service during the 
year ; he was succeeded by Mr. J. Tate, Executive Engineer, and the survey is proceeding. 

Colonel B. C. Battye, R.E., D.S.O., completed his detailed survey of the Sutlej River Hydro- 
Electric project and its subsidiaries during 1921, and submitted his,Report to the Punjab Government. 
Except for this project no officer has been appointed in the Province, the enormous potentia!ities of 
which are practically unknown. Steps are being taken t o  start a general reconnaissance thls year, 
if an officer can be spared. 

In the United Proviuces, Mr. T. &I. Lyle continued in charge until he procee$ed on leave in May 
1981, when Rai Sahib Shanker Daq, Assistant Engineer, took over charge from Illin. 

I3m.pil.e touter-potuer resources.-The final report of the Water Power Committec qf the Conjoint 
Boarcl of Scientific Societies has now been issued. The Report states that  while more or less 
adequat,e steps are being taken by various Governments . . . . . . . . . . . . taking the Empire as a 
mhole,no attempt is being made to ascertain the total resources, to secure any uniformity in methods 
of invest,igation and recording of data, to  encourage such investigations as are being made or to  
collect information a t  a central bureau." The followillg table from the Report shows how matters 
stand :- 

HYDRAULIC BORSE-POWER. Per cent. ol 
available now 

dcvcloped. 1 Available. I Developed. 

I I I 
Europe . . . . . . . . . . . I  47,300.000 1 8,460,OO / 18.0 

North America (including Canada) . . . . . . . 1 60,800,000 1 Y.805.000 I 17.3 

British Empire (orcept Canada) . . . . . . . . 1 41,200,000 1 685,000 1 1.7 
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From pages 54, 55 of the present Report i t  will be seen that  the probable water power of India 
for " maximum development " is some 12,680,000 kilowatts, equal to 214 million water horse power, 
of which only 12 per cent. is developed or in course of development. The proposed " Imperial 
Water-Power Board" is therefore much needed. Tables 4 and 5 on pages 36, 37 will also repay 
perusal in comparing India with the rest of the British Empire. 

SIMLA, 
22nd November, 1921. 

J. Wi RIEARES. 





TRIENNIAL REPORT, 192 1 .  
PART I.-TECHN rICAL MATTERS, 

1. Basis of water  power.-In order to obtain 
power from water i t  is necessary .to have-- 

(i) a definite flow of water ; and 
(ii) a fall of sufficient amount, .whether natural or 

artificial. 
A perennial flow of water may be obtained- 

(a) from the natural flow of a river or stream ; 
(b) from the artificial flow of an irrigation or navi- 

gation canal ; 
(c) born the regulated outflow of a reservoir of 

sufficient size ; or 
(a), from a combination of (a) and (c) or (in rare 

cases) of (b) and (c). 

By itself such a flow of water is not of any substantial 
vnlue, although the fact of flow existing a t  all shows 
that there is a fall. A sluggisll river, lneandering 
through practically flat country, can seldom be harness- 
ed ; and, without the creation oi a definitc fall, never. 

The fall may be eithcr- 
(r) a naturnl waterfall, wlicther of the verticel 

nnrl sprctacular variety or a cascnde ; 
(f) n srlles of  rapid^, not nmonnting t,o a wntelfnll, 

but cq~iirnlent to one from thc prcscnt point 
of view ; 

(9) nu nrtificinl fall created by a " lifting dnm " 
or barrage iu a rivcr or a weir in a canal ; 

(11) an artificial fall obtaincd by conrcntrating the 
grndual drop of a strram or source over n 
considerable length, by means of nn artifi- 
cial water channel constructed on a much 
more gradual slope on the banks or bills 
above the strenm ; or 

(i) 8r1 artificial fall created by diverting the waters 
of a source a t  a high elevation throngh the 
water-porting. 

2. Examples of combinations of flow and  fall.- 
Combinations of most of t,hese types of fell with the 
varieties of flow can be found in nctunl or potcntinl 
power schemes ; t h u s  

Coml)i~in(ion n.c. Cnuvcry Inlla : Ningnrn, ctr.. ctc. 
,. n-f, l J m  T1.u projrcb, npprr rnpirls. 
, n-g. Noln(lclrn plnnt~ nnrl ninny snggstr,l in 

report,. 
, n-11. Siniln. Dnrjwling, hf~~sscorio, 
, a-i. Pyknrn rivcr. 

Combination b.0. 
, b.1. 
,, h.g. 
, b-h. 
, b-i. 
, 0.8. 
, 0.1. 
9, 0%. 
,, c.11. 
, c.i.  
., d.e. 
, 8.11. 
, d-i. 

Malakhand cnnal projoct 
hlany canal rapida. 
Gnngcs a n a l  plant ; Arnritsnr 
Not possible. 
Incongruous. 
Cardito factory ; Rj~iknm, ctc. 
Trollhatten. 
Cnuvery and Bhnndardnrn dnms, cto. 
Tata H. E. P. 8. Co. 
Andlira Valley; Nile i\lnln project. 

d.1, d-g. Urn Tnl, lower mpids. 
Most projects in Central Provinccs. 
Tons River, Rownb. 

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

3. Computation of water  power.-The rate a t  
which power can be generated (expressed in horse- 
power or kilowatts) varies directly as the product of the 
weigltt of water falling per unit of time and the vertical 
lrelght through which it falls. The total amount of energy 
so generated in any given time varies directly as the 
prodnrt of the total weight of water falling in that  time 
and the vrrticol heigltt through which it falls. I n  many 
countries t,he units uscd are ; for the fall, metres ; for 
tlle flow, cubic mctres per second. In  India the foot 
and thc cnhic foot per second or " cusec " are usrd. 
In America cusecs are called " seconds-feet," which is 
n less self-explanatory term. The weight of a cubic 
foot of water may be taken as 62.4 lbs. A metre is 
3.28 ft. and a cubic metre 35.3 cn. ft. 

The varioi~s units of power and the met.hods of 
computing are given in Appcndix I. I t  will be sufficient 
here to any that  the kilowatt is employed Lhroughout 
this Report as the unit of power and the kilowatt- 
hour as the corresponding unit of energy. The power 
obtainable from the flow of any source can be found 
approximately by- 

Kilowatts=flow in cusecsxhead in feet/l6. 
The total energy obtainable from any source, whether 

from flow or from stored water, can climilarly be found 
by- 

Kilowatt-hours=thousands of cubic feet of waterx 
head in feet/%. 

Where large stornges are in question the kilowatt 
year, i.e.. 8,760 kwh.,  is n more convenient unit, and 
the corresponding formuln become- 

kW. years=millions of cubic feet of water x head 
in feet/SOO. 



2 TECHNICAL MATTERS. [Para. 4. 

4. Abbreviations used.-The abbreviations kW. of power, is dircctly proportional to  thc toorking head; 
for kilowatt ; kwh.  or ouit lor kilomatt-honr ; b. h p. this is the diference in level in feet between the forebay, 
for brake horse power ; cnsec for cubic foot per second ; or pipe cntrance, or head waters (as the case may be) 
ft. for feet ; cn. ft. for cubic feet ; and m. c. ft. and the point where the water finally ceases to do mork, 
for ~uillions of cubic fect ; arc tiscd throughout this diminishcd by the losses in the passage, except turbine 
Report. losses which come into the turbine eficiency. This 

5. Flow and  fall.-It is quite clear that, as  the is illustrated by Figs. 1 to  3. Fig. 1 represents a 
product of flow and fall is the measure of the power, very low-head installation, with open penstock setting 
an immense variety of conditions can be met by varia- and dmft tube. Fig. 2 represents a medium head 
tion in one or the other. Thus any product of head plant, fed by a pressure pipe and using a draft tube 
and fall that  comes to 15,000 cusec-ft. will, on the for- to  the t,ail race. Fig. 3 represents a high head im- 
mula given, show 1,000 kW. in resulting power. pulse turbine, and here the water has done its work 

The follon.ing variations are all within the limits of after striking the buckets, and falls into the tail racr 
actual practice, and all make up the same power (neg- freely ; the draft heed cannot therefore be used. The 
lecting minor variations in efficiency) :- lowest head tha t  is of practical use (except on a toy 

scale) is about 3 ft. ; the highest so far developed 
FCC~. in one stage is over 6,000 ft. 

G.OOO C I I R C C ~  ~ I I  n I I ~ ( I  or In11 01 . . . 3 7. Combined irrigation and power projects.- 
600 .. ,, ,, ,, . , . 30 India contains a vast system of irrigation worlts in the 
60 ,, ,, ,, ,, , , 300 form of canals, fed both by perennial rivers and iron] 

.. . . . 3.000 storage works. Hitherto the combination of irrigation 
6 9. ,, 9 ,  nnd pomer has not made any great strides, although a 

6. " Working head."-Thus the value of n giver1 fcw canal falls hnvc been utilized and the harnessing of 
total quantity or n given mtc  of flow of matcr, in terms thc Periyar Lake has bern di~cusscd for a generation. 

FurcCay 

I 

I 

I 

I 

FL) 1 Ycarvm u e n o  
I 

I 



Para. 8.1 TURIilNES FOR VARIOUS HEADS. f 

The main disadvantage of such powcr is its disconti- 
nuity ; in the h s t  place, canals fed by tanks or lakes 
with a limited supply can only bc ruu whcll the water is 
needed for the crops, and, secondly, canals fcd by silt- 
bearing rivers have to be closed periodically for repairs 
and cleaning out. To prevent breaches canals must 
be closed when rain, suf6cient to take care of the crops, 
falls. Very few, if any, of the Northern India canals 
have escapes capable of disposing of the supply once 
the demand slackens, and very few could be ~rovided  
with escapes a t  any reasonable cost, if a t  all. So long 
as the power is being uscd to pump water up to irrigate 
arcas ilnconlmanded by the canals thet~~selves, or to 
drain water-logged land by means of tube \rells, closures 
do not matter; for they occur when these operations 
would be in abeyance. Where however power is to be 
used for ordinary industrial purposes i t  may bc a serious 
matter if both the capital ant1 labour e~nploycd are 
Iccpt idle for weeks. Reserve steam or oil plant may 
then be necessary, and this involves large additional 
capital cost. 

In  any part of India whcre further irrigation \vorks 
arc uecdctl therc nray be an opening for the cotnbina- 
tion of these with power supply. Wherc large reser- 
voirs are involved this is evident, for the tail waters 
from thc turbines may be discharged directly into 
cauals. I t  is probable that, in order to get suitable 
ground for such a canal, i t  may be necessary to  sacrifice 
solnc " head " on the power plant ; but that  can well 
b(: faced, as sucll a combined project might pay where 
it would not do so if confined to either irrigation or 
1)01vcr. The cost of the storage works would be mct 
by both undcrtakiugs. In  the case of the canals fed 
by pcreunial rivers thc same combination ofiers attmc- 
tions. Hitherto, as pointed out nt the Panjab Engineer- 
ing Congrcss in 1919, the possibility of utilizing canal 
falls for power purposes has not been talten definitely 
into accouut in their design and lay-out ; thus there will 
oltcn I)e several stnnll falls in a few lniles of caual 
where a single fall would have been practicable and 
\vould have beeu far better for power development. 
I t  is to bc hoped that  in future this will be borne in 
mind. Several smell falls are however preferred for 
irrigation purposes on the score both of econonly in 
collstruction atld of facility of com~uand, 

A good IIIRIIY cou~hined irrigation and power projccts 
will be f o r d  in this Report, especially in Bombay 
I'rcsidellcy. As n ])nrticnlarly interesting example 
of a prellistoric storago scllrnlr, ant.icipat,ing ~l,ndrrll 
cnginecrulg pract,ico in t,lle mnt,t,rr of ~ v a t r r ~ l ~ e ~ l  crossing, 
the readcr tlltry bo referred to  the I'injiIcavc project in 
the Pnlni Hills, bIadms (para. 105). Here a fall of over 
5,000 ft.  can be utilized before tailing for irrigation, 

8. Turbines for  various heads.-The Inany va- 
rieties of flow and fall described in paras. 1 to 4 above 
may be developed also in a nrunber of ways ; and i t  is 
one of the main functions of the water power engineer 
to determine in any given instance which nlethod will 
prove the most suitable, what morking hcad should be 
actually used, and so forth. Thus, where high or 
medium hcads arc involved, i t  is often possible to find 
sevcral sites for the forebny and the power house, giving 
different heads, onr of ~vhich \\,ill almost certainly be 
preferable to the othcrs. I n  low hcacl projects nature 
or works already constructed nlorc oftcu scttlc the head, 
but here again the lay-out may be of scvcral Itinds. 

On low heads, such as canal falls or rupids in rivers, 
the reaction type of turbinc is invariably used-the 
Francis wheel being the type a t  prescnt etnployed. The 
disadvantage of very low heads is that  o~lly low speeds 
can be obtained, involving eithcr vcry large generators 
or indirect driving of high-speed generators. Irn- 
prove~nents ho\vever are being maclc ; sec para. -16. 
On vcry low heads an " open peustoclt setting " is oIten 
employed, the open wheels bciug fixed a t  the bottom 
of the forebay itself, with the shaft passing through 
a water-tight partition. The reaction type of wheel 
functions by water pressure, the wheel (and its casing, 
when there is one) being entirely full of water. The 
discharge from the wheel is conveyed by a.draft  tube, 
or suction pipe, to the tail racc level, us shown in Fig. 1. 
I t  is im~l~aterial  up to the practical liltlit of suction 
hcad (depending on the altitude and the attnosphcric 
pressurc) whethcr the n'orltiug head is abovc or below 
the wheel ; both contribute in cvery case. Often the 
draft head accounts for a very large proportion of the 
total power. 

On mdiztm Wectds, up to several hundred feet, reac- 
tion trwbines are also generally used at the present day ; 
but there is a zone a t  about 350 f t .  or 400 it. where 
eithcr reaction or impulse nrhecls may be used. The 
latter may be considered as Ittgh l~ead  developments. 
The tnedium head reaction wheel is fed from pressure 
pipes, and a draft tube utilizes the available fall below 
the \\,heel, as in low head installations (Fig. 2). The 
clraft head is limited to  a nlattcr of about 29 ft. on 
small turblucs a t  low altitudes, and can not exceed 
about 9 ft. with t,he very large pipes now often cnlployed 
nu large \\hccln. On medium hcads the additional 
1101vcr obtninrd irotn draft is still substantial, but  no t  
so vital ns on lo\\.cads. Moderate spee(ls, suitable 
to what is required by the generators, can be obtained 
within falrly wide I~rnits. 
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On high heads the jet impulse turbine, or pelton wheel, 
is almays used. This does not act by pressure, but  
by the velocity of a jet striking curved buckets. The 
casing of the wheel therefore contains air a t  atmos- 
pheric pressure, and the water after striking the buckets 
runs off freely by gravity, and not in a pipe or draft 
tube. The height of the tail race water does not there- 
fore enter into the calculation of the head. High peri- 
pheral speeds, a trifle less t,han half that  of the pressure 
jet [V=97-100% of ,/(2gh)], are obtainable with pclton 
whecls, and the revolutions per minute can therefore 
be dctcrmined by the diameter of the wheel itself. 

occurring within a short distance; this is only too 
common (from the power point of view) on Indian 
canal systems. I n  order to combine such falls 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 being placed a t  the end of this so that  the draft 
tubes discharge below the lower fall. Or again, as 
shown in Fig. 5, the power house may be placed near 
the upper fall, the draft tubes discharging into a subsi- 
diary low level tail race channel, leading to a junction 
below the lower fall. Other low fall lay-outs are more 

LOW "SAD LAV-OUT F01 OOUOLE CAM&L CALL 

WITW B H B C I O I ~ P I  - L A O  n4Cs 4UfiNUEL. 
Dra. 4. 

9. LOW head  lay-outs.-Coniining the low-head conveniently dealt with under medium hcads, as there 
category to  cases where an open-penstock setting in, are many instances where the same type will do for both. 
or can be, used the canal fall is typical. Very low rivcr 10. Medium (or low) head lay-ouls.-All heeds 
develop~ucnts are possible on similar lines. Figure 1 too high for an open-penstock setting, and therefore 

e c w L  ero 

Lowma 
FALL 

T41L AAee BWAUCU CANAL 

LOW YmLO CLV-OUT COP D O U B L I  C A I I ~ L  C A U  

wtrw O U 8 8 l O t ~ U W  TAIL a4cm CusuNaL 
Wa. 6. 

in para. 6 above is illustrative of such a fall. There involving pressuro pipes, up to the practical litnit of 
is however the special case of two or more such falls reaction turbines with draft tubes, lnay be classed as 

maa~YIOPu6.  SCmEClb 

"m mnmwr 

TAIL I A C L  
YIU. ti. 



Para. 16.1 hIEDIUhI HEAD LAY-OUTS. 

medium. Lay-outs suitable for such hcads may also 
on occasion be Lhc best also for I ~ i g l ~  and also for qoitc 
low heads. In  thc first place the natural watcrfall 
(Fig. 6) may be considered. Here a forebay is con- 
structed either in the river, above the fall, or near by. 
A diverting weir will generally be required to ensure 
that a t  low discharge scanons the forcbay has the first 
claim. If thc weir has to be sonre distance up strcam 
a short canal to thc forcbay may br neccssary. From 
the forebay pressure pipes are talcell These are protcct- 
ed by screens, with isolating gates, so that  the screens 
and p ~ p c  entry are accessible for repairs. The pipes 
lead to thc wheels in the powcr house below the fall, 
aud thc draft tubes discharge into a. tail race below 
low water level. As tail flood levels ]nay be very much 
higher the gencrators a t  least must be well above it ; 
but if necessary the turbines can bc placed a t  a lower 
level than thegenerators, where they mill be submerged 
a t  flood times. They then utilize all the draft hcad a t  
low water, when i t  is most required. The pipe entry 
chamber from the forebay most be open to the air, or 
the very large pipes involvcd on low heads may collapse 
from air pressure if they are accidentally emptied when 
there are valves on the pipe a t  the top. Hence gates 
to the chalnbers are used nistead of valves to the plpcs. 

A variety of the abovc lay-out is shown in Flg. 7, 
where the turbines are placed a t  the bottom of a vertical 

TAIL m a ~ ~  
TUNCI~L 
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below. Many such projects are rccordcd in this Report. 
Thc additional head obtained, so long as its cost is 
reasonable, ]nay bc of grcat value. When the depend- 
able flow is known tlie continuous extra power due to 
the extra head is found a t  once. Converting this into 
units (LC. kW. x 8,760) the probable sale value of these 
units can be taken at ,  say, half an anna and this revenue 
can be capitalized a t  12 per cent. to see what capital 

\r.hrel shaft. 'I'he pipes are tnken down this shaft 
from thc forcbay, and a tail race tunncl is convtructcd 
to bclow the falls. In  the original Niagara Falls in- 
stallations this lay-out was adopted, with vertical h i t s  
driving the generators on the surface. I n  another 
~ ~ n e r i r a n  power schelne t l ~ c  mhole power housr is under- 
ground in an excavated chnlnbcr-by no Incans a 
dcsirablc arrangel~~ent except in cnscRof dire ncccssity. 

Fig. 8 shows the lay-out in the very common 
case whcre there is a natural waterfall or cascade with 
rapids eithcr above it, or below it, or both abovo and 

expenditure is justified in order to get them. The 
general lay-out is then the same as Fig. 6 except 
that open head channels, or tail channels, or both, 
are added. 

I n  Fig. 9 an entirely new aituation is lqet by means 
of a " lifting dam." The function of the dam is to back 
up the waters and give a head where otherwise there 
would bc little or none. Thus gentle rapids or a 
moderate bed slope over a long atretch of river may be 
converted into a still lake, with an artficial fall of the 
whole amount concentrated a t  one poihb. Provided 
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tha t  the peretlnial flow of the source is sufficient thc full 
head due to  the dam is always available, though, by 
using a snl:lll atnount of the top watcr ior rcgalating 
purposes, pcalc loads much in cxccss of the continuous 
capacity of the source can be dcalt with. If thc 
ilnpounded wnter has n very large volnme and water 
spread the storage itself may even be sufficient to 
increase the average power over consic1er;~ble periods 
\vit,hor~t sel.iot~sly reducing t,hc head. A successiou of 
several lift,ir~g datus is oftcn ctnl)loycd, ns in the river 
\vhirh sul~l~lics thc factories nt Notodden in Nor\say ; 

nllows of considerable storage, and there ia a natural 
waterfall or series of rapids immediately below, the 
resulting lay-ont is that  of Yig. 10. Here the main 
fall is sul)plei~lcnted by the height of the water bchind 
the dam, between full-supply and draw-ofE levels. So 
long as the variation is not too great the turbines cau 
be designed to 1sork satisfactorily on such a variable 
head. The rcscrvoir then may be either simply a 
regulator for daily load variations or, if largc enough, 
a source of main storagc to  tide over dry pcriods or even 
seasons. Thc pipcs are takcn off through thc da~u,  

s-owraa TO TIOB o v e n  0-1 paa100s 
OF LOW o m c m A n G c .  

1:1c1, 9, 

this method of devcloptncnt has cnornlous pos~ibilit~ios 
if floods can be regulated. Thc  pillw way for csccss 
water is generally the dam itself. The wpply pipe is 
taken through the darn to t,he ahcels, or the power house 
(when no other better site exists) may LC it~sirlc a I~ollow 
d m .  With low lifting d a ~ n s  an open penstock sotting 
may even be employed. The draft tubes discharge 
into a tail race or (more oftcn) directly into thc river 
below the faU. 

Where a lifting dam can be placed a t  a aite that  

leaving suficicut " dead watcr " space below to collect 
silt, and the power I~ousc is l~laccd bclow the fall \\!it11 
draft tubcv leading t,o t l ~ c  tail race level. Silting up 
is of C O I I ~ N O  a 1)o~sibilit,y, \\,liich beciune a fact a t  the 
Corditc factory inatallation a t  Aruvanlcndu. Under 
ylt~icing a t  flood titncs is only a partial remedy. Tllcre 
tnay bc caws where thc fall obtainable with Ll~is class 
of lay-out conlcs undcr the class " high," in which 
cave 1)elton \rshccls mould be used a t ~ d  the full bclow the 
wheels ~rould not be used. 
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11. High (or medium) head lay-outs.-Where the a t  a level above that  of the supply source, and any check 
flow of a source is sufficient without storage the type in the velocity in the pipe simply causes the water to 
of lay-out shown by Fig. 11 is common. This only rise in the surge chamber. Both the chamber and the 
differs from Figs. G and 8 in not necessarily involving connection between i t  and the pipe may be cut  in the 
a natural waterfall. The pipe line may not be near rock, in the case of tunnels, as  presently illustrated. 

n~an on MLOsuM W L ~ O  LA* WT 

W I T W  FORLBI\T O W  STRIAU BlUU 
T no oprn cwnnrL . W o a r ~ m &  

o w  r L o w  . 
~*P.,.wLL : w u s s o o n ~ c  

I 

T k t ~  ILLC- F I ~ .  11. 
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the river, but will be wherever the fall can be obtaincd ; m e r e  the upper part of the pipe line has a compera- 
this may be by short-circuiting a bend in tllc river, in tivcly small slopc for n long distance a surge tower 
which case a pressure tunnel may function as a pipe mny bc built u p  a t  that  point ; this enables a light pipe 
through an intervening spur. Again, the fall may bc to be used, and the pressure pipes for the steep slope 
into n different jiver, or there may be n long stccp bed- originates a t  the surge tower junction. The surge 
slope as in the Mussoorie installation. chamber has a fiecond and equally important function 

More often cases where a water-partring is penetrated in acting ns a sccondnry forebay, supplying the de- 
are dealt with on thc lines of Pig. 12, whicl~ is nlso mand from its storage mhile the colr~mn of water 
applicable rnl~ei-e the steep fnll has a nlorc gradi~nl, i l l  the t ,unn~l or upper pipe accelerates. The figure 
but still usefill, fnll above it,. Taliing firtit the case of illnst,rates t l ~ r  cnsr mliere flow is utilized, but  thcre could 
a pressure tuu~lcl, it  is plain t,l~at anything of thc nature be either a liIt,ing d a ~ n  or n storage dam where the fore- 
of water hammcr in it ]night be dcstrnctivc. At thc bny is shown. 
same time, if pipe and tunnel nre one closed up unit,, 
water hnmmer is nlmnys n possibility in cnse of accident. 
A surge tower a t  thc junction of pipe and tunnel ol,vintea ' Tl'c rollllln1111d pllrrr ( O I I . C ~  nlny I I ~  closrrl nnd cnlplog nir 

llnilcr p r r ~ v ~ r o .  Bnr tlir90 rind diffrrclltinl sllrgo tower* rce books 
this possil~iliby ; it  is opcn freely to thc air (as a rule)* .. tl,, ,,,l,j,,t, 

P I P L L I ~ ~  wsrm 
APPCICLILC TO n l ~ u  wmhoa WITH 

LOF!GLCUC7U OF MOOTIIMLbLOCe. 

Ro.'l?. 
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The pressure tunnel lay-out is more often employed tho forebay, so that  sudden demands can be met while 
where the supply is from storage, as illustrated by the the supply in the channel is increased a t  the headworks. 
Andhra Valley works shown in Fig. 13. The water- The only exception is when (or for so long as) the con- 
shed here diverts the monsoon fall from t,he Bay of s tant  supply is in excess of the maximum demand. 

W*T6R SUE0 

-----_ _ _  
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Bengal into the Indian Ocean, and utilizes the st,eep fall A common variation of this lay-out is where channels 
onone side of the Western Ghnt,s wherc there is only n arc brought from two or more streams to a common 
very gradual fall on the other. forebay, above their junction, the fallibeing then uti- 

The majority of high head and mnny medium head- lized to that  jucction. 
works are Inid out on the lines of Fig. 14, which is Finally Fig. 16 illustrates a combination of Figs. 
ver,y similar to Pig. 8. Here the main feature is a 13 and 14 as carricd out a t  the Tntn Hydro-Electric 
long open chanuel, or several such channels, which may P. S. CO.'R nrorlts. 
carry the snppl!. along for manv miles until sufficient fall Here i t  will be seen that  the main storagc (Shirawta 
has been accumulated above the stream. This lay-out Dam) is over the main water parting and is fed 
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is therefore peculiarly auitablc for mount,ninouu country. into the Wnlmhnn lake aR reqnired. The whole 
There may or may not he storage a t  or nhovc the head- supply is from monRoon storngc, ns thcre is very 
works ; if the canal or open channel is of grent length henvy rainfall over n ~ m n l l  cntchment, and no Bow 
there m& be sufficient regulating storage in or near nt other times. A long open channel of mnsonry 
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2 
i Icads to the forebay and pipe line. A third 
II I lake (not shown) also exists some way along tho 
n open channel, and is now used only during the 

monsoon. 
12. Head works.-In the case of canals thc supply 

will geilcrally be available without any spccial hcad- 
nrorlts. Similarly, in the case of a largc natural reser- 
voir, the dam itself will generally be the headworks. 
In both these cases thc water uscd for power will not 
usually have any silt that  will affect the turbines, though 
a reservoir will slowly silt up. I n  the case of river 
developments there is always present the liability of 
bringing down mud and debris from the source of supply 
to the turbine wheels. This liability increases with 
the head as torrent,s take the place of larger rivers, and 
its effect on the wheel bucltets also increases with the 
head and the spouting velocity of the jet or nozzle. 
Even the h e s t  grit under a head of 1,500 or 2,000 ft. 
is most destructive, and loss of efficiency soon results 
from worn needles and nozzles. Where tho head- 
works have a considerable dam there is no danger from 
stones or heavy matter except that  their deposition mill 
rednce the capacity of the lake ; but in hill torrents this 
in itself is so serious a matter that  high dams would 
seldom be justified. Snch a lake could only be cleaned 
out a t  great expense, though under-sluices may enable 
the debris to clear itself if there is enough water to 
spare and if the lake is only of moderate size. If, 
however, such a dam is necessary i t  will sometimes pay 
to put another and smaller one further upstream, 
simply as a means of arresting the silt for a few years. 
The cnpitnl charges would generally be less than the 
cost of periodical cleaning out. With lower velocity 
in the stream such dams are oiten practicable, though 
not necessarily a t  the point where the water is 
tapped off. 

Generally speaking, in the case of high and medium- 
head plants, a low diversion dam is all that  is necessary, 
sufficirnt to  ensure the possibilit,y of getting the water 

{ into t,he channel or pipe under normal conditions, and 
a also to protect t,he stream a t  this point frcjm scouring 

out t,he c h a n ~ ~ e l  and endangering the supply in times 
8 of flood. Cnses have occurred where a few days' 

abnormal rainfall has lowered the level of a stream bed 
30 or 40 It. For protecting the banks above and 
below the hendworks boulder crates, made up of large 
boulders enclosed in a frame-work of heavy-gauge 
galvanized mire, have been found invaluable in every 
sort of river training works. Cases will sometinles be 
found where a permanent dam is not necessary, the 
natural lie of the ground alone cl~suring the supply. 
Timber dams are sometimes used in America for 
levelling the bed. 

D 
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I n  the absence of a dam, whether the water is taken 
direct into pipes or into n channel-but more especially 
in the former case-arrangements must be made a t  
the headwoyks for catching all debris. Generally there 
will be a succession of screens through which the water 
passes to a small tank, in which any heavy matter 
coming through lvill deposit. This will need constant 
cleaning out, and should(in the absence of other reserves) 
be in duplicate. Nothing but  fairly fine silt should pass 
beyond it. If there is no open channel this tank should 
be large enough to  remove even such silt as will deposit 
readily, or there should be an adjoining settling tank 
for this purposc. Where there is an open channel 
there mill always be the liability of further debris being 
collected along it, and a forebay is necessary a t  the 
point where the pipes take off; sometimes the lie of 
the ground makes i t  convenient to  put intermediate 
silt tanks along the route. All these should be designed 
for rapid clearance a t  several exits, controlled by gates 
of substantial size. By sloping the floor from all points 
towards the exits the flow may to a great extent be 
utilized to  carry off the deposited mud. The size of 
these settling tanks should be such as to reduce the 
normal velocity of flow to a few inches per second. 
Where there is a reservoir a t  the pipe head i t  is still 
necessary as far as  possible to  prevent the accumula- 
tion of mud in it, as a large volume will become so 
solid tha t  its clearance is a matter of diEculty, and a 
silt t rap immediately before i t  will assist in this direc- 
tion. Where water is considerably in excess of actual 
requirements i t  is possible to allow a proportion 
to  run oif continnously a t  the headworks chamber, 
through partly oven sluices, which will pass out all 
solid matter rolling along the bottom. 

I n  the case of low heads the water is generally clear, 
as  low velocity postulates a small bed slope and deposi- 
tion will occur in the river itself. I n  any case the 
quantity to be dealt with is so great that  artificial 
settling cannot be  arranged for. Strainers are neces- 
sary to  prevent floating matter entering the pipes, 
and a forebay may be required to  catch anything tha t  
may pass through, as  wel! as  for regulation. A long 
canal is seldom necessary, and the forebay will cither 
be a t  the side of the fall, parallel with the river, or across 
it on or in a low dam. It depends on the ground 
whether a diverting dnm is required or whether a fore- 
bay can be opened directly into the bed of the 
river. In  the majority of cases of very low heads 
the power etation is built across the river, and 
tlre water flows directly through the strainers into the 
turbines. 

13. C a n a h  a n d  Open Channels.-In tho casc where 
a very large csnal is required in connection nit11 a hydro- 

electric development, the design is camied out on lines 
of irrigation canals, to  which no further reference is 
necessary. On medium and high heads the channels, 
if required, are of a smaller order. They may vary in 
length fro111 a few hundred yards up to many miles, and 
may be single, duplicate, or multiple. The De Snbla 
plant of the Valley Counties Power Company in Cali- 
fornia collects water from a number of streams by menns 
of ditches aggregating about 100 miles in Icngth, like 
an invcrted irrigation system, smaller channels feeding 
larger ones up to the forebay. 

I n  the case of long channels a break might onl! bc 
d~scovered after many hours ; and cven iI due only to 
an earth fall. diverting the supply without brenlting 
down the channel, i t  would take time to  get this cleared 
and the water a t  the forebay again. In the absence of 
a substantial reserve a t  the forebay end tlris w o ~ ~ l d  
involve complete breakdown. Water-level indicators, 
electrically controlled, are therefore often uscd in thesc 
cases. I n  the 10-mile flume of the Columbia Improvc- 
ment Company a t  Tacoma, United States ol  America, 
the indicator shows every inch of rise or fall ; and the 
large capacity of the flume itself forms no inconsiderable 
reserve. As a motor runs on rails above the flume 
little time is wasted in reaching the solute of 
trouble. 

For very high heads a comparatively small discharge 
is required, and this will sometimes be collected from 
more than one sourcc and by more than one route. 
Earthwork channels can ~.cldom be constructcd in them 
cases, and the cho~ce gcnernlly lies between galvanized 
iron (for vely small dischargcs), masonry, concrete or 
timber. Wrought iron semi-circular flumes of largc 
size are also uscd largely in America, carried on  trestle^. 
The first and last have the advantage that  they can bis 
carried on a structure without cutting away the ground, 
a t  least in the majority of cases. As landslips arc 
nlways liable to  follow the cutting of a rondway on a 
mountain side this is a great consideration, and an in- 
spection path can be carried alongside or over the chan- 
nel. If masonry or concrete is used, water running down 
the hillside behind is stopped a t  the channel, and either 
flows into i t  with mud and stoncs or sinks in and causes 
slips. Catch-water drains of substantial size, leading 
to the nearest culvcrt, are in such cases essential. 
Smaller torrents may have to be crossed on bridges. 
and each of these should be used to afford a discharge 
outlet for the water in case of accidents and for scouring. 
Sometimes wherc water is not over-plentiful i t  will pay 
to divert these small torrents into the channel through 
a small settling tank ; for, though their discharge may 
be negligible ordinarily, it may bc su5cient in times of 
heavy rninfall to tide over a brealtdown in the cllannel 
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higher up. Furthermore, when the main stream is in 
Hood, the intake may have to be temporarily closed 
owing to floating debris, etc. ; whereas the flood water 
of small supplementary streams will probably be clear 
and much collection of mud in the forebay may thus 
be avoided. This is not always true, but is borne out 
generally by the writer's experience. 

Fairly low velocities, not exceeding 3& ft. per second 
in uupitched earth channels and 6 ft. per second in 
other kinds, are generally necessary for the preservation 
of the channel.* The cross-section may be square, 
semicircular or trapezoidal, the latter being generally 
the best as giving the larger hydraulic mean depth. 
In  order to lose as little head as possible (although a 
few feet on very high heads do not really count much) 
the slope should be kept small. The inter-relation 
between slope, velocity, dimensions and the construc- 
tion and condition of the channel are stated in a number 
of rival formulrc, none of which are universally appli- 
cable ; the most useful of these have been discussed by 
the writer elsewheretand need not be referred to in detail 
here. ID practice the slope is generally decided on first 
-from 1 in GOO for small channels, to 1 in 1,500 or so 
ior large ones-and the &meusions are calculated to 
suit ; a11 irrigation engineers in India are familiar with 
h i s  subject. I t  is very necessary, however, to remember 
h a t  any data found by a formula dealing with a straight 
length of channel mill need alteration where there are 
bends or irregularities. An opening out of the width 
by an extra 3 or 10 per cent., carried back to the limit 
of the possible afflux, may be required to prevent over- 
flow, or a corresponding raisiug of the height or increase 
in the slope. Uncontrolled overflow would be almost 
certain to produce landslides and breakdowns. ks, 
apart horn the faults in design, a small fall of earth may 
easily cause such an overfiow, i t  is sound practice so 
to regulate the height of the side wall that  ovcrflow 
will taltc place lllost easily a t  places where it can do no 
harui, i.e., over solid rock, or into streams passed by the 
way, or, in the absence of these, down artificial spill- 
\\.ays: In  order to prevent the channel being over- 
lillcd a1 the headworks a method oIten used is to place a 
divcrti~lg place iu the fairway a t  a point near the,head- 
\\,orlis, such that  any flow beyond the capacity of the 
cha~luel is skimmed off and &charged back to the 
~Lreau~.  

Where masonry or concrete channels are used most 
ot Lllc above considerations apply with equal force. 
I l e ~ e  ~t is necessary first to cut a roadway for the found- 
atiou, so that  the liability to  lundslips and rock falls 
is groally increased. Where the ground is a t  all doubtful 
cut-and-cover is necessary, and i t  is better to spend 

.- ~ 

*War dotsils see Captain Garrett's " Hy 
t " Peotrloal Enginoaring Prnoticu," 3rd 

money on revetments to bcgin with, than to takc the 
chance of bad ground holding np. It is cssential 
to make culverts under, or preferably over, the channel 
for the very smallest lines of natural drainage, both for 
safety and to prevent the access of stones to the channel. 
Often it will be advisable to lay small drains down 
such places, with cross-collecting drains to prevent a 
wash-out. I n  extreme cases tunnelling may have 
to be resorted to, for the avoidance of bad 
ground. It may also pay a t  times to  tunnel through 
a bluff rather than go round it. Tunnelling on a large 
scale is also sometimes required either to join up two 
sources of supply in different watersheds or to lead water 
collected in one area to  a different watershed, where 
a more convenient or higher fall can be obtained. There 
are many examples of this class of worlc in America 
and elsewhere. 

While small works on medium heads may be served 
by the same methods as apply to high heads, canals 
in earth are generally necessary. The cost of a n  artificial 
channel would generally be prohibitive over a certain 
size. The largest timber f l~uuc the author has seen was 
a t  Tacoma, United States of America, and was 8 ft. 
square and about 10 miles long, with a f i l l 1  of 7 It.  
per mile. No other material could then be used for a 
channel of this size, and timber has its drawbacku. 
Unless the water is r u i n g  full all the time warping 
is certain to occur, while boring insects and rot have 
to be faced. The large flume of the Jhelum hydro- 
electric works has suffered severely in this way. 

14. Forebay Reservoirs.-Whether the forebay 
is mainly for regulation, or whether it also holds a consi- 
derable reserve supply, i t  is an important link in the 
chain. It must be so designed that, while acting as 
an e5cient surge tank, and as a regulator to deal with 
loads temporarily exceeding the capacity of the channcl, 
it  does not allolv any foreign matter to get into the 
supply pipes. Coarse and fine strainers shoulcl La pro- 
v~ded,  and they should be of such breadth that  the 
jullJlow required by the wheels can pass through them 
if the water accidentally falls low. This is often over- 
looked in designing. I n  so111c small installations the 
actual reservoir is a t  a little clistauce Iron1 the forebay 
or pentrough, and the tmo are connected by a closed 
pipe large enough to deal with the peak load. In  such 
cases the reservoir performs these latter functions, 
while the forebay proper becomes only a surge tank. 

The forebay, or forebay reservoir where these are com- 
bined, should if possible be sectionalizcd or duplicated 
to  admit of cleaning out ; and the design should be 
such as to facilitate this, as suggested above for silt 
traps. Where the channel discharges into it, which 

- - ~~. 

draulio Toblas and Diagrame " (Longmans). 
edition, paror. 310 to 351. u 2 
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should be at  a point as far as possiblc from the pipe entry, 
there should first be a small chamber to take eddies 
and indace still water ; this will also catch some of the 
residual silt, and as its walls mill stop a foot or two below 
normal water-level only the clean overflow will pass 
into the reservoir proper, and not the bottom layers, 
except a t  cleaning-out times. (This of course assumes 
that the width of the sill is greatly in excess of the widtli 
of the channel.) The spill-way and scour valves of the 
reservoir should be near this point, where most of the 
mud will collect. The strainer that finally ensures no 
Ioreign matter getting into the pipe requires careful 
thought. The obvious plan is to put i t  immediately 
behind the bell-mouths of the pipe, and to close it in a t  
the top. But there is a chance then that some part 
of it may eventually rust away and get into a nozzle. 
Repairs would be dificult without emptying the forebay 
and shutting down the plant, and it has been found in 
practice that the arrangement is not satisfactory. 
The altcrnative design, which should be adopted, is 
to put the strainers in the main forebay, a t  the entrance 
to a separate walled-OR chamber feeding the pipe, 
and this chamber should be covcred over. Rolling 
scrccus, operated by a winch, are useful because of the 
facilities they offer for cleaning. A point of importaucc 
is tlmt the screens must be capable of passing the full 
Bow when the forebay is nearly empty. 

An emergency by-pass from the channel, also provided 
with a screen,should be made to discharge direct into thc 
bell-mouth chamber. If repairs are required to the re- 
servoir this will prove invaluable, and when the water is. 
running clear it can be used while cleaning out proceeds. 
These small points of design may spell the difference 
betwceu success aud partial failure, tllough of courso 
a good deal depends on whether clear or dirty water is 
geuer~lly brought in. Por reasons already explained 
high heads need the most careful treatment. Medium 
headv ]nay or ]nay not need complicated forebays, and 
with low heads a plain tank is generally sufficient. 

15. Pressure Pipes.-Although primitive water 
tvheeh, and turbines such as are found inuOour mills 
all over the hdls of India, generally use an open shoot 
instead of a pipe the advantages of a closed pipe appear 
to have been long known. Thus in Dante's " Vision 
of Hell," Canto xxiii, we find :- 

Ncscr r.uI w.\lor w i l l ~  R U C ~ I  11111.rying p i t ~ ~  
~ l r l o r v o  (Ilo / , ,be  Lo t u r n  ir In~~~l.lnill'~ wllccl 
\Yllcn nc~.truiL ~t al~l , roacl lo~ L O  t l lu  spukcd 
414 IIICII ......... uly uIwtCr mu. 

There is considernble diversity 01 opinion as to the best 
arrnugcmout of pipw for Iccdiug n uumbcr of turbiucj. 
Apart Irom the quejtion of cost there ciru bo no doubt 
that the idoal arrangemeut is self-contained uuitv ot 

pipe, turbine, generator and step-up transformer, just 
as in modern steam practice. Where very large uoih 
are involved no other arrangement is likely to be used, 
and on low heads no other arrangemelit is generally 
possible. Intermediate cases must, however, be dis- 
cussed. The diameter of a short pipe on a moderate 
head may be such as to give a velocity as high as 0.1 
J(2g H) or 10 per cent. of the spouting velocity. Thc 
loss of head with such velocities would soon become 
too great, and about 3 to 4 ft. per second is a good 
average. On high heads 9 to 12 ft. per second in tho 
smallest section is about the limit used. 

With very high heads comparatively small pipes of 
great strength are required ; the locality is likely to be 
far from rail-head, so that carriage to site is an expensive 
matter. I t  therefore pays as a rule to keep down tho 
weight of individual loads, and to use a single pipe for 
each turbine. It is, however, often advisable to inter- 
connect the various pipes at  the forebay. Each pipc 
should be capable of being instantly closed a t  the fore- 
bay in the evcut of a bad blow-out, either by an automa- 
tic gate or valve, or by electrical control from the power 
house, in conjunction with an air valve to prevent thc 
closed pipe collapsing. Each pipe most also have all 
isolating valve a t  the forebay or a gate in the forebay. 

Where conditions are favourable a single pipe is often 
'used to serve two or more units by means of a receiver 
a t  the power house, especially in the case of small plants, 
but this is not ordinarily recommended. 

In order to reduce tho thickness of tho lower sections 
of pipe it is custolnary to usc two or more diameters, 
th; hailer a t  the bottotn, and this also oco~lomizes 
in freight where they can bc nested. Where iudividual 
pipes serve each wheel it is advisable to interconnect 
t heu  a t  the power housc, so that in the event of a joint 
blowing on oue pipe ivhilc another generating unit is 
out of service they can be cross-served. Th:s involves 
cxtra expense in isolating valves, but is genernlly worth 
while. I t  is not an identical proposition with the rc- 
ceiver. Long lines of pipe, such as are required on high 
heads, require very substa~ltial anchoriug not only at  
the top and bottom, but a t  several intermediate points. 
These also provide safc positions for expansion joints, 
whlch can be dispensed with only where the tempcra- 
ture variations are stuall or the Line has Inany angles in 
it-and not always then. Air valves arc not often 
required, but will bo where there iy an unavoidable 
rise in the pipn liuc. Occavionally air cushions arc 
provided in very long lines, to take up shor,lts ; a t  the 
Mill Ureck plant in California the pipe is 8,700 ft. 
long for a head of 1,950 ft., and both air valves and 
oushions are installed. Thc latter consist of duplicate 
cyliudertl for recharging a t  the uocevvary high 
pressure. 
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The reduction of cffcctive diameter due either to  
ordinary furring from lime, etc., or more particularly 
to fine mud deposited whet1 the water is standing, 
ulay seriously increasc the loss of hcad. Although 
cleaners of the revolving turbine type can remove a 
good deal of this deposit, the initial diameter should be 
always greater than is indicated by the velocity decided 
on. 

There are no special points in which the pipe system 
on medium heads differs from that  already dealt with. 
The pipcs are of larger size, and their carriage becomes 
luore serious unless they are built up a t  site, but  on the 
other hand the locality is generally more accessible. 
Air valves and cushions are seldom required. 

With very low heads and submerged turbines the 
draft tube is the only pipe required, while with somewhat 
higher heads there will be both pressure pipe and draft 
tube. With large units of plant the sizc of the pipes 
becotnes very great and the internal hydraulic pressure 
becotnes a secondary consideration. Cases arc on 
record where an automatic gate, serving a vcry large 
pipe, was closed a t  the forebay and air pressore caused 
a complete collapse. No interconnection is usually 
practicable or ncccssary with low heads. 

Plates V and VI give in a handy form the chief 
characteristics of steel pipes for water 1101rer work, 
by m a n s  of logarith~nic curves. The geueral form 
of tho curves follo~vs that  given in Garrett's " Hydraulic 
Tables and Dingranls " for cast iron pipes, and ack- 
nowledgme~~t is duc to that  Author ; it  has the ad- 
vantage that cotupletc data for nny size and thicltness 
of pipc can be contaiued in one diagram. To avoid 
crowding howcver scparatc curves are given for A 
CVeldcd pipes and B Riveted pipcs. 

kVorkiwg hcnd ; basis of diagraln. 
In  calculating tllc worltiug hend the ultimate strctlgth 

of thc stocl is talieu as 25 tons. A factor of safcty 
of 4 is nssurncd and, in tho cnsc of rivct,cd pipcs, an 
incficieucy of 0.8. The for~nula then becomcs 

1. 
Working hcad, H=---- xk 

r 

where k is 32,000 for \veldcd pipes and 26,000 for 
riveted pipes ; r bcing tile intcrnnl dia~i~eter  and t the 
thickness, both in inchcs. 

R l o r h i ~ g  hentl ; emcnl~le.  
Tho dingonals sloping tlo~cntuarcls from left to right 

are used to find the worlting head for a givcn pipe, or 
tlrc tlricltncss of n 11ipc of givcn size to work on any 
hc:~tl. l'l~u.r, finding tlrc worlting hcad on thc abscissrc 
and tho diameter of tho pipo on the ordinates, the 

diagonal a t  which they intersect gives the required 
thicltness. 

So, from diagram B, a rivetcd pipc of 50 iucl~cs 
internal diameter to work on a head of 260 ft. must 
be f iuch thick. 

Re~uembering that  the scales are logarithmic, inter- 
polation can be effected by eye nearly enough. If 
however a slide rule is laid across any of the scales 
(vertical, horizontal or diagonal) in such a may that  
any two nutnbers correspond on the paper and the rulc, 
then exact interpolation is obtained. Care must bc 
exercised not to use the wrong set of diagonals. 

I n  thc above example, as 1 foot head=0,433 Ibs. 
per square inch, the static pressurc will be 112 Ibs. 

Weight of pipes ; basis of cliagraln. 

The weights given are only approximations, as  for 
any particular complete pipe the addition duc to th r  
wcight of flanges of varying thicliness may be spread 
over a lengtll of 10 to 30 ft. Garrett in the book 
quotcd above gives curves for thc plain tubc only, with 
a note as to the way to add for the flanges. Tlw present 
curves are based on the weight of the tubc a t  41 Ibs. 
per square foot 1 ~ n c h  tllicli, so that  : 

Weight per foot run in pounds is 
3.14 d (41x1) 12. 

For welded pipes 25 per cent. has beet1 adclcd for 
flanges in the thinner pipcs and 20 per cent. in the tl~iclter 
ones. Riveted pipes hare becn talien as 1 G  per cent. 
to 20 per cent. heavier than plain tubes, with an addi- 
tion as bcforc for flanges. Refereuce to  the weight list 
of pipes in catalogues (mhere flangcs are included) 
show that  the results are near enough for rong11 csti- 
mating purposes. 

Weigld o j  pil?cs ; exult~ple.  
The diagonals sloping up~unrcls from left to right aro 

used to find the weight of the pipc, after determining 
its thickness. Taking the internal diameter on tho 
ordiuatos, and running up until the diagonal for tho 
rcquired thickuess is met, the abscissa opposite will give 
t h ~  weight per foot run approximately. Interpola- 
tion as before will give intermediate points. 

The scales have becn made so contprehensive t h a t  
they include pipes which would ordinarily be itnpracti- 
cnblc, as for instance a 250-inch pipe of r~umechanical 
thitmess. This however will cause no confusion, and a 
very thin pipc of large diamcter may be used as a core 
in a concreto pipe. 

From diagram A, a welded pipe of 50 inches internal 
diameter and f inch thick will \voigh (with flanges) 
about 161 lbs. per foot run ; while a rivcted pipe of  
the same sizc mill (from diagram B) weigh about 
193 Ibs. 
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Ccorying capocity and loss o j  head i n  pipes. 
For convenience the following table is added to show, 

for a pipe of any given diameter, the flow in cusecs Q 
with the corresponding velocity in feet per second and 
loss of head L per 100 ft. of pipe. As however pipes 
invariably become encrusted to some extent, and some- 
times to n very serious extent, i t  is always advisable 
to use a somewhat larger pipe than would serve a t  the 
first. 

CUTER 3.-RAIN AND THE RUN-OFF FROhI A 

C ' A T C ~ E N T .  

TAULE 1.-Carrying capacity and lass of head in pipes. 

16. Rainfall and  snow-fall.-Leaving aside deep- 
seated springs, which aa a general rule are not of great 
iuiportance in water power (as distinct from water 
supply) the day to day Bow of streams nnd rivers is 
dcpendcnt mainly on the day to day rainfall ; i t  is modi- 
fied however by the deferred rainfall due to the dclay- 
ing effect of large and compnratively flat catchment 
areas and also by snow-fell. The latter factor is of 

Ui~meler.  
Icshcl. 

i~ii~ucnse importance in the great ranges of the Himnlaya, 

Veloelty In loeL por second. 
-- 

with vast nreaq of perpetual Rno\rr feeding the rivers 
by glaciers ; but i t  is also of considerable significance 

I PO I PI I &O I *I I 5 0  ( 6'5 1 @0 
- -!- --- - 

in lo~vcr nreas, where the snow-fall may lie for a tinle 
and by its gradual melting regulate the run-off. A 
snow field is an f i t e l y  larger reservoir than any the 

engineer can construct, but  as the sun's elevation in- 
creases the flood gates are apt to be opened with discon- 
certing suddenness. I n  certain important respects 
India differs from most countries whose natural resources 
in water power are now being investigated ; for the rain- 
fall is seasonal, and during many months only occasional 
thunderstorms break the monotony of dry weather. 
Generally speaking there is the monsoon period and 
the dry period, but in the south there are two distiuct 
monsoons, the South-West and the North-East. The 
variations in the rainfall in different parts of the country 
are enormous, and the departures from the monthly 
and annual normals in any given locality are also very 
great. The normal rainfall for every month a t  the many 
hundred rain-gauge stations in India can be obtained 
from the " Memoirs of the Indian Neteorological Depart- 
ment ; Monthly and Aunoal Rainfall Normals." 

17. Seasona 'monsoons. "-Roughly speaking 
there are 8 dry months and 4 wet ~nonths, with the 
result that  the majority of the rivers in many parts of 
India practically dry up sometime between February 
and May. Of the large perenuial rivers the majority 
are utilized for irrigation ; but as the canal headworks 
are practically in the plains this does not prevent 
them being harnessed for power higher upstream. 
Apart from canals, it is to the lnountaiuous regions that  
we must look for water power, and here the rainfall is 
naturally greatest; especially in those hills that  first 
catch the moisture-laden winds from the sea. Tho 
great central plainq of India mostly have low rainfall, 
but here comparatively little power mould in any case 
be found owing to the extremely small slope of the 
ground and the great variations in the normal water 
levels. The arid area in the North-West covers moun- 
tainous districts, mostly trans-frontier,and oven if power 
were available i t  is doubtful if much use could bo made 
of i t  in such unsettled country. This last consideration 
applies also to various n~ountain ranges in the Northeru 
Burma region, which are either " Unadministered 
Areas " or are inhabited by uncivilized tribes; but in 
some of these areas there is good rainfall. 

Except in localities where storage on a very large 
scale is possible, such as the Western Ghats and possibly 
the uplands of the Central Provinces, the greater part 
of the mmoon rainfall of India must necessarily pass 
to the great rivers anrl canals undeveloped ior power 
purposes. Thus, for example, tako the case of the Jal- 
daka River in thc Bcngal Duars (para. no), a stream 
with considerable possibilities ; i t  has a catchment area 
in the neighbourhood of 260 square miles above tho 
point where i t  entcrs the plains, and the annual rainfall 
is not less than 150 inches ; probably i t  may average 
200 inches. This nearly all fells in the 7 months of 
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April to October and amounts to some 76,000 m. 
c. St., giving an average flow of nearly 4,000 cusecs 
and a niaximum flow enormously greater. Yet the 
flow gnuged in April 1919 was no more than 170 cusecs. 
Clearly in the absence of a phenomenal reservoir site- 
and the Himalayas appear to afford few such--111ost of 
this water must run to waste. Furthermore, the control 
of such a river, when a single day may bring 10 inches 
of rain or more, is no light problem ; and this is one of 
the smaller rivers in the district. I t  serves however 
as a good exaniplc of many potential sources of power. 
The Bhakra dam project on the Sotlej, now under 
detailed investigation, has dmnn attention to many 
other sites that  may prove suitable for storage on other 
northern rivers. 

18. Perennial and  d'acontinuous power.-As the 
result of the conditions discussed in thc preceding 
paragraph many of the rivers and streams of India fall 
to a very low ebb, or dry up altogether in t,heir higher 
reaches, before the end of the dry season. Where this 
is so development by monsoon storage is the only method 
of getting continuous power, and this is not possible in 
most localities. It is true that  discontinuous water 
power may be of value in particular instances, either 
for utilization in industries that  are only manufacturing 
during the rainy season, such as t,ea, for which the po\ver 
demand for drying and othcr processes is very large ; 
or for any purpose in combination with reserve plant 
driven by steam or other fuel. In either of these in- 
stances however the cost of the power will be higher 
than it would be if continuous, as thc capital charges 
on the plnnt are highcr in the second case and spread 
over a shorter workiug period in the first. 

19. Measurement of a discharge.- Alt,hough it will 
generally pay to develop a river or site on the basis 
of the constant dischargc which can ordinarily be 
depended upon in the dry season i t  is very desirable 
to determine its actual minimum discharge ; this however 
may mean waiting for 30 years or so, if rcgular records 
are not kept. A dry cycle has recently occurred in 
India;  1918-19 gave exceptionally low results and the 
following year was not a good one ahile 1920-21 has 
been pheno~nenally dry in many districts. Unfor- 
tunatcly in thesc transitional years after the Great War, 
local Governments have fowd it inipossible to spare 
t,he large staff which \vould be lequirrd to gauge even 
a fraction of tho rivers of India. Only thc rivers sup- 
plying, or likely to supply, irrigation cnnds are regularly 
gauged. The minimum dischargc of any year is howevcr 
of valnr, as so111c indicat,iou O F  t,he true minimum may 
thcn be obtnincd by examination of rainfall records 
in the ncigllbourlrood, cspecially if the average run-off 
is known. 

The amount 06 water in cubic feet per second (cnseca) 
flowing past a given point in any open channel is found 
by multiplying the n-oss-section01 area of thc water 
i n  square jcel by its mean velocity in jert prr srcond. 
The first step is to select a straight reach of the st,ream 
where the flow is uniform, and where there nrr no 
noticeable pools, and to  mark off with pegs any con- 
venient length (say 100 ft.) of fairly uniform width. 
Then measure as nccurately as possible thc width 
of the stream, and find the at-erage depth by soundings 
a t  intervals across the stream. If possible a t  l r a ~ t ,  
three cross-sections should be taken, one near car11 
end of the selected reach and one near the middle of it. 
The depth can thcn be measured a t  10 or morc points a t  
equal distances across the width of each of these cross- 
sections. If the same number of measures is t,altcn 
a t  all three places a mean cross-section can then be 
plotted, which will give the mean area and hydraulic 
mean depth. But  i t  must be emphasized that  when 
time does not admit of so much labour rough rcsults 
from a few measures of one cross-section in a shorter 
rench are better than the " n o  information " so often 
recorded in this Volume. 

To obbain the mean velocity of the stream current 
metcrs are generally used in accurate work a t  t,he present 
day, as they give definite and fairly accurat,e results. 
Where t,hese are not available floats are used ; an 
orange or an empty bottle serves very well, or a small 
piece of wood. By taking several observntions of the 
time required for the float to  pass along the measured 
length (preferably with a stop-watch) a fairly accurate 
mean surface velocity can be obtained, though in hill 
streams the margin of probable error is high. A single 
observation with a bottle and an ordinary watch in the 
hands of an eminent engineer has been known to give R 

result correct to less than one per cent. as checked by n 
current meter ; but such coincidences cannot be relied 
on, and it is seldom likely that  the results will hr nearer 
than 6 per cent. 

For rough work and conservative results the croes- 
sectional area in square feet multiplied by the surface 
velocity in feet per second and divided by tu~o  nrill give 
the approximate discharge in cubic feet per second. - 

For instsnce, suppose the length marked off is 100 
ft. and the floats take an average time of 50 seconds 
in passing along this length, in a stream having a widt,h 
of 40 ft. and an average depth of I f  ft. This gives 
a cross-sectiontrl area of 60 sq. f t .  Thc surface 
velocity will then be 2 ft.  a second and the discharge 
2 ft. a secontl x (10 sq. ft. 

---. 

2 =60 cusecs. 

The reason for dividing by 2 is that  the mcan velocitp 
throughout the channel is much less tllnn thc xurlncc 
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velocity, and the rougher and shallow&r the bed ]nay be 
the greater will be the disproportion ; in the worst 
cases it is about half. 

More accurate results are obtained by the use of 
Unwin's co-cfficients, depeqding on the regime of the 
channel and its hydmnlic mean depth. The hydraulic 
mean rlrpth is found by dividing the cross-sectional 
nren in square feet by the wetted perimeter in feet. 
The Incan values of the several cross-sections along the 
chosen length of channel are used. For most streams 
nnd rivers in the hills the co-e5cients in the last column 
mill bc used. It will be observed that with a hydraulic 
mean depth less than 0.5 foot the co-e5cient is slightly 
below tho figure suggested above ; this however will 
altuost always give conservative results. The co-effi- 
cients are as follows :- 

T A ~ L E  1-A.-Co-eficienis for ascertaining mean oeloci1,~l 
from greatat surfwe velocity in  &annels. 

In  the example given above the cross-sectional area 
was GO sq. ft. As the width was 40 ft. the wetted peri- 
meter with so small a depth would be about 45 ft. This 
would give a H. BI. D. of 60145 or 1.32. In an encum- 
hered channel the co-efficient would be 0.6 or 60 per 
crnt. instead of onc-half. 

20. Run-off or flow-off from a catchment.- 
The catchment area or for short " catchment " of a 
river a t  any  articular point where it is proposed to 
utilize it is the area of the cormtry drained by the 
stream a t  t h ~ t .  point, and is bounded by the water- 
partings or watersheds from the various tributary 
source3 up to the point where the water runs down 
below the site chosen. 

Clearly all the rain that falls in a given catchment 
area will not at  once (if ever) find its way to the stream 
in the valley ; some xvtll evaporate altogether, or sink 
into thc ground to feed springs in other catchments, or 
Ile al~sorbed hy vcgctation, and the more gradually the 
rain is precipitated the greater will he these lossea. 
Vcry light rain aftcr a dry spell may not affect the 
flow of the s t r ra~n in the slightest degree. Again, if the 
ground is steep, barrltn and rocky thcrc d l  he a much 

more complete flow from it than if it is gently sloping 
and covered with vegetation. The percentage of the 
rainfall that reaches the stream is called the " run-off." 

If the rainfall over a particular catchment area in 
any period is known, and the stream flowing from it 
can be gauged, the percentage of run-off can at  oncc 
be calculated for the conditions obtaining during t h t , ~  
period; but the rain-gauge readings must bc talcen at 
a number of points in the catchment--the more the 
better-in order to ascertain the actual amount of prc- 
cipitation. In  addition to the very large differences of 
average rainfall in different localities, and the great 
variations from the average in particular years, the 
distribution of the fall month by month and day by 
day must be taken into account. Minimum discharges 
on small catchments may vary four or fivefold in 
different years, and are extremely difficult to calculate ; 
a long series of rainfall averages will, however, indicate 
to some extent the relation between the unknown 
discharge of an exceptionally dry year and the known 
discharge of a particular year. It may, however, 
be accepted that a study of the daily rainfall observa- 
tions over a period of 30 years will give a fairly 
accurate idea of the conditions which are likely to occur 
in future. Intelligent guesswork of this nature pre- 
supposes knowledge of local conditions and long 
experience. 

Formuls for calculating the run-off from a catchment 
have been devised by many engineers, but they all 
employ co-efficients which it is impossible to  ascertain 
without a comprehensive study of the natnre of thc 
area and the rainfall. There are two separate cases to 
be dealt with ; first, the maximum run-off of a catchment 
which will cause a great flood discharge for a short 
period ; secondly, the ordinary run-off over a longer 
period of days or weeks or a year, which will vary from 
time to time but which gives the total water during 
that period, whether in a heavy, average or light period 
of rainfall. 

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

1 inch of rain= 100 tons per acre. 
~3,600 CII. ft. per acre. 
=64,000 tons or 2.33 m. c. ft. per 

sq. mile. 
Under the like conditions rail1 fa ' l~ng a t  the ratc of 
1 inch an hour is equivalent to 1 cuscc per acre per hour 
or G40 cusecs per sq. mile per hour. 

21. Short-period maximum or flood run-off.- 
In a small and compact catchment thc rnaximt~m per- 
centage of the rainfall which will rench a given spot in 
the river a t  a given time is (comparatively spenlcing) 
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simple. If the rainfall is fairly uniform over the area, 
and the nature and slope of the ground is also uniform 
the conditions are the most favourable to the computer. 
In larger catchments, especially long and narrow oncs, 
the water falling near the site selccted will have passed 
away long before that  a t  t,he source has had time t o  
travel down the slopes and the stream bed. I n  any 
steep catchment, n sudden phenomenal but  short-lived 
flood may be caused when, the ground being already 
sntnrated, a heavy storm travels down the catchment 
a t  about the same rate as the waters flow off. I n  such 
a case a flood may come down like a tidal wave ; the 
writer has seen a hill stream rise 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 
weirs or escapes these floods have to be allowed for. I n  
larger reservoirs they assist the filling process but  are 
not a source of danger except when the resewoir is 
already full, when the flank or saddle escape or the 
undersluices must be able to cope with the discharge. 

The whole question is full of difficulty. Buckley * 
has dealt fully with i t  and discussea Dickens', Ryves,' 
Rhiud's, Fanning's, Craig's and Fuller's methods. It 
is therefore unnecessary to deal with these, but  as  
Colonel Dickens' formula is very generally used in India 
it may be given. 

where D=maxirnum discharge of river io cusecs. 
C=a co-efficient. 
M=area drained by the river in sq. mile. 

Dicltens' value of C was 825 for annual rainfall of 
about 36 inch, but he held it applicable to falls from 
24 to 50 inch. " The formula takes no cognizance of 
the size or shape of the catchment, nor of its ~leclivity, 
and provides no factor t,alcing account of the variations 
in the rainfall."t Buckley gives the actual constants 
found in 12 Indian rivers, varying from 1,795 for the 
Tansa down to 120 for the Ganges. Experience however 
will probably enahle fair results to be obtained in many 
cases. Strange's tables t arc generally used in Bombay. 
The data and tables in tlir wnrlc cited mill be found 
invaluahle. 

22. Long period aggregate run-off.-An itnmense 
flood lasting for half an hour lnay do incnlculable harm, 
hut (unless stored) cannot be of lnuclr value for power. 
I t  is the actual amount of water which flows past a part,i- 
cular point,, either naturally or by ~nnu's cont.rol, which 
determine3 the power obtainable. Where there is a 
stornge reservoir of sufficient size for a year's rainfall 

Il.l.ic,\li<~~~ P~tcJlrI IIOOL, 31.d Eglili<nn, p 200 01. s ~ q .  
t I * ! , , .  c.;1 

the outflow or " draft " can be exactly controlled, and 
the annual run-off is the criterion. Even with lrmaller 
storage capacity a nieasnre of control ie possible, over 
shorter periods. I n  this lattcr case the normal flow of 
the river, from subsoil drainage and springs, or from 
snow fields, may by itself be sufficient for the purpose 
in hand;  if i t  is not sufficient, supplementary storage 
is required ; and if no site for such storage can be found 
the stream is useless for continuous power. Under 
Indian conditions, except where there ia a double 
monsoon, the streams fall rapidly from about October, 
when the dry weather begins. The dry period continues 
until the next monsoon breaks, about the middle or end 
of June, except for occasional thunderstorms. Long 
before thcn many considerable rivers have dried up. 
To cope with this there must be s&cient btored water 
from the previous monsoon to keep up the required 
constant discharge as the flow diminishes ; not only 
so, but  also often to  supplement the flow during succee- 
sive years of poor monsoon rainfall (para. 29). It is 
therefore very important to be able to determine the 
total run-off from a given catchment, in millions of 
cubic feet, during the whole monsoon period and also 
in the case of casual heavy storms a t  other times. 

I n  the work cited in the previous paragraph Buckley 
discusses the calculation of annual flow-off $ fully, with 
many tables of actuals. The flow off for 8 large rivers 
and groups varies between 29 and 47 per cent., while the 
Wcstern Coast (Ghat area) is given as 87 per cent. The 
average for India, exclnding Burma, Eastern Bengal and 
Assam, is given as 41.6 per cent. Averages are, of 
course, a t  best, only a very unreliable guide. " The 
total rainfall on t.licsc ir.. a ts  i l l  Jnrlin tlvelages 37', illcli. 
The Indian Irrigatiou Comnlission estimates that  this 
depth is disposed of as follo\vs :-~ 

22 inch or 69 p c ~  cent. is absolbed (1) in sustainieig 
plant life, (2) in maintaining the moisture of the 
sod, (3) in replenishing the subsoil water supply, 
and (4) by evaporation. 

2.25 iuch or 6 per cent. is utilized in artificial 
irrigation. 

13.25 inch or 36 per cent. is carried away by the 
rivers to the SCH."$ 

23. Barlow's method of determining run-off.- 
The late Mr. G. T. Barlow, C.I.E., the first Chief 
Engineer of this Survey, studied the problem of finding 
the aggregate run-off in the United Provinces, with a 
lifetime of irrigation expc~ience to back his efforts. 
Realizing the radicnl inndeq~llcy of all formulre based 
on geueralities, a t  least in a nronsool~ country, he tried 
analysing the h i l y  rainfall records within given catch- 

f Op. rlt , p. 325 rt serl. 
C, Op, r,t . ID. 322. B 
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ments, where the  run-off could also be ascertained, in Like all other methods this is empirical, but i t  has the 
order to  correlate the two. By classifying both catch- advantage of taking into account more factors than are 
ments and daily rainfalls and adopting empirical con- included in most of the methods referred to by Buckley 
stants he obtained moderately accordant results. in the work cited. On the other hand, i t  involves the 

Barlow's classification of catchments is as  follows :- labour of koing through and classifying the whole of 
A=Bet ollltivnted and h ~ ~ k  nab of flow snlnu ; the daily raiufnll records for the period involved, and 

soil oatohment ; absorption and using common sense in classifying them. I n  consider- 
B=flat pnrtly oultivated and stiff loss l s r ~ n ;  run- 

soils. OR amall. ing this method it milst be remembered that  it was 
C=nverage catchment. devised from average records obtained from one Pro- 
D=hilk and plains with lit.t.le cultiva. of flow largc ; 

tion. nlld vince and may be unreliable in another where the condi- 
~ = v e r ~  hilly, steep and rooky wit11 loss small; rlln- tions are different. Clearly there are two factors of 

very little ooltivation. off higll. 
uncert,ainty, owiug to the fact that  rainfall records give 

His c1assi6cati0n rainfall into light, medium and daily falls and not houri?/ intensities, In the first 
heavy daily rainfall involves the entire omission of very isolated falls a single day and classed as " light ,, . 
low rates of discontinuous rainfall, as  follows :- may have actually occurred in an hour or two, when hht faZzs under 4 inch in 24 be the run-off would generally be moch higher than that 
omitted unless continuous for several days;  falls from given by the table, especially in small catchments, 
d inch to 1 inch in 24 hour3 should be omitted if there Secondly, exceptionally heavy would certainly 
has been before Or after' from inch to give a much higher yield than that  assumed, a t  least on '4 iuch in 24 when not followed Or preceded by certain classes of catchment. A fall of 20 or 30 inch 
similar or greater amounts, are considered light. in one day occurring a t  Cherrapunji, for example, 

Medizma falls are inch to inch in:24 wo,llc, give a ruu.off of per cent., In the Central 
hours when followed Or preceded by any but light ; Provinces falls of 10 inch and upwards are by no means 
also all falls from 14 inch to  3 inch per diem. uncommon in one day, and would certainly yield far 

Henvy falls are those Over Or continuous more than is shown by the table ; and these exceptional 
a t  a rate Over a ; also all Of an intensl t~ falls are generally (though not invariably) an ilnportant 
of 2 inch an hour or over. factor in the filling up of depleted reservoirs. At the 

I t  will he obaerved tha t  an ordinary rain gauge will time neither the records nor the 
give the daily 'gnres? and they are in fact On record calculation laid down take account of these factora, 
for nll the meteorolo,oical stations in India ; but falls of tllougb knolvn fallR of 2 inch an hour or are classi- 
any given be recorded On such gauges. fied as Ileavy, Examination of the original data 

an of inch an hour Or more are forln the basis of the conclusions in the following para- 
probably of frequent in catchments ; graph shows, however, that  in tabulating daily rainfall 
hut such a lasting even as recorded records i t  would generally be possible to go further 
on the daily sheet, would be classed as medium ; if i t  than has been the case. ~h~~ all light fall3 continuing 
so that a total for hours, a t  the rate for several days, even though excluded by the instrnc- 
of 2 inch, ~ c c a r r e d  partly before and partly after the tions, should be counted. Falls near the border line 

gauge reading (8 A . M . )  then the between light and medium should be tabulated as 
appear as a light One when c1assi6ed from the medium on the second and following days. Falls near 

daily records. At present this difficulty has been the border line between medium and heavy should 
circumvented. similarly he counted as heavy on the second and follow- 

With the above double classification the following are ing days, Falls of inch and upwards should unqoes- 
the percentages the total rainfall assumed Mr. tionably be allolved higher percentages than those in 
Barlow to  reach the stream :- the table. It has been impossible in the time available 

to re-classify the thousands of falls on the above lines ; 
T a s ~ ~  2.-Tubze showing PercenQe rlm-off; Barlow's hut t,he results would probably be nearer those in Table 

G o - e f i e n h .  2. To take only one example; in working out the 
classification, falls of 2.9 inch and 3 inch were marked 
as " medium " while those of 3.1 inch were marked as 
"heavy," in accordance with the letter of the instruc- 
tions. Clearly the run-off of the latter would not be 
double that  of the former, even in the case of isalated 
falls, and still less after ~rev ious  rain. 



24. Calculated and actual  run-off i n  the  Central 
Provincss (Barlow's method).-The rainfall records 
for a number of years have been examined (and tabu- 
lated to some extent) in thc Central Provinces, for 
certain areas where irrigation tanks take the run-off. 
The actual inflow has been compared with that  calcu- 
lated by Barlow's ~ncthod, and the results are of great 
interest. To what extent these can be applied in the 
case of far larger catchments is a matter of speculation ; 
but the same method has been generally applied in 
calculating the probable run-off of the river catchments 
dealt with in the list of sites for further investigation 
in the Central Provinces. Unfortunately the analysis 
of results was not completed and (especially in the 
matter of falls to be omitted and those following conti- 
nuous rain) the classification is not always satisfactory. 
The present writer has however made the best of what 
has been done and thc following are the mean percen- 
tagcs foond for the 3 classes of catchment available, 
with areas from 3 to 78 sq. miles. 

the use of tipping devices, revolving wheels with bnckets, 
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 " Ploviograph " or the " Serpentine " regis- 
tering and recording raingauge. The former is 
electrically operated while the latter is worked by a 
mechanical tipping device. Mr. Tate, O5cer-in-charge 
of the Survey in Madras, has one of the Serpentine type 
in use and reports that  except for minor defeckq in the 
recording pen and paper it works satisfactorily. 

A point frequently overlooked is that  from the point 
of view of irrigation or power projects, as distinct from 
meteorological records, a considerable percentage error 
is of small importance. A rum-off can seldom be calcu- 
lated correctly even to 10 or 20 per cent. If in a given 
s ~ ~ ~ a l l  catchulllcnt area, possibly containing one gnugo 
station, ten other gauges were put up, all their readings 
would notoriously be discordant-especially in the hills, 
where a heavy fall of rain and a clear sky may be 
separated by half a mile. 

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

CHAPTER 4.-WATER STORAGE AND WATER POWER. 

26. Load factor and  kilowatt-years.-The 
importance of the annual load factor in hydro-elect,ric 

The individual variations of perccntage are, as would 
be expected, very great, but the mean results all through 
show that  Mr. Barlow's percentages are too low in the 
Ceutral l'rovinces. Light falls especially appear to  give 
consistently higher run-off from medium catchments 
than the first table gives even for class E. Classified 
light falls are found to vary from 9 to 28 per cent. of 
the total classified falls. I t  would be rash to apply 
these somcwhat tentative conclusions a t  all widely ; 
but it is probably safe to assume a t  least that all calcu- 
lations of yield by this method in thc Central l'roviuces 
are very conservative. An addition of 10 per cent. 
would seem to be well mithin tlie mark. 

25. Automatic raingauges.-The standard raiu- 
gauge is mercly un air-tight vessel to collect thc prcci- 
pitation fro111 a 5 inch or 8 inch circular funnel, generally 
involving daily rcading~. Tank gauges to hold the 
fall for a conuiderablc period are, l~owcver, often con- 
structrd for u~sc in places where daily readings are 
ilupossiblc. I n  this case no indication whatever is 
givcn of the times or intensity of the fall. Even with 
daily readings, as pointed out above, a recorded fall of 
2 inch may have fallen in onc hour or in 24 hours. 
Patent office records show that many devices involving 

schenles, i.e., the ratio of the arcrage load to the maxi- 
mlun load during the year, mas emphasized in the Pre- 
liminary and Second Reports. Where a projcct depends 
mainly upon storage; or where therc is sufticient re- 
gulating storage on a project dependant upon perennial 
flo\r,, the total horse-potver or kilowatts of working plant 
(exclusive of spare sets) which can be inslulled may be 
far in excess of the cot~linuotts power capacity of the 
SOWCe. I N  THIS R E P O ~ T  ALL POWER CALOULATIONS 

LIRE EXPRESSED ON TEE EASILY UNDERSTOOD BASIS 

OP CONSTANT CONTINUOUS  HOUR POJYER 1N KILO- 
w ~ r r s ,  i . e . .  IN KILO\VATT-YEAIIS ; so that  in any case 
thc acl;ual possibilities of the site in terms of units of 
electricity which can bc generated per anuum are found 
simply by ~nultiplyiug the cont,inuons  kilowatt,^ by 
8760. These units, if the above couditious as to  storage 
arc fukilled, can be generated a t  any time. Thus, 
for csamplc, t,he Tata H. E. 1'. S. Co.'s plant gcuerntes 
prnctically the whole of its power during the 12 hours 
when t,he mills are working, and very Little for the 
remainder of the 24 hours. The highest load fnctors 
a t  present obtained in India are between 40 and 50 pcr 
cent. so thut the capacity of the workiug plant installed 
in these caves can be from 2 to 2; t in~cs the continuous 
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capacity of the site. With a load factor of only 33 
per cent, the working plant installed could aggregate 
3 times the continuous capacity. Clearly the latter 
case, though apparently giving greater power possibili- 
ties, is really much less favourable for water-power work, 
as the total capital cost of a large part of the works 
mill be proportionally higher than in the former case 
and the ntilization of the plant will be proportionally 
less ; in other words, the same number of units gene- 
rated mill have to bear higher capital charges. Should 
electro-chemical i~lclr~stries be started, load factors 
of the order of 90 per cent. might be obtained. The 
forecasting of the probable load factor in any particular 
case involves a detailed examination of the conditions 
of the whole of the probable consumer's loads, and the 
drawing up of load curves based on these data. In 
the early stages of determining the probable power 
a t  a given site this is unnecessary ; but before actual 
development is undertaken it is essential. If the conti- 
nuous power obtainable is stated, this is all that ie 
required for the time being; i t  is useless as a rule to 
speculate on the unknown load factor in order to arrive 

at  a low figure per kilowatt installed. In  a few cases 
in this Report however i t  has been pointed out in general 
terms that on " commercial load factors " there \voold 
be a low cost of hydraulic development. I t  might how- 
ever happen in such a case that, for electro-chemical 
work, the hydraulic development would be too expensive, 
as the whole capital cost would be sunk on a plant of the 
" continuous power " capacity shown and no more. 
For a practical example of how regulating storage, 
combined with flow, deals with the problem of a load 
curve and its peak, the reader is referred to para. 28, 
" Main and Regulating Storage " using for example 
the Um Trn River, Assam. A practical case is there 
worked out, with an illustrative diagram, based on such 
information as is available. I t  may however be as 
well to give characteristic load curve diagrams here, 
and to show what they imply. Of these Fig 16 shows 
a load curve for a plant working a continuous electro- 
chemical process ; Case A. The maximum load is 5,200 
kW. and the average load is 5,000 kW. giving a load 
factor of 96 per cent. This is somewhat higher than 
would be obtainable in practice, for the eake of examplc. 

FL* . / 6 .  Lo- d C a r t o r  drh 9 ~ - I -  
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Fig. 17 shows n load curve ior a plant mainly driving nlinant light,ing prnlc loarl of 5,000 kW. for 1 hour ; 
factory loads for 12 hours a day ; Case B. Miibh a Casc! C. Thc lorid is a t  4,000 kW. or more for 2 hours 
~nasiniuln load of 5,000 kW, the load factor is no\\, 56 i ~ n d  a t  2 000 IiW. or more for 4 hours, but the ovel.all 
pee c ~ u t .  T11e 5,000 1cW. is vequircd almost continuously load factor is only 27 per ccnt. (In each case the load 
for 12 hours on end. Finally Fig. 18 shows nn cx- 1:1cLor. nl;iy Ife Iound from the curvcr, as  ~ I I L  ratio of its 
ceptionally poor town-supply load cnrve, with a predo- arcs to thc rectangle enclosing it.) 



22 TECHNICAL. MATTERS. [Para. 27. 

These cnrves may now be esamined in relation to 
their supply by water po\Grer from flow or st,orage, 
under various conditions ; thus takc heads of 20 it., 
200 ft., and 2.000 ft. Then the watcr required will be 
as follows :- 

Plant  A will therefore require a constant supply 
througlio~~t the 24 hours of 374, 375 or 3,750 cusecs 
according to the head. This minimum How must always 
bc available, whether i t  is in the form of minimum 
stream flow or draw-off from a main storage. If de- 
pendence is placed upon storage to  any extent, i t  will 
require 8,760,- 371 cu. it. per diem on the highest 
head aud 100 times tha t  amount on the lowest, assuming 
no inHow to the reservoir (e.g., K o p a  Valley project 
in the dry weather). 

Uond 
. - . . - 
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Plant B, with practically the same maximum load, 
will  require the same constant supply of water as  plant 
A f i e . .  374 cusecs on 2,000 ft.  and so on), in the ab- 
sence of regulating storage ; and during the  whole 
period of low load this flow would then go to waste. 
But  as  the load factor is 56 per cent. and therefore only 
66 per cent. of the full water supply (roughly) is being 
utilized for power, it follows that  a much smaller constant 
flow will sufJice if there is regulating storage. The aver- 
age load throughout the 24 hours is in fact 2.800 kW. 
instead of 5,000 as in case A,so that  21 cusees can supply 
it under 2.000 ft.  head. But  practically 12 hours supply 
a t  the rate of 374-21 or 164 cusecs, equal to 70,000 
cu. it., must be daily impounded during the light 
load period to  meet the daily heavy load period with 
this high head. On a 200 ft. head 10 times, and on n 
20 ft. head 100 times, this storage must be provided 
if the available flow is only the minimum of 210 or 2,100 
cueeca, as the case may be. 

Plant C again has the same maximum load of 5,000 
kW. and on flow alone will require the same amount of 
water as in the two previourr cases. Here the load 
factor is only 27 per cent. so only that  proportion of the 
maximum flow will be utilized for power. Here, with 
storage, the plant could be worked on 10 or 100 or 1.000 
cuaeca on the three heads, as the average load is only 
6 , 0 0 0 ~  27/100 or 1,360 kW. Taking the case of the 
2,000 ft. head (for the others are proportional) let 

it be assumed that  only 10 cusecs are available for a dry 
period. Then all actual loads over the 1,350 kW., which 
that  flow can supply, must be taken from storage. 
These loads, from the curve, total up to 11,000 kW. 
hours and would require some 310,000 cu. ft. of 
stored water under 2,000 ft. head, or 10 and 100 times 
tha t  amount on the lower heads named. 

Thus, in the three cases A, B, C, the smallest constant 
daily supply of water (whether from a running stream 
or from a great lake) which will give the energy generated 
is 37+, 21 and 10 cusecs with suitable regulating storage 
but  374 cusecs in all three cases without it, under the 
2,000 ft.  hcad. Where there is a main'storage reservoir 
with several months supply i t  is of course unnecessary 
to  have subsidiary storage so long as the arrangements 
are such that  the required water is always available 
when required. 

O:$.Ut 
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27. Water  s torage generally.-It was stated in 
previous reports that  water storage could seldom 
be usefully employed except under high heads, and 
this is generally true. The power obtainable from a 
given quantity of stored water is exactly in proportion 
to the working head on the turbines, and therefore it 
will pay to construct great dams on heads of thousa~lds 
of feet when i t  will not pay to  do so on heads reckoned 
in tens of feet, for one-hundredth part of the power. 
There is no exact point where i t  can be laid down that 
the head is too small to justify large storage works; 
the limit depends chiefly on the cost of the dam per 
million cubic feet of useful water stored behind it, 
and this depends in turn on the configuration of the 
ground and the nature of the submerged land. The cost 
of co~ripeting fuel-generated power also has a far-reach- 
ing influence on the decision in each case (v ide paras. 16 
to 18 of Preliminary lteport). Recent investigations in 
the matter of tidal power in Great Britain show clearly 
that, although the matter is highly controversial, if 
the conditions for vast storage are sufficiently favourable, 
it may be possible to use i t  commercially even on low 
heads. There are however no circumstances other 
than those of tidal power of which this is true. Never- 
theless the present report shows that  in localities such 
a8 the Central Provinces, where the rivers are mostly 
not perennial, and the available falls can seldom,be 
developed above medium height even with long channrlu, 
there is iro al/ernnlive to storage il power is to be develop- 
ed on a large scale. Among the sites of \vhich reconnais- 
sances have been made, and which are now recommended 
for further detailed examination, are many o,f which 
the " head " lies between the li~nits of 100 and 1,000 f t .  
At higher altitudes above ~ l n i n s  level in this area 
the catchnicnt areas are too small to givc n useful 
yield, empecially when highly variable aunual ruinla11 
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and frequent failure of the monsoon are taken into ac- 
count. The ground however offers facilities in many 
cases for large storage a t  moderate capital cost, as shown 
by the many existing irrigation reservoirs and the details 
of sites disclosed in this volume. 

The Central Provinces have been taken ac. an example 
here, but the same considerations apply in a greatcr 
or less degree elsewhere thronghont India. Bombay 
is fortunate in having higher and less irregular raiufall 
with elevated catchments in the Western Ghats, cou- 
taining scores of excellent storagc sites. Assani has 
also very high rainfall over the even niore elevated 
platcaux of the Ichasia hills, bnt with fewer discovered 
sites. In  the Punjab and the United Provinces snonr- 
fed perennial rivers may reudcr storage of less importance 
for the development of power, though it will be in- 
valuable for irrigation hereafter. Madras is better 
placed as regards rainfall than other Proviuces, having 
two monsoons over a large area, but storage may play 
an important part in power schemes there ; iu many 
cases however perennial rivers offer good proniise. 
Burma has enormous water power resonrces, in which 
storage will probably not figure predon~inately. Bengal 
and Bihar appear likely to have far less power than 
other parts of India, but  comparatively little recon- 
naissance has so far been made in either Province. I n  
some of the Native States of India there are undoubted 
possibilities, in which storage is generally involved. 
'I'he adjoining territories in the Himalayan area un- 
q~~estionaly have almost uulinlitcd power, from suow- 
fed perennial rivers ; but these do 11ot fall withi11 the 
scope of the Survey. 

28. Main and  Regulating Storage.-There has 
been a certain amount of misunderstanding regarding 
main and subsidiary or regulating storage reservoirs ; 
also between the capacity which a site can contain, 
the amount of water obtainablc,and the effec,tive storage. 

The limiting case of storage power schemes is where, 
as in the Western Ghats, there in very heavy rain over 
limited catchments for a few months in the tnonsoon 
and practically no inflow into the reservoirs a t  other 
times. The stored water then has to suffice for some 
8 or 9 months of working; and il the rainfall varies 
greatly (as it does throughout India) there should be 
suficient extra storage to make up the deficiency in 
bad seasons. I t  is generally found that  the two conse- 
cutive driest years are a more severe tax than an isolated 
yenr of minimum rainfall. 

Where larger catchments are involved, the rivers 
fed by them will generally have a considerable discharge 
for 8, 9 or 10 months in the year ; but main storage on 
a large scale ia required to carry over the excess monsoon 
water to the increasingly deficient hot weather months, 

with the possibility ever present of a late burst of the 
monsoon. Here, again, extra storage may be required 
to make up the deficiency in two bad seasons in succes- 
sion. If sufficient carry-over storage is not, or cannot 
be, provided the constant discharge to be reckoned 
on t n ~ ~ s t  LC reduced accordingly. The figure of 35 
m. c. [t. has been generally adopted as a safe amount 
of st,ornge t,o give 1 cufiec for a ycar, after :~llowing for 
loases. I t  should perhaps be pointed out that where 
the storage site alloms little or no carry-over from year 
t,o year the single yenr of absolutely lowest total run-off 
is the critical period, rather than the worst combination 
of two less deficient years. 

I t  should also be poiuted out herc that cases arisc 
where a constant discharge from n reservoir will be 
necessary for irrigation purposes, a t  certain seasons, 
rcgardle~s of pomer requirements. This should in these 
cases be allowed for in storage calculations, leaving t,lle 
method of cffccting i t  until such a project  natures ; 
tllerc will then be no ddfcolty iu designing accordingly. 
The governor could bye-pass tlie fall snpply througl~ 
a relief valve when not required by the turbine (we 
para. ''Technical Progress "); or gove~ning could be done 
by diversion or deflection of the jet (in the case of im- 
pulse wheels) without using a spenr in the nozzle ; or, 
again, the deficiency could be made up by hand regula- 
tion from any power pipe not in use a t  the tune. 

Returning to those iustances where main storage 
is largely depended upon, i t  is seldom necessary to have 
a large amount of regulating storage also It may so 
happen that  the necessarily involves an upper 
and a lower main storage reservoir, in d~fferent catch- 
ments, and except for the expense of two dams this is 
advantageous. Ordiuarily speaking, if  the forebay 
site can be made to hold 24 hours' or even 12 hours' 
full load supply, no other subsidiary regulating storage 
is necessary. Such an amount will obviously deal with 
every possible hour-to-hour variation iu the demand up 
to any peak load ; and, except in the case of a brcak- 
down in a channel, the forebay cnn al\vays be kept 
practically full. 

If however the forebay site does not adrnit of sdxcient 
storage the quesbion toms chiefly on the length of the 
open channel. I t  will take the water about half-an- 
hour to traverse each mile of open channel, so that  for a 
10-mile channel some 6 hours will elapse between the 
time when the sluice is altered and that  whtn the 
supply to thc iorebny will respond. If then the main 
outlet for the power is a factory load, rising from a negli- 
gible an~ount  to  full load a t  a certain hour, and closing 
down similarly, this time-lag of 5 hours would have to  
be reckoned with a t  the head-works. I n  such a case 
i t  would be desireble to  have a subsidiary storage of 
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abont a day's supply, more or less according to its capi- 
tal cost, a t  the nearest practicable site to the forebay. 
But  the cost of a large storage here would seldom be 
justified unless i t  enabled the average draft and power 
to be increased commensurately. I n  a number of ins- 
tances such large subsidiary main storages have been 
proposed bnt  classified as " regulating " storage. 

The proper function of regulating storage in a project 
tlepeuding upon main storage is merely to enable the 
plaut to be operated under all required conditious. 
For example, a main storage can be depended upon for 
100 cusecs continuously, year in and year out ; but the 
plnnt may so~neti~nes require 500 cnsecs for nn hour or 
two nt peak, or 200 cusecs for 8 hours on end with 
con~parntively little for the rest of the day. (These 

a good minimum flow of 170 cusecs. The problem is to 
determine what size of plant can be installed. This 
of course can only be ascertained when the load curve 
is known, and if the project in question is to go forward 
the next step is to canvas the consumers and draw 
I I ~  the probable curve-a matter for theelectrical en. 
gineer. For purposes of illustration a hypothetical 
load curve may be evolved, see Pig. 19. When the 
river is a t  its lotvest flow'of 170 cusecs, and with a head of 
200 ft. ,  2,300 kW. is available for 24 hours a day, 
without counting on the storage. The $4 In. c. ft.  
of available storage, during the dry period of 2 mo.. 
would give an extra discharge of about 2 cusecs, bring- 
ing the average power up inappreciably. Therefore 
in one day 2,300 x 24 or 56,200 units can be generated 

sopposit,ions are uufavonrnhle for hydro-electric \vorks. 
and nre merely by tray of example.) The function of 
the forebay, or, iI that  is too small, of the regulating 
storage, is to supply the extra wnter over nnrl ahove 
the average draft, so that  the channel from t,l~e main 
storage can be tlcsigned to carry that  arcrnge Row 
connt,antly. The saving in coat on a long channel would 
probably pay for the cost of tho regulating storage; 
but, apart from this, the lntter is n reserve against n 
temporary break in the channel. 

These conditions may conveniently be illnntrated 
from the cnse of the ITm T ~ I I  River, entered 11ni1cr the 
lint of sites investigated but  not drvelopcd in Asrram. 
There is good regulating storage capacity conlhined with 

nnrl no  more. This is shown on thc diagram as a dottril 
line a t  2 300 IcW. The actual load curve assr~~ned is 
shown b s  the continuous heavy line ; far convenience 
it is made to  run exactly on the squares, though in fact, 
it woold of course he wavy. Each square represents 
1.000 kt\'. in power and 3 hours iu time, or 3,000 kW. 
hours in Pnergy and the conatant power line has 18.4 
such squareq. The cross-hatched area bclozc- this line 
sho\vs that  3.8 squares or 11,400 ItW, hours are left, 
over in st.orage in every .24 honrn. These arc absorbed 
in the crow-hatched peak load area abmic the snnle 
line. Prom 16 hours to 2.3 h o n r ~  t,he  hole flow is 11sl'd 
and t , l~r  storage icl rlramn on: at, other hours t,he reservoir 
fills. The Iond factor of the plant is the ratio of the 
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Here the first of two consecutive bad monsoons 
occurs. 
4111 ymC-- 

April J u n o -  
Draft . . . .  
Juneinflow . . .  

. . .  Nott draft 
Add . . . .  

July-Soplombor-- 
Uralt . . . .  
1st wcek mouaoon illnow J 

. .  1,060 rn. c. It. . 200 .. - . 1,760 .. . 2.060 
alrzdy 

drawn oii 
TOTAL ~nm . 4.700 m. o. ft. 

This excess is added to the depleted reeervoir but 
fails to fill it. I t  brings it up by 4,70&2,450 to the 
2,250 m. c. ft. mark as shown. 

- .. NetL drdt . . .  1,100 .. Add 1~0vious dcljciunoy . .  2,280 

6th yenr- 
January-llarch- 

Draft . . . .  
lollolv . . .  
Add previuus draft . 

Nolt draft . . .  
Add lmo\ioua dralt 

July-Septcmbcr- 
D r l t  . . . .  
2nd wook monsoon inflow 

. 3,360 

. I.'JBU . Mil. . 3,350 - 

. 5,300 

. 1,950 . 300 

- .. Excoss . 3.350 

This reducea the total draft to 3,600 m. c. ft. as 
shown. 

Ootobar-Uccomber- .. Ursft . . . . . . .  1,060 .. Inflow . . . . . . .  960 - 
Nett dmlt . . .  1.000 .. .. Add previous draIt . 3,600 

~n~nlnr~Llllurch-; .. 1)ralt . . . .  I$6O 
luflow . .  Hil. 
Add provious draft . 4.600 .. - 

TOTAL DRAFI . 6.660 ,, 
Here comes the critical period. The following 

monsoon may be normal or excessive w l m  it comes; 
but it may break late. If it does not break t d  July 
a further 1,960 cusecs are drawn off, bringing the total 
&aft to 8,600 m. c. ft., which is the designed effective 
capacity of the reaorvoir. Be the annual draft is 7,900 

m. c. ft. the carry-over in a normal or good year is 
600 m. c. It. It is a slender margin, and it .-would 
perhaps be wiser to calculate on a slightly smaller draw- 
of1 unlcss the yield of two bad years proves more than 
that here assumed. 

31. River developmen by 111 ing dams.-Hither- 
to little attention has been paid in lndia to what is 
perhaps the corulllonest method of developing water 
power kom large or moderate rivers, namely by means 
of lifting dams. (Second Report, p. l2,2nd para.) To 
take a well-known example, tho cyanamide industry a t  
Notodden (Norway) depends upon a series of power 
stations on one river. At ltjuknm, higher up the 
river, there are lugh-head developments sul~plied hom 
natural snow-fed lakes which havc been developed 
for better regulation. Below ltjukam there is another 
natuml lake, which has been raised to afford further 
regulation. From this point thc rivcr originally des- 
cended in a long series of rapids. Along its course a 
series ol low dams has been built, so that the rapids 
have been convertcd into a series of lakes and arthcial 
falls of the order of 30 to 60 ft. each. At each lifting 
dam there is a power station of 10,000 h. p. or so, 
all of these transmitting their power to the Notodden 
iactories. In most of these low-head installations a 
short pipe line is used, sometimes with a short canal 
also, the full available head being of course used by 
means of reaction turbines. In one case a t  least a 
rock tunnel is used in place oi a pipe. The whole 
discharge of the river ia available a t  each site, and the 
lakes enable the flow to be regulated with iair unifor- 
mity throughout the year. l u  this case there is the 
additional advantage that the catchment area includes 
perpetual snows. 

It is not necessary that such a series of power stations 
should be constructed ; hund~eds of isolated plants in 
America are worked from single lifting dams on the 
natural flow of the rivers. 

&plying these considerations to lndia the condi- 
tions vary widely. In the Himalayan area the rivers 
are luostly snow-fed and pereunial, and iew natural 
lakes cxist which could be utilized for regulation. 
The Woolar Lake iu Iiashmr is an exception; the 
Jhelum river, if regulated a t  this lake, could be uti- 
L e d  fromBaraluula to the plains on the lines suggested, 
taking thc exkting installation a t  Mohora in its stride. 
In other cases a regulating storage site oi great capa- 
city would have to be found and developed; and the 
Hooh during the nlousoon and the nielting of the enows 
would obviously mnke regulation d&cult on such 
considerable bcd slopes as are general. A suggestion 
however is made iu a succcedlng pwagnlph which 
may bear huit. 
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Elsewhere in India the rivers are not snow-fed; 

many are not even perennial ; nearly all are subject 
to very heavy floods. Nevertheless such examination 
as has already been made shows that in a large number 
of cases reservoir sites can be found with large capacity. 
I t  would seldom pay to  develop these for the low or 
low medium fall available a t  the site of the dam, in 
order to get a few thousand H. P. If however a single 
very large storage, impounding the whole or greater 
part of the average yield of the catchment above it, 
could be utilized to  give a regulated flow to a number 
of power stations, the aspect of the proposal changes 
completely. Naturally such a chain of power stations 
pre-supposes an industrial outlet for the power, but 
that is a matter apart from the determination of water 
power resources. 

Aasuming such a storage reservoir to be constructed 
in the higher reaches of a river, the regulated flow 
would continue its course down the natural channel. 
It would be supplemented by tributary streams, and 
if a further favouroble site were found a second storage 
might be constructed. 

Tributnries with very large catchments would pro- 
bably have to be regulated by similar storages, as 
otherwise their unrestricted floods n~ould render power 
etations difficult to construct and would seriously 
reduce the head a t  them. In all probability the Iall 
from the draw-off level of each main storage would be 
eu5eient to justify the provision of a power station, 
which would work on a variable head between this 
minimum and the high flood level of the rescrvoir. 
Wherever conditions were suitable below the main 
storage, a lifting dam of suitable height could be con- 
structed to give a hcad of (say) ::O to 100 ft. The 
storage behind such a lifting dam would not generally 
be used except for the day-to-day regulat,ion of out- 
put, and the meeting of peak loads. The head would 
therefore be constant, or nearly so, and any excess 
water would spill over the dam. Blooh would, as 
always, have to be designed for ; but the main storages 
would largely contain them. Various imtances will 
be found in tlus Report where such a method of de- 
velopment may prove feasible ; others will doubtless 
be found as investigation proceeds. 

certain casea where the above possibility has not 
bean considered, or where there has been no investi- 
gation a t  all, the assumption hm been made that 
the rninirnum flow can probably be utilized on the h o p  
represented by the gradient of the river for so many 
mila. The assumption is clearly admissible in dealing 
with water power resources ; for if n o d  regulation 
~torsge  were poseible it mould also enable tho minimum 

flow to be supplemented to some extent throughout 
the connected chain of stations. 

32. Development by barrage.-Where the ab- 
sence of flood-regulating storage makes the ordinary 
type of lifting dam development impossible there is 
still a chance of development by barrage, i.e., by means 
of a lifting dam, with automatic or controlled flood 
gates along its whole length. In some cases the loss 
of head by the rising of the tail waters would bar this 
method, but conditions differ widely over India a~id 
there are almost certainly some sites where the method 
would be applicable. There is more than one possible 
manner of procedure. Generally the most efficient 
method, where the site admits of it, would be to take 
off the water in closed pipes from below cill level (pro- 
bably in a tunnel in the bank) and to carry them along 
to the point where it is ascertained by observation 
that there will be the most economic fall to a possible 
power house site. The chief difficulty would lie in 
protecting the pipes and turbines from the entry of 
sand and stones ; this however is not an insoluble 
problem. There mould have to be as near an approach 
to a still back-water on the flank as could be made, so 
that a forebay could bo screened off from the river. 
I n  a gorge this would have to be cut out of the bank, 
but as a rulc a barrage would only be posible where 
the width of river is considerable. In thie class of 
project the tail race would he a t  low water level, to 
take the discharge of the draft tubes (see para. 8, 3 1). 
In flood times both the head and tail waters would rise 
and so long as the two rises are of equal amount it 
involves no more than a transfer of the effective hcad 
from the draft tube to the pressure pipe. If however 
tho rises were unequal it would mean a greater or less 
worlting head, and, within limits, in view of recent 
turbine developments (para. '1 6) this only modifies 
the output of each set and does not render the site 
impracticable. 

Instead of a closed pipe, cases may occur whero 
some length of canal would be required to get the best 
working head. If this were so it would in all pro- 
bability still involvo tapping off the water below 
level by means of a pipe or tunnel in order to reach the 
canal safely above flood level. The extra head due 
to flood rises a t  the barrage mould then be lost, and 
the rise in the tail waters would definitely involve a 
diminution of the power available. 

33. Flood regulation by tunnel and dam.--It 
has Ixen sl~own shove that there are difficulties in the 
case of low head projects, especially those developed 
by means of lifting dams or barrages, from lack of up- 
stream flood regulation. In many  laces in this report 
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the lifting dam method is suggested, but the remarks 
on the Indus (para. 118) rnay be taken as typical. 
If that great river could be regulated smaller fry would 
offer less engineering di5culties. I t  is pointed out 
(lac. cd.) that the Indus wr~s  temporarily regulated by 
a landslip dam in the 'forties, until the dam broke 
down and let loose the floods. Nature may here have 
shown the engineer a solution of a great problem, for 
what has been done naturally, without design or con- 
trol, can surely be done by man with calculation of the 
effect. On a comparatively small scale it has in fact 
becn done, with protective dams of masonry or earth, 
in many instances ; for instance, the floods that nearly 
overwhelmed Hyderabad (Deccan) a few years ago 
are now contained in a valley above, across which a 
great barrage has been thrown. If such an earthen 
dam as was formed on the Indus in Gilgit and on the 
Ganges a t  Gohna lake (which still exists) can be 
constructed with an escape that renders it im- 
possible that it shall be topped by any flood, then one 
of the most urgent necessities of both irrigation and 
power would be solved. I t  would be a rash man who 
should say that it is impossible. The whole contro- 
versy regardlug the Sulikur barrage turns on the un- 
regulated floods above. 

The mean monsoon discharge of any of the great 
rivers, of which there are records in the Irrigation 
Branch, can be calculated; the maximum floods and 
their duration are also known ; factors of safety can be 
applied to both. Let i t  be supposed for the moment 
that a landslip like that recorded on the Indus has 
blocked a gorge to a depth of a thousand feet (or any 
lower height in a river with less spectacular gorges) 
and that the consequent storage will hold up the whole 
flow a t  that point for a year (or any other period). 
I t  is 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, calculated so that it would carry about the 
niean dischargc of the year (or Inore if necessary) under 
the varying conhtions of head, then the dam would 
never be topped; in fact it could be so designed that 
thc water could not undcr extreme flood conditions ever 
rise within GO ft. of the top, giving a margin of untold 
millions of cubic feet. For as the storage level rose, 
so would the discharge increase as /%ad. 

Neither the dam nor the tunnel offers any insuper- 
lrblo difliculty in theory. If the tunnel were built, 
the oarthen dam could be made either by high explo. 
sives or by hydraulic sluicing, according to the nature 
of the ground, and if long enough down the river bed 
some porosity would be immaterial. For the tunnel 
the ideal condition would be the shohcircui* of a 

smaU bend, with the dam a t  its central points, as the 
work would then bc safe during subsequent blasting 
and the tunnel could be at  such a height above bed 
Icvel that it would take 100 years to silt up to it. 
Failing a bend the tunnel could cntcr the bank some 
distance above the dam site and discharge a t  solno 
distance below it, giving allnost equal facilities. I t  is 
even conceivable that in some of the less violent rivers 
with large flood discharges the tunnel might be con- 
structed over a mile or so of the river bed itself, so long 
as the dam could be constructed by hydraulic sluicing 
until a su£6cient cushion existed to render blastiug 
safe (SCC foot-nota on page 108). 

Such methods need involve no regulation, thoagh 
of course regulation at  the tunnel intake would be of 
great value if the locality rendered it possible. If 
however the site were sncl~ that intake regulation 
proved impossible thr tunnel would relnain open, 
protected from the admission of anything it could not 
carry, and thc waters behind the great dam \vould rise 
and fall within their appointed limits. A temporary 
flood of 260,000 cusecs for 24 hours monld be in~~ounded; 
the level would rise 100 ft. or 300 ft.; the dischargc 
would increase in the known ratio ; and the flood would 
be spread over a week or a month in the lower reaches, 
instead of topping the barrage a t  the canal head~vorks 
in the plains below and being lost. 

34. Draft tubes and draft head.-In a very largo 
number of cases calculations of power have been made 
which take no account of tho "draft hcad" on low 
and medium falls. A powcr station site has been 
found at  10 or 20 ft. above high flood level and perhaps 
80 to 100 ft. above bed level, and the head assumed 
has becn that from the forebay to this turbine level. 
Only in the case of canal falls, generally of the order 
of 8 or 10 ft., has tho draft hcad below the wheels been 
taken into account in addition to the prcasure head. 
Wherever reaction turbines are used a draft tube is 
required, i .e. ,  up to the limit of head where impulvc 
wheels are preferable, which may be 400 ft. or even 
more. On such a high head the gaih in power is 
comparatively small thoogh by no means negligible 
but on heads of 30 or 40 ft. the draft power may be hnlf 
the total. Theoretically a draft tube can be used up 
to the limits of the water barometer, namely about 
34 ft. Actually if this were done there would be 
trouble from air entry and also from the column of 
water breaking and causing water hammer on joining 
up again. The practical limit is about 26 ft. a t  sea 
level and proportionately less a t  high elevations ; 
m d  it also varies with the size of the tube. Details 
are however matters for designers, and i t  ie here only 
necessary to emphasize the fact that from 10 to 26 ft.  
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quite natural that  the more civilized areas should have 
been done first. For water power will as often as not 
be found in remote and inaccessible hill jungles, of 
interest only to  the sportsman and the Forest Officer. 
Forest maps, on a scale of 4 inches to  the mile, cont- 
toured a t  500-foot intervals, with intervening form 
lines, are available for considerable tracts of country, 
including much high ground that  may contain water 
power. Where this is so these maps are invaluable, 
but  they are apt  to end in a tantalizing manner just 
a t  the mid-point of a possible project, and there are 
many gaps in the middle of mapped areas. I n  nddi- 
tion to  the above there are certain areas mapped on 
the scale of 2 inches to  the mile ; and the tracing out 
of contours on these is much less fatiguing than i t  is 
on the one inch maps. 

A careful study of the largest contoured maps which 
are available will be found of great assistance in all 
reconnaissance work. In  dense jungle or rough country 
i t  is frequently impossible to  follow up the course of a 
stream, and unless the maps are carefully studied i t  
may easily happen that  a usefnl fall or a promising re- 
servoir site is missed. A few examples are given below 
to indicate the kind of information which can be ob- 
tained from maps :- 

(a) A flat or a steep valley or hill side is shown by 
the distnnce between the contour lines. 
The closer the lines are the steeper the 
country mill be found. 

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

(c) Absence of village sites and roads or pathways 
denotes wild or uncultivated colmtry. 

(d )  Nomerous habitat,ions on the hill slopes or in 
a valley in hilly country denote cultivation, 
and generally springs or perennial wnter 
in the streams. 

( e )  When tho dischnrge of a stream is known a t  a 
certain point, an idea of thc dischargo a t  
another site can gcnernlly be guessed by n 
comparison of thc catchment areas a t  the 
two places. 

(j) By a stndy of the nature of the vallcys and the 
hill sides, a fair idca can be obtained of the 
g(!ncrnl nature of thc cmmtry, and its possi- 
bilities \f7it,ll rcfcrence to reservoir flites, 
slolles of thc ahearn, and places \vllerc an 
nrtificial fall lor power purposcs cnu be 
found. 

((1) IVhrn a ~ l ~ r e a ~ n  ~nalics n long Irnir-pin b1.11,1 
i t  i~ frequently pns~iblc to oht ,ni~~ a good 
fnll by divert,ing tlic water in n tunnel 

across the neck of the bend. Several milea 
of a river can sometimea in this manner 
be replaced by a short cut diversion of a 
few iurlongs. 

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

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

Where no contoured map can be obtained i t  is im- 
possible to decide whether a development is practicable 
or not mithout a special survey, a lengthy and expen- 
sive matter. An esamination of the ground by a 
trained observer, who kno\vs what to  look for, with an 
Abncy level, a pair of nneroid barometers, nnd a ther- 
mometer, will however generally indicate whether such 
a survey is likely to be justified or not. This however 
is not likely to be of much vnluc except in cases where 
the minimum discharge of the stream is already known 
-and i t  rarely is-unless undertaken in the driest 
period of thc year, when gauging of the flow can be 
combined with examination of the ground and the 
rough determination of heights. 

37. Reconnaissance Form.-In order to  be able to  
compare reports on sites and abstract them, with 
comments, ns i~ clone in this Report, a standard form 
is desirable. The form which follows haa proved most 
useful, and is separntely printed. 

I. Site.-Map square according to Atlas sheet.* 
Sbeet Number Letter , Square 
Sqnnre of 1 inch map. River , tributary of 

Reuched from 
oiri (route, rest houses, etc.) 

by motor, ot,her vehicle, or on foot ? 
. -. . - . - - - - - . - - - - -. 

'Sco ~ n u t l l o ~ l  rsplninrtl ill 1,ol.n. :l.i na,,m. Tlln 1-iach mnp 
squnrra gvnvrnlly l~uvo 9 8q1101'09. Init old ones IIRVC nmpo. T l ~ e  
.mntno nyalcni n1n.v 110 118cd for Lllrar. 1 . i ~  : 1 to 9. otc. For  oxnrt 
location of n pnrliol~l~ll .  spot give bellring nnd distnnce from nearest 
villngo shown on 1-inell mnp. 
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Transport available- 
11. Type of project possible.-Mark of which divi- 

sion or subdivision appears most likely from inspec- 
tion of site. 

HyW or n~ediuna heads with arl$cial f a l G  
(1) Headworks (or diverting dam) with pipe line 

direct to power station, and no open channel 
either 

( ( I )  with pipe line on a steep grade throughout, 
not involving a surge tower ; or 

(b) with upper portion of pipe line on a gentle 
slope, probably involving a surge tower 
a t  junction with more vertical part of 
pipe line. 

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

(a) as in 1 (o) above, without surge pipe ; 
(6) as in 1 (b) above, with surge pipe ; 
(c) variation where the open channel will pass 

through a watershed in a tunnel, giving 
a better fall on the other side. 

Medium hends- 
(3) Natural ~vaterfall or series of cnscades capable 

of development by direcz pipe line from 
forebay a t  head of fall to the foot of the 
fall, with no open channel, as in case 1 (a) ; 

(4) Natural waterfall or series of cnscades where 
bed slope of river enables extra head to be 
got by developmeut on the lines of 2 (a) .  
A surge pipe is seldom necessary on medium 
hends. 

Mediuar or low heads- 
(6) Rapids, developed--- 

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

(b) by a low diversion dam only, where the 
natural head cannot be increased con- 
veniently, with a short pipe leading to 
the power house below the rapids, but no 
open channel ; 

(c) as in case (a! or (6) bat  wit11 an open channel 
(which may include tunnels) leading to 
a forebay, from which n shorter pipe linc 
will sufEcc. 

Low headeadv- 
(6) Single canal fall. 
(7) Combination of two or more canal falls, 

(a) by rcconat,ruction ol the length of the canal ; 

MATTERS. [Para. 37. 

( b )  by means of a subsidiary channel leading 
either to a power house near the lower fall 
or from the tail race of a power house 
near the upper fall, as may suit best. 

(8) Special case of utilizing a fall from a high level 
canal to a low level canal, or from river to a 
canal. This might be a medium head pro- 
position, but would generally be a low head. 

111. Head or fall.-Approximate gross height of 
natural waterfall, . . . .feet. 

Approximate gross height of artijickcial fall or of na- 
tural fall increased by extra head obtainable above or 
below same, by means of an open channel, 

ft. 
State method of determination, by level, aneroid or 

map contours. The gross head should be estimated 
from the power house site to the forebay site in the case 
of high and medium heads. For falls classified as 
" low," or using draft tubes take the vertical height 
between head waters and tail waters. 

IV. Flow and Storage.-State whether it appears 
probable that the project :in :the :first instance will 
matue- 

(a) on natural flow alone, with (or without) regulat- 
ing storage only. Nearly all low falls will 
bc of this nature as cost of storage is usually 
prohibitive. 

(6) on natural flow supplemented by storage in dry 
months. Applicable to medium or high 
falls. 

(c) on storage alone. High falls only, as a rule. 

V. Flow of rivers.-If known give ,the maximum 
recorded flood discharge. cusecs. 

If known give the minimum recorded di~charge 
cusecs. 

Recorded a t  (location) ; Date 
Where records are kept give the rough average dis- 

charge that is found during the dry 
montha in good and bad years : cusecs 
a t  (location). 

Where no regular records exist give results of any 
special gaugings available in form : 

Year , datc , previous 
rainfall of month inch, discharge 
obuervcd cusecq. When is the dis- 
charge likely to be a t  its lomest ? 

Ln the case of low head river developmouts of typc 
para. I1 (6) above, state whether it is likely that in 
flood times the tail waters below will back up more than 
the head waters, and thus diminish the available head. 
In a gorge, or whore there i~ a gorge near by down 
stream, this is likely to be the case. With a rivcr narrow 
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a t  the headworks and wide, with a fair bed slope, below 
the station site the head will probably be increased. 

Is  the river liable to sndden spates of great intensity ? 
Is  it snow-fed from permanent or from winter snow 2 
VI. Rainjall ; cnlc7~~ncnt ; run ofl- 

Catchment area above dam or headworks 
Raingauge stations within or near same 

(a )  Average total rainfall in dry months 
from to 
inclusive, inches. 

(b) Minimum rainfall in dry months from 
to 

inclusive, inches. 
(c) Average for rest of year 
(d) Minimum for rest of year 

llasimum rainfall in one day, if lcnom ; (small 
catchments only) 

Probable annual run-off (known or estimated) in 
million cubic feet in average year 

Probable annual run-off (known or estimated) in 
~nin imu~n year 

VII. R(!ytilating Slorage.-In the case of high or 
medium head schemes there should be a t  least a few 
hours supply stored, preferably in or close to the forebay, 
but  if no site exists then further back. State if such a 
site exists and in what position relative to the probable 
layout ; its capacity very roughly if an intelligent guess 
will give it ; whctlier i t  will be formed by a dam in the 
main or a subsidiary stream or by an artificial tank ; 
and any further information as to probable cost of con- 
struction, nature of ground, ctc., so far as inspection 
only makes this possible. 

Site for regulating storage a t  
Distance from forebay site 
Capacity roughly cu. ft. 
Whether formed by clam in main stream. 

Ditt,o dam in subsidiary valley. 
Ditto artificial tank. 

Furtller details from inspection. 

VIII. M n i ~ r  Storage.-In the case of medium or 
high fa11 projects dependent partly or entirely on storage 
give (as near as tnny be) location of dam and nature of 
ground. vcry roughly thc length and height, with corres- 
ponding capacity, so far ns inspection or 1-inch map 
will give any information. 

Location of dam (on 1-inch map, by square as 
explained above). 

A1~proximatc length 
Nature of ground 
Height likely to be adopted (so far as can be seen 

without survey) 
Probable method of snrplussing flood waters 

Probablc capacity in million cubic feet (or approx- 
imate length and breadt,h of lake surface) 

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

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

Does i t  contain any villages, temples, etc. 
IX.  Headworks.-Give particulars so far as inspection 

discloses them as to how the supply from the river (in 
cases of river development) will be regulated a t  the 
headworks, and brought into t,he open channel or 
forebay, as the case may he. 

Probable locat,ion of headworks 
State if the water is fairly free from, or particularly 

charged with, silt and detritus in the rains. 
State if river is used for timber flotation, and if thin 

is likely to  interfere with its development for power. 
X. Open Channels or Canals.-Where t,he site involves 

these the ground should be examined. I n  the case of 
low heads a canal in carth or rock alone will serve. 
With medium (or even high) heads where the power will 
be large, thc same remark applies. I n  smaller high or 
medium head projects an artificial duct will generally 
be indicated : t,imber seldom lasts well, so masonry or 
concrete is generally used. Rlnsollry requires special 
case where crabs nre found, as  t.hey rapidly cause heavy 
leakage. For small schemes oa high heads even galva- 
nized iron troughing has been used, with a comparatively 
high slope. 

State type of channel probable 
State if the ground is favourable or whether special 

di5culties will be involved 
State if any tunnelling, bridging or syphoning will 

apparently be necessary, with such brief parti- 
culars as inspection discloses 

Approximate length of channel from headworks to  
forebay I n  most cases it 
is unnecessary a t  this stage to go into details as 
to capacity, slope, etc. 

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

XI. Forebay.-State position of forebay and whether 
the site is good. (This may be, but  is not necessarily, 
the means for regulating storage ; but it must be large 
enough to take charge of ordinary fluctuations of load 
if the regulating storage is a t  a distance.) There must 
be the possibility of surplussing water not required for 
the power house and in some cases of dissipating consi- 

0 
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derable energy in the process. In other cases this is 
necessary a t  the main or a subsidiary reservoir. 

XII. Pipe line.-Give approximate length of pipe 
line from forebay to power station site (alternatives 
may be suggested, with head in each case). Pipe details 
need not be gone into, but the line should be as short 
as practicable. 

SIII. Polcer house.-Give information as to area of 
site available ; approximate height above river bed and 
above jood level if ascertainable. 

As noted in para. 111, the gross head should usually 
be estimated from this site. 

Probable location 
Area of site approximately 
Height above bed level 

Ditto flood level 
Nature of ground for building 

Note that in low head installations and up to about 
300 ft  the power house can be placed (if necessary) 
up to 10 to 24 ft. above low water-level, by the 
use of draft tubes. Where the height is greater the 
turbines can be placed in a pit and connected to the 
generators by a long vertical shaft. 

Will any difficulty occur over the tail race discharge ? 
XR'. Irrigation Considerations.-Will development of 

the sitc in rrny way inlerfere w ~ t h  the functions of 
existing irrigation works ? 

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

Is the distn'd one in which irrigation exists or is 
needed ? 

If this is so, would t,he fall it is proposed to utilize or 
develop have to be curtailed in order to utilize the tail 
waters ? This will generally not be so if the power 
station site is a t  co~siderable altitude above the neigh- 
bowing plains, so that the tail waters would in any 
case continue their course in the natural channel : on 
the other hand, there are cases where the tail waters 
could conveniently be led hereafter directly into a 
canal, where some power head might have to be sacri- 
ficed to give command. 

XV. Fm'lities and ntaleriu1s.-Will existing roads 
(rivers) carry the machinery, etc., required ? 

If so. by what means ? 
If not, what length of road approximately will be 

required to complete connection ? 
Will there be exceptional difficulties in making this 

road ? 
Are bridges involved ? 
Are stone, bricks, lime, suitable sand, kankar, etc., 

known to  be available in the neighbourhood of the 

Is labour available or would it have to be obtained 
from elsewhere ? 

XVI. Local rates.-State rates, if known, or probable 
rates, for- 

Masonry in lime per cent. 
Masonry in cement per cent. 
Concrete in line per cent. 
Concrete in cement per cent. 
Excavation in earth per thousand. 
Excavation in hard ground per thousand. 
Blasting rock per thousand. 
Contour roads, 4 feet, per 1,000 r. feet. 

XVII. Additional information acquired during recon- 
naissance. 

( N o ~ ~ . - ~ ~ l o t o g m p h s  of I~cad\vorks site, power etstion site or 
any other feature mny be of vnlue. A sketcll of the plnn and longi- 
t~~d ina l  section e h o ~ ~ l d  inmvinbly nccompany tho report.) 

Signature. 

When reconnaissance shows that a site is probably 
worth developing the data require to be checked by 
actual survey, on the lines laid down in Part I, but 
sufficiently accurately to enable estimates to be framed 
for the civil engineering works. In the case of canal 
falls the survey mill already exist, and what is required 
is a detailed report as to the best method of utilizing 
the fall or falls with rough estimates of the works 
required. In most other cases there will exist at  the 
best a 4-inch contoured forest map and a t  the worst an 
uncontoured (and practically useless) old-style 1-inch 
map, so that very little exact knowledge can be obtained. 

I. Longitudinal sedion.-In the f i s t  place a longi. 
tudinal section should be made of the bed of the river- 
between the limits that may prove useful. 

11. CTOSS sedions and wntouredplan.-The next point 
is to determine on which bar& the works may best be 
placed, and for this purpose, unless the maps give a 
clear answer, i t  is necessary to take cross-sections across 
the valley a t  int*rvals, extending up to the highest point 
where there may be works. This will enable a large 
ncalc contoured. plan (8 or Ici inches to the mile) to be 
made, on which the lay-out can be sketched out roughly. 
The best site for the headworks, the alignment of t,he 
canal ( i f  any), the position of the forebay and of the 
regulating reservoir (if any), the best alignment for the 
pipes and the position of the power station can be 
approximately determined on this plan. There will 
often be many alternatives to choose from, eo that it 
will be a case of balancing n rob able extra cost ageinst 



Para. 37.3 REOONNAIE ~SANCE FORM. 36 

extra power obtainable on a higher head. I t  may be 
noted that  if the best site for the headworks is consider- 
ably above the highest level on which an open channel 
appears feasible the extra head can be sacrificed. Until 
the survey is complete i t  is obviously impossible to say 
exactly what the best lay-out will be. 

111. Site o j  power home and jorcbay and location oj  
pipe line.-A plan and sectioris on a large scale should 
next be prepared of the forebay site ; of the regulating 
reservoir if near to  or combined 1~4th the forebay (none 
may be needed) ; of the pipe line route ; of the power 
house site and tail race. From this the best locations 
can be definitely detcrmined, 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 it. The tail race back to  
the nearest stream should be dealt with and also the 
overflow from the reservoir. 

IV. Survey o j  open channel.-The route already 
determined on for the open channel (when one is in- 
volved) from the forebay up to the neighboluhood of 
the headworks will next be surveyed, and its nature, 
dimensions and slope determined according to the flow 
to be allowed for. If the regulating reservoir has to be 
placed somewhere along this channel, instead of close 
to (or combined with) the forebay, this nil1 involve a 
break of levels ; i.c., i t  mill be fed a t  top level and mill 
discharge a t  bottom level. Silt traps nlay have to be 
provided for in the run of the channel, unless clear 
water can be counted on and landslips are improbable. 
Tunnslling  nay be required, as well as means of crossing 
nalas on the route and of allowing overflow a t  safe points 
if the channel gets blocked. 

V. Headworb.-Similarly the head\vorks site will be 
surveyed (it is assumed to have been definitely located 
hefore the channel is surveyed) and examined with n 
view to  such a design as \\,ill secure the supply in times 
of low water and both the supply and security in times 
of flood. Protective works may be nRcessary to ensure 
this, probably in the form of boulder crates, and this 
matter should be examined. 

1'1. Storage.-If storage on a large scale is involrcd 
the dnm site and submerged area 1611 be strveyed so 
as to determine the dimensions and consequent capacity 
st dmw-off level, and the prncticnbility of the site for 
construction. The problem of surplussing extra water 
must also be tleslt with in the design, by whichever 
method appears to suit the conditions best. 

VII. Prop& estimates.-Rough project estimates 
should then be framed of the quantities involved and 

approximate cost, care being taken to indicate very 
clearly what is included and excluded. It ie not 
intended that  the estimates should do more than indieate 
whet he^ the scheme will prove cheap, moderately cheap, 
moderately expnsive or very expensive in terms of rupees 
per horse power capable of development. Beyond this 
point tho matter can be left over until i t  is decided to 
proceed with the works. 

Date Designation. 

PART C.-GENERAL REPORT ON SITE. 

Such information as is available should be summarized 
in this form, which is d r a m  up to be progessive from 
the nrorst to the best sites. 

I. The site is certainly (very probably) useless ns 
shown by the particulars in Par t  A-B para. above ; 
or because the cost of works especially (the 
would be prohibitive ; or 

1 

11. It is useless to investigate the site further until 
gaugings have shown what the minimum flow and/or 
the yield of the catchment w~l l  be ; I u t  if these prove 
favourable development under a head of about 
feet may be feasible 

111. The she  appears to  be worth further investiga- 
tion but  its value for power is very indefinite owing to  
Iacli of knowledge of the minimum flow andjor yield of 
the catchment and for storage possibilities or r,: 

It is however probable 
tha t  the power capable of development under a bead 
of about feet is of the order of : 

e.h.p. for the 3-4-5 diiest months : 
e.1r.p. for the rest of the year. 

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

I t  is likely to yield power of the order of :  
e.h.p. for the 3-4-5 driest months: 
c.h.p. for the rest of t,he year. 

V. The site is certainly worth detailed survey. Under 
an available head of about ft. it  
will, if the results of the survey are satisfactory, yield 
not lesa than- 

e.1t.p. for the 3-4-5 dry months : 
e.h.p. for the rest of the year. 
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38. Aneroid levelling.-Notwithstanding claims 
made on behalf of the aneroid barometer for accurate 
ievelling i t  is certainly true of most instruments by the  
best makers that, after the necessary corrections have 
been made, there remain serious discrepancies ; this is 
especially the case in extremes of climate, whether in 
the hot weather in India or in the polar regions. 

Where levels, based on aneroid readings, have not 
bec:n corrected a t  all, they may be wrong to an unneces- 
sary degree unless the corrections happen to balance 
ont. I n  the first place i t  must be reme~iibered tha t  the 
aneroid, even though calibrated in feet, shows the 
pressure of the atmosphere nnd nol the altitude. Owing 
to n depression or to  anticyclonic conditions variations 
of an inch or more are common enough a t  different times 
of the year, and may occur in a day during disturbed 
conditions ; this represents from about 900 ft. variation 
a t  sen level to 1,100 a t  hill station altitudes. The 
actual " reduced level " or height above sea level can 
therefore only be found (approximately) when a k n o m  
altitude or contour line is included in the readings; 
and then not easily in distrubed weather conditions. 
Nevertheless the method is most useful in hydro-electric 
reconnaissance, where differences of altitude are required. 

Clearly the best results can be obtained when one 
instrument is left at. the starting point and read a t  
intervals, so as to  give the actual atmospheric variations 
d ~ u i n g  the time the readings are being taken elsewhere. 
From the fixed instrument a curve can be constructed 
which \\-ill give the reading a t  that  stat.ion a t  the time 
other readings are being taken, thus balancing out 
diurnal and clin>at,ic variations by sirnl~ltaneoun read- 
ings. This met,horl however i.9 seldom practicable in 
the field. Even when t,wo inst,ruments are available i t  
is generally necessary, and always more convenient, to  
take bot,h over the ground and average their reduced 
results. For one thing t,he discrepancies between them 
give a n  idea of the prol)able error. 

The Diurnal variation offers no di5cnlty when i t  is 
understood, but  cases are on record where a correction 
has bcen applied in the wrong manner. hIolesworth's 
" Pocket Book " gives two curves (see " Aneroid 
levelling ") sho\ving t l ~ e  mean a ~ u a l  correction for 
diurnal variation for Calcutta and Bimla respectively, 
with factors for correction lor latitude and altitude. 
The difference in these two curves, and the fact t h a t  
they are only menn rcsulls and that  the mean results 
elsewhere will differ from either, shows a t  once that  
unless the aclual diurnal variation for the period in 
question is known there ruay easily be considerable 
uncertainty. I n  fact the actual variation will sometimes 
be half tha t  ot the curve or may be masked by other 
changes. Taking theee curves aa the basis however i t  

will be found tha t  the diurnal variation crosses the zero 
line a t  about 1 hour, 6 to  7 hours, 13 to 14 hours, and 
20 hours. Where 2 aneroids are employed their readings 
should be kept separate and independently reduced. 
To each reading should be added or subtracted the 
diurnal correction in feet from the curve to  give the 
reduced apparent altitude of the station. Thus if two 
readings are taken a t  different places a t  11 hours and 16 
hours some 40 to  50 ft. will be added to the apparent 
altitude a t  the former and the same amount will be 
subtracted from the latter, so as to reduce both readings 
to the zero or datum line of the curve. This may 
convert an apparent rise into an actual fall or vice zlersii. 

Actual mean diurnal variations, a t  many stations, 
for every month, are available in the Meteorological 
Department. The aneroid levelling note book issued by 
the Chief Engineer contains these figures for fourteen 
well distributed stations, with a suitable sheet for 
recording and reducing observations. I n  addition to 
the diurnal variation there is a second correction 
depending on the temperature (T + t )  of the two points 
between which the difference of height is required. The 
table of K, the multiplying constant, is given in 
" Ivlolrsworth " and in the Note book referred to. 
I t  varies generally between 1.10 in the cold weather, 
in the plains up to 1.14 in the hot weather. 

39. Census of power i n  India.-Enquiries were seb 
on foot a t  an early stage of this investigation to ascertain 
the approximate power installed in various industries 
and localities in India. Previously this had only been 
done for electric power, where i t  was found in 1917 that 
the total nmounted roughly to  215,000 kWs. or 
say 286,000 electrical horse-power, of which 36 per cent. 
was obtained from water power.* The total nnlts 
generated amounted to  only 550 millions. For demons- 
trating the backward state of electrical development the 
following comparison with other parts of the Empire 
wilJ be of interest. The watts installed per head of 
population t are as follows :- 

T A ~ L E  4.-Watts per capita in carious countries. 
Wntta pcr capita. 

l'nnadn . . . . . . 148 
A~lstrnlnsin . . . . . 02 
Sou1.h Alrica . . . . . 67 
n r i l i s l ~ l s l c a  . . . . . 33= 1 

ordinnry glow lamp. 
lndin . . . . . . I or leas. 

If population is a poor criterion, the area per kilowatt 
(14 horse power) installed may be taken. . "  -. ~ 

List of ISlcctricnl Underinkings in India, 1016.l7. 
+ " A  project for providins the Punjab wit11 a cheap eupply of 

Electric Power"; F. L. Milnc, A.M.I.E.E. ( P r o d i n g a  of the 
Ponjsb Engineering Congress. 1910.) 
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of a kilowatt is converted to  heat (where the e5ciency 
 TAB^^ 5.-Area per kilozvatl in  var im colmtries. is necessarily 100 per cent.) it will give out ,636 of 57.3 

or 36.4 British Thermal units per minute, which is equi- 
British Isles . . . ,\ square mile per kilowatt. 
South Nricn . . . 1.4 ,, ,, ,, .s 

valent to  28,200 foot-lbs. per minute, out of the 33,000 
cnnnda . . . . 3.5 square miles per kilowatt. with which the example started. Thus horse-power is 
India . . . . 7.6 ,. .. .. P O  

Austrnlnaio . . . 11 , .. .. , O  
a rate, not an amount, so " 500 h.p. per minute " is 

Lsrgoly uninhabited. meaningless ; the total amount of electrical power 

The following figures are available for the power of 
all kinds in use in certain parts of India a t  present; 
thev are only approximations and are incomplete. 
They were compiled by the Directors of Industries or 
Controllers of Munitions for the most part, and i t  has 
been impossible to enter into full details here. The 
following is a summary :- 

TABLE 6.-Summary o f  known power i n  w e  i n  India. 

B. h. p. 
Asam . . . . 22,550 
Dengal . . . . 25,318 ercl~rsivo of Calcutta 

area. 
Calcutta area . . . 176.200 
Rillar . . . . 2,325 apart from collieries, 

etc. 
Bombay Presi<lrncy . . 32,872 
Bombay City areo . . 780.000 
Burma . . . . 17,750 exclusive of rice mills. 

otc. 
Central Provinces . . 32.773 
Madras . . . . 60,000 
North-West Frontior Prov. . ... 
Po~njab . . . . !10,000 
United Provinces . . 38,548 

40. Mechanical and  Electrical Power : explana- 
tion of units.-The British, and practically Interna- 
tional, horse-power is the power obtained when energy 
is being expended a t  the rate of 550 foot-pounds a second 
or 33,000 foot-pounds a minute. Applied to  water 
power, if 330 lbs. of water (5.28 cu. ft.) are discharged 
per minute under a head of 100 ft. (giving n static 
prcssure of 13.3 Ibs. per square inch) tlie mwgy 
expended mill be a t  the rate of 1 horse-power. This, 
however, is theoretical, or water horse-power, w.h.p. 
If a turbine and pipb system having an efficiency of 
90 per cent. aro employed to utilize this flow and fall, 
the mechanical or brake horse-power obtained on the 
shaft will be 0.9 b.h.p. If this mechanical power is 
used to drive an electric generator, the efficiency of 
conversion being 91, per cent. under the particular 
conditions, the cleclrical horse-power obtained will be 
. 9 ~ . 9 5 = 0 , 8 5 5  e.h.p. The value of the horse-power in 
foot-lbs. per minute is in each case the same, but the 
fraction availehle diminishes. The output of the 
generator, 0,855 e.h.p. x ,746 givcs the exact electrical 
equivalent, riz..  0.636 k W . ,  as 1 e.h.p.=746 watts or 
.746 kWs. To round up the example, if this .636 

generated in any particular time is expressed in e.h.p.- 
hours or Iiilowalt-hours. If 500 h.p. (373 kW.) is 
exerted for one minute the resultant energy is 500160 
or 8.33 h.p.-hours or 6.21 kC\'hs. These elemen- 
tary explanations are only given because the letters 
received from engineers show that  they are required. 

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

41. Further  uses for hydro-electric power.-For a 
full discussion of the new industries which may arise in 
India, if cheap electric power is available, the Report 
of the Indian Industrial Coin~nission must be referred 
to. The " Industrial Handbook 1919 " issued by the 
Indian Alunitious Board also merits close study. 
Among these industrics may be mentioned the electric 
smelting of indigenous iron ores and electrical produc- 
tion of stcel and its alloys ; electric welding, now extens- 
ively employed ; the production of aluminium from 
alumina, prepared from the local banxite deposits ; the 
manufacture of calcium carbide and its innumerable 
derivatives ; the direct fixation of atmospheric nitrogen 
into the nitrates of colninerce ; the electrolytic prndoc- 
tion of chlorine gas and the preparation of phosph~rus 
and of abrasives like carborundum. All these processes 
nre in actual use in various pal t s  of the world where the 
raw luaterials and the power nre found. The maps in 
this rcport have marked on them information regnrding 
the occurrence of certain of these raw materials. I n  
some cases the process is electro-chemical, in others 
electro-thermal, but in all cheap power and large scale 
production are essential to success. The following 
extract from the Preliminary Report of the British 
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Water Power Committee will emphasize what has been 
done and what may in futtue be done in some of these 
matters : 

" Electro-metallurgy and electro-chemistry havc 
rendered i t  possible to  handle materials not 
workable by any other means ; have made 
available new materials ; and have greatly 
cheapened the production of many important 
materials of wide use. Aluminium, calcium 
carbide, chromium, cyanide, silicon, carbo- 
rundum, are products rendered commercially 
possible only bv electrical processes, while 
alkalis, hypochlorite, phosphorus, magne- 
sium, and sodium nitrate are produced most 
economically by such processes. Great 
developments have recently taken place in 
the production of electrolytic copper and 
zinc and in processes for the electric smelting 
and refining of metallic ores. All these 
processes demand relatively large amounts 
of energy. The world's production oi  
calcium carbide, for example, mas 340,000 
tons in 1913, requiring 400,000 continuous 
electric horse-power for its production, 
while the energy used a t  the end of 1915 for 
electric furnaces in the United States alone 
was approximately 300,000 electric horse- 
power. 

I n  the utilization of atmospheric nitrogen for the 
production of nitric acid and the manu- 
facture of nitrates, great developments have 
taken place during the last decade, and in 
Norway alone over 400,000 electric horse- 
power is now absorbed in its production. 
The world's annual consumption of nitrogen 

. in its various combinations is about 750,000 
tons, representing a value of about 
!30,000,000 and this demand is increasing 
yearly. Four-fifths of this supply has been 
produced hitherto from natural nitrate 
deposits, but  in view of the rapid depletion 
of these deposits, and of t,he diminution in 
the fertility of most of the great wheat and 
cotton-growing areas of the world, the pro- 
duction of artficial fertilizers by one or 
other system of nitrogen fixation must, in  
the near future, become a question of 
national importance. 

At the present time the world's consumption of 
fertilizers amounts to  close upon 6,000,000 
tons per annurn, and this will probably be 
doubled within the next 20 years. To-day, 
the efficiency of the electrical production is 

low, amounting in the case of calcium nitrate 
to  about three-quarters of a ton per electric 
horse-power year. By adopting the cyana- 
mide process the consumption of energy 
may be cut down to  about one-fourth, but 
even in this case the production of the 
equivalent of 12,000,000 tons of fertilizers 
per annum would require 4,000,000 conti- 
nGous electric horse-power. , 

It is estimated that  the 200,000,000 acres of arable 
land in Canada alone may ultimately require 
some 10,000,000 tons of nitrates per annum 
to  maintain their fertil~ty, and this in itself 
nould necessitate the absorption of an 
appreciable portion of the whole hydraulic 
energy of the Dominion. 

When to these demands are added those of India, 
Australia and Af~ica.  i t  is evident that the 
fertilizer demand of the Empire will in itself 
call for an enormous supply of energy." 

Apart from ordinary town supply for electric lighting, 
heating and fans and supply to  tramways and railways 
(especially hill lines) for traction purposes, there are- 
many other industries in which electric power w,ould be 
welcomed if i t  could compete with other forms, and in 
any area where reasonably cheap hydro-electric develop- 
ment is possible within transmission distance t,hs 
successful competition is simply a matter of relative 
costs. To take one inst,anee, in a comparatively small 
area of the Duars, within easy reach of water power 
(the Jaldaka q.v.), i t  is estimated that  fuel equivalent 
to a working load of ahout 100,000 horse-power is used 
in the tea factories ; partly for the product;on of power 
from steam engines, but mainly for drying purposes 
with hot  air and faus. Both the motive power and the 
hot air can be obtained electrically ; it  is merely a 
question of comparat,ive costs. Other tea districts are 
similarly situated. Again, the cotton ~nills of Bnmbay 
are now mostly driven by electric motors fed from the 
Tata scheme, which have replaced steam engines. 
There may, given cheap enough power, be a similar 
ofiening for jute mills, nil mills, timber working, sllgar 
production, papcr and other iudnstries. The 
two sets of rival conditions that  make or mar a hydro- 
electric porject will presently be examined ; namely, 
the competition between fuel and water and that 
between the freight on materials and the transmission 
of power. 

As regards pumping for irrigation purposes, somenrhat 
wild suggestions have been made under the false h e r e s -  
sion that  "water power costs nothing." It is very 
unlikely tha t  such ~ u m p i n g  will pay on any w ~ t e r  rate 
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.that could be demanded, where the lift is a t  all great. 
Under favourable conditions the overall efficiency from 
water to electrical horse-power a t  the generator terminals 
will be about 85 per cent. By way of example let a 
gross pumping head of 100 ft., from the source of 
water to the distributing irrigation channel, be assumed ; 
this is probably over the economic limit, but  as the 
power taken is practically proportional to the head the 
example can be reconstructed for any lower value. 
Assume further that  2 cu. ft.  per second (i.e., 12) 
gallons or 125 lbs. per second) is to be pumped up this 
100 ft., absorbing 22.7 theoretical water horse-power. 
A modern turbine pump iu these circumstances will 
have an efficiency of 75 to 77 per cent. and will 
require about 30 b. h. p. to  drive it. The electric 
motor giving this mechanical power will have an effi- 
ciency of about 90 per cent. so that i t  will take some 
33.2 electric horse-power a t  its terminals. If a trans- 
former is necessary the input into i t  from the line mill 
then be about 34.2 electric horse-power or 26 k\V. If 
the transmission losses are taken a t  10 per cent. the line 
must be fed a t  the power station with 284 kW. If 
there is no transrormer here the generator will supply 
this amount of power, and on the overall efficiency 
assumed in this report it will use 44.7 theroretical water 
horse-power. ~ h & -  the overall eficiency ,from water 
falling to water raised will be practicall?/ 50 per cent. 
under the best conditions. The capital charges on the 
cost of the motor with its housing, its pump and its 
pipes. together with a share of tha charges on the 
distribution system and power station, have to be met 
from the additional revenlle due to the supply given. 
If the lift of the pump mere 10 f t ,  instead of 100 then 
ten times the amonnt of woter could be pul~iped for the 
same pomer, and tm times the acreage irrigated. The 
proposition wonld then become more practicable. 

Experimental work in sub-soil pumping by means of 
tube wells has for some years becn in progrcss a t  
Amritsar, Ponjab. Sir John Beut,on, IC.C.I.E., late 
Inspector General of Irrigation, took up the matter 
with keen intrrest and the worlc has been in the hands 
of Captain John Ashford, b1.1.C.E. Canal falls abound, 
as mi!l be soen elsemhcre in this Report, and sub-soil 
water is plentiful. 

42. Fuel  and water  power.-It bus already been 
stated that  the commercial possibilities of any hydro- 
electric scheme depend on two factors, the capital cost 
of the scheme on the one hand and the cost of the com- 
peting fuel on the other. Comparing a steam or oil- 
driven electrical plant wit,h one water-driven, the latter 
is almost invariably much morc expensive to construct ; 
and all it  saver is the cost of fuel, which is only one 
.factor in the cost of generating power. Staff and stores, 

office and legal expenses, repairs and depreciation are 
incurred in both. Thus while the actual cornperkon 
will be between the price a t  which electricity can be sold 
in both cases the real criterion of success is whether the 
capital charges for interest and depreciation on the 
excess cost of the water power undertaking will be 
substantially less than the cost of the fuel used by the 
other. 

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

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

To take an example, assume a plant of 5,000 k\Vs. 
capacity is required a t  a certain place where sufEcient 
water power esists withiu transmission distance. 
Assume the total cost of the hydro-electric scheme and 
traus~nission line to be Rs. 50.00,000. Taking interest 
and depreciation together a t  10 per cent, the annual 
cost on this account will be Rs. 5,00,000. 

Let thc cost of a steal11 plant of the same capacity, 
built where the power is actonlly needed, be assumed to  
be Rs. 15,00.000 with similar annual capital charges of 
Rs. 1,50,000. Now if for simplicity i t  be assumed that  
the annual charges for wages, stores, repairs nud super- 
vision are the same in both cases (an assumption near 
euougll to the truth) there will be the difference between 
Rs. 5,00,000 and Rs. 1,50,000 or Rs. 3,50,000 to set off 
against the cost of fucl for steam mising. Under the 
ideal conditions of large electro-chemical works this 
plant, allowing 1,000 k\\'s. to be kept for spare and 
therefore 4,000 for mork, would generate about 28 
million units (80 per cent. load factor). Under ordinary 
industrial conditions the output would be less than half 
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this, or say abont 12 million units. Clearly therefore 
not only the cost of coal but also the load factor of the 
plant (i.e., in non-technical language the ratio of its 
actual to  its possible output) is of immense importance 
(see pare. 26). If it is 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 
units. As the amount available to make the costs just 
balance out between steam and water power is 
Rs. 3,50,000 it follows that with the larger output coal 
a t  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) i t  will be inferred that as the 
load factor rises towards the ideal limit the advantage 
of hydro-electric power increases. Bearing in mind the 
vast difference in the cost of fuel in different parts of 
India, due mainly to railway freight, it will also be seen 
that the distance from fuel supplies is a very material 

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

43. Fuel consump!ion in power house.-Two 
curves are now reproduced from the report of the Hydro- 
electric Power Commission of Ontario to illustrate 
fuel consumption. Fig. 21 shows2 according to the 
capacity of the station, the average number of pounds of 
coal used per horse-power hour, in America ; the horse- 
power hours obtained per 100,000 British Thermal 
Units ; and the load factors of the particular plants from 
which these curves were derived. Pig. 22 shows 
the number of pounds of coal consumed per unit (kilo- 
watt hour) according to size of the plant and the load 
factor, based also on American data. 

FIO. 21. Coal consttmption in Central Stntione. 
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Pig. 22. COAL CONSUMPTION PER UNIT ACCORDING TO PLANT SIZE & 

LOAD FACTOR. 
(H E . P .  c Gnfur io  -) 

44. Cost of Fuel in India.-Tlrc cost of fnel is at  
present rising rapidly, oil even more so than coal ; for 
the time being, in India, i t  is unliltely that  evcn the 
supelior thermal efficiency of the Diesel engine n~ill 
enable i t  to compete. with steam turbine plant of any 
size. Leaving oil out of the question, therefore, the 
cost of conl is made up of (i) its price a t  the colliery, 
(ii) the freight charges, by land 01 sea, to its destinatiou. 
There has heen a markcd rise in evriy direction doring 
the war and since the ar~nisticc, and a t  present little 
more than comparative values can be given. Tllrough 
the couurtesy of the Mining Enginecr to the Railway 
Roard a map was prepared in 1910 to shorn, on a uniform 
hasis, the comparative cost of coal in various parts of 

India. It is unnecessary to  reproduce the map here, 
as  a tabular statement mill serve equally rrell. I n  this 
statement " the price of coal has bceu taken a t  an 
average rather above pre-war rates and shipping rates 
are calculated on a pre-mar basis." Taking Bengal 
coal as the determiuiug factor the map shows i ts  cost 
in  the  conl  je lds  r~nlea as Rs. 5 per ton, which in Iuct is 
about the actual 1920 price. I n  the table the numbers 
correspond serially to those on the map. The area is 
indicated broadly, and iucludes thc surrounding country, 
the centre being indicated in braclcets; but a t  any 
d~slance from that  centre additional freight may be 
involved, while cartage to  placcs off the railway line 
]nay be a potent factor in the cost delivered a t  site. 

T A ~ J . E  7.-A111)roxi~1ln/e p r i c e  of Coal i ? b  India. 

Rrfcrcnco 
rn~~nbrr 011 

rrcorilcd 
1111111. 

C l ~ i l t n g o n ~  nrca . . . . . . .  
I3rlig~tl ronl licLln nnrl al~rroonrling diatrirt, (Arn~ist,l) 

. . .  JJihnr n n ~ l  Unitod I'rori~lcca (Snne) 
. . . . .  Unilr:,l l'roeinrrs (C'axnl~orc) 

Llnitcd l'rovinccs nnd l'ltllinb (Snlmrnnpor) . . 
' ~ i t , i o  ' . . . . . . .  

Punjab nnd Norl,h-Wcst. Fronticr Provinca (Tcsllnwnr) 
IJilto 

Burl rcfcrrcd t o  

ncll-nl coal by ecn . . . .  
. . . . .  H c n c ~ I  con1 

Ilitto . . . . .  
1)ittn . . . . .  
I)ib(o . . . . .  
1)itto . . . . .  . . . . .  P~lnjnl ,ronl  

R r ~ i ~ i ~ l  con1 . . . . .  
1'1111jnbconl . . . . .  

1920 - cost 
pcr ton on 
basis stated. 

Re. as. 
1G 0 
G 0 
n o 

11 8 
13 8 
15 0 
I 1  0 
17 0 
10 8 



. . . . .  Pnnjnb (hlultnn) . . .  Bengal con1 
Dilto . . . . . . . . .  Punjab coal . . . . .  

. Boneal coal . . . . . . . .  
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Dit,to 
Sind (SIIICI<III.) 

Dittg 
Sind (Karncl~i) 

Uitto . . . . .  
Rnjputnnn and Central India (Iiotnh) . 
Central India nnd Central Provinces (Iiatni) 

Ditto 
Centrnl Provinces (Bilnspur) . . , 

Ditto . . .  
. . . . .  Gujernt (Jlorri) . . .  Central Provinces (Nngpt~r) 

Ditto . . .  
Ditto . . .  . . .  Northern Bombay (Bombay) 

FIIOI rcfnrrorl to 
1920 cost 
per ton on 

bmis stated. 
- -. - - -- - .. ... 

Rafcrence 
nnlnber 
mcordrd 
on mnp. 

Ditto . . . . . . .  
Hydernbnd IItnrsi) . . . . . . . .  

Di t.to . . . . . . . .  
Hydernl>n,l (Si~igareni) . . . . . . . .  

I)it,to . . . . . . . .  

Arcn. 

. . . . . .  Northem nlntlrns (Vizognpntnm) 
Ditto . . . . . .  
1)itto . . . . . .  

Sonthcrn Bombay nnd IIyeore (i\Iormngao) . . . .  
Ditto . . . .  
Ditto . . . .  

S o ~ ~ t l ~ o r n  hlodrns (Aladras) . . .  
Ditto . . . . . . .  
Ditto . . . . . . .  

LoworBurma(Rnnqoon) . . . .  
E ~ s t r l n  Dongnl n n i  Soutbcrn Assam (IIymensingh) . . 
N o r t l ~ e m A s s a n ~ ( D i b n ~ g n r h ) .  . . . . . .  

. . . . .  
~ocr i l  conl . . , . , 

. . . . .  Bengal conl 
Baluohistan coal . . . .  
Bengal coal by sca . , . . 
,, ,, by rail 

Bongal cool . 
9, ,. . 

Umaria coal . 
Rongal ooal . 
Umaria coal . 
Bengal coal . 

0, 0. 

Penoh conl . 
Bellarplir conl . 
Benanl coal bv sea .. , by rail . . . .  
Bengal coal . . . . .  
Singareni con1 . . . . .  
Dongal coal . . . . .  

. . . . .  Singareni coal 
Bengnl coal hy sen . . . .  

I . . . .  by rail . . . .  
Singareni con1 . . . . .  
Bengal oonl by sea . . . .  . .  by rail . . . .  
Singareni coal . . . . .  
Bengal coal by sea . . . .  . . . .  by rail . . . .  
Singareni con1 . . . . .  
Bengal coal by scn . . . .  
Looal coal . . . . .  . . . . .  Assarn coal 

As regards cost, i t  is codidently assumed in well- 
informed cirrlcs tha t  the price generally will be 
about doubled by 1924. I t  is already (1921) some 
Rs. 5 higher. I n  these matters i t  is well to look ahead, 
for while coal is unql~estionably rising fast machinery 
is already rlropping in  cost and is likely to  drop further. 
I t  will therefore be possible for hydro-electric power to  
compete with steam in the future where i t  could not do 
so in the ~ a s t .  

45. Transmission of power and of material.- 
The popular fallacy that  " water power costs nothing" 
has been examined as regards the initial cost of the 
plant in a previous paragraph. The cost is generally 
further increased by that  of transmission lines, since 
water power is fieldom situated precisely where i t  is 
required. Either the power must be carried to the 
indostry or the r,lw mntcrial and finished products 
of thl: industry muat be taken to and from the power. 
Both ways cost money. 

be very low if the manufactured product is to compete 
with that  produced elsewhere. The cost of powcr is of 
course only one item amongst many in d e t c r ~ n i n i ~ ~ ~  the 
sale price of the h i s h e d  article, but it is a very i~nportank 
item-perhaps second only to the freight of the raw 
material to site and the finished product to market. 
Where the conditions of the hydraulic developlncnt are 
such tha t  construction on a large scale is reasonably 
cheap ; where the locality is such that  the frcigl~t of the 
plant and materials thereto is low ; and where thc length 
of transmission to the factory is reasonable ; power cnn 
probably be delivered a t  about one-tenth of an anna 
pcr unit including all charges. Indeed, if t,lle rost in 
much higher than this, the proposition becomes unten- 
able. Obviously the undertaking must be on n fairly 
large scale to  be of any use. The larger the ind~vidnnl 
un ik  of plant arc made the smaller becomes tllrir pri~uc 
cost per kilowatt and the higher their a c i e n r y .  The 
various electro-chemical industries are favourable to 
theae low costs as  they are practically continuonq 

Where electro-chemical industries on a large scale are processes, utilizing the milole plant to almost itq utmost 
in question i t  is essential tha t  the price of the power shall capacity thronghol~t the year. 
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the value of sites that may possibly sets can be added indefinitely. Witb unlimited wat[:r- 

meet these ideal conditions the first point to consider pomer the cost of the lost power is of secondary impor- 

is llndoubtedly that of freight and carriage ; for it has tance, and larger losses may be advisable than in the 
a triple application. In  the first place the raw material former case. On the other hand, if the available power 

must be brought to the site, unless already on it ; is likely to be all required-and this is generally the 

secondly the finished product must be taken to its case-the line losses may have to be reduced to very 
rnarlLet; thitdly the plant must be delivered a t  the low amounts, since every unit available for the factory 
power house. Cases are known where the carriage of is of value. 
plant over 20 ,niles of mountain cost more than The cost of trallsmission lines operates detrimentally 

its freight from England to the railway terminus. in two ways : &st by increasing the  rime cost ;md 
Cheap power is useless if the saving is swallowed up in consequent capital and upkeep charges, and secondly 
espensivc ireight. Where bullcy raw material has to by decreasing the available energy ior sale a t  the far 
be brought to the factory and sent back finished the end, owing to losses in the line. These line losses can 
obvious course is to build an electric railway from thc be made almost as large or as small as the designer 

nearest tcrminuu, seeing that cheap power for working chooses, but if they are made small it is by adding Illore 
will be available. In order to get the pla,nt to the copper wire, or larger wires, so that this reacts on the 
power house there must be a road, and this road prime cost. The statement is often made that a long 
should bc built so as to afford a suitable track for the transmission line only means a loss of about 10 or 15 
subsequent railway. Duriug the construction period a per cent. of the power generated; but it may increase 
light line worked by steam will probably pay as the economic selling price va~ t ly  more. It has beon 
agaiust 0th: methodu of transport of the plant. recorded that the cost of transmission a t  Ningnra, 

From srllall begiuniugs electrical translnission 01 which extends to a distance of 250 miles, ranges froru 
power has now reached the stage where it is possible- 22 to 86 per cent. of the total cost of the power delivered, 
to have thc factory 250 miles or more from the power according to distance. These figurcs would be gra t ly  
station, and i t  would be unwise to say that the l i ~ h  improved on under modern conditions, a t  any rate with 
of high pressurG has been reached. In the case of pre-war prices, but they serve ns an indication that 
water power from mountainous country there may be water power does not " cost nothing." 
insuperable di5culties of ground or cost in laying oot 
a railway to the site, though the plant can be transported CaPTLR ,.-~~ISCBLLANEO,,S T~~~~~~~~ YdTTI.RS. 
thcre. Even if these difficulties do not exist, if the raw 
lnaterial of the industry is within the limits of trans- 46. Techllical Drogress in plant,-During the year 
mission it probably prove cheaper to erect a long the problem of designing a turbine With a " specifio 
transmission line rather than a railway, which may use speed ,, higher than that of the Pelton jet impulse wheel 
luore power than will be lost in transmission. I t  is and lower than that of the Francis reaction 
sinlpl~ question of estimating which lllethod gives tho has received much attention, Two new types, the 
cheapest finished product. Either the material can be Nagler and the ~~~l~~ turbines,* have been described 
brollght to the power house ; or the power to the factory; in tho technical bot,h haviug the desired chnmc- 
Or combination of both nlethods may be the best. ter;st;cs coupled ith ]ligh ~h~ importance 
Mouutainous has One great asset for trans- of a high specific speed is greatest onlow and variable 
mission in that the ridges form nature's Own heads, as it connotes a high actual also and enables 
for the lints; with comparatively small towers the the ,,,heels to be direct-coupled to generators without 
valleys offer plenty of room for the dip of the wires on the latter becoming unduly large costly. American 
long spans. I t  also foh~ms that by reducing the number tenders for vertical wheels to work on a head of 11 ft, 
Of points Of  support^ by the use of long spans* there showed speeds nearly double those of British tenders, 
arc fe\\'cr 1)oiuts a t  which damage froul lightning can In the matter of comparatively lo\v-pomercd turbiue8 
occur. The loss in transnlission can be mado almost ns for low or me&um falls a,l interesting development 
large or as small as tho dcsigncr chooses, according to is tho ~ ~ f i  impulse turbine;f in this moaed form 
thcsizcof t,he wires used; ordinarily about 10 per ccnt. of Poncelet ,vheel the water passes at its jet velociLy 
is allo\\'cd. Where slcalll is used to generate the power through the horjzontal from the at the back 
tho correct loss can be calclllated according to Kelvin's to the centre of ; and retaining some 
law its modifications, such that the capits1 chorgw . - - -  

on t , h ~  co~lductors boluncu the cost of the power lost s , i ' ,~ '~~~;~r,";~;Of~jt  i.",2::.rt;,Gi;f;: ~ ~ ~ ~ $ ~ ; ~ ~ ~ ' J ~ W P  254 
in them. 11 power required more generating t Blessrs. Yoving nud C O . ' ~  pomlddcts. 
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20 per cent. of its velocity, it again passes though the 
vanes from the centre to the front, striking the vanes in 
the reverse direction, so as to give up a further instal- 
ment of its power. 

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

Iu the matter of automatic governors of the oil pressure 
t,ype, operating a servo-motor mith automatic compcn- 
sation, the Piccard-Pictet governor t has recently 
been improved ; and a hydraulic relief valve for pre- 
venting water hammer has been put on the market 
in conjunctmion with the governor. 
On the electrical side, generator capacities are still 

rising ; steam turbiue combined sets of60,OOO kW. a t  
1,000 R. P. &I. have been built and water turbine sets 
of about the same output can be manufactured. The 
Hydro-Elcetric Power Commission of Canada now 
has five turbines of 55,000 pp, each, giving some 
40,000 !iW. In minor apparatus i t  is worthy of note 
that mercury vaponr rectifiers mith capacities of several 
hundred kilowatts have been built by Blessrs. Brown 
Boveri and Company and RIessrs. IIartman and Brown. 
The imporkance of this development to hydro-electric 
work is clear, for all such works will necessarily genorate 
alternating current ; for certain purposes ho\vcver 
continuous current is required, and if this can be ob- 
tained without the use of rotary-converter sub-stations 
it will be a great gain. The electric fan alone is the 
maiu cause of prosperity to existing electric supply 
colnpnnics in the plains of India, and the C. C. fan a t  
present is greatly preferred to the A. C. fan ; it is ~robnble 
thnt small electrolytic rectifiers mill ~resently be used 
ior giving individual consumers C .  C. for their fans. 
The A. C. fan i s o w e d a t  less advantageous to the 
consumer in the matter of efficiency while it costs more 
to instal ; from the supply company's point of view the 
-- 

Bcicnce Abstmts, Vol. 23, l'art 3, p. 122 ; an11 circulars of tho 
English Elcctric Co. 

t bl~~.srs .  Vickern Limitd. 

low power factor of the single phase fan is a very serious 
disadvantage. 

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

From the manufacturer's point of viem,,and therefore 
from the consumer's also, the standardization of pres- 
sures and of apparatus is also important. The conclu- 
sions set forth by the Committee, appointed to examinc 
the question in the Punjab, are thercfore reprinted 
here, with the snggcstion (already made in correspon- 
dence) that similar resolutions mould be of equal ad- 
vantage to the rest of India. 

Minutes  o j  a 9necling held at S imla o n  June  the Dth, 10:!1 
to discuss the queslion of s tandurdiz iq  the nature of 
Electric Supp ly  i n  the Punjab. 

In vicw of tho prob:il~le dcvclopn~ent of hyc~o.clcctric projccts 
in tho Punjab, in thr ncar futurc, and thc pwscnt dcrnancl 
for public clcctric supply installations in several towns in the 
l'rovincc?, it lvaa considemtl advisable, by the Imcal &vcmmenl, 
to form a Comrnittcc to  discus^ thondvisobility of standardizing, 
as far as pssil,le, the nature of olcctric supply that should bc 
adopted in ncw installations. 

The arlvi~lltagcs nnrl di.%ulvantages of altcrnatlng and conti- 
nuoua currcnt for dititribotion wcrc firat discussed and it 1saa 
unaniniously rcsolvetl :- 

Firstly.-That iu vicn of the prospects of hydro.clectric 
aul~ply in thc Pnnjab and thc fact that the industrial 
load can, in most cases, only bc dealt with by alter- 
nating currcnt diatributiol~ ; it is rccornmendcd that 
thc Govcrnmcnt of the Punjab shall usually favour 
alternating current systems, in preference to conti- 
nuowcurrent, except in spccial oases (such aa rasi- 
dential arcas) when them may be good reason to 
prcfer continuous current. 





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

" This matter is not one involving any doubts on 
the score of technical dacult ies ; i t  is purely 
and simply a question of the relative prices 
of heating by fuel and electricity. Many 
thousands of horse power are already used 
in various industries for heating and drying 
purposes, and the matter is susceptible of 
fairly exact calculation. Taking the oil 
fuel used for drying purposes in the ratio of 
60 to 40 compared with that used for power 
(which ratio is based on actuals for some 90 
million lbs. of tea in the Duars district 
of Bengal confirmed by Ceylon experience), 
the cost will be from 24 to 32 cents per pound 
of made tca. Costs as low as 19 cents have 
however bcen sho\vn to me. Possibly thcvc 
included some wood fuel, or were exceptional 
for some special reason. For pruposes 
of co~nparison a cost of 2.75 cents per lb. 
of tea may be taken. This represents 
(at  .50 cents a gallon) 044  pints of oil fuel per 
pound of tea. The oil is burned and used 
to  hcat air which is passed through the lcaf 
by means 01 a fan or blower, driven from 
the main engine. Now the calorific value of 
fuel oil may be taken as averaging 19,000 
B. Tb. U. (British Thclmal Units) per Ib. 
or say 13,000 B. Th. U. per pint. 
The consumption of 044  pints is therefore 
equivalent to the production of 5,750 
B. Tb. U. This heat nil1 not all reach 
the tea, as therc are radiation losses to 
be met and a considerable proportion of 
the heat will pass away up the flue ; but 
the same will happen (though to a less 
extent) with electrical heating. 

" Here an interesting companson may be made 
with the fuel consumption in the Bengal 
Duara. A carcfrll test \rss made on a large 
sized E. U. P. dryer using Assam coal. 
A 35-inch Sirocoo fan (capable of displacing 

. 25,000 cu. ft. per minute running free 
st 310 revolutions) forced 10,640 cu. ft. 
per minute through the machine with 4" 
spread of leaf. The temperature was 110" 
a t  inlot end 220' in tho m a c h o .  The 

machine dried 1,800 lbs. of leaf to 800 Ihs. 
of 80 per cent. dry tea, and used 290 ILs. 
of Assam coal. The exact calorific valne 
of this coal is not available, but will be about 
9000 B. Th. U. per pound. The heat used 
was therefore nbout 3,300 B. Th. U. 
per Ib. of tea lnade as against 5,760 
arsumed for Ceylon. The higher factory 
temperature only accounts for a small pro- 
portion of tho difference. 

" Under large scale factory conditions (drying 
cordite) electrical drying is found to havc an 
eficiency of 74 per cent. to 78 per cent. 
Converting the heat used for tea drying into 
electrical terminology, 3,440 B. Th. U.= l  
kllrh. or electrical unit. This gives- 

Ceylon, 6,750 B. Th. U.=1,67 units per 
lb. of made tea. 

Duars, 3,000 B. Th. U.=0.87 units pcr lb. 
of made tea. 

" Accepting the higher figure, the electric energy 
would have to be sold at  about 1.5 cente 
per unit to sl~ow a saving of about 10 per cent. 
With the rapid exhaostion of wood supplies 
and the rising price of oil the saving to the 
Planter will be a rising one. A further point, 
as yet unproved, is that of quality. By 
means of thermostats the temperature re- 
gulation can be maintained wit,h exactitude 
a t  any desired valne. What the eiFect of 
this will be cannot be forecasted, but it, call 
hardly fail to eficct an improvement. 
Furthermore, therc can be no possibility 
of spoiling a batch of tea owing to a leaky 
flue, as there \\rill be no flue to leak and no 
smoke to sruell." 

A correct,ion has been made in the above extract 
as to t l ~ c  calorific value of Assa~n coal. Coining now 
to thc pol\-rr reqoired, the following may be quoted :-- 

" So far the consu~llptiou in units h a ~  b e e ~  in clues- 
tion. I t  now remains to ascertaiu thc horsc- 
power requircd. Although the fuel used for 
drying is only half as much again as thal 
for power its equivalent in ~ l n u t  inst,allation 
is niuch g~eater-for tho thermal efficir~lcy 
of the oil cngine is very low comparcd \vitl~ 
that of olcclrical heatiug. 

" At the risk of being tcdious thc direct rnrlhotl 
of ascertaii~i~~g the porrcr required for heat- 
ing air will now be ahown. At thc avcragc 
level of the tee gardeus 1,000 CU. ft. of 
air will weigh about 65 111s. while its 
specific heat is in ~ound  figurcs 0 2.1. Thcrc- 
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fore to this lo Fahr. requires Board of Scientific Societies, London, has expressed 
65X@21 or 15.6 B, TI,, Ullits, equivalent its preference for State control of hydro-electrio 
to 4.6 matt.~lol,rs On tests an developments in the following eycerpt :- 
,,ficicncy of 7.1 to 78 per cent. is obtnincd, ' " The considerations already outlined would indi- 

bringing t,l~e po~rcr  required up to (sly) cate that  the conservation and utilization of 

wntt-hnnrs per 1,000 cu. ft. !~catecl lo P. the water power resources of the Empire is 
" For conditions assume an ollttnm of likely to  be one of the most important prob- 

100 lbs. of innde t ra  per hoar's use of the , lems in our political economy. The solution 

; for any other output the figures will of this problem involves many complex 

bc proport,ional. From the Duars test questions of law, of administration, and of 
rcfcrrcd in the prcccding paragraph this engineering and economic investigation, if 
\\.ill require abont 1,330 cu. ft.  of hot the public interest is to  be best served by 
air 11cr iniuuto. If the rise of temperature the development. In  view of the immensity 
r<.quirt.d. is 120 F. this will require 6 ~ ' s  of the interests involved, i t  is urged tha t  

x 120 = 913 watt-hours per minutc or nothing short of statutory control of these 
pra.ctirally GO units an hour, vhich is a rate developmenkq is desirable. The exact 
of 60 IclVs. The fan power is of course method of control is not for the Committee 
extra and in already inclnded under motive to  suggest. So far  as is possible private 

porer. enterprise should be encouraged, but  under 
" IIerc an intercst,iug ~ i d e  light is thromn on the conditions which would prevent the perpe- 

effrcirncy of ~,l.cseilt mcthodn. Taltil~g both tun1 rights being lost to  the community. 
the Ceylon and D ~ a r s  figrire~ \\.orltcd out from " I t  should be recognized, however, tha t  while 

illel consumption on the basis of 100 Ibs. i t  is essential that  the State should have 

of tea made per hour nre have :- the right of ultimate purchase, the period 
Ceylvn, 100 Ihs. 11si1g of such purchase should not be unduly 

I.G7 units per 11). =I87 units per hour; short or the terms too onerous. It will 

=I67 kWs. ; be remembered that  such legislation had 

Dnars, I00 Ibs. (80 the effect of severely handicapping the 

1wr cent. dry) electric power and lighting industry in the 
rising 0.87 nnit,s early davs of its development." 

l i ~ r  11). , . =87 ,,,,its l lonr;  During the course of the preliminary enquiry the 
=87 IcWs. ; question of the policy to be adopted was discussed on 

an co~np~re t l  with GO LWs. estimated 
various occa.sions with public officers, firms and indi- 

Iro~n :~ctnal tests mit,ll elcctricnl drying. vidunl engineers. A policy suitable for one part of 

I t  thcrcforc nppcars clear that  about 3 times 
India may be the reverse elsewhere. 

as mnnv hcat nnits are ~ 1 ;  prcselit wast,ed as 
The subject of water storage and water power, al- 

nre ul,ilizcd ; but until elect,rical tea dryers though in the category of " Reserved Subjects," has 

have bevn actually nscd ~ ~ n d e r  service condi- now become purely a l~rovincial matter. Government 

tions i t  cauuot be dcfinitrly stat,crl t.hat tlicir assistance is required, where a grant of the right to deve- 

efficiency will be as' high as i~ n~sumcd:'from lop water power is given, in such matters as  land 

other indnstrics." 
- acquisition, water rights, transmission of power routes 

I t  may be addcd that  Rlr.Allan of the Geueral Electric 
and forth' 

C40,. in ,,,,, ct,iou n,ith tl lc  D~~~~~ project, ,,,l,ich is At prefient there is a vicious circle of industries tha t  

tllnt for nlcssrs. Ortavius Steel $ Co.'s gardens refer- require pover and power looking for a n  assured outlet ; 

rc(l to -nlro\rc, I)clievcs that  GO nnits pcr 100 Ibs. of tea and neither side is inclined to  make o move unless certain 

\\ill 11ro~~e a cnuscrrvati~c figure ; if so. the economy of the co-operation of the other. An example already 

\rill IIC even greater than that. nssunicd in the Ceylon exists of established water power going a-begging, 

rrlitwl-,. within transmission reach of a considerable demand, 
and whatever the reasons may have been that  led to t h h  

CII,\I'TER 8.-TIIE CONTROL O F  WATER Po\\'w. impasse i t  has undoubtedly had a deterrent effect on 
similar enterprise elsewhere. There may be cases 

49. The quest,iou of State Conlrol and  Assistance. where the carrying out of a project by Government may 
- ' I ' I I ~  \\';~tc,r T'owor Con~nlitter, of the Conjoint be advisnble, if investigation proves that  the indirect 
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benefit to the country of chenp power will counter- 
balance a comparatively small return on the capital 
invcsted in the power scheme. 

Governn~ent aid shonld, it is considered, only apply to 
tllc development of water powor (a) by a public utility 
colnpany or (b) for the purpose of an industry in which 
Government has a particular interest or (c) for an 
industry which it is particularly desired to  foster. 
A company developing power for its own factories, not 
conling under heads (b)  or (c), would not usually require 
help. 

The Water Power Resources Committee of the (now 
dcfunct) British Board of Trade laid down certain 
" ftmdamental principles," which may be recorded 
here :- 

" (a) The whole of a watershed must be thoroughly 
st,udied and the fullest use made of its ~ o t e n -  
tial water power consistent with reasonable 
capital expenditure. A development which 
would only result in a part of the power 
being utilized should not be permitted if 
the ultimate use of the whole available 
power is thereby prejudiced. 

(b) Proper regard must be shorn  to  the interests 
of domestic and trade water supplies, 
fisheries, the drainage of adjacent lands, 
canals, and inland navigation, and in certain 
cases to local amenities. Neglect to  give 
consideration to some of these requirement? 
has been responsible in the pnst for failure 
in t.he promotion of some water power 
schemes. 

(c) A part of the a\,ailahle power must be reserved 
for use bv the local population mithin the 
watersl~ed, both for present requirements 
nnd also for prospective clevelopments. It 
is important to remember, however, that in 
the case of large water powers considerably 
in cxccqs of local requirements, it would not, 
in general, be commerciaUy practicable to 
ensure a chenp local supply of electricity 
unless tha powers were developed to the 
maximum extent and the bulk of the output 
utili/ed by an industry requiring practically 
a continuous sl~pply throughout the year." 

A constructi\-c suggestion may be put fornard from 
Gcrman practice. " In Gcrmany belore the wnr, not 
n icn of the great municipalities entrusted the manage. 
n~cn t  of undertnkirya of public utility, gas, water, 
electric light, tramways nnd so forth, to n Company 
in n l~ich  the municipality held ahares sufficient to make 
it an important if not a predominant shareholder. 
Thc sj-stcm is understood to have worked satisfactorily. 

The public authority protects the public and gives the 
company the benefit of its superior credit, while at the 
same time the benefits of private enterprisr are pre- 
served."* The article here drawn on is on the subject of 
railway nationalization, but the proposal appears to 
co~ltain the germ of a principle of very wide application. 
The writer goes on to point out that (as in Canada) 
the business could be managed by a Board of business 
directors, but, in the case of undertakings so combining 
State or municipal with Company ownership, the Board 
mould consist partly of official nominees and partly 
of representatives of shareholders. The private share- 
holders would then receive some agreed proportion of 
the net profits above their guaranteed net income, 
as already suggested in the Preliminary Report. 

50. Grants for development of wa,ter power.- 
After some discussion the term " Graot " for the develop- 
ment of water power has been adopted by the Govern- 
ment of India in preference to " Lease," " License," 
" Concession " or "Agreement." Such grants are em- 
bodied in agreements between the Secretary of State 
for India (represented by the local Government as 
Grantor) and the Grantee. Apart from actual under- 
taking~ a t  work (Chap. 10) or under construction (Chap. 
11) agreements have been entered into, or are under 
consideration, between Government and the promoters 
for the development of the follo\ring sites. The yo\\.er 
involved is entered elsewhere in this Rcport and is not 
given here; 
List o j  grants or proposed grants for the development 

of water pozuer (exclusive o j  sites developed or rtnder 
construction). 

Assam.-None as yet. An application has becn 
made for developing the Um Tru river at  Burnillat, 
and the Umkra stream a t  Shillong may be the subjrct 
of a grant presently. 

Bihar and 0rissa.-None. 

Bombay.-Messrs. Tata Sons and Co. havc applird 
for the right to develop the Koyna Valley ~chelne anrl 
also the Kundli Valley, which is an extension of the ori- 
ginal Tata Hydro-Electric Power Supply Co.'a works. 
The Nila hIdn project is temporarily held up. 

(i) Bttrmr~.- Agreement with the Burma Mines, now 
the Burma ' Coqorat.ion Limited, relating to the 
Mansan falls. 

(ii) Agreement with the I<anbnuk (Burma) f olfram 
Mines Limited, Tavoy. 

Two othcr applications in thc Tavoy District are 
pending. 

Central Provinces.-None. 

Quortc~ly Rcvicw Nu. 460, July 1810. P. 17.1, 
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Madras.-(i) An agreement granting the right of 
development has been entered into for the Icundah 
River, with Messrs. Tata Sons and Co., who arc nrgotiat- 
ing with Coimbatore interests for working up the project. 

(ii) The power rights iu the Periyar Lake \\we grantcd 
t,o Mr. A. H. Garrett, who t,ransferred them to a syndi- 
cate represented by Sir A. Chatterton, C.I.E., Industrial 
Adviser to  Tata Sons and Co. Applications have been 
made in respect of various other projects, as follows : 

(iii) Gundar and Kumbar project, Madura. Mr. Lee 
Hart has applied for the right to develop this project. 
I t  is not a promising one, and the Pinjiltave-Berijam 
scheme near by offers far greater possibilities. 

(iv) Kollimalai scheme. Mr. Perry has applied for 
the right to develop this and the matter is under con- 
sideration. 

(v) Pykara scheme. Two applications have been 
made for the right to develop the Pykara beyond 
Ootacamund, and the matter is under consideration. 

(vi) Sirumalai scheme. There are tentative proposals 
for utilizing this. 

(vii) Vuyyuru scheme. This is a small canal project 
for which an application for devoloptncnt has beon 
made. 

Punjab.-(i) Two projects that  are the subject of 
agreements are working a t  Dhariwal and Nidampur 
(Patiala). 

(ii) An agreement with the Punjab Power Associa- 
t.ion, t,o \vIlich General Beresford Lovett. and Sir Thomas 
IIigham were parties, has Iapscd and fresh j>roposnls 
are pending for the develop~uent of t,he falls on t l ~ e  head- 
watcrs of the Upper Rari Doab Canal. Thc applicants 
are t,l~e Subern IIydro-Electric Co. 

(iii) An agreement has becn entered into hctmeen 
Government aud the Punjnb Hydro-Electric and 111- 

(111st,ry Developn~ent Association (Bawa Hardpal Singll) 
for ~~t.ilizing four falls on the Upper Jhelom and Upper 
Chenab Canals. Constrr~ction will s11ort.ly commence, 
it is hoped, a t  the Joyanwala Fall. 

(iv) A project for irrigation pumping by power frott~ 
the Lovrver Bari Donb Canal at. Renaln is under consi- 
deration. 

U~iilcd  province^.-Ageenen were entered int,o 
mnuy years ago wit,h the lJnited Provinces Power Asso- 
ciat,ion (Geueral Beresford Lovett) for developing two 
loops on the Jumnn, one of which is partJy in Telrri- 
Uarhmnl. Nothing wl~atever has been done and the 
agreement expires shortly. 

51. General Considerations as to  " Grants."-A 
gradt. for the develop~nent of water-po\ver for a short 
period would usunll~ be valueless ; t h e  period must 
necessarily be long enough to enable the grantee to 
recover the capit,al sunk in the enterprise. Electrical 

undertakings, working under a license granted under t,he 
Indian Electricity Act, may usually be purchas,ed after 
50 years,and a similar period is reasonable in tlic 
o;lxr (PI hydro-clcctric installationrr. 

Where a decision has to be made bet\veen the claims 
of t\vo or more applicants for a Grant the claims of a 
1111blic utility colnpany should, i t  is considered, have 
precedence over an application from a purely industrial 
concern, because t.he latter can always obtain its power 
from a company even though it may have to pa!- a 
slightly enhanced rate for it. Furthermore, a 
company which is to serve the general public should 
be of greater value to the State than one which is serving 
its own interests only. Where the claims of two appli- 
cants who wish to float a public conlpany have to be 
decided between, the Grant wonld no doubt be given 
to the one who also obtained a license under the Indian 
Electricity Act from the local Government concerned. 
I t  may be emphasized that  i t  should be allotted to  the 
applicant who is prepared to offer the best terms to 
the general public, rather than preferential terms to  
the Government ; the latter invariably react on the 
private consumer. The same conditions should, it is 
considered, also govern grants for the use of water- 
power. The claims of two competitors who both wish 
to develop water-power for a purely industrial purpose 
should he settled, it is suggested, in the same way, 
according to tllr conditions and rates under which 
the\. purpose to sell Their products to  tllc public. 

The conditions under wl~ich a grant lor the use of water- 
power should be given to a public utility company 
should, it is conside~ed, vary from those made for a 
company concerned wit11 a particular industry. The 
works of the former con always in the last resort. be 
taken ovcr by a local authority or the local Govern- 
ment under the provisions of tlre Indian Electricity 
Act, and can be continued in use and developed for tlre 
use of the public in the cage of mistnanagement or the 
insolvency of the grantee. In  the case of a grant for 
a purely industrial purpose, seeing that  Government 
must be consulted as to ho\v the site shall be developed, 
i t  appears necessary t,hat the grant sl~all atipolate 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 in case of its determination for 
breach of the condition8 imposed. 

The dangers to be guarded against in giving a 
' ' Grant " are :-- 

( o )  The gmntec ~ ~ l a y  n~erely I~old h i ~  grant rtnt,il 
he is bought out by a company.. This is not 
in it,self nccessaril!. an evil, so long as powcr 
in retained to cancel the grant if work has 
not been begun and completed within a 
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reasonable time. A substantial deposit The question of the p a p e n t  of royalties for the 
would probably be required,on which interest of water power has been much discussed. &, ~~~l~~ 
would be paid. This deposit should be and the present Chief Engineer advised against the 
liable to be forfeited if work is not put in payment of any royalty on the grounds that industrial 
hand and carried through within a reasonable development was' more important than small sums 
t h e ,  especially if any other applicant is in obtained in this way, except.in cases where promoters 
the field. use works (e.g., canals, etc.) already construbted. 

(b)  The site may be ruined by partial development. It has however been decided that a small royalty is 
In  the case of every public utility company Inst and expedient; the comparatively small 
it should be a condition that the initial works expenditure on the Survey will in this way soon be 
shall be so carried out that eventually the recouped in the Provinces concerned. As regards 
full possibilit,ies of the site can be utilized " public utility companies " i.e., companies supplying 
if there is a demand for more power. ~f Power to all applicants in their area of supply for all 
this render the initial p"TOSeS, as distinct from purely industrial power 
development too costly for colnmercia~ companies, the following considerations were put 
success it might, in the absence of direct forward in the Preliminary Report :- 

help from Government, be impossible to First.-A company which is brought into existence 
proceed. I t  must always be remembered for the good of the public is already doing a public 
that in such matters as storage works and service, and should not be burdcned with special taxes 
canals or channels it is almost essential to on its construction or working which will inevitably 
build for the full ultimate requirements a t  be passed on to the consumer. 

the start ; but it is possible Sccondl?,.-Such a public utility company should 
put plant the Power, 30 the be given every facility to fight its early struggles, and 
extra capital is for the time being unproduc- only when it has achieved a position of prosperity 
tive. In the case an develo~- shonld Government step in to share the profits; and 
merit this does not then only with due regard to the consumer's prospects 
appear to be necessarily applicable ; but of a cheaper supply. 
foresight is required if good sites are not Finally it is very desirable in the interest of British 
t,o be spoiled by partial d~:vclollment. Trade that British Standards of pressure and frequency 

! e )  Existing nrater rights and future irrigation de- should be in all futnre hydro-electric work, 
x~~ands must be safeguarded, or, in other and the suggestion is put forward that this should be a 
words, no grant should be given until the condition of all grants and agreements for the develop- 
irrigation possibilities have been fully con- ment of water-power The matter is more fully dealt 
sidered. This, as a matter of course, is ~ t h  it in para. 47 szvpm. 
always done. The small riparian rights 52. Encouragement of hydro-electric develop- 
of private persons would seldom offer any merit.-In Chapter G of this Report a comparison is 
difficulty as the extent of a hydro- made between steam power and water-power, and in con- 
'Iectric scheme generally embrace nexion with any " Grant " for development of the latter 
a few miles of a channel. The utilization the considerations there set forth nre important. So far 
of the tail waters of the turbines is a more as any industrial limited liability company is concerned 
complicated n~atter.  The most effective the chief factor will necessarily be the total cost of the 
position for a power station might be such . rival methods of obtaining power ; the desirability 
that a possible future of fuel conservation is admitted on all hands, but busi- 
be jeopardized. In such cases the conflict- ness men will only be willing to assist in conservation 
ing claims of power and irrigation would when their shareholders will also benefit. It may 
have to be threshed out' by an independent therefore be not out of place to add some remarks 133 
authority. to the lowest cost of producing power in India. 

(d) Power ~hould be taken in any Grant to deter- In  the 1920 " Supplement to the List of Electrical 

mine the same should the grantee stop Undertakings in India" an abstract is given of the 

using or not make sufficient use of the financial and technical details of all the licensed " public 
nrater-power, provided that there are other utility " electrical undertakings in India. The fuel 

apphcants for ita we. driven vary greatly in size and output, 'Bs we'1 
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in the cost of the power prodnced, and in tho latter- 
respect all have suffered from the war. 

In  the year 1919 the Calcutta Electric Supply Corpora- 
tion generated 40;l million units and sold 31.9 millions 
at  an average price of 2.32 annas a unit. Their plant 
capacity then amounted to 22,300 k\V. and the load 
factor for the year was 30-3 per cent. on 
a maximum load of 12,000 ItW. Being com- 
paratively near the Bengal coal fields the cost 
per ton of fuel would be low, probably about eight, 
rupees. The actual cost of fuel per unit gcnerated was 
0.190 annas, and per unit sold 0.24 annas ; considerably 
below that  of any other company. With an actual 
maximum load of 12,000 klV. the average load to gene- 
rate 40.1 million units was practically 4,600 k\V. on the 
continuous basis. The fuel cost of a killowatt year, 
or 8,760 units sold, was Rs. 132. Therefore any royalty 
01 this order \vould render the competition of water- 
po\ver out of the question, as the capital charges lor 
water.powcr stations are generally much higher than 
that of steam stations and the power usually has to be 
transmitted long distances. 

Lower fuel costs than thc above are found in self- 
contained installations, such as railway works, even 
though they supply a small amount of power to private 
houses ; but the uscof watcr-power for self-contained 
works comparatively near the plant is a condition not 
a t  present met with in India. 

I t  has already bcen pointed out that t l ~ e  value of n 
given flow of arater in horse-po~ver is 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 worki.ng plant (ex- 
clusive of spares) would not often be sufficient to deter 
promoters from proceeding. At the Cauvcry falls 
the chargc (after the first 5 years) was Rs. 5 per e. 11. p. 
year, while for the Lagylap project in Sikkinl 12 annav 
per e. h. p, year was agreed upon and for the Jumna 
powcr scheme 4 annas per (theoretical) water h.p. year. 
Where existing canal works havc been used, nluch 
higher royalties, up to Rs. 40 and even Rs. ti0 and Rs.75 
per h. p. year, have been charged. 

53. Accounts of undertakings belonging to  Gov- 
ernment.-There is a general consensus of opinion, 
both lay ~ n d  technical, that i t  is both inll)olitic and 
impracticable to attempt to run a Government hydro- 
electric project on the account syst,ems oI t,he Civil 
Account Code. There are no doubt luauy excellent 
reasons why the various Codes ure necessary for the 
ordinary run of Governn~ent work, including such 
quasi-commercial undertaliings as irrigat,ion woiks. 
An electrical undcrtaking however is on a very different 
footing find it is submitted that  its accounts (at any 

rate after construction is completed) should be kept on 
strictly business lines, by commercial accountants, 
and subject to  commercial audit by a Chartered Ac- 
countant. At that  stage it w~l l  doubtless be possible 
for the Accountant-General to take the audited accounts 

' and pass them into the Provincial accounts in any form 
he thinks fit. I t  has been suggested by the Director of 
Industries, United Provinces, that  the best n a y  to com- 
pass this end would be to place the management of such 
a concern in the hands of a responsible firm of Managing 
Agents, who would deal with the con'cern precisely as 
though it \rere a limited liability company under their 
charge, subjeet to the decisions of a Board of Directors 
in wh~ch Government would have the deciding voice. 
No doubt grave objections will be raised to any such 
procednre, but ~t scans essential if such undertaltings 
are to be ruu on sound lines ; and new departures require 
new methods. To take only one instance, a scherne of 
this nature nmst be w~i t teu  clo\vn for depreciation and 
?trust calry a reserve Iand for emer encies ; otherlvise its 
real financ~al position will ncver \ e known. A canal 
does not depreciate beyond the extent to which periodi- 
cal repairs will bring i t  back to its original condition.; 
whereas plant not only wears out but  may become 
obsolete \\-bile still iu full working order, by which 
time it mill have been already written down to scrap 
value so that there \\rill be no disturbance.in the acotmts. 
No Accounts Code takes account of " obsolescence," 
if t,he use of t,his Anlericanism is p~ru~issible ; hence 
examples can be found of plant working in Governlnent 
factories lhat has bccn obsolete for many years hut  
has bcen retaincd because i t  \\,ill still work. The 
sllccess of a company-run electrical scheme depends 
ou thc dividends which the balnncc of revenue over 
exlxnditurc nud capital charges enables it to pay, after 
providing for contingencies. This margin is increased 
by enlarging thc sphere of operat,ions and the sales ; 
and thc sales are increased by jrldiciously lowering 
the rates charged for energy so'as to  bring in new 
consumers. \2'11ilc thc sanre careflll provision for the 
fn(,urc in the n~a t tc r  of depreciation and reserves is 
necessary in a Government concer~l-indeed, without it,, 
tho real position can never be gauged-there is no neces- 
sity to pay regular dividends beyond the provision of 
thc ordinary rate of interest on capital. If there is a 
further surplus in n particular year the rates charged 
for encrgy should be lowered in the following year, thus 
increasing the demand on the concern and its utility 
to the public and increasing the industrial prosperity 
of India. The indirect benefit from the expansion of 
industry and amenities of life will, i t  is submitted, take 
the place of a dircct return in cash. As regards reserve 
funds, it may a t  first sight nppear absurd that an under- 

I :! 
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taking with Govcrntuent behind it should rcquire such 
u Iund ; but reflection will show that  what is sound 
1in:lnce in colnpany management will not be the reverse 
in this case. The reserve fund, as is often the case in 
companies, can be " invested in the business " and used 
for extensions ; and, by having it,  the management 
and progress of the undertaking will be strictly compar- 
nblc wit,lr other similar but  purely commercial concerns. 
The gencsis of the above suggestions was in the miter's 
report on the " Laxapana-Aberdeen " Hydro-Electric 
project in Ceylon. 

54. '' Model Form " of " Grant  for the  develop- 
ment  of water-power."-A draft Model Form prepared 
by the present \vriter in 1910 and thc proposals con- 
tained in i t  have since been discussed between t,hc 
Go\-ernment of India and local Governtnents. Generally 
sl)caking the form as niodiiicd during these discussions 
has been accepted as a reasonable basis to work upon ; 

but the G o v c r ~ ~ n ~ e n t  of India have decided not to issue 
a model Form themselves, but to leave the matter in 
the hands of the Chief Engineer, Hydro-Electric Survey. 
The Model Form now printed in Appendix I1 is there- 
fore no more than i t  professes to be, viz., a suggested 
form covering all points likely to arise when there are 
negotiation between Government and a promoter for 
the use of the water-power available a t  a given site. 
Anything of the nature of rigid uniformity is neither 
necessary nor desi~able, but a reminder of points apt 
to be overlooked cannot fail to be of value. The Model 
Form is accompanied by explanatory notes and a 
suggested form of application. The value of the latter 
lies in the fact that  i t  can only be filled in when the site 
has been investigated reasonably beforehsnd, so that 
genuine applications can be separated irom purely 

- - 

speculative ones. 







Pare. 55.1 CATBGORIEY INTO WlIlCH SITES ARE DIVIDEL, ; MAPS. 

55. Categories into which sites a re  divided ; 
maps.-In the Preliminary Report no a t t e n ~ p t  was 
n~ade  to achieve the impossible by forecasting the water 
power of India. Even no\\, any such a t ten~pt  is of 
ncccssity largely guess-work : 

" No pent-up Utica contracts your powers 
But the whole boundless continent is yours." 

Thc area with which this Survey is to some cxtent 
concerned is about 1,800,000 sq. milev of which ovcr 
1 million sq. miles arc under British Administration. 
" The Indian Empire is equal to the whole of Europe, 
except Russia. Burma is about thc same size as (pre- 
war) Austria-Hungary ; Bombay is comparable in point 
of area with Spain ; .\ladras, the Punjab, Baluchistan, 
the Central Provinces and Berar, and Rajputana are 
all larger than the British Isles ; the United Provinces 
and Bihar and Orissa than Italy."* Over this innncnse 
area, in common with other parts of the British Elnpire 
a hydro-electric survey was initiated in 1918 ; but 
hitherto only a fraction of the water-power resources 
has been examined. The followiug categories arc dealt 
with :- 

I .  Water power now developed ; Chapter. 10. 

11. Plants under constrnction ; Chapter 11. 

111. Areas investigated (not neccssarily eshans- 
tively) but not devclol~ed. This i~icludes 
most sites where the available power can be 
gauged with cousiderable confidence ; Cl~ap- 
ter 12. 

IV. Known sites of which detailed examination 
is desiral~le. Iu  these an estimate of the 
probable po\ver is given whenever t,he data 
allow, but esa~nination has not proceeded 
far enough to show whet,lier t,l~c develop- 
ment is practicable from the engineering 
or thc financial standpoint ; ChapLer 1.7. 

V. Arens and sites not exa~nincd. This list 
embraces Inany possible sites mentioned 
in the Preli~ninary Report of which pmc- 
tically not.hing in known. Only in n few 
cwes is a very speculative figure given 
for possible power, on the basis of such - - - . - - -. -- - - - - - -- 

Tho 111dian Yrar Book, 1010. 

inlorn~a tion as is obtainablc from outside 
sourros ; Chal)tcr 14. 

VI. Usclcss sitcs. In  orde'r that time may not 
bc jrasted on sites which have been examiued 
and fonnd usrlcss t,hcse are entered, \\.ill1 
reasolis wherc thcse are kno\vn. Most of 
them \\,ere lnentioned in the Preliminary 
Report, and having been given currency 
should now be cancellecl ; Chapter 15. 

T l ~ e  kcy map (Platc 11) indicates generally the areas 
in which \rater power is known to exist, according to 
the depth of shading. The general map (Plate VI I )  
in the pocket a t  the end of the volunre has most known 
or probable sites marked on it, but  the positions are 
o11ly opproxil~tatc ; \\,here known, the text gives 
references to the 1-inoh maps. The circles of 100 miles 
radius around the larger known sites (full) and probable 
sites (dotted) serve to  show areas which could be served 
by interlinlted systems. 

56. Definition of minimum power ; power on 
ordinary minimum flow ; power for maximum 
development.-No endea\-our has been made to assess 
the discontinuous power of individual sources which 
may be available for (i to 8 months in the yenr. I n  
every connt,ry bhis is much grent,er than the continuous 
po\vcr available oo ~nin im~un flow in the worst years ; 
bnt in India, whcre the \vet season is confined to a few 
montl~s, t,l~e csccss of I)o\l7er avail;~ble during the time 
that t l ~ c  effect of the ~nonsoon is st,ill felt is beyond 
any aftempt a t  cnlcnlat,ion ; monsoon storage schemes 
are on exrept,ion. lor l~ere the r ~ , l r ~ l ~  available power 
is averaged t.hro~~gl~out. t.he year and thc maximum 
power is also t,he actual. Furthermore, when the hot 
neat,her begins, there is a great rise in the discharge of 
all sno\\.-Ied rivers, which lengthens the di~continrlous 
period. Thr. Dominion Water Power Branch of Canada, 
\vhicl~ 118s taken up the question exhaust,ively, shows 
that t,he " Po\ver for ~nasinium development," depend- 
able for G months, is very hearly double t,hat obtainable 
on '' ordinary minimtun flow," grot absolute min in~al~ l  
flow as in this Report. " Ordinary minimum flow " 
is defined as being " based on the averages of the mini- 
Inon1 flow for t,he two lowest consecutive seven day 
periods in cacl~ year, over the period for which records 
are available." Tbe " Estimated flow for b1aximum 
Development " is based upon " the continuous power 
indicated by the How of the stream for six months in 
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the year. The acttiel method to  determine t h i s  flow 
is to arrange the ~rionths of each year according to the 
day of thc lowest flow in each ; the lowest of the six 
high months is taken as the basic month ; the  average 
flow of the lowest seven consecutive days in this month 
determines the maximum for that  year. The average 
of such rnaxitnuni figures for all the years in the period 
for \vhich data nre available is the estunated maximum 
used in the calculation." I n  India i t  \\,ill be conser- 
vativc to assunle that  the continuous power on " ordi- 
hary miniolunl flow " es defined above is, for the  whole 
of India except Bombay and the  Central Provinces, 
60 per cent. in excess of the  figures taken in this 
Report. These t,wo areas are excepted because t,hey 
depend almost entirely on monsoon storage, and an 
addition of 20 per cent. will be near the mark. The 
North-West Froutier Province has been ieft unaltered, 
as  i t  is douhtIul if the Indus mill, in fact, ever be 
harnessed. 

The " po\\.cr for tuaximuln development," again 
cxclodiug thrgc two areas (though the exclusion \vould ( I  ). P-L&c ,,m.---,po-*. 
not  by any nreans be univerual), may be taken as gene- 
rally a t  lcast 3 titlies the ordinary lninin~um continuous 
power shown in this Report. For the excluded areas, 
to  allow for projects not based on storage, 60 per cent. 
is added for Bo~nbay  and 30 pcr cent. for the Central 
Provinces. The table however varies somewhat from 
these figures, and is in round numbers. 
57. Summary of results and  anticipations ; 

minimum continuous power.-The following table 
is a rough prelirr~inary forecast of so much of the water 
power of India (based on minimum discharges) as  it is 
in any way possible to  indicate a t  present. The total 
power shown amounts to 5,582,000 kWs. or 7,400,000 [GiJ P1.d 
electrical horse power ; and as the basis  is minimurn. @ -3dld 
colitintrolt.~ po~ver the figures represent kilowatt-ycars. 
Diagra~~itnatically the distribution among the chief 
divisions of India may be represented as shown in 
figure 23, where the scale is 1 sq, milimetrc to 
1,000 k\\.s.  F L ~ .  23. T L  ~ o t s v  ~ O Y C W  ~f f d a .  

T A ~ L E  8.--Sun~nury of ~ ~ ~ i t t i ~ n u r t ~  co?tli~~~cous tvaler 1)oruur ill Ittdiu. - 
I 1 1 

I'ru\lllce ur slab. 
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TABLE 8-Summnry o/  probable minimum con/inuous u$nter pwcer i n  Illdin -cotinued. 

01 the projects or sites included in the above sulnlnary 58. Total power on  " ordinary minimum flow " 
the following list shows the order of magnitude of the and for " m a h u m  development."-This need not 
projects saggeated or known ; but, as regards the first detain the reader for long, as it is spec~llative and based 
entry,* ouly 4,000 ~ W H .  can be developed on the on the ~ninimum of reliable information. Using the 
present layout of open channel :- definitions and multil)liers suggested in para. 56 the 

. following are probably conservative figures. Only the 
main arens are entered. . 

~ r o s ~ o c e  or S I ~ ~ C .  

-. -- 
1 

- -- . ............. 

Uroeght lorwnrd . 
Dil~nrnndOrisgn . . .  
Bombng . . . .  
D ~ ~ r n l o  . . . . . .  
Centrnl India . . . .  
Central I'ravinecs nnd Dcrnr . . 
Cncl~in . . . . . .  
Coorg . . . .  
C w n l i n r .  . . . . .  
.1nn11m1 nnd Knallnlir . . .  
Mndrns . . . . . .  
Myao~.c . . . . . .  
North \Yest Frot~tier . . . .  
1'nLinla . . . . . .  
1'11njnb nud cnnnls . . . .  
Rnjpotnna . . . .  
Sikkim . . . . . .  
Travnncoro . . . . .  
United Provinces and canals . . 

TOTA1.S . . 

There doubtless remain many other unknown sites, 
and the future possibilities of developmellt by lifting 
dam offer an lintold number of eites in the smaller 
categoriea. 

WnLcr power 
now dovclopcd 

(site 
cnpsrlty) 

kW. C O I I I ~ I I I I O U B ,  

----- 

2 

-- 

GOO 

71.400 
3.370 

105,830 
740 

24.000 
[260] 

290 
I 1,880 

450 
4.330 

213,140 

Fro nb o ordi- Probable powrr 
~ ~ r o v i n c ~  or ~t.nt.e.. rmr; n:inin,un, 1 for n l n s i ~ i l t ~ n ~  

o r  : d<.velopn~cnt ~- : 

k W. kW. 
Assnlu . . . .  62 1,000 1,200,000 
Brngnl . . . .  1,000,000 1,800,000 
Dil~nr nnd Orinsa . . 95.000 150.000 
no~nbny  . . . .  ii3.000 1,000.000 
tiurnla . . . .  1,927,000 :l.OOO.OOO 
Central Provinccr . . IU5.000 180,000 
J R I ~ ~ I I  nnd Ku.sl~rnir . . 458.000 . 050,000 
Alndrnn . . .  138,000 300.000 
N. W. F. ~ b v i n c o  . . [I.OOO.OOOI [I,OOO.OM)I 

Planla under 
constn~cttoa. 

kW. ~ontinllolls. 

9 

... 
G0,000 

1,000 

4.600 

140 

' 55,640 

Punjnb . . . .  
United Provincrs . . 
Other n r c u  cntrrrd in prr. 

ceding tnblo . . .  
TOTAL . 

1,190,000 
603.000 

l(iO.000 

7,632,000 

hobnbls 
total. 
kws. 

- .  

7 

-. -~ 

1,087,850 
62,550 

644,310 
951,570 

680 
137.560 

4.000 
1,500 

43.300 
305,330 

92,310 
48,500 

2,400.000 
l.000,OOO 

300,WO 

12,080,000 

Arons :rind s l t s  
not l n r c s t i g h t d .  

Robal,le kW. 

0 

960,000 
30,000 
20,000 

300,000 

10,000 

. . 
20,000 

5 , 0 0 0 ~  x 

Are;,s in,olill;ltcd 

, 
'". cO"LiDUOu'~ 

4 

127,260 
12.550 

272,800 
185,800 

280 
13.700 
4,000 . . 

42,300 

32,07U 
20,000 

Knowcb ~ite. of 
wl,lrh detnlled 
~1Amillntloo la  

drsirnblc. 
Prollnblc kW. 

G 

10.0000 
20,000 

230,350 
402,400 

400 
113,800 

1,500 

170,500 
G3.800 

[1,&i.000] I [I.ooo,o;;~ 

~&2,000 793,150 
160 

13 ,270  S r r  cdls. 4 & 0 
160 

8,000 

iis.900 

5,000 
4 50 

see cok; 4 G 0 ,  403,370 

! l,lO2,070 1 3 0 l 7 0 0 0  1 5,582,000 
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59. Summary of water power now developed.- 
I n  para. 23 of the pre1iminar.y Report, Table 2 
showed the water power then actually in being in 
(geographical) India. The plant instolled amounted 
to 83,900 kWs. (111,860 e. h. p.) but this did 
not of course represent t,he continl~ous power 
value of t , l~e sitqs. Thus t,he largest, conhibution 
to  the total came from the Tatn H. E. P. S.  Co. 
in Bombay, which has virtually a 12-hour working 
day, so tha t  when the varying load factor of 
the working day is talten into account the plant 
installed can be, and in fact is, much more than double 
the continuous 2-1-hour, 365 day power. Throughout 
this report the co~ttinuous potoer basis is employed, 
thongh where t,he plant installed (or to be installed) 
is knowd its capacity is also given. The present. posi- 
t.io11 as regards water power actnally drveloped is indi- 
cated in t,he following t,able by Provinces and States, 
and further det.nils are given in succeeding 
paragraphs :- 

TABLE 10.-S~cmntary of water power now developed. 

I I Ul l imntc  

60. Bengal ; water  power developed.-This a t  
present consists only of t,lle pioneer installation a t  
Dajeeling. The Municipal hydro-electric supply is 
obtained from three small hill nalas, trihntaries of the 
Rangeet and Tistn rivers, map 78 A/8. The original 
development carried out  by t,he present \vriter in 1896 
utilized the Hospital jhora and Kot,wali jhora, by means 
of open c h a ~ e l s  meeting above t,he confluence. Sl~bse- 
quently thc Municipal Engineer, t,he late Mr. Robert,son. 
brought in a thud  nela, the Barbutia: jhora, by 

means of a flume carried on a considerable suspension 

bridge, over the deep gorge of the Kotwali. Later on 
the Hospital Jhora was tapped a t  a point higher up 
strea~n,  and an upper power house was built, of which 
the tail race discharges into the regulating reservoir 
of the original and lower scheme. The following are 
the remaining data of both works :- 

Continuous power available. On the minimum Sow 
recorded this is :- 

Regulnling storngc, CIII,. f t .  . 45,000 

Working I ~ m d  in it.  . . 660 

As however the open channels are only designed to 
carry 4 to 4i cusecs the actual continuous power is 
a t  present limited to this flow, or say 265 ItWrr., the 
storage merely sufficing to meet varying actual loads. 

61. Bombay ; water power developed.-The 
plants now developed in Bombay consist of that a t  the 
Bhat,ghar Dam, the Tata and Andhra Valley works, 
and the Gokalc Mills Co.'s plant. Of these the first 
was put up for the construction of the nrw and larger 
dam a t  Lake Whiting, \vhicll has been bujlt on the 
existing site and passes through the present structure. 
The Gokak Mills scheme has been working for factory 
use for many years. Of the tmo Tata schemes, the 
Tata B. E. P. S. Co. has been working for some years; 
)jut owing to the failure of the ,  monsoon before the 
main Shirawt,a dnm was completed, and when its great 
lake had not been filled, the supply had to he restricted 
during 1020. The Andhrn Valley project is practically 
con~pletp, and the whole of its ponrer has been taken up. 
The Nila nIula project is ~lnder constroction (see para. 
i2 )  by the same firm, bnt progress has been hampered 
by the inrl~~strial and financial ~it,nation. 

All thew three Tat.s l > r ~ j c ~ t v l e p e ~ ~ d  excll~sively on 
rnonsoon storage in grrnt lakes a t  n high clevat,ion, 
with passages through the wat.er-partings. The ori- 
ginal scheme has 3 lakes, oI which the Inrgest (Shirawta) 
is connected to the Walwhan Lake by a tunnel tllrougll 

228.000 

275 
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the parting. A considerable opcn channel, with 
a forebay far too small, leads to the power house in 
the plains a t  the foot of the Ghats. These works have 
been fully described in papers read before engineer- 
ing societies.* The Andhra Valley is a far h e r  natural 
site. Here an immense lake is impounded by a dam 
that is quite narrow over its deeper parts; and a 
prcssure tunnel a t  the upper end of this lake, tapping 
off a comparatively s~uall depth of water but most of 
the useful capacity, leads directly to the pipe line and 
a surge tower cut in the rock. The technical data of 
these worlts are given in the above table. 

Continuous 24-hour power. At the Andhra Valley 
works the continuous discharge possible with 12,000 
m. c. ft. of effective storage, allowing for losses, is 
about 320 cusecs so the continuous power mav be 

TABLE 11.-Bombay H. E. works. 

62. Burma ; water power developed.-The plants 
now worlting in I3unua are all in connection with mining 
areas ; ciz. the Burma Mines Ltd., the Burma Ruby 
Rlines, Ltd., and the Ranbauk Wolfram Nines, Ltd. 
The following table (Table 12) gives pnrticulms of 
these three plants :- 

TABLE 12.-Burma H .  E. works. 

Undcrtnking Burrnn Nines. Ruby Hlnea. yl:2k 

Tata  H. E. P. 8. Co. 

Lonavla, W. Chats. 

47 B. 

Sliiramtn, Walwbnn 
and Lonavla lakes. 

Storage alone. 

9,938 

2.7 in duct and 
forcbay. 

1,726 

4-0 

480 

13,000 

60.000 

10,000 

Chnung. 

-----.-- 

Gokak IIills Co. 

I 
Goknk, II1. Ghats . 

Gbatapmha)R. . 
130 

Nil 

1,100 

210 

a 
200 

276 

1,670 

Nil 

- 
i 

Undcrtslcing. I Andbra Vallcy. ! Ilhatghar. 

_ I--.__-i 

Location . . . . . . . 
n ~ a p  . . . . . . . 
S o ~ ~ r c o  of supply . . . . 
Minilnun1 perennial flow, cuscca . . . 
Main storagc, m. c. f t .  . . . . 
Rogulating storage, m. c. ft. . . . 
\Vorking hcnd, ft. . . . . . 
1.cngth of open cllannol, f t .  . . . 
Capaoity of chamel, cusccs . . , 

Longth of pipa line, f t .  . . . . 
Plnnt inatallcd, RVA. . . . . 
Extonsions in progress, ICVA. . . . 

put s t  37,000 kW8. Nlolnlurn now, cluces . 
At Bhatghar the minimum flow is dependant on Nnln slongc, m.".fI .  . 

irrigation considerations, and is now 130 cusecs, giving nr-l'lrclnsacoraro . . 
say 640 klVs, on average head. Large pipes arc xorking l l r ~ ~ l ,  It.  . . 
being built into the new dam, so that some 2,500 kWs. Lcnp(11 of o w n  cllnnnel. 

rnilm. 
mill be capable of development during the irrigation 

capleity of ehnnnrl, curm 
season of 8 months. 

Lcn~tIt of plpr linr. It. . At Gokalr it is 1.900 ItlVs. 
Plan1 lrwtollc~l, EVA. . 

At the Tata H. E. worlcs the continuous discharge pos- 
EstrlLslom In progmP, k,V, 

sible is some 260 ousecs, so the continuous power is 

W. Cbals near P ion4  32 milea from Paona; 

47 B 

AndhraLako . 

some 30,000 IcWs. Continuous 24-hour power. At fifanaen falls, on 
For the four plants it is 71,400 It\\'s. continuous the figures given, the contiuuous power available under 

ngainst 102,600 KVA installed. the worst conditions is 2,400 k\Vs. The river flow 
Journal I. E. E., 1916, Val. LIII, p. 002; Proc. I. C. E., 3rd Dccomber 1018. 

134 

Nil 

Nil 

270 

t 

3 milcs irom Bhor. 

47 F/12, lGjl 

LakclVbiting . 

30 

NII  

NII 

205 

Nil 

Storage alone . 
12,000 6,312 

NU 

82 

NII 

2.000 

NI1 

264 ' 
090 2,260 

8,000 I 418 

111 / NU 

Nil 

1,743 

Tunncl 1.66 by 
82.8 aq. f t .  

COO 

4,700 

60,000 

... 

14.610 

376 

Nll 

4G to  101 

Nil 

... 
440 

1,024 

Nil 
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is in fact all passed through the wheels a t  such times. 
At the Ruby Mines the minimum continuous poweris 
30x205115 or 410 ItWs. At Kanbauk the site 
could be developed for 560 kV's. continuously with 
the present dam, since the flow will take the power 
during the rains ; the run-of? in 1920 was estimated a t  
580 m. c. ft. I t  is interesting to note that the dam 
here is of the " roclr-fill " type, with reinforced cement 
concrete face and loose stone backing. 

The continuous power of the three plants aggregates 
3,370 ItWs. under minimum conditions. 

63. Jammu and Kashmir ; water power developed. 
-The two plants recorded in the Preliminary Report 
on this State remain unaltered, as follows :- 

TABLE 13.-Jammu and Xashmir H .  E .  work.  

Ann~liey rcl~rrne 

'T. Co.). llillr 
I 'ro~luee Co. - 

JIlnimum Bow. elwcn a: 

rcglllnting 
nogulnting storngo , 

tn'o I n k s .  

Worklng had,  It. . 800 680 700 

Lcngtll of opcn ehnnnel 4 mi. 
Cnpncity of ehnnnel, 

CllBCc9. 33 

2.130 1,780 

NII NII  

I 
Contimlous power nvnal. 100 

Undcrtnking. J~~~~~~~ Jhclum River. nblc ntsite' k\V' 

' 
The total continuous power a t  the three sites, under 

I minimum conditions, may therefore be talten as 740 
kWs. 

Location . . . . : Jnmmu. T a s i  . , 3Iohore, Ihsl l -  

Source of wnter . . . 

Minimum perennial Bow, 
cusecs. 

Gtorago . . . . 

mir noad. 65. Mysore ; water power developed.-The only 

Rnnbir Cnnd . 
i 500 

Nil 

Working head, It. . . 1 26 

I 
Lcngth of open channel . I Nil 

! 

Cnpnciby of c h n ~ r l ,  cusecs . ' . . . 
I 

Length of pipc line, i t .  . Nil opcn pen- 

plant a t  present working is the Cauvery Po~rer scheme, 
Rapids in 

Jhelum. of which the particulars follow :- 

4,000 Locution.-Sivnsamudrnm. 
Source of wafer and mi~rimam $ow.-Cnuvery Ris,cr nnd fnlle. 

The greet reservoir which is being 'eonstructetl nbovo 
these works will completely alter tllc power situntion. 

Nil Witllout this storngo tho minimum flow i~ LOO cosera. 
With tho lirst stngo of tho stornge this n~iuirnlln~ rvill 1.0 
raised to 560 ct~secs nnd eventually LO !100 1 usecs. 

390 Main storago . . . . . . 11.000 m. c. It. 
Regulating storage nt two nnilrntu . . :I00 :xrld ROO )".a. 

{t. ~.cepeetivcly. 

G& miles. Working hond . . . . . . '110 to 4% It. 
Length of opcn cllnnncl . . . . 3.2 z n i .  
Cnpncity 01 channel . . . . 1,0011 cuseea. 

GGO Length of pipe line . . . . . !oO lo 1,100 11. 
l'lnnt instnlled . . . . . lli.9I~O IcIV. 
Extonsions in progress . . . . H,4fi7 kW. 

atock. 1 The ultimate capacity of the site, continttous power, 
I I will be 9 0 0 ~ 4 1 0 / 1 5  or 24,000 ItWs. 

Plnnt instnllcd, hW. . . OiO i 4.000 
I 66. North West Frontier Province ; water I 

I power developed.-The small plant errctcd for the 
Ultimnto cnpncity, conli- 830 ! 105,000 on mini- 

nuous po\ver, I<\!'. ,,,,, ; 
construction of the Malalthand t,unnel is tllc only one , 

14,600 on pre. in this Province. The undcvcloped power of the Smst I mnt  0pc.n I / cllnnnel. 

Canal itself a t  this site is dealt with elsen~herr, para. 118. 
The plant is supplied by a powcr chan~~cl, 24 milts 
long, taken directly from the Swat River, n mile above 

The total nvailal,le power a t  these two sites is there- the canal headworks. Carrying 125 cusrcs and utilis- 
fore 105,830 li\\:s. against 4.G70 liWs. installed. 

ing a 30 ft. fall tho power available is some 260 

64. Madras ; water power developed.-The plants kW. This is also the ~ l a n t  installed. 
working in Madras are three in number, as shown in 67. Patiala States ; water power developed.- 
the follo\ving table :- The Patisla Hydro-electric scheme utilizes an 8 It. 
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fall on the Ghagar branch of the Sirhimd Canal, a t  
Nidampur. With a minimum flow of 550 cusecs 290 
kW. continuous is available, and 213 kW. are 
installed. 

68. Punjab ; water power developed.-There are 
three plants nom working in the Punjab, a t  h i t s a r ,  
Dhariwal and Sb la .  Particulars follow in tabular form. 

'I'rmk rapid. 
10 

CIISPCJ. 

>Inill storngc . . 
I leut~le l inc  storsnr 

69. Travancore ; water power developed.-- 
The small Pulivassal scheme at  Bfunnar is the only 
onc a t  present developed. With a head of 400 ft. 450 
ItWs. are developed. 

70. United Provinces ; water power developed.- 
At present the small plant put up at  Bahadurabad, 
for usc 011 the construction of the new Ganges Canal 
head worlts at  I-Iardwar, and the h1ussoorie-Dehra 
IVIunicipsl 11. E. schenle are alone. Details follow :- 

T a n r . ~  16.-Utritcd P~ouinces H. E. works. 

Mini~nunr 1,nrrnuinl flow, 
cusrcs. 

Main storngc . . . 

Plnnt inqlnllrrl, k\Y. . , 
Extcnaions in 1,~ogl.csu . 
UILin~ntc enpacity of sitc, 

col~lint~or~v powrr, k\\'. 

Two lnlls in tho 
Gn~~yrn cnnnl, 
combinrd. 

3,000 

Nil 

Nil 
I !I 

Sl~ort clivr~sion 
NII ; ol>cn pvn. 
stock. 

41iO 
Nil 1 3,800 

3 ~ n i .  from Mus. 
sooric. 

TIVO l~ill strcnnia. 

Kil: bat n rr- 
arrvoir 01 11 
tn. o. It. llndor 
ronsidorntiol~. 

Small. 
1,000 
Nil 
4,350 ft. 

1,790 
Nil 

630 on ruini~nuui 
nolv. 

CHAPTER I~.-HYDRO-ELECTRIC PLI~NTY UNDER 
CONSTRUCTION. 

71. Summary of plants under construction.-In 
the Preliminary Report, pagc 37, Table 4 gave a asum- 
mary of plants then under construction; of these the 
Sikkirn project was incorrectly entered as it is not even 
now actually under construction, although i t  ie ready 
when favourable times come. The h d h r a  Valley 
scheme is now practically complete, and has been 
placed among existing plants. The following is a 
summary of the projects enumerated below :- 

TABLE 17.-Summurrl of plants u d e r  conslrmtintl. 

Proviaco or Stnte. 
I 

72. Bombay ; plants under conshuction.-In 
addition to the two plants now \\,orking near Bombay, 
Messrs. Tata Sons & Co. hare nlso fully investigated 

Dornbay . . . . . 1 1 

~ ~ ~ ' n ~ i o r .  . . . . j  1 

Nyrure . . . . . 1 
I 

Punjab . . . . . 1 
1 

United Provinces . , . I 1 

- 
a third, the Nila-IvIula scheme, in connection with which 
the civil engineering works are in progress ; as soon as 
the general situation in the engiueering trade settles 
down, and financial conditions becolnc stable, this 
company will forge ahead. As in the other two cases, 
the project is purely a storage one, a great lake being 
formed in the elevated vallev of thc Blula River. West 
of Poona, and South of th; Tata and h d h r a  $alley 
sites. The lalte mill carry 16.500 m. c. ft. of effective 
storage on the East side of the Wcstern Ghats, and a 
tunnel 3 miles long \vill lcad through the a,~lcrshed 
as in the case of the Audhra Valley. Tlie tunnel will 
carry 1,000 cusecs, and a pipc linc 5,800 ft. long will 
then give a total head (inclusive of that of the pressure 
tunnel) of 1,GGO ft. It is proposed to instal 105,000 
IcWs. of plant and the project n.ill be tied in with 
the existing ones for the further supply of the Bombay 
industrial area. In ter~ns of continuous power the 
lake may be rated to give some 550 cusecs all the year 
round, though sornc carry-over 1~111 have to be kept 
in reserve. On this basis the 24-hour power is 50,000 
k\I1e. 

73. Gwalior ; hydro-electric plants under con- 
struction.-Rcierence is luade elsevr~here in this 
report (para. 87) to several grcat irrigation and power 
projects investigated under the direction of Mr. 5. K. 

) 5 1 1 1 0  65,040 

106,000 

1,000 

1,500 

60,000 

1,000 

4,600 

2,000 Iaclodrd lo 
l'onj;bl, ennnls. 

45ll -- I 140 
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Gurtu~ M.A-3 If.Inst.C.E.9 M.1.E. (Ind.), Member of head normally, with from 2,000 to 6,000 cuseos ; this 
the of Revenue for Irrigation, Gwalior. Of flow is available when the Rasu] site is not taking 
these one, the Parbatti project, is a t  present under ofl the water. The third fall to be used by the sp- 
construction so far as the hydraulic works are concerned, dicate is 2 miles from Gujranwala, on the upper chenab 
and the folio-g brief account is given though the Canal, main line lower, a t  a 7-span bridge, R. D. 221,060, 
courtesy of Mr. Gurtu. I t  is a very complicated and amounts to 104 ft. A fourth fall is the Joyanwals 
scheme, primarily for irrigatioll coupled with water sup- fall also on the Upper Chenab Canal, a t  Chichoki near 
ply to the town of Lashkar, and estimated to cost 129 Lahore, where 9 or possibly 11 ft. can be obtained; 
lalrhs. A reservoir with a cqacity of 6,000 m. c. ft. this is to be harnessed first, and tenders are being 
is to  be constructed on the Parbatti River a t  Kaketo, invited for the plant. The minimum power is inclu- 
G miles North West of Mohona railway station and 38 ded in that of the Punjab Canals, in para. 91 of 
miles from Gwalior. The dam now under construction this Report. 
is to  rise 125 ft. above bed level, the take-off being 76. united provinces ; plants under comtruc- 
75 ft. up. A over 30 miles long, partly in tunnel tion.-The suggestion to  use the Naini Tal lake and 
and the water to a balancing tank neighbouring springs for power generation has been 
a t  Sirsa, 18 miles from the dam, which is also under under discussion for 20 years or more, and many dif- 
construction. Hme the bifurcates, the Power ferent schemes have been considered. The water 
scheme being served by the larger branch with a ca- available is so small that only a small project for the 
pacity of 50 (eventually 65) cusecs. Prom a forebay town itsell is possible. The sanctioned project is 
at Nali~ura there is a drop of 300 ft .  with a very 10% based upon the Islie as a storage reservoir. A head 
pipe line of 12,500 ft., the tail race water being used of 1,400 ft. is available with a pipe line 5,800 ft. long. 
for irrigation. The continuous power available will ~t is estbated that for 3 months annually the rainfall 
be 5 0 ~ 3 0 0 / 1 5  or 1,000 kWs. The discharge of the and springs will much more than balance the draft for 
river rises to 100,000 cusecs in the mius, but the power. The records of the discharge over the lake 
stream dries up later. waste weir show that 55 m, c. ft. is the lowest record, 

74. Mysore ; plants under comtruction.-In in 1894, and that a less quantity will supply the scheme 
connection with the Cauvery dam a t  Iirishnaraja re- drawn up. It is estimated that only 18 m. c. ft. will 
servoir site the Mysore Darbar is instaUing penstock be required to tide over the 9 months during which, 
and forebay equipment for generating some 4,500 kWs. in dry years, no addition to the lake will come from 
when the dam is completed. This installation rainfall. As the lake area is Sf m. sq. ft. an extra 
will no doubt work in with the esistiug Cauvery ins- depth of 3.44 ft. is required to give this storage (see 
tallation, enlarged as the extra flow from the reservoir below). It is also calculated that the greatest variation 
becomes available (see paras. G5, 89). in lake level, when the scheme is worlcing, will be 7.15 
75. Funjab ; plauts uuder consiruction.-An ft. in a year of great &ought ; this corresponds to 374 

agreement has been entered iuto between the Punjab m. c, ft. It is proposed to instal three 150 kWs. 
Government and the Punjab Hydro-Electric and In- sets ; on norlnal full load of two working sets (one being 
dustries Depelopment Association (Bawa Hardyal spare) the water required will amount to ~ractically 
Singh) for developing certain canal falls, as noted in 3& cusecs. I t  is estunated that the total demand in 
dealing with " Grants for the development of water Naini Tal will come to 705,000 units per annnm, in- 

power." These faUs (and their power) are included cluding 265,000 units for pumping. This is a little 
in the list of canal falls in the Punjab. The most more than the old established installations a t  Darjeeling 
hpor tant  is the main he fall at  R. L). 211,000 of the and Mussoorie sell, and both are comparable in size and 
Upper Jhelum Canal, a t  Rasul, where there is a fall general conditions; the former has a seasonal tea- 
of about 70 ft. back into the Jhelum riyer above the garden load and the latter a pumping load. The units 

headworks of the Lonrer Jhelum Canal. Thc normal generated, talting tho proportion of units sold to ge- 

flow is about 3,000 cuseca, which codd be carried in the nerated in these two places, will be 900,000 Naini Tnl. 

canal and dropped though turbiues iustcad of flowing The avcvago load on the generators thoughout the 

down the stream. A very short length of .branch canal year will therefore be 104 ItWs. If peak 

serve the pipe line at the outlet point, together load is 300 klvs. as ms~med the load 

with a tail canal back to the river. Two further falls be 34 per cent. or the same that of 

on the same canal a t  Bhimber weir, R. D. 419,000 and by adjusting I'umpin~ not to tho 

st 426,000, neu ahere the canal tails into the Chenab, normal peak an even better load factor be 

near can be combivsd ta give Borne 20 f t  ol obtained, by dirmoishg the loadd. 
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Taking an average load of 104 kWs. for 9 months 
(i.e. 794 kilowatt-years) as that to be supplied ,,,,, 

from storage the quantity of water required will pro- 
bably be not less than 32 m. c. ft., as the wheels mill - 
oftcn be working on very low e5ciency. This is a 84 

Provlnm or Sbnto. 

Centrnl I n d l ~  . . . 

xurnl>rr 01 

silc~. 

2 

draft of 1.37 cusecs for the 9 months, and involves a 85 

lowering of the lake level by about 3215.26 or say 6 ft. 
which might be increased by a further 8 in. if the mon- 
soon broke a month late. The 18 m. C. ft. assumed 87 

in the report appears to be definitely low; it would 
probably require this amount in the &st working year, 88 

as the turbines must run (and pass water) even if the 09 

load is negligible. The 55 m. c. ft. which now go to 
waste will however sdlice, provided that the lake is O0 

raised su5ciently to ensure extra storage to the extent ,, 
required. The lake will be filled in the monsoon and 
thereafter, in a cycle of dry seasons, there will be a 02 

continuous draft at  the average rate mentioned above, oa 
with nothing coming in, up till the (possibly late) 
breaking of the nest monsoon. For the purposes of 
this report the continuous 24-hour po~ver ultimately 
available may be reckoned on 50 m. c. ft. of water or 

:J!,;fr:{s 
poavr 
kw. 

285 

C C ~ ~ I O I  Provlnem . . . ~ 13.700 

8"0chin " ' . ' 4.000 

Gwalior . . . . 42,300 

1Iodm . . . . . 32.075 

~1 ,,,, . . , . . 20.000 

Pun'"b . . . . 80,270 

,, .,,,,, , , , . 40,000 

Sikkirn . . . . . 6,000 

Uuilcd ~rovinees . . . I 370.000 

9 B  '"I" . 37 8,900 
-- 

TOT16 . l o o  1 1,104,280 

50x 1,400/500 = 140 kilomalt-years, or 1.2 million 78, Assanl ; sites examined.-As will be seen from 
units. the alphabetical list of sites investigated, Mr. Blenlrinsop 

has so far concentrated on'a few rivers and sites that 
CHAPTER ~~ . -WAT&R POJVER SITES INVESTIGATED promising; and of these the Hokong Valley 

BUT NOT DEVELOPED. is likely to prove by far the best if any means of utili- 

77. sunlmary ,,f investigated sites.-~he present zing its great potentialities can be found. There are 
chapter contains the major part of the results achieved not sites in India giving 68,000 
by the various officers in charge of the Hydro-Electric killowatt-years with a very cheap development. I t  is 

Survey throughout India, together with a fern sites llighly desirable that this project s l ~ o ~ l d  be surveyed 
(including some of the most promising) known before in detail so that eitimates may be prepared for the 
the Survey began. The succeeding paragraphs deal "hole of the civil engineering works; presumably 
with the various Provinces in alphabetical order; and the section of the projected railway UP to the site, 
the rivers iu each Province are similarly arranged, so from near hIargherita, has already reached a stage 

to afford ready reference, The following table where estimates can be made. This section of the 
gives a summary of the whole :- railway will be essential to the power scheme. 

Of other sites examined, the Cherrapunji p!ateau 
TADLE 18.-S~b?)t?tt(bry of investigated sites. is less promising as to cost, but the survey has not 

been carried to the point of estimating yet ;  indeed 
the basis of development suggested in this Report is 
radically different from that tentatively put forward 
locally. I t  seems probable that some 17,000 kilowatt- 
years can be obtained, and a capital cost of 50 to 60 
lakhs would b(: permissible if electro-chemical work 
is to be undertaken. 

The Burnihat project on the Um Tru is an excellent 
one on a small scale; the other sites are less favour- 
ably placed. Details of the above will be found in 
the lists, as well aa brief notes on sites not yet examined 
or examined and found useless, in other sectiom of 
this Report. The followhg table gives FA aummary 
of the power at  the sites which follow. 
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Serinl. River or sito. 

Cherrapunji platrau 

II1Ik0og \'alloy . 
hIaibnng Rivor . 

Shillong . . 
Solneswari River . 

Urn Tru River . 

( 1 )  Chcrra1~unji Plateau.-The latent possibilities 
of this plateau, famous for its enormous rninfall, were 
referred to  under the heading of the Shella River in 
the Preliminary Report, page 67, and also in the 
general remarks on Assarn on page 40. The plateau 
lias now been examined, and, despite the great fall 
of over 4,000 ft. which exists to the plains, proves 
somewhat disappointing a t  first sight in the reconnais- 
sance reports. The hills are situated in an area subject 
to severe earthquakes, which renders really high dams 
out of the question. Any dam built would clearly 
have to be of reinforced concrete; even so, while the 
danger of actual destruction would be practically nil, 
there would perhaps be some chance of fissuring. At 
the present day, however, one finds i t  hard to believe 
that  a hollow reinforced concrete dam cannot be 
designed up to 100 or 120 ft. in height with perfect 
confidence. Unfortunately the plateau has only one 
moderately good reservoir site; all others examined 
give but small storage capacity, as the slopc of the 
ground is considerable. This area &as been mooted 
88 a possible eource of power for electro-chemical 

TABLE 19.-Assam ; Summcrry of sites mamined. 

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

Six possible reservoir sites for spillway dams have 
been examined in the area covered by map 78 O/11, 
which is available on the 14-inch scale. They arc as 
follows :- 

TABLE 20.-Slorage sites a1 ~/terrflpltnji. 

Nature of supply. 

4 niontl~s storage . 
Storage from i & ii 

Ditto 

Ditto . 
Ditto . 

Storago . . 
Storage . . 
Ditto . . 

Lifting dams . 

(.,,tcl,. I i~Ik' l~l  I u3h1 1 I 1 rl 1 1 c ~ ~ r i  
Xumc. ~ I : ~ I I I .  I I ~ .  e.  , ,t. i t .  s'~'':'re cr<,hl. i t .  I .  It, 

Sito number. 

(i) 

(iii) 

(v)  

(vi) 

(vii) 

. . . 
(i) 

(ii) 

(iii) 

hfinimutu 
constant 

flow 
assumed, 
cusecs. 

36 

62 

62 

62 

ti2 

GOO 

90 

195 

190 

5 

BOO 

1,400 

237 

170 

... 

Flow . . 
I 

Flow and SLorago . (ii) 

Flow Storage . 1 (i) 

R~aumcs.  

TIIO 2nd.nnd 4th sections 
colnprlse reservoirs 
and open channels 
betwccn sites, all of 

No. (i) would bo dcre. 
ivllieh oro in seriea. 

loped last if at all. 

With pressure tunnol. 

I ~ I I ~  co~i;incd. ~o ivor  
lcas Ll~nn al~ove scparato 
developments. 

ft. 

350 

660 

G50 

1,500 

1,400 

1.700 

260 

200 

400 

800 

80 

GO 

200 

Plow only . . 
F I O ~  . . 

TOTAL , '-:!LO-l 

hlinimuni 

poivor, 
Irn'~. 

2,700 ' 

6.200 

6,700J 

68.000 

1,660 

2,600 

6,000 

200 

4,000 

6.600 

3.100 

(ii) 

(iii) 

1,450 

.,.130 I . 
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A map prepared on a scale of 4-inch to the mile 
shows these sites. The two Urn Sohphi dams are 
in the Urn Pynjngithuli stream, above the Laitryngew 
site ; there is ample rnn-off for all. The Pomdaloi 
site is further down the same stream. The Laitlynrlop 
site is on the parallel stream to the West, but its stored 
water can be put into the Pomdaloi rescrvoir. The 
Raitong site is on the UIII Long, to the East, but can 
similarly be joined up to the Pomdaloi. 

The schemes prepared by DIr. Blenltinsop are as 
follows :- 

First alto-nntive.-For the 'I six months " project 
Mr. Blenkinsop ~roposed to use the two last reservoirs 
in the table, the storage in which would merely supple- 
ment the rainfall on deficient days dtring the siu met 
mouths. The longest dry period recorded in this 
season is eighteen days. The run-off on 330 inches 
is about 600 m. c. ft. per square mile, which on these 
two catchments of 5.35 square lniles gives an average 
run-off during six months of nearly 200 cusecs. But  
single falls of 20 and 25 inches occur and over 30 inches 
have fallen in a day. Any such fall would be far in 
excess of the reservoir capacity ; it  would not there- 
f o r ~  be possible to depend on utilizing the mean run-off. 
The project prepared would allow 180 cnsec: from 
storage for eighteen dry days. An open chaunel 7,000 
ft. long would lead to a forebay near the edge of the 
cliff, bot the pipe line to utilize the whole fall of 4,080 
f t .  would be 20,000 f t ,  long. It is very donbtful 
if so long a ~ i p e  line mould be practicable on such a 
hcad;  in any case it would bc absolutely prohibitive 
in cost. The power mould be some 48,000 k\\'. 
for siz mov~ths unly. With a shorter and more practic- 
able pipe line, and a lower head, the proposition mould 
not be much more favourable. This scheme may be 
considered as useless. 

Second alternative.-Of all the six reservoir sites that  
a t  Laitryngew is by far the best. Mr. Blenkinsop's 
second alternative is based on this reservoir, but  should 
it materialize the other reservoirs could eventually 
be inter-connected with it. During the four driest 
tnonths (November to .February) the natural flow 
is very small ; the mean ~iuonthly rainfall is 1.3 inch 
only, out of some 400 inchcs per annunl. The Lnitryngew 
storage of 408 m. c. ft. ~vill give 40 cusecs tl~roughout 
t,liese four dry months, and will collect such showers 
as occur ; the rnu-off is esceptionally high a t  all times. 
For tlie rcst of tllc year, with the reservoir to act as a 
rcg~llator, n rn11c11 greater discharge con ger~erally 
I,c obtained. Bat  in both March and October the 
rniufall has becn ltnow~l to fall practically to zcro, 
so t,herc is some uncertainty about the nssumptions 
made nhovc, 

During the rains water only comes into question a8 
regards the spillway. The Laitryngew reservoir is 
32 m i l a  away from the edge of the cliff, and there is 
a fall of about 1,000 ft. in this distance ; a further 
fall of some 3,770 ft. occurs in 4 miles from the edge 
of the cliff. The reconnaissance and map do not 
indicate the route examined nor the locality suggested 
for the power house. Unfortuuately a pipe line of over 
7 miles in length, as proposed, is ont of the question 
and this project mill need to be completely recast, to  
render it in any may practical. 

Probable nzethod of devc1opn~enl.-If this project 
is to be utilized i t  must certainly be on different liiles 
to  those proposed, and in stages. Examination of 
the existing conto~ued maps indicates possibilities; 
although the cliiomctric contours are " approximate " 
only, they are generally found to  be very fairly accuratc. 
For the descent of the great cliff into Sylhet tbe best 
route is almost certainly one near the existing foot- 
track, but  on the left bank of the Urn Sohkhylleng 
instead of the right bank, ending up a t  Therriaghat 
R. L. about 100 ft. I t  is perfectly clear that  the 
development must be in stages, and these stages can 
only be determined by levelling over the ground. The 
object should be so to lay out the plan that  the most 
favourable stretch can be actually developed first, 
without preventing other falls being developed as and 
when required, unless i t  is decided to  initiate electro- 
chemical works on a large scale right away. 

(i) Starting therefore from the proposed dam 2 
miles W. of Laitryngew, on the Um Pynjngithuli, a t  
R. L. 5,300, an open channel could be taken along 
the L. bank for just over a mile, where a fall to  about 
the 4,950 ft. conto~u could be obtained (350 ft.) 
back into the stream a t  the Pomdaloi reservoir site. 
This small fall, and therefore the channel feeding it, 
should clearly wait until it  is wanted ; meantime the 
water from the upper reservoir would simply run 
down the bed of the stream to  Pomdaloi. The dam 
a t  Pomdaloi, 4,885 f t  , mould in any case have to be 
constructed as a pick-up weir, but  its additional 96 
m. c. ft.  will be useful. I t  is very cloubtfol if i t  would 
ever pay to develop thc 350 ft. fall except possibly 
in the form of an " automatic " subsidiary plant. 

(ii) From the draw-off level a t  Pomdaloi, an open 
channel would have to be constructed (in the first 
iustance) along the 4,900 ft.  contour, or thereabout, 
towards Cherrapunji, crossing the two branches of the 
Um Long by culvert or sypl~on and arriving (after the 
secolld crossing) a t  mile 30b of the main road. (The 
contours on the map do not quite agree with the levrls 
shown in the reconnaissance report, but  these are details 
for suwey.) Thence the open channel would proceed 
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round the Northern half of the town, on the W. side, 
  rob ably ending up + mile W. of the spot level 4,607 
in the N. part of the town, but a t  about 4,900 ft. 
The Raitong reservoir, when constructed, would 
discharge into this channel. 

(iii) At the termination of this channel, which mill 
be some 4 miles in length, a forebay of sufEcient sue 
for regulation mill be essential ; some 300,000 c. ft. 
a t  least. From here it is impossible to follow 
the contour lines clearly, but the object is to arrive 
a t  a point on the road near Mamsmai village, in the 
corner of the N.-E. square of map 78 0112, a t  
about R. L. 3,950. The distance as the crow flies 
is 3 miles, and the fall about 900 ft. nett. Such a 
pipe line would be prohibitive. But the fall from 
4900 to 4350 ft. or 550 ft. in 1 mile; to a point on the 
Laitkynsew branch road 4 mile W. of the Post 
Ofice, could possibly be used if needed. If this head 
(or more) can be obtained with a reasonable pipe 
length i t  would make a good beginning. 

(iv) A difEcult mile from the last-named point 
would apparently have to be negotiated in order to 
get to  the stream bed flowing to Ma~vsmai village, 
while avoiding the stream to  the East of it. There 
is little doubt however that i t  can be done, in channel 
and tunnel. Having arrived a t  this stream its bed 
would be utilized up to  a pick-up ~ e i r  immediately 
W. of mile 36 of the road, where two branch nalas 
join at  about R. L. 3660. The 700 ft. of head here 
involved would have to be cascaded in all prohahility, 
but this can only be decided by survey. It may be 
possible to  utilize it. 

(v) From the pick-up weir a t  mile 36 a fall from 
3,660 to  3,000 ft. or 650 ft. can be obtained with 
1 mile of pipe. I t  seems probable that this would be 
the first good development to  undertake, unless No. 
(iii) above proves feasible. In  the latter case the 
diEcult mile of channel in (iv) would be avoided for 
the time being. The power house site would be at, 
or just short of, mile 37 on the road, the pipe line 
running close to the road on the West. 

(vi) Thence nn open channel of about 1 mile would 
run along the 3,000 ft. contour (approximately) 
to  where it crosses Long. 91°46', a t  the boundary of 
maps 78 0112 and 16. Here the large falls begin. 
From this point a pipe line 2 mile long, down or through 
the cliff, would give a fall from 3,000 to about 1,500 
ft., or 1,500 ft., to the S.-W. corner of Sohbar 
village, where a power station would be placed. 

(vii) From the latter point an open channel of 2 
milo would reach a point ) mile S. of the spot 
level 1,878 (Sohbar), where a fall from 1,500 to 100 ft., 

or 1,400 ft., could be obtained to immediately above 
Therriaghat, with a pipe line of about 1$ mile. 

Stated in the above form, which prim6 jaeic offers 
the only practicable solution of the problem, the omens 
are not favourable; but nevertheless the final results 
may be better than they look a t  first sight. The 
possibility of 5 dry months must be faced, as mentioned 
above, though the contingency is seldom likely to occur. 
The stornge a t  Laitryngem will give 100 m. c. ft. 
per month for five months or say 36 cusecs after 
allowing for losses. Pomdaloi will give another 7 
cusecs, and must (as explained) be constructed at  the 
same time. To this 42 cusecs it would eventually 
be possible to add the yield of the other 4 reservoirs, 
namely a further 20 cusecs; whether this would pay 
is a matter for further examination, but it is essential 
to determine whether the open channels are to carry 
42 or 62 cusecs. The minimum power available, on 
the plan outlined above, cnn now be determined; 
nhile the power for 8 or 9 months in the year would 
be enormoualy greater. 

TARLE 21.-Powerjrm Cherraptinji plateau. 

(il) 1 Pomdnlal to X. or 1 4 l~penrlrnnncl /  lYil 
Chcrrnp~~nll. 

;(ill) To point nnmnl. n'. of ( 02 / 550 1 2.2M 
Post omer (xvllh olhrr 
rcservolm itrought in). 

(ir) Toymile 30 or rand 

(v )  blllc 30 to nllic 37 . 02 050 2.700 

(vi)  1 From cntloropcn c11nnnr4 
2 1 1,600 I 0,200 

I dcscrillr,l up l o  Sohbnr 

Thus about 4,460 ft. out of the total fall of 5,200 
ft. from the main reservoir .could probably be utilized 
t o  produce some 17,600 kWs. continuously; or, 
using the bed of the stream in place of (i), nearly 17,000 
kmrs. in two large and two small interconnected 
power stations. This block of continuous power is 
su5cient to be worth serious consideration for electro- 
chemical purposes. I t  is well worth surveying in 
dctail, so that estimates can be drawn up. Although 
an alarming variety of works are contemplated, reminis- 
cent of the original Silewani Ghat scheme, there arc 
no outstanding works of great cost involved. I t  would 
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probably not be necessary to  duplicate all the plant gauge was placed in the catchment a t  Nongyoung 
i t h  spare; the capital charges on such idle plant Cnmp and recorded 13.3 inch between 16th March 
would be far greater than the loss of revenue from and 7th April, 1921, in 22 days;  during the same 
an occasional temporary breakdown of machinery. period the Namchik gauge, 40 miles distant, only 
This much may be hazarded. On electro-chemical rccorded 4 inch. The lake catchment probably gets 
work, where the load factor of the plant would be about much heavier rainfall as the steep range bounds i t  
82 per cent., the units generated would be 1 7 , 0 0 0 ~  Fozo on the N. and catches the current from the S. 
x 2 4 ~  365 nr say 122 million per annum. The works The bills round the lake site arc very steep and the 
would be near-by and for rough purposes we may distance the watcr has to flow averages only 2 or 2& 
talce i t  that  110 million would be utilized. At a cost miles. The soil is largely clay with big jungle trees 
of one-tenth of an anna per unit this mould come and little undergromth. The rup-off nil1 therefore 
to practically seven lakbs of rupees. Capitalized a t  be extremely high, especially as rain falls almost 
14 per cent. to cover all charges and working expenses throughout the year and the ground is always sodden. 
this would be equivalent to a capital cost of 50 lakhs. Mr. Blcnkinsop estimates a run-off of 80 per cent., 
In these days an overall cost so low as one-tenth anna a and though exceptional this is probably justifiable. 
unit is not easily obtained, and if the project could The northern rain gauges in the Upper Chindwin 
be carried out for 66 or even 60 lakhs i t  would pro- valley, some 50 to 100 miles S., show average rainfall 
bably prove remunerative. The 50 lakhs represents from 70 to 90 inches, the months of December to  Febru- 
about Rs. 300 per kilowatt of continuous load, while ary giving comparatively little fall. The Dibrugarh and 
60 lakhs \rould be Rs. 350-not a high figure, if it  Blargherita gauges have averages of 112 and 102 inches, 
proves a possible one. In  a case like this it would not be with November and December each under an inch. 
necessary to instal much more plant than is represented The Naga Hill gauges similarly show about 100 inches. 
by that  load, unless further plant were installed to I t  is very unlikely that  the catchment \dl have a 
use the great excess of mater in the 8 met months. lower average than 90 inches or minimum of 75 inches. 

Finally, the 90 ft. dam a t  Laitryngew would have The average total run-off is t,hcrefore probably about 
a water spread of 1@ m. sq. ft. An extra 10 23,000 m. c. i t .  and the minimum about 19,000 m. c. 
feet only in height would therefore give a t  least an ft. I t  is probable that  these estimates are too low. 
additional 130 m. c. ft. or 9 cusecs, increasing the The project will bc purely a storage one, in the sense 
total power by one-seventh. Cannot an earthquake that  a great lake will be formed into which and from 
proof reinforced dam 100 or even 110 ft. high be which the whole supply will be taken. Owing t o  the 
designed ? The answer must surely be in the affirm- great natural swamp or lake a dam only 60 ft. high 
ntive. And tberc will be no d%culty in filling it. and 450 ft. long will impound 60,000 m. c. it. of 

(2) Hukang Valley, Pathi  range, Nongyoung River.- mater. Thus, mhm once filled, a huge carry-over 
The possibilities of this remote valley, some 30 miles will be available, and if the actual run-off exceed 
E. of Marglierita, in the confines of Northern Assam, expectations the power will be greater than is anti- 
wcre brought to notice in connection with the northern cipated. The whole sublnerged area is a swamp. 
route proposed for the Assam-Burma railway comec- Two alternative mcthods of development are 
tion. A map of the area on the scale of 1 inch=4 suggested ; one employing an open channel 7 miles 
miles has now been prepared, and a reconnaissance has long to a forebay, with a pipe of 2,000 ft. in -length 
been made for power. The results are beyond expec- and a head of 1,000 ft. on the S. side of the Patkai 
tnt,ion, as  some 90,000 h. p. is found available a t  one rnnge ; the other en~ploying a pressure tunnel through 
site. t,he watershed (on thc lines of the Andhra Volley and 

The N o ~ y o u n g  R,iver is a tributary of the Loglai Sutlej River works) to the N. side of the rnnge 
River, \vhich joins the Ttuong KO (or Tarong) and (i .e. ,  into the Brahmnputra catchment) and a pipe 
the Chind\riu. The site is on map 92 A., S.-W., line 4,000 ft. long, giving a head of 1,700 ft. The 
but is not clear on the 1 milliontli Atlas sheets. The length of the tunnel ia 8,000 ft. only, and as it-doubles 
catchment, nrca is 134 square miles of which a large the power available there can be no question tha t  it 
proportion is a swamp, between Maium (shorn in is the correct solution for this fine project. A surge 
Atla4 and Mongseang Lalce. The Patkai range a t  tower a t  its exit would of course be essential. 
Maiulll hns a trigonometrical station R. L. 6.860, The storage can be depended upon to give a t  least 
overlooking the sitc. There is a rainfall station a t  600 cusecs t,hroughont the year, so that  the continuous 
Nalnrllik (N. ol the area) where the precipitation power available is 6 0 0 ~  1,700/16 or 68,000 kWs. 
from March t,o October 1920 was 80 inch. A tank Probably the extra head due to the average height 

L 
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the water above the tunnel should be added to the other alternative site offers, and undesirable because 
1,700 f t .  given ; a t  any rate it will inore than balance the second dam would not otherwise have to be built 
the losses. for some years. It would clearly be preferable so to 

If the Burma-Assam railway \\'ere constructed on place the upper power house near the lower site that 
the alignment it would pass the site of the the tail waters from the draft tube will (eventnauy) 
Power station ; if the Power project were carried out fall into the lower flume ; but the power house should- 
it would be necessary to build either a road or a railway be independent of the dam. ~h~ sketch plan shows 
to this point. But electrical working of such railway the bed level at  the upper dam site to be 1,078 ft .  

be adopted ; with coal avail- and at  the lower dam site 876 ft . ,  giving a gross head 
able locally and so little traffic it would probably not of 202 ft. plzis the average height of the water above 
pay under ordinary conditions. It would however draw-off level. If the draw-off level is 30 ft. up the 
pay to work this short section, if the power scheme minimum fall will be 232 tt. and the maxinlunl 300 
were developed for some electro-chemical process. ft. or a mean nett head of aboot 260 ft. The report 
That is, in fact, the only possible ozrtlct for the power. gives 182 ft. only, as obtained by levelling, but tho 
If it were used the traffic both maps between the works discrepancy is not explained. The pipe line will 
and the present railhead would be constant and heavy, (it is said) be 300 ft. long ; if the sketch plan is correct 
and as the gradients arc steep electrification would it will perhaps be longer to give a fall of 202 ft. The 
then unquestionably be necessary. power available will be about 90~260/15  or 1,5GO 

(3) Maibang River, tributary of  Kalang and Brah- kWs. continuous. 
mapu1ra.-This project is near hIaibang station on the (ii) Lower site.-The lower reservoir site is at  mile 
Assam-Bengal Railway, map 83 613. It is unlikely 328 and is proposed of the same dimensions, with a 
to materialize a t  present as it would submerge both capacity of 3,500 m. c. ft, giving a constant discharge 
p a d  of the railway (involving a uot very expensive of 105 cusecs. The estimated minimum .run-off is 
diversion) and llIaibang village. Nevertheless the more than suf6cient to fill both reservoirs, and if 
project has good points and should be placed on record. gauging and more rainfall records in bhe ca t chen t  
The site was noted by Mr. Barlow when passing show higher results the reservoir sites are capable 
through from Haflong, and is referred to on page 67 of much greater capacity. Some further carry-over in 
of the Preliminary Report. the lower reservoir is in any case desirable. From this 

Levelling shows that the most favourable develop- reservoir an open channel 4i miles long is required 
ment would be a double onc, with an upper reservoir to reach the forebay a t  mile 3334 on the line. A pipe 
fecding a lower reservoir through its power station line of 400 ft. then gives a fall of 200 ft. to a power 
and a second power station below. These stages house below the railway tunnel a t  mile 3334. The tail 
cotdd be developed separately. race of the upper station will 111tin1~1tely discharge into 

The rainfall a t  Haflong averages 84 inches ; this hill the open channel of the lower one, thus giving a total 
station is at  the top of the catchment area of 80 square constant discharge of 195 cusecs and power of 
miles, which presumably applies to the upper reservoir, 195~200/15  or 2,600 ItWs. continuously. The draft 
though the fact is not stated. Mr. Blenkinso~ estimates head appears to have been left out of account a t  this 
the minimum ruu-ofi as 6,700 m. c. ft. Discharges lower site, and probably at  the llpprr site also ; it is 
in November and Dccemher 1920 averaged 54 cusecs, stated that the power house site is "quite safe from 
so the flow probably ceases in the spring and storage the highest floods " so that, when the floods are 

is the basis of the project. regulated and niodilied by the dams, probably a 
(i) Upper &.-The upper reservoir site is a t  further 20 it. or more of head may be available. 

mile 3 2 q  of the railway and involves a dam 1,500 ft .  (iii) Further pourer.-If the above storage reservoirs 
long and 100 ft. high with a capacity of 3,000 m. c. were built (apart from their direct power) the whole 
ft. This mill give some 90 ctlsecs throughout the reach of the river below from about 800 ft .  altitude 
year, The excess run-off \t3ill spill over and be down to the plains level of 300 f t .  could also certainly 

impounded (eventually) in the lower resenroir. From be developed by lifting dams. At the lowest cOmPu- 

this upper reservoir a flume b& miles long leads to a tation an addilional 190x400/15 or 51000 ltTvs. 
forebay above the site of the loll-er reservoir. Mr. thus be obtained a t  small cost. 
Blenkinsop proposes to place t,he upper power house (4) Shillong : Urn Ifia and Shir~i.-These 
inside the lowcr (hollow) dam, but this appears both small nalas were investigated many Years see 

Ilnnecessary and undesirable ; unnecessary because preliminary Report, page 67. A natural fall 

such special construction is only adopted when no it. is available and with both streams Joined up it 
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is probable that 150 to 200 kWs. continuous could 
be obtained. If gaughgs have been continued since 
the earlier investigation i t  should now be possible 
$0 say what the actual minimum discharges are. 
Sdc ien t  regulation to meet peak loads is possible. 

(5) Someswari River, tributary of Brahmaputra, Garo 
Hills.-Two projects have been examined in this 
river; the upper one in the stretch from Jankeray to 
Siju (map 78 15/11, 15) and the lower near Bagmora 
(map 78 K/11,12). See Preliminary Report, page 68 
and Second Report, page 65. 

Upper site.-This is reached from Jharia Jhanjail. 
From Siju up to the junction of the Ranglrhai tribu- 
tary there is an ascertained fall of 77 ft. which can be 
Increased by 58 ft. and (apparently) by most of a 
further 34 ft. which is the height of the power station 
site over the stream bed; by dropping the site some- 
what and utilizing the draft head it would seem that 
at  least 160 ft. cen be obtained The levels from the 
Rangkhai junction to Jankeray have not yet been 
determined exactly, but aneroid levelling indicates 
a total fall of 180 ft. from the Jankeray to (apparently) 
the power house site at  Siju ; if this is correct the 
available fall is 210 ft. gross or about 200 ft. nett, 
and this figwe may be taken. The reconnaissance 
form (Second Report, page 20), under item 111, asks 
ior- 

(i) Approximate gross height of fialural walerfall. 
(ii) Approximate gross height of artificial fall 

or of natural fall increased by extra head 
obtainable above or below the same. 

Sub-head (i) is clearly not intended to apply to 
scattered rapids; the two rapids in the Um Tru in 
this section of the report are practically waterfalls ; 
but the Someswari does not appear to have any water- 
fall proper. The reconnaissance form gives (i) 77 ft. 
(ii) 61 ft .  ; but (ii) must clearly always be greater 
than (i) by the extra head obtainable. I t  is not clear 
if the available head is 51 ft., 77 f t . ,  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, a t  Siju, was 1,150 cusecs after several 
yructicdy dry days, and the catchmcnt is snch that 
the previous rainfall will have almost entirely run off. 
Thc estimated annual run-off from tho 544 square 
miles of catchment is of the order of 70,000 m. c. f t ,  
und the minimum discharge is likely to be about 800 
cusecs. There is rain in these hills at  all times and 
aeasom, averaging well over 100 inches in this area. 
l h e  headworks would be near Jankeray, where a low 
diversion dam and regulator will be necessary. An 
open flume (probably timber) would run for 6 miles 

on the L. bank over difficult country, involving some 
tunnelling and bridging of 11:1las, ending up in a small 
regulating reservoir and forebay (preferably combined) 
above Siju. The power house site chosen is 34 ft. 
over bed level, but it is not clear il this is included in 
the fall shown or not ; clearly most of it can be utilized 
by draft tubes. It seems probable that t.he cost of a 
flume for the whole distance mould be very high, and 
that not more than about 80 ft. can be economically 
obtained. In that case the power available will be 
about 800~80/15 or say 4,000 kIVs. continuously. 
The catchment of the Ranglthai is comparatively small 
and it may prove that the fall bctween its entry and 
Janlteray is more easily manageable. 

Lower sile.-For this it is proposed to build a lifting 
dam 3 miles from Bagmora, 100 f t .  high and some 
660 f t .  long. This would give a lake of some 14 
square miles waterspread and using tho top 20 ft. for 
storage a supplementary 420 cosecs mould be obtained 
for the 6 driest months. T l~e  minimt~m discharge is 
about 1,000 cusecs (possibly 1,200) so that 1,400 cuseca 
could be assured. The subulerged land will be mostly 
agricultwal, with 12 villages ; surplussing mould be 
over the dam, which is calculated to be long enough 
for the puxpose. It is proposed to use the interior 
of the hollo\v dam for the pomcr station. The carrying 
out of this schemc is rendered uulilicly by the fact that 
the projected Bagmora-Sipi-Jnnkeray railway is 
intended to run in what would be the submerged 
area. IYitb a head of 60 ft. between low water 
level and tail race level (rising to 80 ft. or more a t  
times) the r~inimunl power available on 1,400 cuseca 
is 5,600 IcIVs. continuous. 

(6) Ultz Tru Ricer, /~ibutury of Brulr~~~oputra, Burnihst, 
Klrusic~ snd Jaiatic~ Hills.-In this river, a few miles 
upstream of the Gauhati-Shillong road bridge, there 
arc two series of rapids (alnlost nmounting to water- 
ialls) with a level strctch in between. These falls 
were referred to in t,he I'reliluinary Report, page 68, 
and the result of a f i s t  rough reconnaissance was given 
on page (iO of the Second Report. The river has been 
thoroughly examined now and a number ot alternative 
schemes have been worked out roughly. There are 
no long period gaugings available, but the lowest 
record in 1021 was 170 cusecs on 3rd March. ke the 
season was escept~ioually dry this is probably not far 
off the actual miui~uum clischnrge. Thc catchment 
area above the rapids is 390 squ&e oliles. There are 
no raingauges within it, but a tank gauge has now 
been h e d .  In any case the annual run-off, estimated 
a t  about 30,000 m. c. ft. minimum, is such that not 
more than a minute percentnge of it can be stored. 
Above the upper rapids only small regulating storage 
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(15 m. c. ft.) is possible with a 60 It. dam. This 
therefore practically limits the upper rapids or a 
combination of the upper and lower rapids, in a single 
scheme, to the minimum flow of the river. The level 
stretch between the two rapids is more favourable 
for storage and allows 84 m. c. ft. to be impounded 
with an 80 ft. dam some 420 f t .  long only. 

From the longitudinal section it appears 
that the high flood reduced level, below the lower 
rapids, is 188 ft. At the site of the lower dam, 
a t  the top of the lower rapids, 6,800 ft. upstream, 
the bed level is 344.8, giving a drop (apart from any 
dam) of 156 ft. (as against 136 ft. in the report). 
There follows a long pool and minor rapids above 
here, for a horizontal distance of 7,250 ft.. where the 
bcd level is 366.3 ft. The bed level a t  the site of 
the upper dam, above the. upper rapids, is a t  494 it. 
and 5,300 ft. above the last-named spot. The upper 
rapid therefore has a natwal fall of 494-366 or 128 
ft. (as against 104 ft. in the report). The whole 
natural fall from the upper pool to H. F. L. below the 
lower rapids is 49&-188 or 306 ft. The discrepancies 
between plan and report appear to be due to neglect 
of the draft head ; the plan is correct. 

The alternatives that offer arc intcrcsting. 
(a) Lower 7apids only.-Net head say 150 ft. (i). On 

Bow alone, power available liOx l.j0/15=1,700 kWr. 
continuously. (ii) On flow, with a loiv dam above 
these rnpids storing 15 m. c. it. which would give 
suf6cient regulating storage to enable a high peak 
load to be met. (iii) On flow, with a higher dam 
(80 ft.) giving 84 tn. c. ft. storage, which would 
supplement the supply in the two driest months, uiz., 
February and March. Here the average head would 
be with the dam about ?J iull (most of the storage 
being a t  the top) and the head would be 150+f of 
80 or say 200 ft. With 237 cusecs the power would 
now be 3,100 kWs. continuous-a far I i e r  proposition 
than subheads (i) or (ii). 

(6) Upper rapids only.-(i) I t  must be assumed 
that thc lower dam will be built, if thc two falls are 
to be separatively developed ; in that case it is certain 
that the lower dam would be constructed first of all. 
Therefore the upper fall will be from 494 bed level 
to  424.6 a t  the crest of the dart1 ax., 70 ft., or a little 
less a t  flood times. The power available on flow alone 
will be 1 7 0 ~ 7 0 / 1 5  or 800 kWs. continuous. (ii) 
With a very low dam, to storc 5 m. c. It. only, there 
would be little gain. (iii) With a 60 It. dam, storing 
16 m. c. ft., the head would be raised to 130 ft. 
The extra storage might be useful, but the extra head 
would probably be more useful, so the reservoir \~ould 
be merely trebkd aa a silt trap behiud a Lifting dam. 

The power mould be 170>t130/15 or 1,450 kWs. 
A plus B with separate developments can therefore 
give 3,100+1,450 or 4,550 kws. continuously, and, 
with the lower storage proposed, any load factor or 
peak load could be met within reason, so long as 
the total energy developed does not exceed 4 , 5 5 0 ~ 2 4  
units per day. 

(c) Both falls cwnbined.--(i) On flow alone, taking 
the net head as 287 ft .  (as in the report) the power 
availawe is 170X 287/15=3,250 kWs. continuously ; 
with the small storage above the upper rapids any load 
factor or peak load could be met 80 long as the average 
power required in the two dry months doe8 not exceed 
the above value. With the GO ft. dam proposed under 
head B (iii), and 15 m. c. ft. storage, the dischargc 
during the two comparatively dry months could be 
slightly increased (a matter of under 3 cusecs) but 
an extra 75,000 units could be generated over and 
above that which the minimum flow could give. I-Iere 
the storage would be more valuable than the extra 
head. 

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

Considering the lower rapids in greater detail, it is 
quite clear that this excellent site would be irretriev- 
ably ruined if its possible regulating storage capacity 
were not utilized to the full. The proposal to build 
a 15 ft. dam 200 ft. long and storing 15 m. c. It. 
should not be encouraged. With an 80 ft. dam 420 
ft. long, offering a far better spill-way for the great 
floods which occur, 84 m. c.  ft. would be obtained. 
This is the useful capacity above draw-off level, which 
would have to be about 20 ft. up to allow for silting. 
I t  is not stated if this is the practicable limit of height. 
From the reservoir the alternatives are either an open 
channel 10,000 f t .  long, with a short pipe line of 560 
ft. ; or a long direct pipe line alone, of 7,500 ft. with 
a surge tower above the same short steep fall a t  thc 
end. (I t  ia not clear if the 7,500 ft. includes or 
excludes the 560 f t .  of pressure pipe.) The latter 
ha8 the advantage of utilizing the (variable) head in 
the reservoir between draw-off level and actual level ; 
t b  will vary from nil up to 60 ft. (on an 80 ft. dam) 
when the power is fully used, but the whole 60 ft. 
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will be available for 10 months in the year and for the 
remaining two mouths for some tinie to come. I t  is 
therefore plain that  the proper method of develop- 
ment is to take a single closed pipe (probably of rein- 
forced concrete) from the reservoir along the hill side, 
a t  little more than the hydraulic gradient, up to where 
the shortest pressure pipes for the wheels can be laid 
down ;'at the junction a surgc tower would be required, 
but  this would not need to  be vertical ; i t  would be 
laid up the hill side to an open tank (both surge tank 
and forebay) of sufGcient capacity to meet the varia- 
tions of velocity in the pipe line from no-load to full- 
load. The arrangement would in fact amount to an 
inverted syphon feeding the forebay, except that 
the steel pipes would not need to be taken up to the 
forebay but  would originate a t  the junction point. The 
height of thc chosen site for the power housc is 20 ft. 
above strcam level ; this will of course be utilized by 
draft tubes. The actual gross head \rill therefore 
vary between 176 f t .  and 236 ft. according to the 
condition of the lake ; for the purposes of the con- 
tinous power available thc head may be taken as 
200 ft. uctt, as above, giving continuous power of 
3,100 kWs. 

The case is an interesting one from the point of 
view of the plaut \vhich can be installed, and has been 
used as an example of regulating storage, worked out 
graphically, In para 28 of thls Report. 

79. Baroda ; sites examined ; the Sankheda 
Taluka Project (Orsang, Heran  and Unch 
Rivers).-(Second Report, pagc 60.) This project, 
drawn up by Mr. A. Loving, was examined by Messrs. 
Bull and Meares iu 1920, and reported on as feasible. 
The site is 24 miles from Baioda, where a considerable 
dernaud exists ; ~t is on map 46 F i l l ,  12, 15, 1G. The 
area is subject to great deficiencies of rainfall, and the 
project depends mainly on storage ; some data are 
available from the canal works which talte off a t  Jojwa 
headworks, adjoining the proposed works. A storage 
of some 7,000 m. c. ft. has been surveyed, to be fed 
by the 3 rivers named, by means of short canals, 
cutting through the low intervening mnter-partings. 
Thc problem turns almost entirely on whether there 
will be sufficient carry-over in a bad series of years. 
I t  appears probable that  a t  rare intervals there will 
bc an iusullicient carry-over, but if the project can 
supply power more economically than is possible 
with fuel for 19 years out of 20 a reserve plant could 
be installed to meet the contingency. Into the main 
storage, \\hich is on the Unch River, the smallcr 
reservoirs ou the Orsang to the N. and the Heran 
ta the S. discharge ; these small rcservots will 
function mainly by intercepting minor floods nnd 

diverting them to the main storage. Sdch floods, 
coming down from the Chhota Oodeypur hills, are 
scvere; the catchment of the Unch itself is compara- 
tively small, but i t  offers the best storage site. The 
catchment areas a t  the dams are :-Orsang, 820 square 
miles ; Heran, 394 square milcs mostly in the hills ; Unch 
167 square miles. Rainfall records for 41 years are 
available a t  Sankheda, while a t  Jojwa and Chhota 
Oodeypur they are available for 15 years and Shivraj- 
pur and Chorangla have shorter records. An average 
annual fall of 42 inches is estimated, with a maximum 
of 6G inches and a minimum of 134, ezccpl in one year, 
1899, when Sanltheda recorded 6 inches. Mr. Loving 
estimates the average run-off to be some 70,000 m. c. 
ft. but a ~ninimum of 4,000 m. c. f t .  on 132 inches 
of rain and practically nil in a famine year such a s  
1899. Uniortunately the storage will only carry a 
fraction of the average run-off, and great floods will 
have to bc swplussed. Even so the interconnecting 
canals \\fill require to be of very large capacity. 

At the main dam site a head of only about 75 ft. 
can be obtained ; it  is a question of estimates whether 
this should be used or the larger head obtainable as 
presently explained. The Orsang drops about 6 ft.  
a mile below the Sankheda dam site, and the possi- 
bility was considered of piping the supply for some 
10 milcs to where a fall of 140 ft. is obtainable back 
to the river. This was snrveyed and turned down bp 
Mr. Loving on the score of cost, probably correctly. 
If however n light reinforced concrete pipe line could 
be run on a suitable small slope for most of the distance, 
up to a surge tower or elevated reservoir of sufEcient 
capacity-- and i t  would have to be very large indeed-the 
proposition is a possible one. There is however another 
alternative which Mr. Loving adopted in preference 
to this. IIe proposes to run a canal as far as the ground 
allows, to betwecn Pipalsat and Aritha, near where 
the 140 f t .  fall would otherwise be ob ta iud le  by 
pipes and the dam head ; but with the canal the head 
available ~vould only be 80 or 90 ft. From here 
however a sandy valley, with small nullahs, runs down 
to the Orsang some 6 miles further down. The slope 
is quite gradual, but  Mr. Loving's examination sa t ides  
him that  this valley could be deepened by hydraulic 
sluicing from the canal. I n  this way a tail race channel 
could be made to carve itself out, and the power station 
could then be placed a t  the termination of the canal. 
The idea is a bold onc, but  hills have before now been 
bodily removed in this may. (The writer saw such 
a work in progress in Seattle o. few years ago.) No 
doubt many d8iculties would be met with, bot  if 
trial pits prove the ground favourable the process 
would be automatic and rapid. A continuous dis- 
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charge of 550 cusecs or more d i m  a steep slope mould 
unquestionably remove anything i t  met with, and 
as the banks collapsed the channel would widen out 
until stable slopes were obtained. In this way a head 
of 110 ft. would be obtainable. Mr. Loving estimates 
that, except in the most abnormal years, he can obtain 
5 5 0 ~  110/15 or 4,000 kWs. continuously. 

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

80. Bengal ; sites examined.-Hitherto the only 
sites in Bengal of which the examination has been 
definite are in the Duars tea planting districts, in the 
Jaldaka aud neighbouring streams. The possibility 
of development here turns almost entirely on the 
question of firing the tea leaf electrically, as to which 
para. 48 of the Report may be consulted. This 
proposition was first Heriously mooted by Mr. A. H. 
Abbott of Octavius Steel & Co., whose interests in 
this district are considerable ; it is also receiving atten- 
tion in Ceylon. The following summary shows the 
main data of these. schemes :- 

TABLE 22.-Bengnl; summary of sites exa~~zi~ted. 

RESOURCES. [Para. 80. 

( I )  I Jeldakr . . : Fluw. leu 1,ooo l.',auo 

('2) Y O O I e o  . . ' . I0 1 150 1 700 

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

(3) 

As regards the ~llinimum discharge of the river, 
M. King, Executive Engineer, Duars Roads, made 
careful measurements in the lower reaches near the 
railway in March, 1919, and found only 231 cusecs 
there. The season was an exceptionally dry one. 
A month later the present writer and Mr. King gauged 
the Jaldaka, the Ne Chu and the Bia Chu and found 
137, 32 and 20 cusecs respectively, or 189 cusecs in all. 
The probable error is considerable, as there was no 
satisfactory site for the work ; but the result accords 
well with the earlier determination some 15 uiiles down 
stream. In Dccember 1919 Messrs. Mathews and 
Allan measured the 3 streams and found 357, 251 and 
184 cusecs in them or 792 in all ; but this larger result 
would be expected so soon after the rains. The actual 
minimum discharge is of less importance than usual 
on this project, as the greatest demand for power 
would not come until the rains bring on both the tea 
leaf and the discharge. Mr.' Mathews considers lhat 
during the tea season ths 60,000 IrWs., estimated 
to be required, could be obtained. The expcctcd 
load factor is between 30 and 40 pcr cent., so that 
for thc purposes of this report the cont.innons 24-hour 
power available may be takeu as 16,000 to 20,000 
k\Ys. The abvolutc rninimuul may not be more than 
12,000 kWs. in exceptional ycnrs ; but, as stated, 
this is immaterial for tea garden purposes. 

' 32 ( 500 1,050 Ne Chu or TlloBI . ,, , 
TOTAL 1 . .  . . 1 11,250 

The intake beadworks offer great difficulty, as 
floods of a t  least 50,000 cusecs have to be provided 
for, carrying boulders of 60 tons weight and more down 
the river ; Mr. Mathema proposes to design so that the 
floods can carry the boulders over the intake dam, 
while the flume would take off from a comparatively 
still water ares a t  the side, properly ~rotected. The 

- I " 

(1) J a l d a h  River, Duars District.-(See also Ne Chu 
River.) The results of a preliminary reconnaissance 
by the present writer were given on page 69 of the 
P r e l i r h s ~ y  Report and in the Second Report, page 
G1, i t  was stated that further examination had been 
~nadc by thc General Electric Co. (India) Ltd., to 
whom a " Grant " has been made. The 1-inch map 
78 A116 shows thc ground. 

A report was prepared for the company by Rlr. T. 
L. Mathews, M.Inst.C.E., Consulting Engineer, who 
traversed the grouud with Mr. J .  D. Allen, Chief 
Engineer to the Company. It was decided that the 
beat position for the headworks would be in the main 
river a t  Godak (or Gotau) immediately below its junc- 
tion with the Bindu Chu (or Bia Chu), half a mile 
below the junction of the Jaldaka and Ne Chu (or 
Thodi Nala). The elevation here, ae determined by 
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flood waters of the Bia Chu, coming into the Jaldaka of nitrate of lime per annum ; the latter being required 
a t  the headworks site, and flowing a t  right angles on the gardens. 
to that river directly towards the channel entry, will The headworks will be situated about 2 miles above 
tend to cause all debris to .collect near the screens ; the river junction ; thence an open flume of 800 ft. * 

this will need consideration. and a t.unnel of 6,500 ft. will lead to a surge tower 

The flume has been designed to be in duplicate, with on the hill side above the power station site, which 

a combined capacity of cusecs, of i m n  the banks of the Jaldaka opposite where the Bindu 
on the R, or ~ ~ i ~ i ~ h  ~~~k ; thus on the (Bia) Chu joins it. With a pipe line of 1,000 f t .  a 

assnlned net head of 85&30=820 f t ,  net each nett head of 500 f t .  is obtainable. The tail race will 

mould serve 32,000 ltws., while if survey shows the discharge into the,Jalda.ka above the site fixed for the 
head to be 1,000 ft. gross will serve 40,000 headworks on that  river, that the water again 
kWs. A some 16,000 ft ,  in length (out be available for that  development. The d i ~ h a r g e  

of 40,000 f t .  of channel) is involved, for crossing found in the Ne Chu and Mathews 

behind under the ja l  ung ( ja l  chu) and R~~~~ was 250 cusecs in December 1919, and in March 1920 
chu triblltaries, appears that only a very small they judged i t  to be similar, after "considerable rain 

regulating storage is possible a t  the forebay, where in the Duars." On other h a n d y  in March 1919. 

arrangen~ents must be made for surplussing 900 cusecs the present miter Iound 32 cusecs 

for an hour or so in case of a sllut-down. clearly measurement, so that  the discharge cannot conceivably 
i t  mould he preferable to have a forebay or regulating have been above about 40 cusecs then. The scheme 
storage of some 3) m. C. ft. (an hour's supply at drawn up however ignores this definite minim- and 
900 cusecs) if a site could be found;  in order to con- assumes a minimum of 150 cuseca. The minimum 

serve the 2.1-hour supply for use mainly in 8 working Power available without storage may definitely be 

hours far more storage nlonld be necessary; on the taken as 32x500115 Or 11050 kWs. as against 
minimum recorded discharge of 189 cusecs this would 5,050 kWs. continuous assumed by Mr. Matheas. 
come to 11 rn. c. ft. The advantage of this would The capital cost of the hydraulic development up to  
be the great reduction in the size and cost of the lo~lg but exclnding the Power house is estimated to  be 7 
flnmcs aud tunnel, which might not only balance lakhs for 7,600 kWs. of working plant capacity. 
out in capital expenditure but  give the storage in hand To get this output requires 226 Cusecs either from 
into the bargain. flow or storage. Such an aluount mill probably be 

The minimum power available continously is 1 8 9 ~  available most of the time when i t  is required, but  

1,000/15 or 12,500 kWs. on this scale the hot weather load will almost 
certainly average more than the 1,050 kWs. minimum. 

(2) River, D1tars Dislricl.-A project Furthermore, solne storage would be essential to meet 
was drawn by Mr. J. Gordon Of Sam Sing for 'lis the pcnk load a t  such seasons. I t  is very doubtful 
compauy's tea factories in Cllulsa district. I t  was whether the project is in the absence of 

1~000 b. '. p. Or kWs. under able storage, for which however a site is believed to 
a head of 150 f t .  The scheme has so far not been exist. 
proceeded with, probably in view of the Jaldalta pro- ~ i h ~ ~  and orissa ; sites examined.-Hither- 
ject ; but this latter (q. v.) is also held up now. to no projects in this Province can be said to  have 

(3) h'e Chu (or Tltodi) River, D w s  Distrid.-This been jull?~ investigated. Mr. Stevens, the Executive 
river joins the Jaldaka a t  the point where the latter Engineer in charge of the Srlrvey there, began opera- 
rnters British !erritory, and during the investigation tions ; but he proceeded on long leave preparatory 
of the main river (scc preceding entry) by the General to retirement, and hitherto i t  has not been found 
Electric C'o. (India), Limited, i t  was found that  the Ne possible to  spare another nrhole-time 05cer. The 
Chu would ~ r o v i d e  a good site for preliminary operations work has been carried on by the Superintending 
on a much s~n:~ller scale than would be essential on Engineer, Western Circle, in addition to  his ordinary 
the ?aldalta. Thc, power could also be used for con- duties, but a whole-time o5cer will probably be put 
strllction porposes on thc Jaldalta scheme. The Com- on to the Snrvoy in the autumn. 
pany estitnates that  the Ne Chu will givo about 5,000 Blast of the information available is given under the 
k\lls. during the cold weather nnd 15,000 kWs. head of " Sites for detailed investigation " and " Sites 
during the ten manufacturing season. This, if sub- not investigated " in this Report ; but the examine- 
stantinted, would s~~ffice, they consider, to electrify tion of the Burhabalong and Subarnarekha Rivers has 
~ b o l l t  60 ten gardens and also to produce 5,000 tons proceeded fqr enough to show definitely that  cossi- 
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derable power is available. Further work remains Mi.  Douglas' 40,000 e. h. p. (30,000 kWs.) ma8 an 
to  be done however on both projects. estimate of plant installed. It is not far wrong on the 

usual load factors found in India. The project will 
TABLE 23.-Bihar and On'ssa; szlmmary of sites repay detailed investigatipn. 

exn~tained.  (2) Subarnarekha River, Ranchi.-Some information 

Allnlruurn hllnlmurn 

Scrlol Illvcr. 
cusecs. 

-- - 

------ 
.... . . 1 l2.55. 

regarding this river was given in the Preliminary 
Report, Page 72, and was supplemented in the Second 
Report, page 66. The project appears to be a pro- 
mising one and h a  now been further examined. The 
bauxite deposits in the neighbourhood make the project 
of value, and enquiries have been made as to the polver 
available. Two alternatives were suggested (i) to use 
the Hundru Ghagh falls, with storage higher up, and 
(ii) to turn the water from the lower dam through the 
ridge to near Gola. The latter alternative was found 

(1) Burhabalong River, Maytc~bhanj.-In the Pre- impracticable and haa been dropped in favour of the 
liminary Report, page 71, such information as was former. I t  is proposed to  utilize the waters of the 
then available was given. On page 66 of the Second main river and its tributary the Jumar, joining 7 miles 
Report the difficulties likely to be encountered were N.-E. of Ranchi on map 73 E/7, at  the Hundru 
noted, as the result of a preliminary reconnaissance. Ghagh falls on map 73 E/11. Thefalls are 28 miles 
The site is on map 73 J /8  and K/5. The natural fall from Ranchi, Gô  Angara. As stated in the Preli- 
is 730 ft. which can be increased to  930 ft. by going minary Report, the river runs dry and storage is 
some distance upstream and dropping a channel, some essential. Two earthen dams (with puddle cores) are 
2,600 ft. long, from the hill on the R. bank. The proposed, both on map 73 E/7. One is on the main 
rains generally begin in April. The minimum discharge river, above the junction, 1 mile from Tatisilwai and 
is believed to  be about 15 cusecs, and the annual 10 miles from Ranchi ; the second is on the Jumar, 
rainfall is nearer 80 inches than 60 inches. Earthen 1 mile below where the Ranchi-Hazaribagh road 
dams of 120 to  150 f t .  in height mould be required crosses, and 9 miles from Ranchi. The Subarnarekha 
to store about 2,200 m. c. f t .  a t  the two sites referred dam a t  Tatisilwai (bed level 427 ft.) will be 4,390 
t o  in the Preliminary Report ( loc.  cit.). The storage f t .  long and 62 ft. high ; the Jumar dam a t  Kadilots 
sites are flat open valleys, through which the streams will be 5,084 ft. long and 61 ft. high. The ground 
have cut channels 15 to  30 f t  deep. They are culti- a t  these sites is laterite soil mixed with gravel, over- 
vated, and a good deal of good land would be sub- lying rock a t  a depth of 10 to  20 ft. Surplus flood 
merged. The pomer station would be in a deep rocky water will have to be escaped through waste weir 
valley, difficult to  get at, and involving a new road channels, which will be very costly, as they must be 
a t  least 20 miles long. The possibility of cutting lined with heavy pitching throughout and must be 
through the ridge to  the great fall on the East or West capable of discharging 16,000 to 18,000 cusecs each. 
(instead of using the nattnal fall) was considered and The reservoir capacities are estimated to be of 1,064 
ruled out, as the cost would be out of all proportion and 1,070 m. c. f t .  respectively, or 2,134 m. c. f t .  
to  the gain. I t  may safely be assumed that  from May in all. The submerged land is mostly culturable, and 
to  October (six months) the rains would provide far will be expensive to  acquire. One village of ', acre 

more than the conatant available power, and that  will also be submerged. The water carries much silt 

the s t o rqe  reservoirs would always be full a t  the end in the rnins, and the reservoirs will silt up somewhat 

of the rains (probably till the end of November). The rapidly unless arrangements can be made higher up 
minimum flow being about 16 cusecs i t  ]nay be taken for its deposition in part. The pomer house below 

that 60 cusecs \+,ill he below the average flow for the the falls will be 8 miles direct from Johna station, B. N. R. 
6 comparatively dry months. The 2,000 m. c. f t .  The project is a high head one, with the natural water- 

of stored water will give 120 cusecs for 6 months. The fall of 312 f t .  increased to 425 ft. by means of an 

lowest constant discharge may therrlorr be talten as open channel. ~ c c o r d i q  to the basis adopted in this 
170 cusecs which on a net fall of itl,otlt. 900 ft. will circle the flood discharges of the two streams  roba ably 
give 10,000 kWs., continuously. The project is nnlount to not less than 10,000 and 17,000 cusecs 
therefore by no means on unfavourable one even though respectively, so that some 36,000 casecs lllay go over 
the original estimate was over the mark. No doubt the f a b  a t  times. No flood discharges have so fW 
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been taken, but 2,100 cusecs were observed after rain 
in January 1919. The catchment areas arc 117 and 
103 square miles above the two dams, or 221 square 
milesin all. The average annual rainfall a t  Ranchi 
is 57.6 inchcs of which 7.6 falls in the 7 dry months, 
November to May. The lowcst year's record is 38.7 
inches and 54 inchcs have iallcn in one day (8th August 
1919). The annual run-off is estimated to average 
5,900 m. c. it. ,  with a minimum of 3,980 m. c. ft. 
Very long open channels are required to reach the falls ; 
the routes have not yet been surveyed and the existing 
maps are not contoured, but the distance from Hundru 
falls to  each dam site is about 17 miles. Probably a 
common channel mill serve about 11 or 12 miles of 
this. With channels of this lcngth the water will take 
about 3 hours to traverse the distance, so that  4 hours 
iull load regulating storage is essential a t  or near the 
forebay and 6 to 12 hours would be preferable. The 
ground has not, yet been 6urveye.d for this, but  inspec- 
tion shows that  there is not too much room; i t  may 
be necessary to  widen out the channel for the last half 
mile, so as to get a contour forebay reservoir. The 
channel and forebay mill be on the left bank.. The 
pipe line has not been surveyed, but it will not be 
unduly long; Mr. Stevens roughly examined i t  but 
failed to  record the length. Rough project estimates 
indicate that  the cost of the dams, reservoirs, waste 
weirs and waste weir channel will amount to about 
114 lakhs, including compensation for submerged 
land. No estimates have yet been prepared for open 
channels, settling taults, forebay or power house. 

The site provisionally chosen for the forebay (near 
Maldiha village) is about 437 f t .  above the power 
stntion site. Several other reservoir sites have been 
tentatively examined, and iurther storage may be 
possible if required. I n  view of the heavy silting (for 

which a considerable depth in the reservoirs bas been 
allowed) i t  may be found desirable to build low dams 
above the two reservoirs, to catch the heavier debris 
ior some yeare to come :this is a matter of cost. There 
should not be much silt in the outlet water to  the 
channel, as thc capacity is considerable and all but  tbc 
lightest  sill scttlc far nbovc the dam. On 
the most conscrvative estimatc flow will provide aU 
the water required for power for 4 months. Taking 
2,000 m. c. Et. of effective storage, there will certainly 
be enough flow during the remaining 8 months (even 
though the rivers run dry for 3 months) to make up 
all losses. The constant (12 months) discharge from 
the storage may therefore be taken as 60 cusccs, or 
90 cuseca for the 8 dry months, and the power as 9 0 x  
425115 or 2,550 kWs. continuously as a minimum. 
The projcct is therefore well worth completing. 

82. Bombay ; sites examined.-Under General 
Order No. C. W. 12193 P. W. D., dated 8th 
August 1921, the Governor of Bombay in Council 
" is pleased to direct that  all survey work should cease 
and that  the Executive Engineer on Special Duty, 
Hydro-Electric Surveys, should . . . . . . collate all datn 
now in his possession in regard to (certain specified) 
schemes which, together with the information avail- 
able from the preliminary investigation of (certain other) 
projects, should be embodied in a report suitable for 
publication." Certain rain and river gauges however 
are to be kept on by the Public Works Department 
and Forest Department " as the data to be obtained 
from them will be very valuable." So ends one chapter 
of thc Survey. Abstracts of the Report to  be locally 
published are printed in this and the following chapters. 
Of schemes which have been investigated in consider- 
able detail, although not in all cases completely, thc 
following table gives an abstract ; details are given in 
the alphabetical nbstracts which follow :- 

TABLE 24.-Boday ; summary of sites a m i n e d .  

Rivor or sito. 

Icnlinadi Rivor . . . . . 
ICnrjnnRivor. . . . . . 
I < o y n n R i v c r .  . . . . . 
I'nnnrnRivor. . . . . , 
I'rnrarn Hivor (Dhnndnrdnrn) . . . 
Urmodi R i ~ c r  (Sotarn) . . . . 

Storngo. ... ... . . . 
... 
(9 

(ii) 
.. . 

2;160 Powcr nnd irrijintion. 
226,000 Mr. Arnnll nnd Tatns. 

1.200 I'omor and irriontion. 
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It mill be observed that 4 sites out of the 6 give promise 
of combined power and irrigation projects, where 
neither by itself would probably pay. The Bhandardara 
dam, however, is under construction for irrigation. 

The Hoyna project is by far the most promising of 
all the possible ones in Bombay, and is among the largest 
continuous pover sites in the world. Most of the im- 
portant schemes so far examined in Bombay lie in the 
North Kannrn District, where industrial enterprise is 
now prartically non-existent. Storage is the essential 
feature of practically all projects, and illustrations mill 
be found below of possible cases where a project may 
pay \vhen irrigat~on and power are combined though 
neither would pay by itself. 

Mr. Bomers has been ably assisted in the enquiry 
by two temporary engineers, Messrs. Pickmere and 
Richards, who were recruited in England for this work 
and appointed on three years' agreements by the Secre- 
tary of State. Both, however, have received 6 months' 
notice on the closing down of the Survey in Bombay. 

Xali?tadi River H?ldro-Electric Project, North Ranara.- 
Map 48 117, 8, 11, 12. The dam site is reached from 
Londa Station (Madras and Southern Mahmtta Railway) 
by the main road to Supa (16 miles) and thence some 
3 miles by foot-path. The site is nenr Kheda village 
and in map square No.A3 of map 48 1/11, Lat. 15"-16' N. 
and Long. 74"-31' E., and is about 3 miles above the 
junction of the Kalinadi River with the Pandri River. 
The catchment, which is partly in the ghat district, 
is 107 squarc miles in area above the dam site. and 
is mostly rocky or covered with thick jungle. Both the 
Panclri and Kalinadi are perennial streams and as a 
preliminary the scheme might be developed on minimum 
flow alone. Gauging made near the proposed pick-up 
weir site during 1921 showed a minimum discharge of 
G9 cusecs. For full development the scheme would 
depend on storage and flow, the Pandri supplying the 
monsoon rcquircments and the ICalinadi, by the storage 
dam a t  Kheda, the water for power during the hot 
weather. A min-gauge has been maintained a t  Supa 
and records for 30 years nre available. During the 
monsoon of 1920 a rain-gauge was put oot a t  Diggi 
on the ghat edge and further gauges were put out in 
June 1921 on the catchment. To arrive a t  an approxi- 
mate estinlnte of the average rainfall over the catch- 
ment the following procedure was adopted. Areas 
were allotted to each of the new gauges. The total 
rain during July 1921 at each gauge was tabulated and, 
taking the rainfall a t  Diggi for this ~ e r i o d  as unity, 
the rain a t  each station during 1920 is est~mated by 
proportion. The product of rainfall in 1920 and gauge 
area is then found for each gauge. Dividing the total 
CII tl~ese products by the rrholc catchment area thc aver- 

age rainfall over the area for 1920 is found. corn- 
p i n g  this with the corresponding rainfall a t  sups 
a factor is found by which Supa rainfall in every year 
can be reduced to average rainfall over the catchment 
(see table No. 25). The method is of course very ap- 
proximate but in the absence of any records it is the 
only means of arriving at  the probable rainfall on the 
catchment. This method indicates that the average 
rainfall on the catchment for 30 years is 127 inches ; the 
maximum 183 inches ; while that the worst year gavc 
73 inches, and the worst two consecutive years 76 inchrs 
and 100 inches (1905 and 1906). (See table NO. 25.) 

The area of ghat catchment is steep and rocky and 
in the absence of any records a run-off of 70 per cent. 
with 180 inches rain diminishing to 40 per cent. with 
70 inches rain has been assumed. Generally the Kali- 
nadi is in deep gorge and the ground does not widen 
out until some height is reached. The dam at Kheda 
is therefore designed to be 280 ft. high and 1,100 ft .  
long and contains about 18 million cubic feet of masonry. 
A dam of these dimensions gives a storage of 36,300 
m. c. ft. at  a cost of Rs. 297 per m. c. ft. stored. 
An annual deplenishment of 17,500 m. c. ft. is possible 
(see balance table No. 26) and allowing 3 ft. evapora- 
tion and soakage losses a draw-off of 16,830 m. c. f t .  
is available. For safety's sake it is assunled that tho 
Pandri supplies power for only two months of the year 
and hence a continuous draw-off of 650 cnsecs can safely 
be relied on. The pipe line survey was not completed 
but the head will be about 800 it., so that the conti- 
nuous power available will be of the order of 38,000 IcW. 

The project may be briefly describcd as follows :- 
A masonry storage dam at $ mile W. of ICheda. 
280 ft. high and 1,100 f t .  long. Waste matcr could 
be surplussed over a ridge on the L. H. flank, where nn 
escape cut mould have to be excavated, or alternatively 
by a waste meter tunnel. By means of sluices in the 
dam, water would be drawn off the lake and run down the 
river some 24 miles to near Bomnnhalli (map 48 1/12 
and 16 ; Lat. 15'-10' North and Long. 74"-45' 
East) where a pick-up weir sited nenr mile 6 on the Reg- 
dal-Kulgi road will divert it into the canal. This piclc- 
up weir should be of the barrage type, with undcr- 
sll~ices to dispose of the monsoon floods. Thc canal 
will run in a southerly direction some 4'9 nliles to the 
forebay site, in a nala at  Lat. lGO-GI-20" Nort,h 
and Long. 74"-43'-40" Enst. By means of a fore- 
bay dam 60 ft. high and GOO ft. long 6ome 8 m. C. ft. 

be stored, or sufficient for nearly 34 hours supply. 
~h~ canal passes tllrough difficult country and deep 
cuttings and tunnels mill be necessary. From the fore- 
bay & Rhort canal nnd tunnel will lead to the head of the 
pipes at a point about q milea South West of t,lle fore- 
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bay. Thc pipe line, which is approximately 1,650 ft. 
long, ruus in a South Wcst direction t o  the power house 
site on the R. H. bank of the Kalinadi giving a head 
of some 800 ft. This includes both the Vincholi 
and Lalguli faUs mentioned in the Preliminary Report. 
A probable market for the power is Hubli, 40 miles 
North East of the power houso. The surveys are in 
some\vhat incomplete state. Purthcr cross-sections 
should be taken of the lakc area to ascertain more ac- 
curately its contents. The line of the canal is open to 
improvement and may thereby be lengthened. The 
pipe line survey has yet to be made and also the survey 
for the power house site. It seems probable that  a 
cousidcrablo length of light pipe line, terminating in a 
stirgo to~ver, ~vould decreasc the cost and i~llprove the 
worlting of the project. By making the canal approxi- 
~tlately three miles longer the pipes could be brought 
down to a power house sited a t  the junction of 
the Nagjhiri Nala with the Kalinadi (Lat. 15"-5' 
North and Long. 74"-41' East) with au increase 
of about 180 ft. in the hcad. This seems advisable. 
Rain and river gaugings arc very scanty and should be 
continued. 

A very rough cstiniate has been made of the probablr. 
cost of the project and the assumptions made arc out- 
lined bclovv. Ths dant site is somewhat inaccessible 
and a sidihg would probably have to bc run from 
1)andoli about 20 n~ilcs in length to  supply materials. 
I11 all probability only stone would bc available a t  
thc site. A through rate of Rs. 60 per brass (100 
c. ft.) has therefore been assumcd for the dam. 
Tlle pick-up weir would be of the barrage type. As 
a rough approximat~on of its cost it has been treated 

as a solid block of masonry of width equal to  its 
base dimensions, to  cover extras on sluicc gates, 
ashlar, etc., and a rate of Rs. 70 per brass has 
been assum&. The canal will involve heavy 
cuttings, tnnnelling and aqueducts, and would 
resemble the canal of the Tata Hyclro-Electric 
works a t  Lonavla, though it mould probably be some- 
what cheaper. This canal cost approximately 4i 
lakhs per mile. The proposed Kalinadi canal would be 
for thk same discharge. To cover increases in ratcs 
since the Tata canal mas constructed the same ratc 
per mile is assumed. To avoid the leakages of the earlier 
work, due mainly to  boring crabs, concrete rather 
than masonry is advisable. For the forebay a rate of 
Rs. 65 per brass has been assumed to  cover cost of ashlar, 
sluices, etc. A rate per ton for the pipes, etc., sliglitly 
in excess of that  on the Tata Hydro-Electric pipe line 
is assumed, to  cover enhanced rates and carriage to a 
somewhat inaccessible site. Excavation and masonry 
in anchorages and bearer is estimated a t  Rs. 40 per ton 
of pipes which is slightly in excess of the cost on the 
Tata Hydro-Electric pipe line. An estimate of the 
cost of the tra~isn~ission Zinc, receiving station and power 
house has been arrived a t  by comparison wlth the esti- 
mates prepared for the Koyna River project, by Ah. 
A. T. Arnall, A R1.Inst.C.E. The co\t per k~ lona t t  
for each itc,m has been calculated for the Koy~la  pro- 
ject and applied to  the Kalinadi Project. A load 
factor of 40 per cent. has been assumed and this 
means the installation of plant for 86,500 kW. 
Table 27 sho\vs a suuunary of the probable cost of 
the project; but i t  must be remembered that  the 
estimate is ouly very approximate. 
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TABLE 26.-Kalinadi Project. Rheda La7ce Balanco Table. 
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TADLE 2T.-Zlalinadi River Hlydro-Bleclric Project. 
R o q k  cslimutc of cost. 

Approxi- 
Description. nlato cost. 

. . . . .  Kllcda Storngc Dnnl . . . . . .  Pick.up-weir . . . . . . .  Cnnnl 
Porobay . . . . . .  
Pipo lina including nncl~orngcs, pipw, bcnrcrs, 

ctc. . . . .  . .  Powor Hollac il~stnllc~l far 86,800 I<\~'Y. 
Trnns~nission linc to Hubli 40 miles . . . . . . .  lxrrriving ntntiun . . . . .  1)iutributing linw 

Add 10 por cent for cont iogc~~cics  . . 1 21.93 

I 

NOTE.-Tllcx ligores do  not nlluw for intorest 11nyablc on 
aubseribod loan. 

TOTAL , 

I~cvcnoc- 
:j.i,(ioO IrWh. lor SiGO IIOUN nt + nnnn, pcr . . . . . . .  1111it 
A I I I I ~ I ~ ~  oapon,lit~~rc, say . . . .  

TOTAL IIEVBNUE . 
or 10 pcr cent on cnpitnl cost. 

Ifnrja)t R i r o ,  (I tribr~lnry of /Re Nnrbnda, Rcrjptpln 
,Ytatc, Rcwa Ra~~tWa Agency, coinbined irrigation and 
l~~~dro-cledric projed.-Map 1" Topo Sheet No. 46 G/9, 
10, 13 and 14. Tho site for the storage \\fork is situ- 
ated in Lat. 21"-47'-20" North by Long. 73'-34' 
15" East, below and close to the jnnction of the Terav 
Nala and Icarjan River, about 74 miles from Nandod 
in thc state of Rajpipla. I t  can be reached in the dry 
season from Nandod on horseback or in a bullock tongn, 
in tho wet season about two miles would have to be 
done on foot. The catch~nent area is about 620 square 
rniles mainly rocky hills and jungle. From February 
to June therc is no flow in the river. I n  the last 30 years 

274.28 
- 

37.80 
10.00 

27.89 

the lomest rainfall on this catch~nent area was 12.2 
inches in lag!), giving an estimated run-off of 1.7 in. 
The tcn years of lowest aggrcgate rainfall were from 
1890 to 1908 when 364.02 inches fell giving an estimated 
total ruu-off of 125.2 inches in that  period. At the 
suggested full aupply level of 385 R. L. (that is with a 
dam 218 ft. high) the lnlce mould covcr about 16 square 
rnilos of tho Terav Nala and Rnrjan River valleys. As 
suggcstcd the dam would be 21G ft: high (170 ft. R. 
L. a t  base and 385 ft. R. L. a t  crest) and 2,725 ft. long 
a t  the crest. Thcre would be needed also, in a saddle of 
thc hill, a fc\v hundred feet to the West of the main dam, 
a subsidiary dam about 20 it .  high and 170 ft. long. 

These would contain about 166 m. c. ft.  of masonry 
which a t  Rs. GO per brass of 103 cu. i t .  would cost 
Rs. 84,00,000. The dam mould impound altogctlier 
about 28,800 m. c. ft. of water or bet~becn full supply 
level (385 ft. R. L.) and minimum working level 
(303 ft. R.  L.), about 22,800 m. c. ft.  a t  a cost of 
Rs. 368 per m. c. ft. There would be available after 
allowing for evaporation, absorption,etc.,a pearly supply 
of 10,962 m. c. ft.  a t  a cost of Rs. 766 per m. c. ft. 
The power house might be built close to the dam, thc 
tail waters from the turbine returning to the river bed 
and being picked up again for irrigation purposes by a 
weir some distance below ; or, alternatively, a canal 
might be taken from the dam a t  R.  L. 305 ft.  along 
a falling contour on the West of the river to  a forebay 
on the hill marked 740 about 2 mile North West of 
Zampa, from whence a pipe line would lead to the power 
house, situated a t  a convenient point on the left bank 
of the river, the tail water returning to the river bed. 
Whether the latter alternative would give an appre- 
ciable greater head depends on the necessary height 
of the pick-up weir, which in this scheme also is neces- 
sary. A third suggestion is to  take the canal round to  
the North side of the hill 740, locating the forebay 
there, and, using a longer pipe linc than that  of schernc 
No. 2, to the power house a t  the foot of the hills 
sometvhere between the 4th and 5th mile post from 
Nandod. I t  might then be possible to delivcr the tail 
waters direct to the irrigation canal, thereby cutting 
out the necessity of a pick-up nrcir. If a pick-up 
weir is found necessary the probable site \\,ill be a t  a 
point about 21"-49'-35" North by 73"-34'-30" East, 
about 44 nliles from Naudod. The irrigation canal 
would start either from the pick-up weir or froni the 
power house, and woi~ld lcad in a North West direction 
to near Limat Vada Nana, and thence towards the 
Nandod Railway linc. If a pick-up weir is not found 
necessary a balancing tank will have to  be constructed 
in some convenient nala near the power house and on the 
course of the irrigation canal, capable of storing half 
a day's summer irrigation supply with a slnall variation 
of surface level. Calculated on three driest years of 
the last 30, viz., 1899, 1900 and 1901, it  is probable 
that  44.92 m. c. ft. of water per day can be supplied 
from October 16th to  February 16th and 22 46 m. c. 
ft. per day from February 16th to October 16th. 
Assuming the reservoir to be full-that is water surface 
a t  It. L. 386 it.-at the end of September 1898 i t  
would probably be full again during the monsoon of 
1903. The surface would be at its lowest in July 1899 
a t  about R. L. 306 ft. 

The aforesaid quantity of 44.92 m. c. f t  per day 
is equal to 620 cusecs. Taking the duty of the water 
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river, so that  a storage worlt is necessary, both for irri- to  provide the extra quantity of irrigation water re- 

gation and power, ~h~ sitc is st a configuration similar quired during the winter months. I n  order to  convey 

to that of the falllous Chappar R.ift in Baluchistan, the tail water from the turbines for irrigation purposes 

i.e,, the has cut through a range of hills, across a a canal starting with F. S. L. about 310 f t .  R. L. 
valley, and out again throug]l a further range. In  the mould lead from the Power house along the left ban]< 

last 30 years t,lle lowest rainfall on this catchment of the river to near the village of Mar \vllere it is proposed 

area \vas 12.31 inchcs in 1899, giving an estimated run- to use, if possible, a convenient nala for the purpose of a 
of 1.64 inches, cquivolent to a volunle of 3413.8 m. balancing tank. The canal nrwld run thence i n n  South 

c, f t ,  ~h~ ten years of lowest aggregate rainfall West direction to Chari then round by Khuntkhar and 
were froln 1899 t o  1908, lVllen 305.28 inches fell alto- towards the north to the foot of the hills due cast of 

gother giving an estimated run-off of 54.65 inches. At fhttalao. From there, i t  is proposed to run under- 
tllc proposed full supply lel,el of 440 R.  L. (that is with ground for the distance of about a mile, partly in tunnel, 

a dam 160 i t .  Iligh) the lalce \\lould cover an area of partly in cut and cover, t o s o m e ~ h e r e  near the " M "  
27.2 square lnilcs in tllc Ghodra Taluka of the Panch in Barot Mulvada; thence by h~erj i  b~i~uwada: ~ h a n ~ u ~ r ,  
Mallal District, and in the Statcs of Lunavada and Sutaria Muwada, Dokela, Vernma,  ama an mad ~ h a l a s -  

Sullth Rampur. The following figures are a very rough pur to Paua near Kothamba, beyond which the 
approxilnate to  the \vaterspread and contents a t  canal has not been sited. The balancing tank woudcl 

various levels :- be situated on the canal line near the village of Alor and 
would be designed to store half a day's summer irriga- 

S~rnr;.\rr: 11nr.a AT LBI'EL. CllbiC eon. 
tion supply with a variation of surface level of two 

trnts I,C. or three feet. Taking the ten driest years of the last 
R. I,. 

300 f e e t  . . . 
400 ., . . . 
410 ,, . . . 
420 ., . . . 
430 ,, . . . 
4-10 ,, . . . 

low lorrl in thirty as before mentioned (1899-1908) i t  is found, on 
working out an analytical monthly table of estimated 
run off, absorption, evaporation, etc., that  34.56 m. c. 

285.8 10.2 0,001 ft. of water per day can be supplied from October 
lGt,h to  February 15th and 17.28 m. c. ft. pcr day 

'""' February 16th to  October 16th. Assuming that  tllc 
4311.8 ' 16.6 I 1G.268 rcservoir was full, tha t  is, water surface a t  440 R.  L., 

I 51i.0 I z,,orl a t  the end of the September 1898, it can be shon-n by 
I t.his method that, given the dram-off above mentioned, 

613.0 ~ 22'0 2G'G64 the reservoir mould not fill again until the monsoon of 
75i.7 I Zi.2 33,606 1909 and that  the water would be lowest a t  the beginning 

of July 1902 when i t  would be a t  approximately R. L, 
Tlic dam as proposed ~rould bc 160 it.  high and 840 402. above mentioned quantity of 34.56 m. c. 

ft. long on the t,op. This is nn exceedingly favou~rable f t .  of water per day is equal to 400 cusecs. Taking tho 
site. The dam would contain about 6 m. c. f t .  of ma- duty in winter a t  120 acres per cusec, the cultivable area 
sonry which a t  Rs. GO per 100 cu. f t .  would cost as  360 acres per cueec, and t,he commanded area as '150 
Rs. 36,00,000. I t  would impound bet\\-ecn Fnll Supply acre3 per cusec ; there would be enough water to irrigate 
level and minimum level (that is between R. L. 440 48,000 acres and to  command 180,000 acres or 281 
and R. L. 400) 21,200 m. c. f t .  a t  a cost of Rs. 170 square miles. This ares can be obtained by taking 
per m. c. fcet. There would bc available, after allo\ving the canal through the Talukn of Ghodra, the S t a h  
for evaporation, absorption, ctc., a yearly supply of of Pandu Mehwas into the State of Baroda. 
8,435 nl, c. fcet a t  a cost of Rs. 432 per m. C. f t .  The The discharge adopted for pomer will be the 
storage capacity (21,200 m. c. ft.) is large compared . irrigation discharge, i .e . ,  200 cosecs. If  the surface of 
with the yearly dram-off of 8,435 m.c.ft. b11t this balance the canal a t  the power house is a t  R. L. 310, and if i t  
is necessary as n carry-over, in order to lunintain the may be assumed that  the lomest water level in the lake 
full dra\v-off in a series of bad ycnrs (see tablc 28). is R. L. 400, then the continuolls poj\-er available 
The pomcr house would be in a convenient placc on the will be 200 X90/15=1,200 kWs. for which, on a 
left bank of the rivcr aud as near as possible to the dam. commercial basis, plant developing sonle 3,600 kws,  
The sllpply pipe would be taken through the dam s t  a could probably be installed. During the monsocn, 
convenient lcvcl t,o 811ppIy the turbines. A second pipe the water used for power purposes would be wasted as 
tllrougl~ t,lic cla~u, disc~liargillg t,o the irrigation canal regards irrigation ; duuing the llnlf of tile 
closn bclow t,ho po~vcr bousr, \vould bc inslnllccl in order used for irrigation mould be wnsted 8s regards power, 
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From the middle of February to the beginning of the 
monsoon all the water used for irrigation could be used 
ior power also. 

The following is an estimate of difference between 
the cost oi dnmming the Pnnam River for a combined 
irrigation and hydro-electric project and for an irri- 
gation project only. To snpply, for irrigation only, 
t.be inorlthly quantity of water, which is proposed in 
the original project, bot supplying none during the 
months of July, August and September, a lower dam 
codd be used ; first because, having no power to consider, 
the minimum height of the water could be lower, and 
secondly because, by drawing off no water for three 
monthu of the year, a smaller reservoir capacity would 
be adequate. For such a reservoir a dam 135 ft. 
high, as against 160 ft. for combined project, would 
be required and the land submerged about 17 square 
miles as against 27 square miles. The estimated extra 
cost of combined project over simple irrigation project 
is as follows :- 

Rs. 
E x t r a  cost of dnm. . . . , . 10,00,000 
Vast of bnlnncillg Unk . . . . . 1,00,000 
('ost of extra lnnd (LO aqllnrc nlilcs) . . 6.00,Mo 

17,OO.OM 

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

Continlloua powcr=1,200 kll's. = 1,000 I) .  p. 
With  power Inator of 40 per conk the  

lnaximl~lll  oohput =l,tiM)x 10.4=4.000 11. 1,. 
Rs. 

From tnblo, ndmissiblc cost per c.h.p.= . . 511 
Thcreforo totnl nd~nissiblo cost = . . . 51 1 x 4.000 

. . . =20,44,000 
Comparing the figure of estimated extra cost on dam, 
etc., of combined hydro-electric and irrigation project 
over simple irrigation project, viz., Rs. 17 lakhs and 
admissible cost of a simple hydro-electric project 
viz. Rs. 20.4 lakhs it fieems likely that it mould be worth 
while to make a further examination of this scheme 
and to get out detailed estimates. There are probable 
markets for the power a t  Ghodra about 30 miles from 
dam site, for mill lighting and a t  Lunavada for the 
same purpose. Also for the electrification of the Ghodm- 
Lunavada Railway. 

NOTE DY CIIIEF E N O I N E E ~ . - - W I ~ ~ ~ ~  tho hcnd is taken na 00 It. t o  
R. L. 400 tho mcon will bo ncaror R. L. 430 It. For  9 montlls in 
t h e  year 400 cl~sccs worlld he nvailnblo. 

T A ~ L E  28.-Proposed Pannm lake Monthly statement shou;ing probable replenishment and dep1enishme)~t. 

I CONTENTS, l,TC.. ATllE0lNllNO OF DllAWOrR IKCLUSIVF 0. EVAFonATION A N D  ADPOnl'TlON~ I IIONTII. KTC. TllB PONTII.  

Ycnr ~ " $ 1  31ontl1 
SIII~OCE DTC3 
11, 11,. 5 .  i t .  
nt dlllcrrnt 

c O l 1 I O l l r l .  

i:,7.7 

767.7 

728.5 

607 0 

007-0 

G30-0 

010.5 

600-0 

682-0 

100 

on0 

687.6 

680 

678.5 

650.5 

638-0 - 
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I CON1BSTS. ETO.. AT ~ROlh.Nlh.0 0 1  / DRAW.OBF INOLOBIVE 0 1  RYIP>II.\TION AND AORORPTION, i 1 CoNTsRTa. R W . .  AT TllE END 
TllR I IONPU. Em. OF T U B  YOITU.  

Sllrlnw nren 
I s m .  s. ft. 

-- 

,102.0 

473.0 

457.0 

442.6 

427.0 

416.5 

430.5 

603.0 

582.6 

600.0 

644.0 

621.0 

408.6 

473-0 

404.0 

440.0 

433.0 

426.0 

400.6 

641.6 

640.0 

622.0 

600 0 

4770  

464,6 

436.0 

410-6 

404.0 

R, L. 

- -  - 

417.1 

414.8 

412.0 

411.0 

100-0 

407.5 

409.4 

426.0 

421.2 

426.1 

422.0 

420.4 

417.7 

416.2 

413.7 

411-8 

400.8 

408.7 

411.0 

423.0 

422.6 

420.6 

418.0 

416.3 

412.6 

410.1 

408.1 

408.0 

I 
Monthly ro. 

plenhhment. I 

_ _- - - .. - - - - - 

297.5 1,071-30 1.328.80 . , 

C o n t e n t  In 
m. 0. It. 

10,660 

18,417 

17,657 

10,000 

15.8% 

15,203 

10.021 

23,704 

20,022 

23,010 

22,600 

21,250 

10.024 

18.807 

17,017 

17.061 

10.170 

16.701 

18.U72 

22.624 

22,386 

21,304 

20,000 

1 8 , l C  

17,375 

18,201 

16,420 

14.606 

Nard1 . . 
, . 

uSy . . 
jllno . . 
J , , I ~  . . 
~~~~~~t . . 
,qeptombar . 
oetobar . 
~ o v e m b o r  . 
Deccnlllcr . 

1001- 

Jnnunry . 
Fabruary . 
l s r a l l  . . 
Aprll . . 
Nny . . 

Juno . . 
July . . 
Augunt . . 

1 ~ ~ , 1 4 7  

17.697 

10,000 

11,828 

1~.2113 

10,~121 

23,704 

25,022 

23.010 

22,598 

21.250 

10.024 

18.807 

17,017 

17,051 

10,170 

16.701 

lh.072 

22.024 

22.380 

21,604 

20,0110 

18,086 

1 4  

,112 $1 

411-11 

400.0 

407.1 

400.4 

426-0 

427.2 

4zj .4 

422 0 

420.4 

417.7 

416.2 

410.7 

411.8 

408.8 

402.3 

4110.8 

Juna . . ) 400-8 

Ja lg  . . . 1 40B.7 

A!lgust . . 1 41,I-I1 

Scplcnlber . 1 42:l.O 

Oclobtr ' 422-5 

Rovonlbcr : 420-6 

Dccalnber . 1 418-0 

1002- 
1 

Jnnllnry . 416.3 

F c b n r y  . 4126 

alarell . . 410.1 

A . . 460.1 

&lPg . . 4110.0 

Soplemhcr . , ,116 7 

Oetabor . / 426.2 

Novcmbor . 42:i 2 

i DeCOmb~l . 420.8 

1003- 

.lnnllnry . , 4 1  
I 

13,767 

13.112 

11.005 

l*,YIS 

P:I.HJII 

~ Z , ~ : I C  

21.420 

20,003 

473 

457-0 

4 12-a 

427.0 

415.6 

430-5 

603-0 

682.5 

660-0 

611.0 

621.0 

,498-1 

475.0 

404.0 

418.0 

499-0 

425.0 

4GG-9 

614.6 

610-0 

622.0 

600.0 

477.0 

AP'II . . ( 411.2 10,700 444.0 .76 - 

387.6 

376.0 

4111.0 

, 100-0 

601.6 

61c0 

624,0 

6110 

993 

4 6  

.26 

3 6  

.23 

611 

. ~ I I  

,611 

.GO 

00.0 

03.7 

102.5 

120.0 

28P'Z 

273'0 

2024J 

260 

360.2 

844.2 

17,376 I 464.6 

360-0 

10,201 

16.420 

14.600 

N 

400.2 

618.4 

636-7 

ULI 

618.4 , 
811.2 

1.080-8 

1.071~4 

. . 618.4 

743.04 

6 3 i 0 8  

518.4 

635.08 

618,4 

635.08 

635.08 

618.4 

812.10 

1,030.00 

1,071.30 

1,071~30 

743-01 

636.08 

618.4 

536.00 

618-4 

636.08 

636.08 

618.4 

812.2 

1.030.8 

1,071.4 

1,071.4 

7 5  1 
'75 

5 ' 
2 5  

'25 

4 5  

.25 

'GO 

'511 

'60 

4 0  

.7G 

.75 

.75 

.76 

.26 

.26 

.29 

.06 

.10 

.60 

.60 

.GO 

7 5  

.76 

.76 

.76 

436.0 

410.6 

104.0 

402.3 

400.8 

4167 

426.2 

423.2 

420-8 

418.0 

416.6 

413.2 

411'2 

861.4 

3 6 I 7  

342.7 

341.9 

108.7 

103.0 

1074  

140.8 

201.2 

283.0 

272-0 

200.6 

373.0 

361.7 

348-0 

330.7 

108.2 

100.2 

110.0 

130.1 

270.0 

201.0 

260 

218.6 

340.0 

320.2 

814.0 

303.0 

743.0 1 1.083.0 

420.0 

816.3 ) . . 
020.4 2,303-8 

038.2 1 4,610~6 

1,112.04 

. . 

11,030 

376.0 

410.0 

8 0  

604.6 

6 4 8 0  

624.0 

600.0 

470.0 

460.0 

444.0 

038-4 

1.004.4 

1,300-8 

1.393.4 

890.30 

801-1 

887.68 

025.1 

030.68 

013.28 

009.2 

1,103.30 

1,310.8 

1,34330 

1.331.80 

1,110.04 

800.38 

860.4 

872.38 

020.0 

011.88 

062-28 

635.7 I 801.0 j .. 
618.4 ' . . 

13,112 

14.005 

18,@48 

23,830 

22,730 

2 1.420 

20.003 

18,77e 

17,070 

10,700 

4.020.3 

.. 

.. 

. . 

.. 

.. 

. . 

1.071-4 1,321-4 

743.0 1 1,102.2 

. . ' 

. . 

. . 
1,457.11 

8,320.35 

1,077.11 

. . 

. . 

. . 

.. 

. . 

. . 

. . 

. . 
208.16 

2,063.04 

6,203.07 

636.7 870.0 

054.6 / 410.3 

1,082-2 1 .. 
1.207.8 

1,321.4 1 :: 
1,300.0 .. 
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Conlinwlion as a yearly statement. 
ppppp - - - - - - 

COXTEXTBAT IlEOlRPTIXO (OCTOBER) D R A W . O ~ Q  IIICLUBLVO 0 1  EVAFORATION, ABBO"PT1ON. i CONTENTS AT FX11 (SPPTB>IIIIR 3LiTII) 
OF TllE PEAU. I ETO. OF Tll l  VEAll. 

-.- -- - - - -. - - - - 
Qunntlty evn- lenlshment Y f n r l y r a v  

n, t, Sllrlnca nrcn Conlov~ta In 
1s 111. 8. 11. 111. E .  It. 

n,. c. It. 

6.1 

1.1 9,000 8,436 11,144 10.9:lU 430-1 006 : I ~ , B I J  

6.1 8,646 8,496 11.n8o 1n,6on 434.3 on6 "I, I?$ 

9,392 8.435 11.827 14.3UU 437.0 719 91,901 

710 6.1 3,007 8,416 12.1o2 16,:>?n ovctnoss . . X , I X I  
11100 molls 00" 

Tho omresa t c  01 tho ~non lh ly  atsorpt lnm ns ~ t l m a t a d  In the monlhly table la eq11n1 to nbout 6.1 It. on thc nraa n t  the cnrl 01 l l ~ e  mol soop. 

Year and  month.  hlonthly re- 
Plonlshment. 

. . 

2115.2 

0.452-9 

2.a72.0 

3.208.1 

. . 

. . 

. . 

. . 

. . 

.. 

.. 

.. 
874.3 

3,740.0 

832.0 

8.122.4 

I 

CONTEKTS. ETO., AT TllE END 

15,030 

l.i,082 

14.000 

1003- 

AIny . . 
J u n e  . . 
J u l y  . . 

n. ,, 

107.0 

40G2 

41s 0 

42:)-2 

427.8 

426.8 

423.6 

421.11 

418.1 

410.2 

41,l.Z 

412 3 

410.1 

410 i 

417-6 

417-11 

.. 
-.- 

I 
100-2 

4rl7.0 

400.2 

x420 .0  

412.0 

400.0 

Atlgset . . 

Ssploruber . 
Oetaher . 
November . 
Deeontber . 

loo& 
Jenua ry  . 
Februory . 
alerch . . 

Aprll . . 
May . . 

J u n e  . . 

July . . 
Aognst . . 
Saptolnbcr . 

09 TBO YONTE. 

Sllrfaeo nrcn 
In m. 8. It. 

Il2.n 

4ca.0 

508.0 

615.5 

580.5 

570.5 

6,18.0 

620.0 

603.U 

484-0 

408.0 

463.0 

438.0 

412-0 

400.0 

m 0 - 0  

.. 

608.0 

645.6 

680.6 

670.6 

648.0 

520.0 

-- 

Content In 
m. e. It. 

i5.11sp 

11,oGu 

20,485 

22,005 

26,308 

2.1.2111 

22,879 

21,534 

20.200 

10.080 

18.181 

17.312 

10,497 

10,OS:I 

10,iYL 

lO,I,i7 

122.430 

t 7 5  

.25 
m 

4 5  

418.9 20,485 

423.2 22,095 ! 
4 5  

.25 

4 0  

.50 

.60 

.50 

427.8 

425.8 

423.5 

421.0 

418.4 

410.2 

414.2 

412.3 

410.4 

410.7 

417 6 

417.0 

321-7 

103.0 

101.2 

25,308 

24,201 

22.870 

21,634 

20,200 

10,080 

18.181 

17.312 

10.437 

10,083 

10,781 

10,057 

127.0 

130.4 

294.7 

286.2 

274.0 

203.0 

503.0 

484.0 

408.0 

453.0 

430.0 

442.0 

400.0 

409-0 

377.2 

303.0 

361.0 

330.7 

100.6 

110.5 

124.0 

124.7 

7 

618.4 

636.7 

r75 

175 

.76 

.75 

4 6  

.25 

.25 

.25 

--- 

867.4 

021.4 

030.0 

535.7 

518.4 

812.2 

1,030-8 

1.071.4 

1,071.4 

002.7 

05.1.8 

1.100.0 

1.322.0 

1.346.4 

1,3344 

743.0 

635.7 

618.4 

635.7 

618,4 

535-7 

636.7 

618.4 

1,120-2 

808.7 

800.4 

876.1 

027.0 

040.2 

059.7 

043.1 
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Pravera River, t~ibulary o j  the Godnval-i, Ahmednagar 
Distrid.-Map 47 E/10. (i) A storage work for irriga- 
tion p q o s e s  is under construction a t  Bhandardara 
to the west of the Ghoti-Rajpur road. This work is 
situated 22 miles from Ghoti Station (Great Indian 
Peninsula Railway) and is connected to the Ghoti- 
1Eajpw road by a service road. The catchment area 
is 47.35 square miles and tlie minimum run-oBgauged 
is 13,000 m. c. ft. The dam when completed will be 
270 ft. high with 3 ft. diameter sluices arranged in 
pairs a t  50, 100, 150 and 200 ft. above the river bed. 
The full supply capacity of the lake when completed 
will be 12,690 m. c. ft. The flood water will be sur- 
plusscd over a waste weir situated on the right bank 
of the river and will discharge into a nala which joins 
the river about 13 miles dowu stream of the dam site. 
Table 20 gives the. irrigation requirements during the 
period 16th October to 15th June from which it is seen 
that the lonlest average daily discharge required is 400 
cusecs. This figurc has been adopted as the figure of 
average daily discharge for po\trcr purposes throughout 
the year. In order to avoid injury to the dam by dis- 
chargiug uudcr the inaximunl head, it is proposed 
to conuect thc pipe line \\,it11 the sluices situated a t  
150 i t .  above the rivcr bcd level, a t  R. L. 2327.63. 
As tlie storage work is required for irrigation purposes, 
t l ~ c  discl~arge iron1 tlLe lalte duriug the period 16th 
October to 15th June is regulated by irrigation require- 
~nents, and so it will not be possible to make use of the 
varying head in tho lake to save water during these 
~lionths, that is, although with the lalte full, i .e. ,  with 
257.5 ft. head, only 279 culsecs are required to give 
the rcquirecl I;ilomatts, the full discharge of 800 cusecs 
ni~ist bc drawn 011. During the monsoon months 
\\.hen irrigation requires no water the varying head 
could have been made use of, if i t  were not for the 
sccond part of project a t  Rhonda where the fixed head 
requires a constant discharge. Table 30 shows the 
amount of additioual storage which will have to be 
provided ior irrigation to compensate for the volume 
drawn off during the monsoon, and the volume rendered 
uuavailable ior irrigation to provide the head required 
for power. This has becn worked out for various 
l~cads uud dischurges, alid shows that  the best arrange- 
~neut  is to ltcep the level for power purposes in the 
lake up to 2,370.13 ft. With a power station a t  R. L. 
2,890.13 or 123 it .  above the river bcd level, to allow 
for flooding back from tlie spill channel, the economical 
h a d  collies to 180 ft. The volume of additional 
storage reqnircd to colupe~isatc irrigation, OD the 400 
coscrs countant dmw-off basis, is 2641.233 m. c. ft.  
Thr: pipe liue :IS 8t:lt~ d above will take off direct from 
the sluices thl.ough thc dam, and will run down the side 

of the ridge on which the right flank of the dam abuts 
to a power station, which can be constructed in the river 
bed just below the dam. The length of the pipe line 
will be 450 ft. The available head is 180 ft. and with 
a constant discharge of 400 cuecs 180 X400/16= 
4,800 kWs. can be obtained, so that  on commercial 
load factors a ~ l a n t  of from 12,000 to 14,000 kWs. 
could be installed. 

(ii) After being discharged from the lake a t  Bhandar- 
dara the water passes over the Rhonda Balls situated 
some 5 miles below the dam, and 4 mile below the 
Ghoti-Rajpur road causeway. By means of a pick-up 
weir and a short length of open canal, a fall of 112 ft. 
to 160 f t .  can be obtained, depending on the height of 
pick-up weir and length of canal adopted ; the lower 
head being obtained with a pick-up weir 18 ft. high 
and a canal 1,900 ft. in length (which might be replaced 
by a pipe to save the cost of a forebay) and the larger 
head being obtained by a pick-up weir or barrage 46 
ft. high and a canal 6500 ft. long. For the former 
scheme the power house mould be situated about f 
mile below the falls, 6 ft. above H. F.  L. and 28 ft.  
above the river bed. The forebay, if an open canal 
is adopted, \vould be on the cliffs immediately above 
the power house. The length of the pipe line would 
be 150 ft. For the latter scheme the power house 
woidd be situated 2 mile east of the village of Koduni, 
6 ft.  above H. F. L. and 28 ft. above the river 
bed. The pipe lines for this scheme mould be >00 
ft. long. With the discharge of 400 cusecs available 
from Bhandardara and a head of 112 or 160 f t . ,  as the 
case may be, power of the order of 2,980 kWs. or 
4,260 kWs. could be obtained. enabling a plant from 
7,600 to  9,000 kWs. or 10,000 to  12,000 kWs. to 
be installed on a commercial load factor. 

The total units that  can be generated by the combined 
Pravara schemes are 68 million units or 79 million 
units, depending on which of the Rhondn s~herues 
is adopted. The site for the additional storage required 
to safeguard irrigation interests is on the A ~ d a l a  Nala, 
map 47 112, a tributary of the Pravara River, which 
joins the main stream 4 miles above the town of Sangam- 
ner. The proposed dam site is just below the village. 
of Sawagaon. The catchment area is 55.08 square miles 
over half of which lies between the 200 inches and 100 
inches rainfall areas and the remainder between 100 
inches and 40 inches rninfall areas. There are no 
rain or river gauges a t  presene in the area, but, com- 
paring the area with similar areas in this P r ~ i d e n - ~ ,  
a worst year's run-off 40 inches equivalent to 5,116 
m. c. ft. can be relied on. There is practically no 
nppreciable flow in bad years after the monsoon. 
The dam to store the additionai storage of 2,641 

N 2 



84 W A T E R  P O W E R  RESOURCES.  [Para. 82. 
m. c. it. wou~ld be 3,251 ft. long and 175 ft. 
high. The flood waters would be surplnssed over the 
darn. 

At a very liberal estimate the possible cost of the 
Pravara River Scheme, including the additional storage 
and assuming that the larger of the two Rhonda Schemes 
is selected, is Rs. 1,20,00,000 or Rs. 1,333 per kilowatt 
of co~ditbuous power. Assuming that the through rate 
charged for power averages 0.33 anna per unit, and that 
a market exists for the power, the gross revenue would 
be 16B lakhs or 13.75 per cent. on the capital cost. 
The most likely uses for power in this area are :- 

(1) The electrification of the Great Indian Peninsula 
Railway from Kalyan to Igatpuri and pou- 
sihly on to Nasik. 

(2) Industries and lighting in Igatpuri, Dcolali 
and Nasik. 

The trans~nission distance would be Kalyan 48 miles, 
Igatpuri 32 miles, Deolali 20 miles, and Nasik 25 miles. 
Detailed surveys have been made for the pipe line and 
power station a t  Bhandardara, and for the pick-up 
weir, canal lines, forebays and power stations a t  Rhonda. 
The surveys for the additional storage on the Ardala 
Nala were about half completed, when work was stopped. 

TABLE 29.-Pravara River IrrigalionJigures. 

1. P c r i d  16111 Ocloler lo 1511~ Pelraory=123 drys (ra6i)- 

CUBCW. 

((I) Rabi disohargo (avorage) 683 
d d d  losses in canals a t  1 

cuseo per mile lor 80 
miles (aggregate length 
of Pravara caoals) 80 

Add losses in rirer Iroln 
Uhandnrdore to Ojhar 37 roughly 

700 cuseee lor 123 days -8 days 

lor s closurc = 115 day8 which is equivalent to- 
Volume consumcd 

iOOX 115 X 86.400 = (iV55.2UU m. c. It. 

( b )  Arcs a t  F. S. L. (2i0' 
o o n t o ~ ~ r )  wl~orc capa- 
oity of the k u k  is . 12ti!J0.3>8 m.c.lt.= ll!J,7i0 m, al. It. 

Deduc4-Volume co~lsumod 
(see abovo) . . 6856.200 ul. c. It. 

Area a t  approxirnnte 
228' contour ~vboro 
capacity of tho Lank itr 6735.158 m. c. IL.= 118.13!1 m. s. It. 

--A 

Total area 337.909 m. s. it. 

illcan croa 168.952 m. 0, It. 

Dduc l  loss by ovaporn- 
tion a t  2' on meall 
area ( 2 ' ~  168.952 m. 
s. ft.) . . . 337.005 m. c. It. 

Nett balance . . 6397?253 m. c. ft.  

11. I'eriod 16th Felrasry lo 161A June =I21 dugs (Aol aeu1her)- 
CUSCCS. 

(n) Hot weathor discbargo 
(average) . . . 283 

Add lossos in canals a t  1 
cuscc per milc Lor 80 
mi la  (aggreoato lcl~gth 
of l'ravara &nab) YO 

Add losses in rivcr from 
Bhandardara to Ojhar 37 rouglrly. 

400 cusecs lor 121 days-8 days 
lor a closure=113 days which is equivalent to- 

Volume consumod = 
4OOx 113x86400 . 3906.280 m. c. It.  

(b) Area a t  225' contour sp -  
uroximatu whore nett 
tsliio (see above) in 
tho tank is . . 6307.953 m. c. It.= 111.957 m. a. It. 

Ddlccl Volumc contrum. 
od (see abovo) . . 3005.280 nl. c. ft. 

Aros a t  approsilllatu 
169' contour whorc ----- 
capacity of tho tank is 1491.Yi3 ru. o. It.= 39.082 m, a. It. 

161.010 m. a. It. 
totnl area and 
75.509 m. 0. It.  
ulean area. 

b d u c l  loss by cvapora- 
poration s t  Y o n  lntlon 
arca (3'x 76.509) . 216.527 m. C. It. 

Nett balnnco . . 1265.446 m. c. It. 

Thus irrigation requirements from 16th October 
to 15th June are 12,ti90,3>8--1,265,14G = 11,424,912 
m, c. ft. but in addition to this a reserve has to be 
kept for a late start of the monsoon and shortage in 
the river discharge during the period lGth June to 
16th October. For these purposes 1,266446 m. c. ft. 
may be taken to su5ce, in addition to which volume 
there are 40.530 rn. c. ft. available below 50' level 
sluice if required in case of necessity. (Supplicd by 
W. N. Cartland, Executivc Engineer, Pravi~ra Cunnl.) 
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pipe line to a power house situated a t  such a level that 
it is possible to iill the proposed new wash-out tank 
from the tail waters by gravity, say, a t  R. L. 2,756 
or 10 ft. above the I?. S. L. of the wash-out tank, 
giving a fall of 577 ft. The length of this pipe line 
would be 1,250 ft. The power station site would be in 
rather side-long ground, but no good flat piece of ground 
can be found a t  the required level. The power which 
it is possible to develop amounts only to 150 kWs. 
continuously, with which a plant of some 300-400 
kWs. could be installed on a commercial basis. 
The permissible cost of the hydraulic development of 
this project is about 385 X 636x 15/12=Rs. 3,06,000, 
as there would be a very short transmission line. hy 

the hydraulic development would only consist in adding 
some 12 ft. to the height of an earthen dam,the staunch- 
ing of leaks in a canal line, the provision of a snlall 
forebay and a pipe line 1,250 ft. long, this small 
project is well worth considering. Power would be 
used for lights and fans in Satara city and cantonment 
and possibly for the electrification of the proposed 
tramway to connect Satara with the Madras and 
Southern Mahratta Railway. 

83. Burma ; sites examined.-Burma will probably 
~ - -~ - -  - .- 

NOTE.-AS only 3~11.5 ouscos aro required to be disuhnrged into 
t,he settling tanks, the bnlnnco of tho tail wator, ciz . ,  2,885 cosecs 
would be pnssed into the hIahardara Tank whioh supplies the lowor 
portion of Sotnra t o m .  This tank is situatcd nt  R. L. 2,464 or 
302 ft. bclow the proposed powor atation. This surplus water 
oould, therefore, bo utilised t o  give additional power oi 58 kWs. 
oontinuouslv. The  totnl power whiuh can be derived from the 
projeot is tllercforo 212 kWs. continuous or some 500 kWs. on 
a eommorciollond factor. This would probably suffico for the town. 
Therosoelns a possibility oi bringing in some of the small neighbour- 
ing hill.top catchments. t l~rough the watershed, but the maps are 
uncontoured. I1 so, cnrthen bnnds would similarly he used for 
staring the wntcr of these. Othorwiso the possibilities aro very 
smell. 

prove ultimately (if this investigation is completed) 
to  have more available power than any other proviuce 
in India. But the country is wild and scattered and 
communications are bad, so that progress is necessarily 
rather slow. Commenting on the Administration Report 
of the Burma Public Works Department for 1919-20 
" Indian Engineering " remarks (Vol. LXX, NO. 12, 
page 166) : 

" The greatest section covers less than half a page 
of the report, the B u m s  Hydro-Electrical Survey. 
A hundred useful sites have been selected for detailed 
report, but the survey has been greatly hampered by 
their situation, for the most part, in remote and fever- 
stricken jungles. The staff generally has suffered from 
acute malaria, and two very promising subordinates 
have unhappily died. I t  is hoped that most of the 
projects will be taken up commercially, since owing to 
the dearth of coal except of the poorest quality, and 
the large existing demands on the timber supply of 
the Province, the adoption of hydro-electrical power 
is an economic necessity. It mould seem that the 
~rovision of a sanitary board, as for the Panama Canal, 
is essential to the success of t,hese schemes, and no 
doubt the Local Government is considering the matter. 
Indeed, the scarcity of labour, and the slow progress 
in Burma cannot be overcome without first arranging 
for the eliruination of the mosquito. Nobody acquain- 
ted with the Province can doubt this." 

The following table gives a summary of the sites so 
far examined in solne detail, regarding which further 
particulars follow. As the regular reconnaissance form 
does not appear to have been used the data are 
eomemhat meagre. Most of the Bwma schemes can be 
developed on flow alone. 

TOLE 31.-Bnrmu ; S t t m l t ~ c o . ~ ~  of si1e.r exu~tt i t icd.  

I 

Serinl. / River or sitc. 

I 
.- 

(1) Anieaknn River . . . 
(2) / Hoho River . . . 
(3) Hpnungnw Cbnung . . 
(4) Nom Pong Rivcr . . 

Ditto . . 
I Ditto . . 

Nnm Tcng River . . 
::)) , Nam Tu ltiver . . . 
(7) Yaalaullg River . . . 
(8) , Saingdaing Rivor . . 
(9) Talainga Chaung . . 

(LO) Yunzalin River . . . 
(11) , Znwgyi River . : . 

! 

.- 

Plow and Storngc . 
Plow . . 

,, . . 
., . . 
, . . 
,, . . 
, . . . . . . 
,, . . 
,, . . 

Flow and Stomgc Sumo 
Flow . . 
...... 
...... 

... I 
i 3 ( 550 ~ 150 1-  

... 

... 1 70 2,250 
76 11.000 

(i) 1 2,200 (ii) 2,000 
(iii) ... . . . 
... 
... 
... 
... 

Onn of muny 
sitcs. 

2,500 
GOO 

3,000 

180 
200 . . . 

7 
. . . . . . 

30 1 .$.no0 

26,000 ~ o ~ I I ~ L ~ , , ~ .  
8,OW / Probnbly morc. -- 

210 
306 
145 

2,000 
65 

30,000 
1:1,000 
20.000 

24,000 
... 

66 
1,000 

6,0007 ; DoII~LIIII. 
450 
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( i f  Anzsakan River, nlaymyo.-This tributary of 
the Myitnge has a sheer drop of 760 ft. a t  Deitda~vgyi 
falls, which have been investigated for suppl$ng 
&Iaymyo with power. The catchment is about 20 
fiquare miles aud tbe discharge has been gauged down 
to 5 cusecs in May 1919 and is believed to  fall lower, 
even down to 2 cusecs. There are storage possibilities 
jllst above the falls and the pipe line would take off 
directly from the reservoir. With storage the small 
project is probably good for a t  least 200 kWs. 
continuously, and any reaqonable peak load could be 
met. (Map 93 C/5 . )  

(2) Heho River, Yawn,qhwe,  souther)^ Sfian Stales.- 
The natural waterfall on this river is situated close to 
the road from Kalam to Yawnghwe and near the new 
terminus of tho Southern Shan States Railway. The 
river flows to a considerable extent from a very large 
perennial spring or ttmuel in the limestone rock a t  
the head of a largo flat valley, evidently an old lake 
bed. The catchment area is about 20 square miles, 
to some extent cultivated in this valley, surrounded 
by hills so as to  form a basin. The lowest discharge 
hitherto recorded is 67 cusecs in March 1920, and it 
is i~nprobable that  i t  falls much lower. The soil is 
of a peaty nature and appeared lilcely to afford a 
large storagc ; it  has since however been found that, 
as all over Burma, there are " ye-ngoks," or disappearing 
stream channels, in the rock. I n  fact, just as the 
river is fed largely from one such, so, if a reservoir 
mere constructed, i t  mould similarly disappear. If 
tho stream rises 6 or 6 ft. this happend even now, 
though ordinarily the discharge goes over the fine 
falls. The stream discharges by these falls, which 
total 777 ft. in 4,000 ft.  horizontal, into the valley 
above Imle Lake (map 93 D/10, 14). The site was 
originally examined by Mr. R. T. D. Alexander on 
behalf of the Railway Board, in connection with the 
railway referred to, but he considered that  there would 
be insufficient power. Subsequently Messrs. Barlom 
and Meares examined the site and appraised i t  a t  some 
3,800 o. h. p. minimum. A detailed survcy was under- 
taken in the cold west,ller of 1919-20 and, as'recorded 
above, i t  was fonnd that  no large storage conldlbe 
rclied on. Eveu durinz the drp reather  i t  is uncertain 
mhctl~cr the cntire drainago of t.l~e vdley finds its may 
to tho falls. An open channol of 3,500 ft.  would be 
nrcdcd to reach tho forcbay site, but a tunnel 1,200 
It. long could be oscd'instcnd and would al~nost 
certainly ho prefarahle. The pipe line will be 4,160 
ft .  lolls give 777 ft.. ]lend. Good forebay and 
po~ver hol1so sitcs are nv:~ilable. The continuous 
Po\vcr is 5 7 ~ 7 7 7 / 1 5  or 2,950 kT,\'::. nrl~ich is far 
Inorc t,llan would have bceu reqnired for worlting 

the ghat section of the railway. The line now runs 
to the site. 

(3) Hpnungaw Chaung, tributary o j  Namtu River, 
SoutWern Shnn States.-The head waters of this stream 
are used for local irrigation in the vicinity of Hsumhsai 
(map 93 B/12, 16) and not much water is available 
for power in the dry season. Some 70 cusecs might 
be obtained without interfering with irrigation and a 
fall of 480 ft. (known as the "Whispering Devil 
fall " in the vernacular) can be obtained not far from 
Namglan. The minimum power available is there- 
fore 2,250 kWs. continuous, and more if the water 
rights were acquired. The site has been fully examined, 
but no further information has reached the compilcr 
of this Report. It is possible that  120 cusecs could 
be obtained. 

(4) Nam Pang River, tributary of Salween, Southern 
Shun States.-Three sites have been examined on this 
river, all about 150 miles £rom the nearest railway 
a t  Heho. 

( i )  Kunkha jalls, situated 2 miles ~ o u t h  of Keng 
Kham, map 93 K/l2, 16 ; L/9, 13. A dam of 16 f t .  
in height and 200 ft. in length is proposed, presumably 
for regulation only, bnt  the approximate storage 
capacity is not stated. With a pipe line 200 ft. 
long a fall of 76 f t .  is obtainable. The minimum 
discharge is reckoned to be 2,200 cusecs, giving 11,000 
kWs. continuously. 

(ii) N a u y  Wo jalls, about 6 miles north of Keng 
Kham, map 93 K/12, 16. A head of 30 ft.  can be 
obtained with a pipe line 360 ft.  long, without any 
open channel. The minimum discharge here is taken 
as 2,000 cusecs, as there are places where water can 
escape. (See remarks under Heho River, supra.) The 
continuous power nvailable is 4,000 kWs. 

( i i i )  Loi H a  jalls, about If miles south of Hoyan, 
map 93 K/12, 16. Here the probable discharge is 
asstuned to be 2,600 cusecs, but  as 2,997 CIIR~I-A were 
recorded in April 1920 and there are no regular gaugings 
it will be safer to  talce 2,200 cusecs as in site (i). A 
small dam of about 300 ft. in length and 20 ft .  in 
height is required and the available head is 210 ft. 
No open channel is required and the pipe line is 2,700 
ft. long. The continuous power will be some 30,000 
klVs. 

( 5 )  Nam Teng River, tributary o j  Salweot River, 
So~rthern Shun Sla!cs.-A survey has been completed 
of the fnlls on this large river, about 4 miles below Wan 
R u n  Long,~86 miles due enst of Taungyi, and 150 miles 
by road horn Heho station on the S.uthern Shau 
Stotes railway (map 93 L/2, 6.) The discharge 
in June 1919 waa 792 cnsecs and in May 1921 1,400 
cusecs ; tha minimum is not known but  may be taken 
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as of the order of 600 cusecs. With an open channel 
of 1,000 ft. nnd a pipe line 2,000 ft .  long a head of 
396 ft. can be obtained, as against 369 f t .  recorded 
in an earlier reconnnissance. The site is rather inacces- 
sible but a road could ensily be made to it. The power 
irvailablr is some 13,000 kWe. continuously, t,hough 
locally assessed a t  46,000 turbine h. p. on a discharge 
much above that recorded above. 

(6) Nam-Tu River.-This is a tributary of the 
Irrawnddy R,ivdr, known as the Myitnge in ikq lower 
reaches. The site is on map 93 C/9, 13, but in not 
easy to  distinguish. There are many rapids all along 
the river, which has a large perennial discharge from 
an immense cat~chment. I t  has been examined in a 
considerable number of places but so far only the 
Pyanngohoo rapids have materialized as worth detailed 
examination. This site is 32 miles due 8out.h of N a m -  
ghkio station on the Lashio-Mandalay railway. The 
gorge has steep sites and might be costly to develop 
ns t,here would have to be a diversion tunnel ; also 
the power house site would offer difliculties owing 
t,o the heavy floods encountered. On the other hand, 
there is great power even a t  this one site, and if flood 
regulat,ion higher up were possible the whole river 
could be developed on lifting dams, giving vast power. 
The fnll a t  the rapids in question is 145 ft. The 
discharge in March 1921 was over 3,800 cusecs, but 
the minimum is not known. I t  is taken locally a t  
the above figure, but 3,000 is probably nearer the mark, 
giving cont,innous power of 29,000 k\Vs. 

(7) Panlaung RiveT.-The minimum flow of this 
river is nbout 180 cusecs and there is a natural lake 
reservoir, capable no doubt of being increased and 
regulated, 1 mile north-rest of Kanbyin village (map 
93 C/12, 16). There is a total faU of 2,200 ft. in 
about 17 miles and four nlternative projects have been 
examined. 'I'he value of the site may be taken as 
24,000 kWs. over t,he wholc fall, whether developed 
in stages or ns n vhole. 

( I )  The useful fall of 800 ft. from the lake to 
the plain below a t  Indwet village could be developed 
with a short channel and a pipe line of l,b50 ft. in 
length. There is n good power station site, but the 
ground tor charnel, reservoir, forebay and pipe track 
is much fissured nnd may prove dScul t .  

( i t )  An extension of (I)  by running the channel 
further along to a totnl length of 12,660 i t .  thereby 
getting a fall of 1,100 ft. instend of 800 ft. The 
pipe line would be 2,600 ft. long. 

( i i i )  This utilizes the wnter from thr lake ajler the 
first fall of 800 It. nnd adds th~g t r eam joining below 
the lake, these two ~ t r r n m ~  for~>:in; the Pnnlauug 
proper. The fnll is that hrtwrcn R point 1' nlilesnorth 

of Moubin village (map 93 D/9, 13) and a point $ mile 
upstream from Songyi village (map 93 D/1, 5).  ~ 1 , ~  
fall is apparently in series with No. ( i )  ; its amount 
is not stated, but it may be 2,200-800 or 1,400 
The scheme is stated to be a promising one, but is 
not completely examined. 

(io) This utilizes the water of No. (i) with about 
12 cusecs from other small streams. It is hoped to 
make use of the full fall from the upper section of 
the river above Kanbyin villoge (map 93 Cjl2, 16) to 
the river near Dalcin village (map 93 C/4, 8). The 
channel would be about 17 miles long, with some 
tunnels, and the pipe line 4,500 ft. or so to give 
2,200 ft. head. The discharge here is reclconed to be 
212 cusecs minimum. 

Of these No. (i) has been more fully investigated 
than the others and would give continous power of 
some 10,000 kWs. But in all probability t,he whole 
fall could be developed in stages so the site may 
be taken as worth 180~2,000/15  or 24,000 1tW~. 
The site is some 30 miles east of the Rangoon-BIandalay 
railway (Thedaw section, mile 322) and within 15 
or 20 miles of the Thazi-Kalaw road. 

On the adjoining map 93 D/9, 13, the Panlaunge 
Bend is also listed, but apparently this is embraced 
in No. (ii) of the full scheme preceding, as the assumed 
discharge is the same and the head is 1,000 ft. 

(8) Saingdaing Ricer, tribztlary of Mnyo, rlkyab 
District.-(Map 84 D and 84 C.) This is the only known 
sit,e near Akyab. There are natural falls of 65 ft. 
named after the river, and they arc accessible by 
launch from the town. The minimun~ discharge is 
assumed to be 200 cnsecs, so that on flow alone some 
800 kWs. only could be depended upon continriously. 
Alternatively a darn 800 ft. long and 136 ft. high 
~vould give " considerable " storage, but even the 
order of magnitude is not noted. As the site with 
this ~torage is assessed a t  8,000 turbine b. h. p. or say 
5,000 kWs,, the storage must be fairly largb or the 
nornlal discharge fnr greater. The uitc is below 
Buthidnung, and in t,he Prelin1in:try lteport n minimum 
discharge of a b o ~ ~ t  1,000 cusccv watl believed to be 
probable. The flood discharges are 01 the order of 
100,000 cueecs, so the reservoir wo~~ld  bc filled wilhout 
difficulty. 

(9) Tnlai,ngn Chattng ctt~d Ii?lazing Pyti.-Thcse two 
streams were investigated in 1910 for supplying power 
to the proposed Cinchona Plantation in Tavoy. Tlie 
site is in Lat. 14"20, Long. 98"lG. A minimum 
discharge of about 7 cusecs is available with a fall 
of 950 ft. so that 450 kWs. are obtainable con- 
tinuously. I t  appcars probable tlinl, i~ regulat.i~rg 
rcse;voir can be constructcd to impound the flow during 
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the non-worhing hours, in which caae any peak load 
could be met up to about 1,500 kws.  

(10) Yunzalin Rive?, tributary of Sa1ween.-Investi- 
gations are in progress along the entire length of this 
river above Klothnta Zayat, which is 22 miles north 
of Papun. (]nap 94 F and G). The discharge was 
measured duing  the dry weather of 1920-21 and is 
locnlly taken as 250 cusecs minimnm. I t  is however 
doubtful if one season's discharges give any true indi- 
cation. The river bed has no falls, but has rapids 
amounting to some 600 ft. Three schemes for 
utilizing all or part of this head have been ~ r o ~ o s e d ,  
but no details have beeu sent in except that  327 ft. 
gives a possible lay-out. The river is the most pro- 
mising one for supplying Rangoon, which however 
a t  present supplies itself cheaply from rice husk and 
wood refuse. Preferable to utilizing the rapids 
appears to be a project for diverting the waters with 
those of the Thelaw IZlo towards the ~ r c s t  and nearer 
the railway, by means of a short tunnel or cutting near 
Pyagawpu into the Shnregyin stream. A suitable 
dam site has been found below the junction of the 
two rivers (maps 94 B115, 16 and F/2, 3, 4). In  this 
case the head would apparently be 1,678 ft. There 
~vould bc " good storage," but  i t  is not stated whether 
this nrould be of the order of 10 or 100 or 1,000 m. c. 
ft. However, with a minimum discharge, including 
help from the storage, of 250 cusecs the continuous 
polver would he of the order of 26,000 kWs. 

(11) Zazoyyi River, tributary o j  Myitnge.-The Mong 
Hiug falls arc two days' tuarch from the hill station 
of Kalam, 10 miles from Lawk Sanrk, and 50 miles from 
R u ~ n e  Road station. The dry weather discharge is 
reckoned not to fall below 300 cusecs. The available 
head is 400 ft.  and both open channel and pipe line 
nre short. Good sites, cheap to develop, exist for 
regnlnting reservoir, forebay and power station. The 
falls are spread over about a mile, where the river 
mnlics two right-angled bends. I t  is proposed to t,akc 
off from t,lle apex of the upper bend, on the L. bank 
and t,henco to run to the pipe head in open channel 
3,360 ft.  long. The upper section of t.he pipe line, 
some 1,610 ft. long, would run on a small slope to 
a surge tower, whence t,he pressure section 700 it. 
long would desceud a t  an nngle of 40'. The regtilating 
re~cr\.oir would bold 18 m. c. ft. and good ground 
exists for it. Tlie cat,chlnent area is 400 square nliles 
wit11 annllal rainfall about 45 inch and t.he nvrragc 
discharge is probably GOO cusrcs, much of which is 
from springn. The nii~linlr~m conl,inuous power avail- 
able a t  thin fall is 300x400116 or 8,000 kWa. 

Prrlnl tllc! hills t c~  l.hr 11I:linn t,I~erc is a in11 of 1,000 
It, iu 20 ~nilos wit.11 a catch~nent nl)ovc IZyallltse of 

about 2,500 square miles. From 1910 to 1918 the 
average cold weather flow has been between 516 and 
2,200 cusecs in the plains below, with very heavy 
occasional floods. Taking the total fall the river 
appears to be worth some 80,000 kWs. continuous. 
(Map 93 G/3, 7, 10, 11, 14, 15.) 

84. Central India ; sites examined.-Bhopal. 
A small supple~uentary project, for utilizing the 
upper and lower city lakes a t  Bhopal (map 65 R), 
was drawn up by Mr. H.  P. Gibbs of Ta ts  Sons & Co. 
Messrs. Bull and Meares visited Bhopal in January 
1920 and reported favourably on the scheme. The 
upper lake will have a H. F. L. of R. L. 1,660 ft.  when 
the proposed weir and shutter are put in a t  Bhadh- 
bhada (1,657 ft. now), and the lowest safe draw-off 
level is fixed a t  R. L. 1,649. The spillway level of the 
lower lake, into which the upper one will discharge. 
is 1,641 feet, giving a fall of 8 to 19 ft. From the 
spillway of the loner lake there is a fall of 404 ft.  
to the tail water level, now utilized by means of an 
overshot water wheel hiving pumps. Mr. Gibbs' 
proposal is to use the lower lake as a forebay and to  
11tilize the storage of the upper lake for power. The 
available storage is 1,140 m. c. ft. with a possibility 
of not more than 940 m. c. ft. in exceptional yearn. 
The actual project is based on 700 m. c. ft. During 
the 8 dry months 33 cusecs can be obtained, and in 
the monsoon there will generally he a large excess. 
The net head nil1 be 40 ft.  and as the draft on the 
main lake ~vould cease when the forebay lake wns 
receiving suficient water from its own catchment the 
tail waters are not liable t - ~  lise appreciably. Tllp 
constant power available is F5 k1Vs nrllich would 
nork in parallel with the existing steam plant and thug 
save fuel with a cheap development. The mrmsoml 
power is much grenter, about 200 kWe. continoo~~e. 
The project is now being re-investigated by a Consulting 
Engineer. 

Indorc, Icnnnr River.-A site suggested by Major 
Trnill was examined, on map 46 N/14, not far from 
Indore. I t  is almost certainly likely to  prove prohibi- 
tive in cost as only some 200 kW5.: continuous could 
be obtained from a costly stornge. 

85. Central Provinces ; sites examined.2The 
work done so far in the Central Provinces is mostly 
entered under tlie head of " Sites worth detailed investi- 
gation " bnt the Silewani Ghat scheme (Pench and 
Kulbelira Rivers) Chindwara District may perhaps 
be placed in tlie catcgory dealt with in this paragraph. 
With a constnnt discharge of 230 cusecs and a hend 
of 900 It. some 13,700 kWs. ale available. 

This p r o j ~ c t  was suggested by Mr. Bntchelor eome 
yrars ago in n pamphlet, which was referred to a t  some 
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length in the Preliminary Report, pages 62 and 73 The catchment area above the proposed dam on the 
and also in the Second Report, page 62. As the pro- Pench is 260 square mile3 and a t  the Kulbehra dam 116 
ject has created considerable interest i t  will be dealt square miles. There is only one rainfall station, Tamia, 
ait,h hero in some det,ail, to the extent to which infor- on the edge of the former catchment ; therefore the 
mation is now available. A thorough reconnaissance records a t  Pachmarhi and Chindwara have also been 
has been mnde of the site, proving it to be well wort,h used in calculating the yield. This has been worked 
detailed survey, although it is probable that the power out by Mr. Barlow's method, from each day's fall in 
obtainable is not more than about half that assumed various years, the gauging stations being used for those 
by the original author of the scheme. portions of the catchment to which they apply best. 

111 brief out,line, the project depends on monsoon An error was made however in using different minimum 
stornge in two lakes, formed by damming the Pench years a t  the different gauging stations; clearly the 
nnd Iculbehm Rivers, tributaries of the Kanhan River. same two years, giving the probable lowest combined 
The former is the lnrger and upper storage, and its yield, should have been used. In the tablo sent in 
regulated flow will be taken in a tunnel through the this was allowed for by reversing the yields of the 
watershed to the latter river, and on to the second two dry years a t  Pachmarhi and Chhiudwara (Pench 
storage. Thence a long canal leads to a smaller re- reservoir) so as to give the lowest probable yield; 
gulnting storage snd eveiltoally to a forebay, from this would not give correct results, and the table that 
which a pipe line runs to n power house on the banks follows perhaps more nearly represents actual condi- 
of the Ihnhan River. Localities are indicated tions. If the same series of years had been used the 
below. results would probably have been slightly higher. 

TABLE 32.-Sz7eu,nni Qhhal, Rainfall 
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1 

- _ - _  . -  

nr. c. 
- 

Brom 
0 i .  

- - -.. 

9 

let y~nr .  

3,711 

1,2M 

1,839 

0,594 

1.5GB 

6,RBR 

I,rJ49 

1,644 
- - - - 

0,961 

1,607 

0 

1st genr. 

30.01 

08.12 

31.09 

31.09 

69.7 

76.30 

30.57 

38.87 

Year. 

----- 
4 
- 

7 
--- 

2nd year. 

67.70 

34-46 

9.45 

... 

... 

... 

... 

... 

Rainfall. 

6 

Year. 

2 

00.42 

38.85 

14.27 

... 

... 

... 

... 

... 

Per~cA R~ser~oir .  

Tnnlin . , . . 
pncl1mnrhi . . .  
Cllllill~lwnrn . . . .  

TOTAL . 
K111behra Reaer~oir. 

Clll~indrnrn . . . .  

Pr,~rk Rrcrr~wir. 

Tamin . . . .  
Pncl~mnrhi . . .  
Cltllindwnrn . . . .  

TOTAL . 

Kulbehrn Ru~mwir. 

Chhindwnre. . . .  

Rainlall. 

3 

- _ _  

Ttuo drieal consec~rlrue yenr*. 

1008-9 

1890.00 

1899-00 

1890-00 

... 

... 

... 

... 

1907-8 

1898-9 

1808.9 

1898-9 

34.97 

70.80 

34.31 

... 

Normal Uenr. 

1803-4 

1010-11 

1877-8 

1877-8 

05.23 

77.08 

41.28 

... 



Para. 85.1 CENTRAL PROVINCES ; SITES EXAMINED. 

The table is the summary from detailed sheets of 192b 
Kulbdra Riuer (115 sq. miles). 

each day's rainfall tabulated in the manner cxplabed Raidell a t  3 stations 3.83, 1.52, 2.78 inch. 

in the preliminary R ~ ~ ~ * ,  page 8, and in para, 23 Total discharge 219 m. o. It. a t  Khairwara. 
Maximum flood 1,196 cuaew. 

of the present report. The catchments on Barlow's Minimum now 2 ousccs. 

classification are : Tamia, E ; Pachmarhi, D ; Chhiid- J u ~ n ~ ~ ~ - 4 4 8 3 ,  6,95, 6,22 inoh. 
wara, B for Pench and C for Kulbehra. AB the draft ~ o t a ~  discharge 214 m. 0. it. 

allowable depends on the storage and carry-over, A~,?&"~~~~~l$~~c~~scea 
an isolated bad year can certainly be neglected if ~ u g u s t  1920- 

conditions are regulated for the two driest consecutive ~~~.{2;6,"'$G72 ifc::: 
years. Therefore, on thc data in the table, the average nrnximum flood 3,250 eusecs. 

yield of the two worst years will be 6,794+5,795/2 or S$,"2e~l~3 CUsCCB. 

6,300 m. c. ft. for the Pench and 878 m. c. ft.  for the h i d o l l  1.97. 1.23, 2.24 incb. 

Kulbchra or 7,178 m. c. ft. in all. Normally there ~ ~ ~ ~ ~ h ; ~ ; ~ ~ ~ l ~ . l , " ; o ~ ~ e d d  
will be 9.961 and 1.697 m. C. f t .  or 11,658 m. c. ft.  Minimum flow 12 c ~ ~ c c ~ .  

in all. 
In the absence of a series of gaugings the only check 

that can be applied to these results is that  on page 
334 of Buckley's Irrigation Pocket Book, 3rd Edition, 
where the percentages of run-off for a snlall tank 
catchment in this neighbourhood are given. The 
ratio is 13 per cent. nlinitnum and 23 per ccnt. average, 
which givcs 3,865 m. c. ft. in each of the two bad 
years and 10,500 In. c. ft. in a normal year. 

On page 333 of " Indian Engiuccring " for 11th 
June 1921, Mr. Batchelor assumes yields of 16,100 and 
3,640 n ~ .  c. ft. or 19,740 m. c. it. in all, as  against 
18,400 nl. c. ft. in his original pamphlet. There 
seems little warrant for such high yields in view of the 
above. 

The Pencll and ICulbchra Rivers were gauged from 
June to December 1920, and thc following is an 
nbstract of thc results, with the rainfall a t  special 
gouges it1 each ol the catchments. 

Pcnch River (260 MI. milcs). 
JUIIO 1920- 

I ta i~~Ial l  nt 3 alatiuns 1.20, 1.01, 3,77 incl~. 
Total discllargo 16:) m. o. It. I I ~  Uc~rnl~gn Teli. 
Maximum flood 1,207 cusccs. 
Minlmnm flow 4 cuscos. 

July 1020- 
Rninfnll 12.01, 7.30, 4-12 incl~. 
Totnl dischnrgc 6GP 111. c. It. ut Burnt~gir 'I'oli. 
l l a x i t n ~ ~ ~ o  llocd 2.050 ot~aocs. 
llinilnr~n~ Ilow 4 cuaccs (undor 100 

August lO?O- 
Rninlall 11.30, 6.80, 6.89 iacl~. 
Total discllnrge 1,017 IU. 0. ft.  aL 
llaximom llood 5,880 cnscm. 
hfinin~uln llon 70 cusccs. 

Soplambor I!YL'& 
Rainfall 493, 3.63, 1.44 inol~. 
Totnl discharge 1,149 m. c. It. a t  
31nxi111111n llood 0,307 ollsoW. 
Alini~nun~ flow 106 

Octolcr 1920- 

on 7 doya o ~ ~ l y ) .  

Barnnga Tcli. 

Burungs Tell. 

No rcrord3. 
Novot~rllrr LOYO- 

l ~ i ~ ~ l n l l - . \ ~ ~ l .  
Totnl dischnrgo ,I0 w. c. fL. a t  Bnrnnge TeU. 
llinimuln flow 12 cuscm. 

Dacclnbcr 1920- 
ToLnl disohergo 14 w. u. IL. to I b ~ h .  

October 1W2O- 
No rccords. 

Novcmber 1920- 
Rainlull-A'il. 
Total discharge 18 m. c. fL.  
hlisi[num flow 7 coacts. 

Dmombor 1020- 
Totnl dischnrga 7 nl. c. ft. to 15th. 

Clearly with such wide differences in the rainfall, 
and only 3 gauges, any deterlllination of run-off from 
these readings must be liable to  serious error. The 
run-off from the Kulbeha  per square mile is much 
smaller than that  of the Pench. The total yield in 
the 4 months June-September was 2,991 m. c. ft. 
for the Pencll against 810 rn. c. ft.  for the Kulbehra ; 
and the former figure is much below the estimated 
minimum yield. Taking the averages of the rainfall 
stations the run-off in the 4 months works out to- 

Pench 12 per cent., 14 per cent., 20 percent .  and 
65 per cent. 

Kulbehra 29 per cent., 13 per cent., 18 per cent., 
8 per cent. ; the abnormal result for June  
being due to 3 days' heavy rain. Not 
much dependence can be placed on these 
figures however. 

The site selected for the Pench dam is jusL Lalow 
Baranga Teli on square 4 of map 65/J, 16. Twelve 
villages wor~ld be submerged. This dam would be 
9,900 ft. long and 147 ft. maximum height and would 
ilnpound 8,500 rn. c. ft. of effective storage a t  a 
discharge level of R .  L. 2,300. This was reckoned 
to be the yield in the best of the two driest conse- 
cutive years ; but for reasons given the table shows 
a lo\ver figure. I n  further investigating the project 
it may be desirable to increase this capacity to  the 
average jicld of say 10,000 m. c. f t .  hom this catch- 
ment, as t,he carry-over would substantially increase 
the possible draft in n bad cycle. The Pench River 
reservoir, and the data in this paragraph, have been 
used to  illustrate the graphical method of determining 
storagrs in para. 30 sti1,ra. 



A tunnel some 6.2 Illiles long with an open channel 
would take off direct from the Pench reservoir and 
would discharge into a tributary of the Kulbehra 
River, by which the water would be carried down 
to the Kulbehra reservoir ; there would therefore be 
no dac ld ty  in regulating the main storage exactly 
to the requirements. 

Coming now to the Kolbehra River, the dam would 
be botween Thunia and Khairwara (square 6 zbid) 
and 4 villages would be submerged ; the length would 
be 10,300 ft. and maximum height 94 ft. to  impound 
1,539 m. c. ft. of effective storage a t  discharge level 
2,190. This is similarly about the yield of the best 
of the two driest consecutive years of this catchment. 
The Kulbehra reservoir with this considerable capa- 
city would be refilled as required from the Pench reser- 
voir ; an open channel some 196 miles long would lead 
front the Kulbehra storage to  the smaller regulating 
reservoir on the Umra Nala (square 5 of map 55 K/13) 
where some 11 days' supply for the whole project could 
bo stored (if so much is necessary) ; this again avoids 
ony waste from the upper storoges. The catchment 
area of the Umra Nala a t  the site near Ekalbehri 
i~ 40 square miles with a mean yield of some 588 m. c. 
It. which has been fixed as the capacity of the reser- 
voir. It would appear however unnecessary to spend 
6 lakhs on this work unless it proves to give substantial 
additional power, as it is only required as a regulator 
a t  the end of the long channel. On the other hand, 
falls of 10 inch in one day have been recorded, equal 
to about 1,000 m. c. ft. on a 40 square miles catch- 
ment. This matter requires further consideration 
based on longer periods. From the Urnra Nala regu- 
lating reservoir a 6 mile open channel would lead to  
a forebay at  Silewani tola on the boundary of squares 
3 and 4 of map 55 K/13. Here 36 m. c. ft. effective 
could be stored, which is far more than an~plc. The 
pipe line would be 4.6 mi. long, leading to a power 
house near Nandudhana above the Kanhan river, 
whcrc the fall is 900 ft. The power house site 
however is 69 ft. above bed level in the Kanhan and 
48 it. above high flood level. To uae this additional 
head more than a mile of extra pipe would be 
required ; but i t  seems practicable to sink the 
power house and run a tail race tunnel to tho 
river. This is a matter of cost compared with the 
value of the extra power, as noted below. 
The pipe line proposed on the plan prepared 
locally could probably be improved upon ; it 
appears practicable to run it along a t  a slightly greater 
slope than the hydraulic gradient, near the 2,000 or 
2,080 i t .  contour, for sonic 2 miles ; by installing 
a ~ u g e  pipe a t  the termination the long upper section 

would be greatly decreased in cost and rendered safer 
in working. 

It is reckoned by the investigating o&er that on 
the basis of constant 24-hour working a discharge 
of 205 cusecs could bc maintained throughout the two 
driest years. With suitable carry-over it seems possible 
that 230 cusecs could in fact be depended upon. This 
would be equivalent to 2 3 0 ~  900/15 or 13,700 kWs. 
continuously. If the extra 48 ft. of head refcrred 
to above could be utilized it would be good for au 
extra 730 k\'Js. continuously, or over 6 million 
units a year, taken on any load factor. Valued at 
4 anna these give a revenue of 2 lakhs extra, which 
would ju.;tify considerable expenditure. Tltc ~vater 
could of course be drawn off to meet ally peak load 
and any conditions d load factor, so that on ordinary 
working conditions a plant of 30,000 to 40,000 kWs. 
could be inetalled. The approximate cost of tho 
hydraulic development (up to tho forebay) is roughly 
estimated as 86 lalchs, which is less than Mr. Batchelor's 
total figure. I t  is made up as follows :- 

Lld~a. 
l'cnch rescrvoil . . . . . 27.8 
Tunnol from s s l l ~o  . . . . 19.5 
I<ulbcl~r.z rc~crvuir . . . . l5..4 
Opcn cl~nnnol to  forclrny . . . 17.1) 
Rogulnting rcvorvoir . . . . 6.9 

'JUTAI. . 85.0 O X C ~ I I J ~ V C  01 
forebny. 

If a plant of 35,000 kWs. wcrc installed this ~vould 
be Rs. 240 per kilowatt, so that with the pipe line and 
power house the total cost would be of the order of 
Rs. 600 per kilowatt installed ; this is distinctly cheap. 

The irrigation possibilities have not bcen fully 
examined. By throwing a weir across the Kanhan 
River tho substantial perennial discharge of the pomor 
house could probably be utilized to great advantage 
in the commandcd areas below ; also, if the project 
materialized, irrigation pumping to uncommanded 
areas might bc feapible where the pumping head was 
low. 

86. Cochin ; sites examined ; the Chalakudl 
River.-As noted in the Preliminary Report, page 89, 
somc 19,000 kWs. can, it is said, Lo obtaincd under 
577 ft. head with a minimum flow of 50 cusccs and 
a storage of 1,000 m. c. ft. Tho scheme has been 
fully investigated by Mr. Forbes, Chief Electrical 
Engineer, Mysorc. Mr. Tate hopes to visit Cochin 
shortly. On the basis of minimun~ conlinuow powor 
the value of the sitc, inchtding tho storage, appears 
to be of the order of 4,000 lc\Vs. only, but dataare 
lacking. 

87. Gwalior ; sites examined.-In Gwalior S t a b  
three combincd hy&o-electric and irrigation projects 



have been drawn up locally by order of His IIighless 
the Maharaja Scindia, under tho direction of Mr. S. I(. 
Gortu, M.A., M.Inst.C.E., M.I.E. (Ind.), Blembcr 
of the Board of Revenue for Irrigation, G\valior. One 
of tllese is under construction, and is r e f e ~ ~ e d  to UI 

another part of this report ;  the other taro, here dealt 
with, will no doubt have to  wait thc completion of 
t l ~ c  Parhatti Project. The two projects which follow 
are the subject of printed reports, wllich have received 
tlie advantage of publicity and criticis111 in " Indian 
Iudustrics and Power " and " Indian Engineering " ; 
and thcy have slso been examined by various irriga- 
tion oxj>crts. Certain modifications have consequently 
becu made in the original designs. The full lteports 
callnot Ior reasons of space be printed here, but through 
tho courtesy of Mr. Gurtn the follo\r~ing abstract is 
giveu of a note prepared by him. The total power 
is stated to  be 42,300 IcWs. continuously. 
SindA Rivcr Project.-It is proposed to  dam the 

Sindh River near Narwar, 40 miles ~ o u t h  of Jhsnsi. 
The catchment area is 2,000 square iniles and the dis- 
charge varics fro111 some 300,000 cusccs in t l ~ e  rains 
down to 10 to 20 in the driest part of the year. Tberc 
arc four reservoir sites which have been investigated, 
with capacities from 10,000 to 15,000 m. c. f t .  The 
original project was drawn up for a single dam a t  
Narwar, of great height and length, but subsequent 
investigation has shown the desirability of the sub- 
division which is practicable, so as to  render gradual 
development possible without crushing cnpital charges. 

I t  is proposed to use the power for ore smelting, and 
tlle tail race water for irrigation. As the I~roposal 
now stands, the discharge mill bc rcgulatcd fro111 3 
pick-up weir a t  Magroni, wherc a head of 580 I t .  
can bc obtained. The power ilvailnblc is csti~luated to 
bc some 40,000 k\Vs. contin~tous as a maxi~rlu~n.  

Ziuno projecl.-The river Icuno has a dmiuagc area 
of 1,500 square miles and the discharge of the river 
varies from .268,000 cusccs in the rains down to 6 or 10 
cusecs in the driest part of the year. Thc projcct 
is primarily one for irrigating 400,000 acres of land 
liable to drought and famine; but  it is one of those 
not inf~equent cases whcre it appears likely that  neither 
irrigation nor power alone would justify the hcavy 
expenditure involved (800 lakhs) while thc conrbina- 
tion may prove remunerative. The main storage is 
to be a t  the,Jangarh Dam, with a capacity 01 51,000 
m. c. It., n pick-up weir across the Dorat Nala giving 
large regulating storage. The scheme is not likcly 
to  mature until those previously mentioned have been 
taken up, but  with a head of 65 f t .  i t  will give some 
2,300 kWs. continuously. 

88. Madras ; sites examined.-The following sites 
in Madras have a t  one time or another Lccn fairly 
exhanstively investigated, so that  their miuiulul~l 
power capacity is known with certainty ; in nearly 
every case the pomer for 9, 10 or more months in the 
year is in excess, and somctimcs greatly in excesa, of 
the value here given. The following table h a summary 
of these sites :- 

TABLE 33.-Ilfnd~as ; Sunzlnary of sites examined. - 
sorial. ~ i v c r  or site. Nuturo of aopply. n,":ter, 

1 
-- 

rlggor Rium sec &lln,nalai 
Hills. 

(I)  Csuvory Rivor, Molradntu . ltcguldtcd flow . . 
Uo. Hogonkul . . l)iLlo . . 

(2) IColob Ilivcr, Bugra . . Blow and Storugo . 
(1) Kull&iuiull~i Ililla (Aynlr Ltivoril U ~ t t o  

-- 

( 4  

(ii) 

... 

. . . 

Conshnt 
flow 

ossumed 
(cusocs~. 

ti..iou Suc lnln" l"lll\. ti5 
lor dcrelopod 

1,700 aitos. 

Sco ulso Tetli- 
l l ~ u U O  / g u u u .  nIr. 
.1,0W 1 I'crry'a projcct. 

I I I I I I I supplomcntury 
rcscrvuir ie 
conaLmctod. 1 . 1 15 1 :I.WU I 1.0W I Grunt applied lor. 

(7) iiru~tlnlal projuct, Aruvl Odai 
ltiscr. 

. . I 1)iLLu . . . 
TOTAL 

I 

(4  

( t i )  

9~ 1,iW 

i 
I 

I 

l i 5  I on storago of ------ 



94 ~VATER POWER RESOURCES. [Para. 88. 

(1) Cauver?~ River, (i) at Mekndatu (Goat's leap), 
llladrm a t ~ d  illysore.-See Preliminary Report, page 91. 
Thcse rapids are 26 ]miles below the existing Mysore 
plant a t  Sivasamudram (see para. 65) and 28 
miles above the Hogenltal Falls, 67 miles from Salem. 
With a minirnum flow of 550 cusecs and a fall of 175 
ft. the contiuuous power available ie 6,400 kWs. 
Thc Mysore Government has drawn up projects for 
utilizing these rapids but no works have been eons- 
tructed. The river enters British territory 2 miles 
belo\\. this site. 

(it) -4t Hogenkc61 Palls (Smoking Rock), Sa l e~ t~  and 
Coi?rtbalore Dk1rick.-See Preliminary Report, page 
90. These falls are 25 miles below the poiut where 
the river becomes \\.holly in Madras territory, and 28 
milts below the Mekadatu rapids ; 70 rnilcs above Erode 
and 50 miles fro111 Icanjamalai. The minimum flow, 
as a t  Nekadntn, ulay be taken as 550 cusecs, and thc 
head is 85 feet which may however be reduced to 46 
ieet if the Metur irrigation reservoir belom is eon- 
structed. I t  nrould not be safe to design on the larger 
head, so the minimum power may be taken as 1,700 
kws. continuous. An inspection note dated 14th 
i l u g ~ s t  1918 on the site by the late Chief Engineer 
for Irrigation (Mr. W. J. Howley) is on record in tho 
Survey. 

( 2 )  KO& River, (it B q r a  fills, ZCorapui Agency, 
Vi~qnpatana Dis1rict.-This was mentioned in the 
addendum to the Preliminary Report and a short 
description was given on page 74 of the Second Repol t. 
The site has now been further examined by Mr. Tate, 
who has modified the existing proposals somewhat. 
This scheme is locally preferred to the neighbouring 
one on the Machkand River ( 8 .  v . ) .  It may be noted 
that the Indravati River also rises on the Jeypur 
Plateau, but its power possibilities lie at  Chitrakot 
falls in the Central Provinces ( q .  v.). 

The Bagra falls are reached by a circuitous route 
from Salur B. N. R., in many stages. The catchment 
area is approximately 600 square miles, of which the 
tributary Dadi River accounts for 150 square miles. 
The minimum run-off calculated by Strange's tables 
IS :- 

m. c It. 
Kolab . . . . . . . 5,400 
Dwli . . , . . . . 2,800 

The minimum flow, gauged in May 1919, was 100 
cuseca for the combined streams. The rainy season 
lasts for 6 months and storage would have t,o be pro- 
vided for 7 months, though the actual flow would be 
far in excess of the minimum for a large part of this 
time even in drp years. hIr. Tate's proposals involve 

a dam in the first instance in the Kolab only, at  a 
point some G miles above Mr. Sneyd's site ; if required 
a dam site has also been examined on the Dadi, but 
this would not need to be built at  first. The storages 
allowed for are each 7/12 of the run-off given above, 
or 5,000 and 1,600 m. e. ft. respectively. The constant 
available discharge is t h e r e f o r e  

cusccs. 
l iolnbllow . . . . . . 75 

,, storago . . . . . . 210 - 
TOTAL . 285 

Dadi How . . . . . , . 25 
,, storago . . , . . . 70 

or, eventually, 380 cusecs a t  the headworks. The 
site found for the Icolab dam by Mr. Tate has the 
required capacity with GGO ft .  length and 80 ft. in 
height, whereas neither of tho older sites have it even 
with 100 f t .  of height. His Dadi reservoir dam would 
be only 50 ft. high. 

From the dam the water will flow down the natural 
bed for some 5 miles to a diversion weir close to the 
original dam site, where the river makes its great 
right-angled bend. Thence an open channcl 2 miles 
long leads to a regulating reservoir of 60 m, e. It. 
From this reservoir a tunnel 3,000 ft. long leads 
through the ridge to the forebay, where a fall of some 
600 ft. can be obtained back to tho same river. (The 
height was originally given as 750 to 800 ft. but 
presumably the latest figure is right.) The pipe length 
is about 2,500 ft. only, running on the spur on the 
left bank of a small stream near Bodligura village. 
Here the power house site is located, a t  the foot of the 
ghat. The constant power available is 380XG00/16 
or 14,000 kWs. on the lowest computation. The 
hydraulic development up to (but excluding) the power 
house is estiulated by Mr. Tate to cost some 140 lakhs. 
On commercial load factors this would be of thc ordor 
of Rs. 450 per lrilo\vatt installed (say 30,000). 

As in the case of thc Machlcand, which it joins, 
there is no doubt that if the floods are regulated at  
the site examincd the river could be developed by means 
of lifting dams to the extent of a further 15,000 ItWs. 
or more in the course of its rapids to the junction. 

Mr. A. C. Duff, I.C.S., a t  one time Special Assistant 
Agent a t  Ichoraput, recorded the following note during 
a tour in this arca :- 

" It is lnlnentable to sce thesc perennial supplies 
of water power running to waste. With 
these and with its enormous natural 
resources in  WOO^, icon, mangancso and 
cultivable rim land Jeypore ought to be 
one of the richest zamindaris in Madras." 
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Clearly this is more true than ever now, when the 
new harbour a t  Vizagapatam is about to be made;  
the distance is only 100 miles, a trifle in these days 
of 300 ~niles transmissions, and the power requirements 
of the new port will inevitably be large if cheap power 
is available. (See also Tetlignma ialls on this river ; 
para. 105.) 

(3) Rollaqnnlhi Rills, Ayyar River, Salent a d  
Tridinopol?y District.-(Map 58 117 ) As noted in 
the Second Report, page 75, Mr. H. W. Perry is res- - 
ponsible for the discovery and preliminary work 011 

this site, which has since been examined by Messrs. 
Snoyd in 1920 and Tate in 1921. Two rainfall stations 
have been established in the catchment, as to which 
little was known before. The run-off hiis been calcu- 
lated by Barlow's method (para. 23 supra) for 
the yea,r March 1920-February 1921, and was found 
to be 18 inchcs from a total rainfall of 58.4 inch. (This 
is very probably too low.) By comparison with the 
records for the 3 driest consecutive years a t  Yercand 
in the Shevaroy hills,2.rj miles to the north, the minim~iln 
run-off (in the driest year) is calculated to be 6$ inchcs. 
From gnugings it is believed that  the ininilnum flow 
available will be 7 cusecs; this is made up of 4 to G 
cusecs a t  the dam site with n supplementary 1 cnsecs 
from the tributary joining the Ayyar a t  the falls below 
Arupuli temple and a further 2 cusecs from the Katha- 
vadi tributary. Mr. Sneyd considcrcd that  in the 
worst period a storngc of 600 m. c. ft.  would supple- 
ment the flow for thc 6 dry months so as to ensure 
a constnut discllargc of 30 cusecs. The reservoir 
site surveyed by Mr. Perry w o ~ ~ l d  hold 700 m. c. ft. 
which should just be obtainnble from the catchment, 
and the ground appears fnvourablc for the dam 
proposed. Subscqucnt investigation by Mr. Tnte 
confirms that  officer's opinion. Mr. Tate cxpects a 
minimum run-off of 6.5 incl~ froln the mniu catclument 
above tho dain of 19 Rquare miles or 287 In. c. ft. 
in n bad year. Tbere is however anotllcr 16 square 
n~iles of catchment between the dam and the iutalte 
to the flume, which would give the whole supply 
assumed for a t  least the two wettest months, RO stornge 
would be rcqnired to supplement the flow for 10 months. 
Mr. Tate takes the minimum constant supply as 7 
cnsecs flow p l ~ s  10 from storage or 17 in all. An 
additional carry-over from normal years of some 
400 m. c. ft.  net could however apparently be depended 
upon, equal to a further 16 cusecs, which brings the 
minimum back to 32 clisecs or say 30 cusecs. 

The fall is 2,000 f t .  so power of the order of 4,000 
kWs. continuous can be expected. In  1920-21 
the rainfall was exceptionally high and a run-off of 
704 m. c. f t ,  above the dam was cnlcnlnted. Aa 

during such a Eeason the whole supply would be 
obtained i r o ~ n  the lower catchment the excess of this 
over the capacity of the tank would probably be lost. 
In  a modcrate year there should be no surplus, as the 
draft would continue concurrently with the inflow 
whenever the loner catchment could not supply it. 
One hamlet and 200 acres of dry cultivation would 
be submerged. There is a s ~ ~ i t a b l e  escape on n ridgo 
about f mile from the dam site, joining the stream 
again. From the dam the \vat.er would flow in the 
natural bed to near Arupali Temple (level 2,600 It.) 
and thence in a flume 4.4 miles long. There are several 
stream crossings and the ground is very steep. A 
subsidiary flume 2 miles long would lead from the 
Icathavadi tributary. 

Irrigation considerations enter the problem. The 
area irrigated under the Ayyar, above its junction 
with the Cauvery, is :- 

Acres. 
Direct iwigstion . . . . . 3.112 
Indircct irriqntion . . . . . 4.324 
\Vot irrigntion of dry lonrl* , . , 700 

- 
TOT.\~. . 8,136 

With a draft of 30 cusecs the stream bed will always 
be wetted, and the effect on the tank-filling power 
of tho river will not in Mr. Tate's opinion be appreci- 
able. There may however be difficulties over com- 
pensation of the local land-owners. The Kathavadi 
Apl~r is generally dry, so offers no difficulty due t o  
its submerged diversion dam. As regards the main 
dam, this \sill act as n flood regulator, giving a con- 
stant discharge, while the freshets from the tributaries 
below nrill continue to  fill the tanks as heretofore. 
The first irrigation anicnt is nt Pulianjolni, 4 mile 
below the tail race, nnd there nrc others lower down 
still. Of tho 42 sqllare miles of catchment a t  this nnicut 
only 19 square miles are behind the main dam. Mr. 
Sueyd considcrcd that  the sole effect of the dnm w o ~ ~ l d  
he to  conserve water now escaping unutilized during 
floods, whercas the 30 cusecs would materially benefit 
lmds  uuder the higher nnicuts by giving nu unfailing' 
supply of 30 cusecs. 

Tho chief market for power would be Trichinopoly 
and the district around. The Saleln iron district is 
nearer still. 

( 4 )  Kundah River, Nilgiri Hills.-See Preliminary 
Report, page 90. This project has been fully worked 
out and a n  agreement entered into with Meesrs. Tatn 
Sons & Co., for the use of it. With storage of 800 
m. c. ft.  and a working head of 2,000 It. some 6,400 
kWs, continuous power can be obtained. The 
minimum flow nssumed is 21 cusecs, supplemented 
when necessary by a draw-off of 20 cusecs from the 
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storage reservoir. I t  is proposed to  instal 10,500 
kWs. of plant. 

(5) Periynr Lake.-This has bcen fully investigated 
and a grant, has been given for the water po\vcr rights. 
There is sonle 16,600 kWs, contiu~~ously available 
for 240 days in the  year, bu t  a t  present power cannot 
be asstrred for the rest of the year. See Preliminary 
Report, page 91. A supplementary reservoir would 
enable a continuous supply to  be maintained, so the 
site may snfely 110 nsseqsed a t  its full value. Head 
1,000 ft. 

(6) P!/kara Riuer, Ni1giris.-This has been fully 
investigated, aud negotiations are still proceeding 
as to  its utilization ; the Kundah River could serve 
the same area. The power available is not less than 
3,000 kWs. continuous and may be more. By passing 
through the watershed a head of 3,000 f t .  is available. 

(7) Sirumalai Project, Arzcvi Odai st re an^, Madura 
District.-This project was worked out by Mr. 11. W. 
Perry who published a pamph1i:t on i t  in 1917, vide 
Preliminary Report, pnge 92. A reconnaissance of the 
site, which is on map 58 J/4, has since been made by 
Mr. Tate. The hills are close to Kodaik~nal  Road 
railway station and are reached from there. 

The catchment area of this small tributary of the 
Vaigai River is only 8 square miles and the project 
depends mainly upon storage. There are two branch 
streams, the Ponnnriri and the Sortar, with a number 
of natural waterfalls ; the project prepared by Mr. Tate 
involves two stages :- 

(i) A lower dam on the combined strenm in the 
Seravanai Khad, impounding 130 m. c. 
ft. (eventually taking the tail race dis- 
charge from the upper site) with a 7,000 
ft. channel a t  R.  L. 2,500 (forebay) and 
a fall thence of 1,700 ft. to  a lower power 
house a t  R .  L. 800. 

( i i )  An upper dam on the Ponnuriri in the Periya 
Odai IChatl, impounding 1.50 m. c. it. 
wit.11 n 4,000 ft. channel a t  about R.  L. 
3,350 (forebay) ond a fall thence of GGO 
ft.  to a power house a t  R. L. 2,690 above 
the lower dam. 

I f  developed, the lower site only would clearly be 
used in the first instance, supplemented by the upper 
storago when required and by the upper power stat,ion 
eventually. There nre no contoured maps available, 
so i t  is not possible to judge whether the two branch 
streams could be joiner1 up at the upper reservoir level 
and the whole drop t o  Aruvior Innin fall developed 
in one st,agc; if thin were pmcticnblc, it wonlrl hc 
preferable to  the proposals made. 

The discharge mill normally be a t  its lowest in M~~ 
and, if the south-n-est monsoon fails, in September. 
Ordinarily the rains continue from the middle of June 
till tllc middle of Deccrnber. Both branch streams are 
liable to sudden spates of great intensity, and a flood 
discharge of 12,500 cusecs was estimated a t  the lower 
dam site in 1917, lasting for a few hours. The minimum 
flow, so far as  is known, is about 2 cusecs a t  the same 
point. There ore no rainfall stations in the catch- 
ment ;  the surrounding plains receive an average of 
30 to 35 inches but  the hills undoubtedly receive far 
more. I n  the absence of information Mr. Perry's 
estimate of 65 inches average is a probable one ; but 
the minimum is not known. Mr. Tate takes the total 
run-off as 25 per cent. of the total rainfall, giving 
297 m. c. i t .  off 8 square n~iles with a rainfall of 65 
inches. The catchment appears to be of class D or 
possibly E in Barlow's clsssification (para. 23 
stcpra) and even in a deficient year the estimate of 
25 per cent. appears vcry low. Mr. Perry assumed 
60 per cent. which is probably far too high. 

Lover sile (i).-The dam site has a sheet rock founda- 
tion, and with a dam height of 100 ft.  the width 
would be only 500 ft. a t  the top, the banla sloping 
down a t  2 to  1. The capacity, as stated above, is 
130 m. c. ft. The long lower flume traverses almost 
precipitous ground in part,s, on the river bank. Only 
a small forebay site holding 12,000 c. ft. is considered 
practicable, but  by running i t  along the contour as 
an enlarged flume more capacity may be obtained. 
The amount mentioned aould not provide 1.5 cuseca 
for the 40 minutes which it would take the water to 
traverse the flume, so thnt security of flow would 
involve waste of water a t  the forebay. The lower pipe 
line mill be 4,500 f t .  long on a good rock founda- 
tion. The lowcr power house site is favourable in 
area and natnrc and well above flood level. The 
constant power available from this site alone may be 
taken as 4 cusecs under 1,700 ft.  head or roughly 
450 kWs. con ti nu on^. If however the uppcr rcser- 
voir wore a180 c o ~ ~ s t r ~ ~ c t e d ,  whcn required, the con- 
t i n u o ~ ~  flow \vould then be 9.3 cusecn, giving 1,000 
IcWs. continuous. 

Upper site (ia).-It is very doubtful if i t  would pay 
to develop t,llc upper site for thc vcry small power 
availal~le ; but the buildiug of the dnm alone would, 
as shown nbovc, more than double the power a t  the 
lower Rile. In  t,he nbncnce of the flume tho rcgulatecl 
fl111~ would i~tilize tlic natural bed. The upper 
would be on rock in a gorge, and with a heigllt of 80 
It.  the width n-oulrl he only 300 It. a t  tbc top. Tho 
rnpocit,y would hr 150 ni. r .  ft. The flume line 
waul(] on vcry steep rocky ground (In the left Ijnnk 



Pare. 90.1 PUNJAB ; SITES EXAMINED. 97 

for 4,000 ft. to a forebay site again of too small capa- 
city, I&., 8,000 c. ft.  only. The upper pipe line 
would be 1,500 f t .  long, giving 660 ft,. ]lend, to a very 
limited power house site a t  the side of the gorge. The 
power available a t  this upper site would be 4x 660115 
or 175 kWs. continuous only. I t  ~vonld scarcely 
be likely tha t  this would justify the expenditure on 
t,he channel and works ; on the other hand, if the 
upper dam were already built to supplement the power 
a t  the lower site i t  is possible tha t  these \vorlts might 
eventually be remunerative. No estimates have been 
made except those in Mr. Perry's original paper. He 
cstimnted the cost of the lower scheme, \vith both dams, 
nt 154 lakhs ; but this (if correct) would bc equivalent 
to  some 17 lakhs or more no\\,. The estimate in any 
cnse tvns little more than guess work as i t  was stated 
that  " the Pelton wheels are very simple and could 
be made locally " ! Accepting a figure of nbont 17 
lnkhs for the whole lower project up to  Madora, this 
would be Rs. 680 per kilowatt installed for n plant 
of 2,500 kWs. \vhich \\yould be nbout right on 1:000 
kWs. continuons rating. The figure is certainly 
not, prohibitive, and in fact allo~vs a margin. Some 
84 million units could be generated, and nearly 8 
million delivered in Rladora ; the capital charges at, 
12 per cent. would then only come to  0.41 annas a 
unjt dolivered to  the sub-stations in BIadurn. After 
nllowing for dist,ribut,ion the power could certainly be 
remuneratively sold as cheaply as i t  is in Madras City. 

The storages would be very valnable for irrigation. 
During the dry months the flow a t  site is a t  present 
only 1 or 2 cusecs whereas i t  would become 94 cusecs. 
The first tank irrigation is 3 nliles below t,lle site. 

Gannl falls i,n Madras. -Seventeen canal falls of 
from 4 to  12 It,. were recorded in tho Prclitniunry 
Report. None have been devcloped. There is a11 
nnnrlal closure on 1111 the canals iu question, and power 
wonld only be availnble for 9$ to 11 nlontlrs each yenr. 
I t  is possible however thnt Ilse might be found for 
this discontin~~ons po\ver, either by running the plant 
from two fnlls closing a t  different periods, or by using 
subsidiary plant, or by interconnecting with perennial 
flysterna. Thc n~ in in~uln  power av~ilnble  from all 
the fnlls together is somr 2,400 kli'r. for the period 
mrntioaed. 

89. Mysore ; sites examined ; the Gersoppa falls, 
Sharavati River.-This fnmous waterfall i n  on t,he 
boundnrv I~etween Nort#l~ Knnam, Bombay Prc*idency, 
nnd Sllimoga, kIysore. The ialls are within 20 miles 
of the srn and near Bllatknl harboul., a port of the 
lut,ure (nmp 48 J/12). The rat,chrnent, area in about 
100 q u a r e  mile< with n mean nnnunl rainfnll bet,wern 
June and Scptrmhcr oI from 76 to 100 inrLcs and 150 

inches in the Ghat portion. The fall is 800 ft. The 
Chief Electrical Engineer t o  the Governtnent of Mveore 
has submitted n report to the Darbar for a project to 
cost $ 4  crores of rupees. If half this sum be taken as 
the total cost of development nt the falls, a t  the high 
cost of Rs. 1,000 per kilowatt of continuo11s~miniv11~~11 
power, t , l~e site wo~lld be good for 20,000 kWs. 
It is probably far morc. 

90. Punjab ; sites examined.-The Punjab 
undoubtedly has e n o r n ~ o ~ ~ s  potentinl power t11rougl11)ut 
the wl~c~le Hilllalayan nrea ; but  so far nttention 
has been mainly concent,rnted upon one great, 
project with its sobsidiary bmnches. There are some 
small power schelnes working, as noted elsewhere (para. 
G8), and one project involving several canal falls is the 
subject of an agreement betwcen the local Government 
and a promoter (para. 75) and as the specifications have 
been prepared i t  lnay be considercd as in the constrnc- 
tion stage. When further power is required in the 
province i t  can be found, as the notes on areas nnd 
sit,es for detailed examination, or not so far examined 
a t  all, will show. I n  the l i ~ t  which follows the Anu 
and Nangnl projects are subsidiary t o  the Sotlrj River 
project, but  the alphabetical arrnngcment. is retained. 

The follo\ving is a summnry :- 

TABLE 34.-Punjah ; sitmmary of sites examined. 

- 

41) An11 Iihnd ~~ro j r r~ . -This  tributary of the SutIej, 
ioining the n ~ t ~ i n  river not far  below the Silnla hvdro- . - 
electric stat,ion, was originally believed to  be the moat 
fnvournble one for developn~ent for  the further pressing 
needs of Simla nnd its neighbourhood, as well a s  for 
construction porposes on the main Sutlej River project. 
TWO possible methods of development, on the full 
available head and lower down fitream on a reduced 
head, were examined by Colonel Bnttye ; only the more 
c o m ~ l e t e  one need be considered here, a s  a partial 
development which would prevent subsequent corn- 
plete utiliantion is undesirable. The head nvnilable 
is 1.913 It,. to  obtain which two open channel8 of o 
total length of 14 miles long are necessary. Compari- 
son of the catchment nrra and local rainfall with tl~oeo 

I' 
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of the neighbonring Nnuti Rhad (the Simla Works) 
seemed to show that  20 cusecs could be depended upon 
ns a minimum, as the cat,chment runs up to about 
11,000ft. and snow lies late. With the artificial storage 
reservoir designed there wonld then have been enough 
regulating water in hand to meet any peak load wit,hin 
the projected plant capacity, although not enough 
to supplement the average flow in dry periods. Un- 
fortunately the exceptionally dry spring of 1921 upset 
all calculations, and for 33 days in April and May the 
flow only averaged about 10 cusecs. Althongl~ a 
masonry reservoir could l e c mstructetl t,o spread this 
tlo\\~ over any desired load conditions it n.onl11 require 
2.8 m. c. f t .  t,o augment the average supply by a single 
cusec over that  period. The capacity of the Anu 
Rhad cannot therefore be rated higher than lox 1913/15, 
or 1,270 IcWs. continuous on flow. Nevertheless 
t , l~e site may be fou~ld useful a t  a later dote. The project 
actually included two reservoirs with an aggrcgatr: 
capacit,y of 12.73 In. c. It. Allo\ving for sufficirnt 
rt-serve to meet any peak load a t  the end of the dry 
period this storage would give just over 4 cllsecs for 
such a period of 33 days as has been experienced; 
thus with this large artificial storage the continuous 
power mould only amount to 1.800 ItWx. 

(2) Nm~lg(tl I~rojrcf ,  Sirtlej rir.rr.-When it, was found 
t,llat tlic Anu Khnd (previous entry) could not be 
depended upon. Colonel Battye turned to  the main 
river as an alternat,ive. The site a t  Nnugal had 
been sllggested by Mr. Nicholson, the officer who drew 
up t,he Bhakm Dam project, as n suitable source of 
power for the co!~fit,ruction of the dam. There is 
slfficir,~~t powrr for t,he whole of the immediate needs 
of the area within the Simla hills as well as for the 
coustrr~ct,ion work on the Sutlej River project, ; and 
the lnt>t,er will, i t  may he anticipated, be working 
before the irrigation dam construction begins. 
Beloe the dam site, and in the great bend of the 
river, there are two series of rapids each with a fall 
of about 30 to  40 ft. The npper rapids lie between 
Nangal and Dsbkhera (1  in. map 53817, square 5), 
while the tail race from these could feed a plant 
a t  t.he lower rapids if it should ever be necessary. 
Not only is i t  intended to use the upper Nangal 
site (here alone referred to) for present needs, 
but  also as a standby ~ l a n t  t,o the main project. 
The scheme is therefore drawn up on the basis of a 
" productive work." The gross head i~ 37 ft. but  
thc tail waters may rise 8 It. and reduce the available 
head to  this extent a t  flood times. A canal some 
4 111;it.n long  lead^ from the headworks to  the power 
statiou site. The record tuinimum flow is 3,330 cusecs 
ao that  the t~rinirn~tto continuous power nvniloble is 
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8,000 kWe. for when the head is reduced there will 
be a great excess of water. It is proposed to instal four 
2,200 1iW8. .sets (1 spare) and to run a transmission 
line from Dabkhera to Kalka and on to Simla, a t  44,000 
volts. Eventually the transmission lines and sllb- 
stations will (with the plant) form part of the nlaill 
project. ; but i f  this does not mature Nangal can stand 
up alone. 

(3) Stt t l~j  Ricrr Hydro-Aleclric pojrr.t.-This great 
scheme wan referred to a t  length in the Preliminary 
Report, page 96, where it was somewhat confused 
with the Bhaltra Dam irrigation project which happen2 
to overlap the power scheme ; the two holvever are 
separate and distinct and in no way antagonistic ; 
in fact the irrigation project mill eve~itually help the 
power scheme. It would be unfair to Colonel B. C. 
Battyc, D.S.O., R.E., to do more than summarize 
the conclusions of his detailed Project Report, which 
was submitted to the Punjab Government in Jllne 
1921, as the result of 18 months' special duty. The 
great loop on the Sutlej where it enters the plains 
1na.y be secn in any At.las, hut it can best be studied on 
the 1 in. maps .53A/7, 8, 11 and 12. Here the course 
of the river was deflected as it cut t.hrongh the foot,lliIls, 
so that  a great bend occur6 some 42 miles rol~nd and 
only 54 miles acrnss a t  the chouen point, between 
Malbut~a (53A/ll, square (i) and Uirt,hpur (53A/13, 
square 1). I t  is proposed to tunnel through the ridge, 
which rises to 3,40n f t .  here, and to develop the greater 
part of the fall so obt,ained. The bed level at; the 
head works is about 1,315 ft.. while a t  t,he return t.o 
the river it is about 924 f t  ; but the nor~nal 
difference in level betwcen the pond surface a t  t,he 
tunnel entrance and the tail water a t  the site solected 
is 363 f t ,  giviug a net working head of 324 f t .  

!rhe lowest recorded discharge of tile Sutlej here, 
during the 20 years of record by the Irrigation Bmnch, 
is 3,330 cusecs, as recorded above (Nangnl). The mini- 
mum flow in a normal year is considerably more, 
namely about 3,700 cusecs, while the average cold 
weather discharge (which storage may some day render 
available) is far  greater. The minimum continnolls 
power available is therefore 3 ,330~363/15  or Ray 
80,000 kW?. 

Turning for a molnent to irrigation 1)roblems. the 
Sutlej now feeds the Sirhind canal from Ilcadw~~rks 
a t  R u p r  ; b ~ l t  further extensions 011 t,i~in calla1 
systel,l ;,re ul dcr considernt.ion and in thin 
coDnectiou the Bhakrn dam project has bee11 drawn 

u p  daln site is near the north-casterp point of 
the loop ; the dalu itself is designed to inlpound 112,000 
m. c. f t .  of water with a height of no less than 395 
ft. ~6~ waters will head rip lar beyond the gorgu 
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where the tunnel takes off, and will add 150 It.  to the 
grotls and nett head available. With this increase 
in view, a pressure tunnel has been designed, as other- 
wise not only would this potential head be lost but 
the problclu of dissipating some 68,000 h. p. a t  the 
tunnel cntrairce would have to be faced. The great 
reservoir will normally be full in August, and is in- 
tended to discharge throughout the winter SO as  to  
bc emptied by February, thus giving a continuous 
additional discharge of some 6,000 or 7,000 cusecs. 
From the time the rescrvoir empties till the snows 
begin to melt (in April or May) and augment the nor- 
mal discharge, (.his immense additional power could 
only be made available by a subsidiary storage higher 
up-stream ; t,here are however sites which have been 
esamiued roughly, and i t  is reckoned that the scheme 
can ultimately be developed up to a minimtint con- 
tinuous power of about 240,000 kWs. when all 
storagcs are laid down. 

The proposed tunnels arc 20 ft. in diameter and 
9,836 f t .  long. Thcy run into a sargc and distri- 
buting chan~ber from which 5 reinforced concrete tun- 
rlcls 1,810 ft. long will lead off to the side of the hills 
where they merge into 10 ft. stccl pipes runuing 
down to the power house, a distance of 8,70L ft.  
, 3  ' 1111s makes a total of 20,350 ft.  from thc tunnel 
entrance to the power house. Thc velocities a t  normal 
iuU load are 10.6 and 8.5 i t ,  per sccond in tuunel 
and pipe respectively. 

Five 16,000 kWs, sets are provided in the cst,i- 
lnates, the generating voltage being 13,200. The 
usual governing system is provided with in addition 
;L system of bye-passes to take care of both suddcn 
and gradual changes of load. In  fact 28 per cent of thc 
flow is to bc continuously bye-passed, except a t  full 
load. Each set has its own 100 kWs. cxciter 
driven by an induction motor and there is, in addition, 
a 6th spare exciter set driven by an induction motor 
end a peltoir wheel. All heavy switchgear is to be 
rcu~ote controlled from the tm~rsformer station located 
(owing to the nature of the grorind) sorne 400 yards 
away from the power Irousc. The genrrntiug and 
E. 1%. T. switchgear controls arc located in a building, 
but the transforlueru aucl E. H. T. switclrgcar are 
c~nbodied in an outdoor type steel structure station, 
two sots of bus-bars being provided. 

Pour banks of trannformers are conteniplated, t,wo 
ior the Delhi trunk and two for thc Lahore t.rrink. 
tlre capacity of each single phasc transfnrmcr bcing 
7,600 kva. 

There are two main truilks a t  133,000 volts, one 
going to Delhi (with a epur from Amritsar to Patiala) 
and one to Chuharkana-about 30 miles beyond Lahore. 

In  addition there are branch lines a t  44,000 volts 
as follows :- 

(i) Sonepat to Bhiwani. 
(ii) Patiala to  Dhuri and Itajpura. 
(iii) Kalka to Simla. 
(iv) Jullundr~r to Ludhiana. 
(v) Amritsar to Tarn Taran. 

(vi) Lahore to Ferozrpore. 
(vii) Chuharkana to Lyallpore. 

All tho larger towns covered by this network arc to 
be tapped by outdoor substations (standardized as Iar 
as possible), the distributing voltage being 3,300 or 
in certain special cases 6,600. The constant voltagc 
system has been adopted owing to the length of thc 
lines and tho size of the load. This involves the ins- 
tallation of about 50,000 kva. of synchronous con- 
densers, divided up between Delhi, Sonepat, Ambala, 
Kalka, J~~l lundur ,  Amritsar, Lahore, Chuharkana and 
Lyallpore. 

A 250,000 circular mil alunrinium-steel cable has 
been selectcd for thc maill 132 liv. liues, strung on 
80 ft. stccl towcrs spaccd 1,000 it. apart  in the 
plailis ( i . e . ,  whcn clear of the Siwalik range). Two 
circuits arc provided, one on each side of the tower, 
the 3 phases bcing spaced vertically one above tlle 
other. Thc 44 kv. to\vers arc 50 ft.  high, with an 
average spacing of 500 ft. ; the cable sizcs vary with 
each spur. 

With regard to the demand for power in thc provincc 
n. census 11as been lnado which shows that  there are 
sonre 22,000 kWs. actually in existence (1919) 
in the area covered by thc project,. Data for rate of 
g~.owtlr have been obtained fro111 all over India and 
collated, and a reasonable yearly increase in demand 
arrived at .  The net result of the investigation slroms 
that, assuming that  the existence of cheap power has 
a moderate effect on the rate of growth, the plant 
will bc loadcd to  its full capacity of 80,000 ItWs. 
in about the year 1942, assunling 1929 to be the first 
year of operatio~r. 

Tlro raten to bc charged ior power are on a. sliding 
sci~lc rnrd vary f r o ~ n  .(i6 to 1.00 anna per onit ior all 
consuinrrs taking niorc than 20 kWs., thc larger 
conslllricrs of course paying less. Provision is made 
for tho con\.ersion of factories to electric drivc by 
the 11ro1noters of the schemc, the cost being recovcrcd 
iu a few ycnrs by means of a slnull conversion tariff. 
The sclrclrrc \\,hen completed, is cxpectcd to  cost about 
9.j crorrs and to pay about 9 prr  cent in the 14th 
year of operation. 
91. Punjab ; canal falls.-A full list of the cnnnl 

falls in t,he Punjnb mas given in tho Prelinrinasy R,eport, 
page 07, and i t  is unnccessary to repcut i t  here. In 
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cvery case periodic closl~res for inspectio~~ and repaire 
are made when ~~oss ib le  and e~nergent cl(~sures when 
necess>r,t7, but  for the purposes of this report the 
closure may be ignored. The following surnmary shows 
what power is available on normal (not minimum) 
discharges. 

U11prr Jl~oluln Calla1 . . . 
Lowcr . ,, . . .  
Uppor Ullonnb ,, . . . 
Lowor ,, ,, . . 600 
Upper Uuri Doab (Huvi )  blrllnl , . 
Lower ., ,. ,, ,, 
Sirl~ind Cmnl (Sntlcj) . . 
\\'esten~ Junll~n Csnnl  . . 700 

- 
011 luinilnt~ru flow this 111s) be reduced to 40.000 k\\'r. 

Four falls, included in the above summary, arc those 
earmarkel by the Punjab Hydro-Elect,ric ant1 Indns- 
tries Development Association, as  noted under the 
bead 01 " plants under construction " (para. 75). 
Should the Woolar Lake ba l~age  in Kashmir be built, 
t,he present syetenr of rotational closures between the 
two Jhelum canals will be much n~oclified. 

A grant for development of the falls of thc Upl)cr 
Bari Doab Canal, where i t  takes off from the Ravi a t  
Madhupur, has been applied for by thc Subera I-Iydro- 
Electric and Agricalturnl Develop~uent bssociation ; 
an older concession to Sir Thomas Highan1 and others 
for thc same falls has lapsed. There is a fall of 109 
It. in 4.6 n ~ i l c s ;  140 ft. in 74 nriles; 176 It. in 3f 
miles : and 200 ft. in 13 miles. The minimum re- 
corded flow iy 1.300 cusecs. \vhile much n~ore  water is 
gellcrally running. By constructing a special poiver 
channel, and not using the main line a t  all, continuous 
power can be practically assured. 

Sir Thomas Ward, late Impector-General of Irri- 
gation, suggested further possibilities on thc Wcstcrn 
J u m a  Canal, in counect,iou with thc rebuiltling of the 
levcl crossing a t  Dadupur. As nt pre3ent dcsigncd 
Lhere are two falls not tar below the regulator, and it 
\vould not be diliicult to get 7 i t .  head with a general 
minimum flow of 2,000 cusccs and 1,200 nbsolutc. 
11 any storage sitcs ahould be Iound higher up a furthcr 
caual could bc corwtructed a t  a higher lcvcl and lilt 
irrigation could be worked Irom the fall referred to. 
There would alwaya be norue YO0 kWs. available. 

hlr. E.  S. Liudley, Executive E11@rinecr, also made 
1ior11o useful suggestions regarding these canals, and 
pomibie combination of falls, especially for sub-soil 
pumping and lift irrigation. So far the tube well 

experimental work near AnlriLsar has been kept on 
SO small a scale that  its full possibilities can hardly 
be ganged. 

92. Sikkim ; sites examined.-In the Preli- 
minary Report, page 37, Messrs. Burn & Co., Sikkim 
project, the Lagylnp scheme was crroneotlsly entered aa 
" under construction.'' No construction has in fact 
been begun as yet. The project however has beeu 
investigated. The site is a t  Lagylap I'ass, east of 
Gangtok, a t  a high elevation near the snow linc, and 
not far fronr the divide. The project utilizes a peren- 
nial tributary of the Tista, flowing from a snow-fed 
lake, which can be dammed as a regulator. The site 
is near a gap in the water-parting, through which a 
diversion can be made. With an open channel, a steep 
fall of 2,000 It. can be obtained into the Roro Chu 
or Tahsouche Nala. The site is capable of giving 
5,000 kWs. continuoufily a t  a very low c o s t a b o u t  
,I, anna per unit on full development. 

93. United Provinces ; sites examined.-Before 
proceeding on leave Mr. T. M. Lyle, Executive En- 
gineer in charge of the Survey, submitted a preliminary 
note on the season's investigations, 1020-21. The work 
has since been carried on by Rai Sahib Shanlcer Das. 
The various sites examined are summarized in the fol- 
lowing table, after which abstracts of the reconuaisvance 
rel~orts are givcn in alphabetical order. 

The results of the reconnaissance of the Ganges and 
its tributaries in the Himalayan area is given in consi- 
derable detail. The Sarda-Kali-Darma-Gori tract is 
much worse off for conlnlunications, and much tnore 
difficult of access than the Garhwal Rivers and Wcstcrr 
Altnorn ; the latter are on pilgrim routes. 

Rewah offers great possibilities. Mr. F. E .  Bull, lately 
Chief Engineer, inspected the various falls on the Tons 
group and wns much impressed by their possibilitica. 
Hc pointed out however that  in all these Rewah sites 
the quest,ion of carry-over for deficient seasons will 
requirc careful handling. So far the " bund " has 
gcncrally been l)roportioncd to impound the avernge 
calc~~latcd run-off. If so built, a considerablr. volume 
would have to be kept in reserve until requirud in n 
tlcficient season or ser1r.s o j  lrvo dcfmienl secrso~rs. AI- 
tcrnatively, the storage could be increased by the 
a~noumt of thc carry-over required, seeing that  thc 
exccsu ~vould be ohtainable as often as n o t ;  this alter- 
native however will probably provc leas favourable 
financially than the first one. In all t.hese Rewall 
projects, finding suficient earth will be a dificulty, 
Rlr. Bull further remarks : " In  this matter we arc 
hampered by want of real knowledge about the run- 
off Lro~n any given rainfall, and considering that  
the amount of power to be anticipated is f ron~ 50,000 
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to 70,000 e. 11. p, from the l'urwa and Chichai sites in the season of known rainfall accurately measured." 
together it would be worth while putting up an auto- As to this, Chapter 3 of thk  Report may be read ; the 
matic recording gauge on the Tons, so that the period necessity for the work of correlating rainfall and run- 
of floods could be recorded and the total discharge off is great. 

TABLE 36 . -U~ i l ed  Prollatlces ; summary o/ siles exarnilled. 

i I I 
Co~~tinuoua ' 

Sorial 
No.  1 

Rivcr or site. 

i l -  I 
I 

Alaknnndu Rivor . I 
I i Sou Unogc~ bclow. 

Bhagirnthi River . 
I Baghi (Ungl~ain) Nndi . . Storago . . I 

." ?.ti00 I inigabion will 

benofit. 
1,1i00 Ditto. 

11,000 130 m i l a  from 
Cnwnpom. 

1.800 

Bskl~or Nndi . . . .  ... / Ueohar Bivcr . . 1 :: 
Bclnn ltiver . . .  . . .  
Chnhla Nnln . . . . .  
Chandrnpmbu Hivur . : j :: . . .  
Chapror Nala . . . . .  . . .  
Dhanlignn~o Rivor- I 

See Gnngce. 
Gang03 River n ~ d  trillut,lrics 1 llo*)l n~ ld  l ~ l t ~ n g  clu.111~ . M111tipIo 

I 
40 O(HI l)clwlldcnt on 
t i l h 0 (  flood r c p ~ l n -  
40,000 tion. 
... Uonbtftnl. 
3d00  P r o r n i s i ~ ~ ~ .  
... Doubtful. 
8,0W ... 

1:1.000 ... 
20.000 ... 
31,300 \'cry xood n ~ ~ d  

rlcwircrl by 

. . .  Uohnn Lnko ... 
Goorma llivor . . .  SLorngc . . .  . . .  Ciu~nti Rivor ... 1 ::: 
Jumns  River . . .  Flow . .  I (il 

Unrbnr. - 
... . . ( F m i )  . . 

blorngc . . 120 ... . .  . .  1'40 ' 160 ... . .  . .  Now nll~l Storago 3,000 IBU 1 30,000 IrriaaLion will 

(ii) 

(i) 
(ii) 

... 

... 

... 

... 

b&~ofit. 
1,300 Far  more if up. 

prr  eitc wem 
dercloped. 

[:;!$? Altcrnnti\,m. 
270 ... 

3,000 ... 
ti,OM) ... 

230 L ~ ~ l g c  l",n,er it 
l t xnn  reser. 

. . . .  . . .  Kori ltivcr Fluw 
,, ,. . P b v  nnd alura;o . .  . . .  t i 1 1  i i ~  . . . .  Slorngo 

. . . . .  Y ~ I ~ . ~ l l i \ . o r  . . .  . . . . .  I'ddn Rir.1.r . . .  . . . . .  l i ~ ~ i l i v e r  . . .  
voir nltudc. 

240 173 ... 
I,U00 ti5,uOU D o l l r ~ ~ d c ~ ~ t  ou 

llood rcgule- 
tion. 

100 li.i0 ... 
, . 8 4  520 ... ... 500 Not dctarmil~ed. 

1 ~ 1 0 , ~  . . .  ... 
St4,rng:n , . ... 
Flus. (I,ifLing d n u ~ s  '1)  . 8 ... 

(2.1) , Itatag8111;~~ 1{1\.cr . . 
. . . .  (22) I t a l~ j  Nndi 

. . .  (26) 1 Salrln Rivur 

(27) Snrj111tivcr . . .  
(28) , Tons l t i r r r  (llo,vnl~) . . 

I V i~ l~n~~&y~ng~-Scu  <:angw: 
' nbovu. 



( I )  Blrglti (8trghltni9r) Nndi ,  l'ribrt(nr!/ (4 JUIILII(A.- 
This sit,e is 10 miles soutll of Kalinyar Fort (map 
63 C/8), 21 miles North-east of Panna, and 1 ~nilc 
north-west of the deserted village of Kndakpur, on 
map 63 D/9, 13. It is 115 miles from Cawnporc. 
There are two natural falls close together, nraking up 
with rapids a gross head of 480 ft. of which about 
430 f t .  could be utilized (Aneroid levels). The Nadi 
dries up by April, so storage would be the basis of the 
project. The catchment area is 110 square miles and 
t.he rainfall station nearest is a t  P a m a .  The dry 
weather fall (8 tnonths) averagc 5 inches and falls to 
1.9 inch minimum ; for the monsoon i t  averages 17 
inches and falls to 201 inches minimum. Thc highest 
Inll in one day is 14.4 inches on 8th August 1919. 
The estimated run-off is 5,100 n ~ .  c. ft. average and 
2,000 m. c. ft. minimum. I t  is proposed to make a 
long eart,hen bnnd, 3 miles by GO ft. high, s furlong 
or so above the upper fall, with a flnnlc escape on the 
left bank. The capacity would be 3,600 nl. c. It.  
which would generally be obtained. The submerged 
land is ~nostly jungle, but there are 2 or 3 villages in it. 
No open channel is necessary ; a pipe line f mile ( 1 )  
long would lead directly to the power house site about 
1 milc north-west of the upper fall. (A forebay site 
is mentioned, but  i t  is not clear how it would be fed 
in the absence of an open cliannel or a longer pipe.) 
The tail race water could be used for irrigation lower 
down in the Banda district. The site is estimated to  
give 9 0 ~ 4 3 0 / 1 5  or 2,600 kWs. continuoirsly, and 
appears to  be a very promising one in view of its com- 
bined power and irrigation possibilitiecl. 

(2) Babher Nadi, trib1t'n7?/ of Belan and Ganges, Mirza- 
pur  District.-See Preliminary Report,, page 100, and 
Second Report, page 79. This very promising scheme 
has now been surveyed, and estimates are under pre- 
paration. The natural fall of 79 ft. can be brought 
up to  155 f t .  ; i t  is 1 mile south of Sirsi village, on 
map 63 L/9, and about 5 mile3 from the junction with 
the Belan. The strcam dries up in the hot weather. 
The rainfall a t  Roberksganj show an nverage fall in thc 
8 dry months of 64 inches with a minimum of 1.6 inch. 
In the 4 wet rnonths the average is 391 inches and the 
minimum 27f inches. The highest fall i < ~  one day was 
8.69 inches on 2lst June 1911. 

Catchment is 220 square miles and a run-off of 6,870 
m, c. ft.  ia expected on the avenge, with a minimum 
of 4,080 m. c. ft. A storage site hss been surveyed 
f mile above the fall, wherc an earthen bund 2 m i l a  
long and 65 ft. h g h ,  with a flank escape. will n ~ ~ o ~ ~ t l d  
5,800 m. c. ft. with a watompread of 12 squnre miles. 
Ten villages and a good deal of agricultural land would 
be submerged. From the reservoir a pipe line 4,000 
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f t .  long would lead to a power house site 2,000 f t ,  
below the fall. By making an open channel 4 mile 
long the pipe could be reduced to f mile with a loss 
of 23 f t .  of head. The solution appears to be a light 
closed pipe leading to  a surge tower. The cost of the 
storage will be about Rs. 303 per m. c. f t . ,  which is 
cheap. The stored water would also be valuable for 
the Belan canal, so the whole cost would not fall on the 
power scheme. Mirzapur is 25 miles ofi and has con- 
siderable power demand. The powcr available is 
158 X 155115 or say 1,600 kWs. continuous. The 
ICanchwa and Khabhwa Nadis within 10 miles could 
possibly supplement this source. 

(3) Beeltar River, tributary oJ Tons, Rcwah Stale.- 
This is mentioned, in connection with the Tons Project 
(1. V. below) in the Sccond Report, page 81. There is 
a natural fall of 367 f t .  or 380 ft. it1 all about 4 mile 
north-cast of Chachai village, and not far from the 
Tons fall (map 63 H/1, 5). In  the Preliminary Report 
this fall was attributed to the Tons. There is a small 
perennial flow, and 14 cusecs were found so late as the 
15th May 1920. The catchment is 639 square miles. 
The rainfall a t  Rewah, in the catchment, averages 3.7 
inches in the 8 dry months, but drops to )ti1 occasionally. 
I n  the monsoon the average is 37) inches, and the 
minimum 249 inches. A run-off of 17,800 m. c. It. 
average and 11,800 m. c. ft. minimum is estimated. 
An earthen bund 4 miles long and 63 ft. in height, 
with a flank escape, just above the fall, would im- 
pound 15,200 m. c. ft.  Good land with 40 villagcs 
would havc to be submerged. An open channel 1 
mile long on the lett bank would lead to the forebay, 
which would probably be common to this and the Tons 
development. The pipe line would be 600 ft. 
long and the site is capable of giving 440X380/15 or 
11,000 kWs. continuously. The distance to Cawn- 
pore is 130 miles and to Allahabad 60 miles. Project 
estimates are under preparation. 

(4)  Belan Ricer, lribtilary oJ TOILS, Mirzm~t~r  Dislric'. 
-The Preliminary Report (page 100) held out prospects 
of small power here, while the Sccond Report (page 70) 
raised the estiurate but pointed out difficulties in the 
way of submerged Inlid. A sorvcy has now bceu madc. 
There is a natural fall (old I<otc wat,crfall) of 40 [t. 
clipable of cxteneion to 125 ft. about Ih mile youth 
of 3111kh.z (Maltha) village on nlap G3L/10, reached 
from Mbzal,ore. Thc river dries up in May and carries 
very lit,tle flow cvcn in March. The catchment is 
308 nlilcs and bhc rainfall records a t  Roborts- 
ganj (see Bakher Nadi entry) hold good. Tho rUI1- 
,,f~ is estimated as 8,200 m. c. f t .  average olld 5,700 
m, c. f t .  An carthen bund 1 mile long 
and 1011 f t .  high about n furlong above the fall would 
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(8) Ganges River, i n  Himnluyan area, urith its tri- 
bzltnrie~ the Bhagirathi and lhe Alahxanda, t11e lnller 
inclziding llre Visl~ntrgonga and Dhauli,yn~~ga.-The 
following extracts are from Mr. Lyle's inspection note 
of 4th March 1921, relating to his reconnaissance in 
November and Deceniber 1920 :- 

" The object of this inspection was t,o gain a general 
idea a t  first, hand of tlie general conditions of this tract 
of Garhwnl and to see if there were any really obvious 
sites for developiug hydro-electric power on a large 
scale. I t  is llseless going into detail in small schemes 
until me have n general idea as to  t.he main possibilities 
of the larger rivers. 

" There is no use in describing in any great. detail 
tlie valleys a t  innumerable  point,^. My object ill t,his 
report, is to give the main aspect,s of the river wit11 
a view to power developn~ent. and I shall state these 
as briefly as possible. 

" The whole Ganges valley is rather disappointing 
in respect, of power possibilities. The volume of water 
is ~~udoubtcd ly  largr but  t.he formation of the valley 
is on she whole unsuitable. The valleys are narrow 
in t,h+ stret,clies that  have n flat dope and where the 
valley looks fairly wide and likely to give nsefol storage 
the bed slope is so great that  no considerable length of 
reservoir would be possible without an enormoasly 
high dam. The quest,ion of impounding water seems 
therefore impracticable. I11 the second place, the 
valley uides in reasonably accessible localities are not 
sufficiently canyon-likr nor is the rock generally suffi- 
ciently sound to allow of the construction of high d a ~ r ~ s  
for the straight fortvard purpose of constructing art,ificial 
falls to give the requisit,e head for power. In  the 
third place the valley sides are too steep and unst,ahle 
as a rule, in such tracts as have a fair bed slope, to en- 
able the water to be extracted from the river and be 
carried along tlre hillside in a canal or flume in order 
to  nccuninlate sufficient head. 

" Where high dams are being coi~sidered with a view 
to  storage it must be remembered that  these would gene- 
rally entail the submersion of a large proportion of 
cultivated land, as  wliere the hillside is a t  all flnttened 
out  thc villagers have taken advantage of this t,o con- 
struct their terraced fields. Every scrap of such ground 
is most, valuable in Garhwal, where the proportion of 
culturable land is so small, and more e~peci:~lly as 
these low lyiug patches of cr~ltivation are generally 
the most fruitful. as they can often be irrigated from 
either the main river or a subsidiary ~ t rean i .  Garhwal 
is very sitbject to famine and the lessening of the 
cultivated area wouid bc a ~erious matter. 011 the 
other hand the very fact that  it ia so liable to famine 
ie a cogent argnment for the developn~ent of any 
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local industries that  it might be possible to foster by 
the s ~ p p l y  of cheap power. The railway that is 
projected from Rikikesh Road to Karnprayag would be 
an immense advance in many ways, and the possibility 
of this being constructed in the near future was borne 
in mind in these investigations. Karnprayag is 116 
miles from Hardwar by the pilgrim route (to Badri- 
nath), and i t  is just within t h i ~  stretch of river that 
power, i f  availablc cheaply, would be within tram- 
mittnble distance of the plains, along an alignment 
that would be easily accessible for erection nnd main- 
tenance. 

" The Ganges Rivcr proper only extends up to Deo- 
prayag. where it, is formed from the conflucncc of the 
Alaknanda and Bhngirathi Rivers. The former of 
these is tlie main stream and, in continuance of the 
Ganges, forms the boundary between British Garhwal 
and the Native State of Tehri Garhwal. The Alak- 
nanda extends right up to  Vishnuprayag near Joshi- 
math, where it in turn is formed by the junction of the 
Viuhnuganga and Dha~~liganga Rivers. The former 
comes from Badrinntli and the latter from the Nit,i 
Valley. TJp to Icarnprayag, in what might be termed 
the ' accessible ' portion of the Ganges nystem, the 
slope of the bed ranges from about 10 i t .  a mile to 
20 ft. a mile. The surveyors of the Hardmar-Karn- 
prayag Rnilwny found that  the average slope in this 
reach was 14 ft. a mile, which agrees very closely 
with my barometer observations. Above this the 
river has a steadily increasing bed slope, soon develop- 
ing into 30 ft. and eventually towards Badrinath 
300 f t .  a mile. The main valley has the appearance 
oI a trough scourerl out hy a st,rong velocity of water, 
which wor~ld necessitate a rapid hed slope. The bed 
of t,he river is also as a rule down on solid rock. I t  is 
possible that  in recent times, speaking geologically, 
the lower or outer end of the valley has been gradually 
raiser1 until the bed slope has been flnttened out to its 
present state. I t  will thus be understood that, tho 
very portion in which it is most desirable to have faci- 
lities for development of power is just the portion in 
which the natural conditions arc most unfavourable. 
Higher up there in much more power, i f  wc think of 
power an a product of ' volume ' and ' gruvity,' 
though the difficulties of utilizing it even here are 
also great, owing t,o the nnrrowneRs of t,hr vnllrg and 
t,he steepness of the hillsides. 

" Considering the ' ncce~sible ' ])ort,ion of t,l~c river, 
it  is cvident thnt nny project for power ~nr~s t .  lie dr- 
pendent on an artificial fall, which mean8 the cclnstrllc- 
tion of n mmonry dam. The nct,ual constr~~ction of 
such n dam would ent,nil B R  the most t,ro~~blesome 
feature the tempornry diversion of the river, in ordel to 
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get in solid foundations. This diversion would require 
heavy works as the minimum flow of the Ganges proper 
np as far as Dcoprayag cannot bc less than 5,000 
cusecs, and tho Alaknanda between Dcoprayag and 
Rudraprayag would be in the region of 3,000 and from 
Rudraprayag t o  Karnprayag 2,000 cusecs. This would 
nlso only hold for about 4 to 5 months in the minte?, 
as during the hot weather the melting of thc snows 
swells the volume of all these main rivers enorn~ously. 
This is further augmented when the Inonsoon breaks. 

" There are three points on the river whcre a diver- 
sion of the water is reasonably possible. These are 
(1) mile 37 of the IIardwar-Bndrinath District Road, 
three miles below Icotlibhel Public Works Department 
Inspection Bungalow, (2)  a t  Deo~rayag ,  mile 58 of 
the Road, and (3)  a t  Kotesmar, mile 98 of the road, 
3 miles above Rudraprayag. 

" (1) The Kotlibhel site is a t  a quick bend of the river, 
which has formed a very decided ' loop' a t  this 
place. The river which has been r\inning in a westerly 
direction suddcnlg turns north and changes quiclcly 
after a mile into a loop, flowing south. At thc 
point where the road crosses the ' saddle ' it  would be 
possible to tunnel the one limb of the river into the 
other, and the tunnel would probably not be longer 
thnn a quarter of a mile. Below this tunnel a tempo- 
rary clam might be put as soon as the tunnel wns ready, 
and the river diverted through to the other side. Tlrr 
prrmonr~~t  111.rr)n n~iglrt, thr t~  be blrilt orr. lire tlolons/rra.n,i~ 
lilnb at n poinl ~ ~ p e l r c n ~ ~ i  o/ tlrr r.rit o/ thr lrtrr~lrl rahor 
tlrrrr is rr rrnrror~'gory" /or ( I  .slrort Ir1cyl11. 

" This is only n brief outline of the idea, \\.hich 
wonld entail many difficult problen~s of actual con- 
struction. The strata a t  the site proposed for t,he dam 
are dipping towards n southerly direction of about 
140" and their vertical angle is about 70°, so t,llat 
the ?om ~vonld hc built a t  right angles to their bedding 
pltin,s. This wo111tl rrquire carel111 geolngical investi- 
gation. Tho hand of 1.ocIc that for~ns the gorge stands 
\\,ell out int,o t,l~e river on both sides of the loop and is 
of harder mntcrial thnn the other rocks in the vicinity 
A d n n ~  of nbor~t 300 ft. high ~ v o ~ ~ l d  be possible. I f  
it  werr fnnsiblc t,o ntilise a flow of 4,000 crlsecs wit,h n 
net, llc.nr1 of 4.50 It,. t,l~is w o ~ ~ l d  give about 160,000 
e,  11. p. 

" (2) Thr river at, 1)ooprnynq had originally a~lothcr 
rhnnncl on it,s southern hnnk just nhove the jonction 
with the Bhngirnthi. Tllc bed of this is nbor~t 40 ft. 
nbovc t,he present river ~nrfncc,  and the t,wo arc! se- 
parated by a bluff somc 80 It,. I ~ i g l ~  above the dry bed. 
The flood waters use the second channel occnsionally 
ns n spill rhnnnrl. I t  \vo~rld b r  possible to build a 
(l:un hrrc~ t,o give n head of about no ft. ,  but as t l~ i s  

would submerge n portion of the town of Deoprsyag, 
it  does not appear to be n workable proposition. Tho 
sacred nleeting of the watcrs of the Alaknanda and 
Bhagirathi would not be interfered with, as the dani 
would be upstream of this place. However I do not 
think it is worth thinking about in present circr~m- 
stances. 
" (3) The river just above Kotesmar narrows into 

a very tight gorge, with practically vertical lime- 
stone cliffs on either side. This limestone is of good 
hard quality and lies nearly horizontal with a slight 
dip towards the upstream side, so tha t  the conditions for 
foundations are favourable. The river in the gorge 
takes a curve and it would be possible to divert the cold 
weather \\raters through a tunnel drilled in the rock 
on the left bank, to discharge just opposite the little 
temple downstream of the gorge, which would not bc 
interfered with in any may. With a dam 300 ft.. 
high, therc should be power of about 46,000 e. h. 11. 
available, assuming a net head of 250 ft.  and a flow 
of 2,000 cusecs. The main diffic~~lty aboot this scheme 
is that  the river nius in a narrow valley below the 
site aud therc is no very good position for a power 
house, but probably this could be overcome. There 
is a possible site just below the dam site on the left 
bank, and another about a mile down on the right 
bank. Both banlcs are hare British territory. 

" I think both schemes Nos. 1 and 3 should be sur- 
veycd in det,ail early ncxt season, in Octobcr-Nov- 
ember. Aud I nm of opinion t,hat scheme No. 3 
\\rill probably prove worth carrying out. I t  would 
not he so ambitious as No. 1 but it  would be a ' safer ' 
engineering feat, and \vould be a first stage in an  en- 
deavour to harness rivers of t,bis kind well inside the 
Hiinnlayan tract. If successfr~l it  would open up 
big prospects for Glnrhwal. If the project can be 
~ h o ~ v n  to be reasonably sound financially it would surely 
be possible to usr it in t.11~ scl~enie for o p e n i ~ ~ g  up the 
country by light railwnys. 

" I n  thc higher stretches of the Gnnges river systeln 
t,here are mnny tight gorges, nlore e~pecinlly in the por- 
tion from Pipnllcoti to  Joshimnth. This is in fact 
more or less one long gorge (20 miles) the whole way. 
The only plnce tha t  seems snitable for a power site 
is a t  t,hc lower end of this series of gorges, tha t  is just 
where the ' H a t  ' girder bridge spans the Alaknandn 
near Pipalkoti P. W. D. Inspection House. The 
gorge here is only about 40 f t .  wide and extends 
verticnlly to a height of 190 It. There is good flat 
groi~nd half n mile downstrean1 and lots of room for 
both a set.tling tank and t,he power horue. Assuming 
n head of 150 ft. and c flow of 1,000 cusecs we could 
probably get :nboot 13.000 c. h. p. A diversion 
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tunnel could probably be made through the rock in 
the right bank, though i t  would have to  be on a curve. 

" All l l te tlit.erniort t ~ ~ ~ t n c l s  strgges!~d irt t l ~ e s c  ~ c h m t r n  
co~rLl OG ,firlnll!, ~tlilizrd os slqricrs to help i r t  lire co~r- 
/rol of floorls. Beiug a t  a low level they would have 
the effect of keeping silt from depositing near t,he dam. 
I n  the Roteswar srhenie i t  might be possible to make 
a set,tling tank on top of the present saddle on the left 
bnnlc by controlling the flood level by nieans of heavy 
~luicing throngh the dam a t  various heights (this 
being necessitated by the narrowness of the dam), 
but in the Kotlibhel scheme there does not appear to 
be a good site for a settling tank. The silt laden 
mater in the hot weather and rains mill involve prob- 
lems of this sort, thougb a certain amount of c h i -  
fication should take place in the reservoirs themselves. 

" There are no other sites on the Ganges tha t  should, 
I think, be considered a t  present. 

" The rivers flowing into the main central valley, 
while of smaller volume have considerably greater bed 
slopes. Thus the Bhagirathi has a slope of about 30 
ft.  a mile above the junction a t  Deoprayag. The 
AIandakini has a slope of about 70 ft. a mile above the 
junction a t  Rudmprayag. With the exception of the 
Bhagiathi, mhich has not been examined for more than 
3 milcs above Deoprayag and which is wholly in the 
Native State of Tehri Garhwal, none of these other 
~t ,reams seem suitable for power develop~nent an they are 
iuaccessihle a t  present and have not, so far as was seen, 
nny very suitable sites. If howcrcr i t  mere desired 
t.o build a number of co~nparativcly small power 
stations a t  scattered sites, I thinlc t,hat the smaller 
side st,reams would be much more cheaply developed 
than mould be possible by endeavouring to  take flumen 
off thc main rivers. For example, the Patalganga 
and the nala a t  Helang village, two miles above Gulab- 
Icoti, would be easily developed. The latter is n small 
etream carrying about 10 cusecs in December, and 
never carrying less 'according to local inhabitants. 
It has a very steep fall into the Alahanda,  and the 
site is very favourable for development, mere i t  not 
so remote (18.1 miles from Hardwar). A head of 
1,100 ft. can be obtained, using n flume of about half 
a mile and a pipe line of nbout 1,600 ft. The power 
mould be about 1,000 e. h. 7.. There is a very good 
site for a sett.ling tank and forebay a t  the head of the 
pipe line, and a first class site for the power house 
100 ft. above tbc river. This is a rather favourable 
snmple of what these smaller streams are capable. 
Unfortunately most of them are in remote localities. 
Those which are in more nccessible places have nothing 
like t.he same amount of hcnd nvailahle, conihineci 
n.it,b fnirlv fn\.o~~rablr clisrharge. 

" I n  passing i t  might be mentioned that  there ia 
one spot on the Ganges where the river widens out 
considerably. This is a t  the town of Srinagar, where 
the valley is about a mile wide for a distance of 3 miles. 
It ~ o u l d  be impossible to impodnd water here to any 
great height without submerging a lot of very ~aluable 
land and endangering the town. Much damage 
mas done here by the great flood from the Gohna lake 
in 1894, and the town mas largely rebuilt at  a higher 
level thnn the original one, which suffered so much 
from the flood. 

" The Gohna lake itself was examined in Deceniber 
with the double object of seeing if power could be 
obtained and also if the water could be utilized in the 
months of lorn discharge in the Ganges to augment 
the supply for canal irrigation. A special note has 
been written about this and submitted separately to 
the Chief Engineer, ns desired by him. (See Gohna 
Lake.) I t  is sufficient to say here that the prospect 
of utilizing i t  in either direction does not appear to 
be very promising. 
" I n  all projects for development of the Ganges, 

and in fact of all these Himalayan rivers of the United 
Provinces, special attention nrust be paid to the pos- 
sibility of floods on a scale comparable with that 
roused by the Gohna lake disaster in 1894, when the 
flood rose to  enormous heights and did immense damage 
although i t  liad heen foreseen and elaborately prepnred 
for during the previous 12 months. Any obstructions 
in the river in the nalure ol dams must be able to with- 
stand ~ n c h  heavy action, and works such as fluma 
and power houses must be well protected. In  ordinary 
years the river rises about 30 ft. to 40 it .  In the nnr- 
row valleys in flood time, and t,he Gohna flood rose in 
places in the Alaknanda valley as much as 200 ft.  
At Deoprayag i t  rose 70 ft. and a t  Byansghat 80 ft.  
above ordinary H. F. L. There nre places where the 
hillside might slip a t  any moment and cause a 
similar catastrophe. 

" Before passing on I would remark that  the hopea 
entertnined. from a previous study of the map that a 
tnnncl through tlie hig loop of 4 miles of river length 
a t  Byansghat, where thc Nayar River joins the main 
stream, merc not realized as the fall accumulated by 
the dope of tlie river is too small to be of use." 

I t  will be seen from the above note that  the Gnngea 
and its tributaries cannot easily be developed on 
ordinary lines, and withill reach of the plains. The 
whole note shows that  in order to render development 
practicable Jood ~qula~ion i.p essential in the Bhagirathi 
and the Alaknanda or in both. This would be of thc 
ntmost V R ~ I I P  for the irriqnt.ion cnna l~  also. But  it 
is rnl;ircly ilnpracticnble 011 ntr!, orilitr~rr!/ 1i11r.s ij 
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lnasonry dams. The only possible method appears 
to be that suggested in para. 33 of this Report. Mr. 

Lyle's note indicates some places where he contem- 
plated the possibility of diverting the waters lhrongh 
a tuunel during the construction of a masonry dam ; 
this however would leave the main problem untouched. 
The flood waters would pass a t  an unltnown height 
over such a dam, and there would be no head a t  such 
timcs. I t  would be absurd to write cf the Ganges 
as having no available power for the reason that  pre- 
sent methods of developing that  power are useless. 
If the floods could be regolated in the manner suggested 
the \\'hole course of the rivers could bc harnessed by 
liitilig dams ; and one such lake would s d c e  for the 
whole stretch up to the meetiug.of the next great 
river. The "accessible" part of the Alalcnanda is 
taken as that up to Kamprayag, where the Pindar 
River comes in. 

T l ~ i s  gives : 
(i) Some 15 miles from Karnprayag to Rodm- 

prayag with 2,000 cusecs mini~num. 
(ii) Some 31 miles from ltudraprayxg to De1.:~- 

prayag with 3,000 cusecs minimum. 
If, however, full scale flood regulation were possible, 

without which these discharges ~vill remain for ever 
unharnessed, the lninimum flow would be greatly 
raised. If the bed slope on (i) be taken a t  20 ft. a 
mile, as indicated by Mr. Lyle, the power available in 
that stretch is 2,000~300/15 or 40,000 kWs. on 
the nlinimum flow. If the slope of (ii) is 10 ft,, a mile 
thc power in the lower stretch is 3,00OX310/15 or 
60,000 kWs. The last 20 miles of the Bhagirati, 
bcfore it joins the Alaknanda, in the like conditions 
of regulation may safely be assessed a t  2 , 0 0 0 ~  300115 
or 40,000 kWs. There is therefore available, 
on minimum flow, and above the sacred junction where 
the Ganges begins, a clear 140,000 kWs. of conti- 
nuous power. 

('3) Qol~na Lake, Garliwal Dis1rict.-The follo\ving 
is RIr. Lyle's inspection note, dated l)eccmbcr 1930, 
nf this lake ; vide " Gauna Lake " in l'rcliniinary 
lteport, pago 101 :- 

" I visited the lake on the 17th Dcccn~bcr, 1r;~ving 
arrivctl a t  G o h a  village thc cveuiug bcfore. I agoin 
visited the lake and its surroundings on thc ~nolning 
o[ the 18t11, and lcIt that  day, travelling do1v11 the 
Birchi Gauga bed taking levcls with luy ancroid 
baronlcter. 

"As far as could be ascertained from the District 
Engiuccr of Garhwal, therc are no observations made 
or records kept by the local authorities of the stato of 
t l ~ c  slip each ycar, nor is ally ntt,cn~pt. mndc to ascer- 
tail1 i t L  wh:~t, wte 111~ lttl<v is filling (111 or IIO\V I I I I I C ~ I  1 I,,: 

s~uface level alters after hcavy floods. There is also 
no information about discharges. 

" A s  a full description of the history of thn slip, 
which occurred in the monsoon of 1893, is recorded 
in the special ' Narrative Report ' by the Superin 
tending Engineer, Second Circle, Provincial IVorlcs, 
United. Provinces, dated 14th November 1894, i t  is 
unnecessary to go into this again. 

" The level of the lake surface is approximatrly 
R. L. 5,500. The lalce is now about 14 mile long and 
) mile broad. The volume of water impounded after 
the borst,ing of the dam in 1894 was approsimntrly 
1,800 m. c. f t . ,  and I estimate roughly t,hat 
i t  contains about 1,000 m. c. ft. now. It appears 
to be rapidly silting up from the top end, and as there 
is a large catchment behind i t  lhere must also be a 
considerable amount of thc finer silt carried well iuto 
the body of the lake. I had no means of taking so~lnd- 
ings to test this. 
" The discharge from the lower end of the lakc \\,as 

about 100 cusecs, but accurate gauging is difIicult as 
the bed of the outfall is so uncven and the flow i u  311 

t~~rbulen t .  
" The dope of the river bed \\,as originally ;~l)out 

250 It. pcr mile according to the record in the Aood 
report. I t  is now about 500 ft. per mile for the first 
two miles and thereafter flattens out. This is duo 
to  the fact tha t  the debris from the dam was mashed 
down the rivcr bed for many milcs, resulting in a vary 
large deposit of boulders and sllingle in the valley. 
The river is now cutting into this aud appears to  have 
eroded out its ncw bed to  a depth of about 25 ft. 
opposite Gohna village. The deposit must still bc a 
considerable depth. 

" Although there was about 100 cusccs flowing 
over the outfall of the lalce, I gauged it as  about 10 
cusecs some 4 miles lo\ver down. This is explained 
by the fact that  the water sinks illto the thick deposit 
of drtritus in the bvd. Lower dowvn the volume again 
increases and cveutnally heco~l~es about 150 cusecs 
where it e~npties int,o the Alaknanda. 

" As will 11avc bcen understood from tho ioregoiug 
therc is nothing Iikc a defiued dam in the river as  
Ino1:ed a t  from t,hc downstream sidc. Frolll the end 
of the lake thc rivcr bed siu~ply slopes steeply nway 
over the broad shinglc.strcwn valley, though for the 
h s t  half milt i t  is running betwceu the sloping sitlcs 
of the original breach. 
" On nccolmt of the enormous amount of debris st.ill 

downstreau~ of the lake i t  scclns to me impracticable 
to think of tunuelling a duct out of tho lake for the 
ln~rposc of utilizii~g the: water for irrigation. :Iny 
such t11li11e1 \ \~I I ILI  11i~i.i' 10 IJC I I I ~ K I C  iu the solid rocli 
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hillside on the left or south bank of the river, and i t  
would be a long tunnel-at least a mile-and the ques- 
tion as to whether the rock would be suitable would have 
to be carefully considered. Personally I think making 
a tunnel in this unstable material, which is lying a t  a 
very high angle of dip, would be a dangerous proceed- 
ing in the first instance, and its uplieep, if successfully 
con~pleted, would be an expensive item. 

" F i ~ r t l ~ e r ,  the question of raising thc dani again 
in order to  impound more water seems to me also 
impracticable. Therc is nothing solid to found a dam 
on, and filling the present wide breach with shingle or 
eilnilar material would not  be satisfactory nor, I thivk, 
feasible. 

" There is also no apparent prospect of utilizing the 
lake for the hydro-electric power. The reasons will 
be obvious from the foregoing descriptiou. Owing to 
the steep a.nd unstable uature of the hillsides a flume 
would not be possible, and a tunnel would also be 
too risky. The head available is also not  so great us 
would have been the case if the river downstream had 
not been so much filled up with the debris of the dam 
~vashed down in the flood of 1894. 

" Atl a means of obtaining information about the 
rate of silting u p  of such lakes, and of cognate matters 
such as the life of the boulder dam formed by the slip, 
I think tha t  yearly observations of the lake level after 
the rains, soundings taken systematically every 5 years 
or so, and general observations on the state of the dam 
and river below might, with great advantage to Govern- 
n ~ e n t ,  be maintained by some one, such as the District 
Engineer. Monthly discharges would also be useful." 

It \\,ill be seen tha t  Mr. Lyle here considcrs the pos- 
sibi1it.y of tunnelling the lake and of raising the old 
landslip dam, and dismisses both as impracticable. It 
may be so in this instance, but  neverChelcss the sugges- 
tions on the subject made i~ paragraph 33* of this Re- 
port are worth serious cowideration. 

(10) Goorrna River, tribuhry o j  Relull ufld Ganges, 
Rcwok S1ale.-See Second Report, page 80. There 
is  a waterfall of 402 It, which can he iucrcased to  
660 i t . ,  2 mile north of Relonhi village, on rnirp G3 L/1, 
2, ten miles from Mauganj. The slreanl dries up in 
April and has little discharge in dry weather. The 
catchment is 120 square miles. Thc rain-fall records 
ut  Nauganj show a dry weather fall (8 months) of 
64 inches avcrage and 1 inch minimum. Thc nornial 
iall id 39h inches in the monsoon, falling to 24 inches 
i n i ~ u u m ,  while 64 incbcs havc fallen in oue day (24th 
Junc 1916). I t  is cstimated that  the run-off will be 
3.340 m. c. ft. average and 2,230 m. c. ft. minimum. 

-- 
*Tho P r o l ~ ~ l s  in pnrs. 33 wpm L,~.an~~lnlerl belurv Jlr. L-:lr'n r c l ~ o ~ L  

was rcceivcd; wc 1,. 106 " Kutlitxl eito" nnd first pnra. on 1,. I O l i .  

About 4 mile above the fall an earthen bund 2 n~iles 
long and 63 ft. high, with flank escape on left bank, 
will i m p o u ~ d  3,140 m. c. f t .  Some good land with 
10 villages would bc submerged. A channel 3& miles 
long in difficult ground leads to Cnc forebay site. The 
pipc line would be f milt long and the power house 
\\'auld be 2 miles below the fall. The ground has been 
partly surveyed. The power available is cstimated at 
8 0 x  650115 or 3,500 k\Vs. continuo~~s. Cawnpore is 
160 miles distant. The scheme is a decidedly 
promising one. 

(11) G ~ ~ m t i  River, Lribztlary of Su~da.-Mr. Lyle 
reports a possible reservoir site on this river near 
Baijnath, which \\,ill be examined. No information is 
a t  present available, but the renia.rlrs on the Ganges 
may be read. Gaugings in thc plains, near Sitapur, 
after junction with v;~rious tributaries showed :- 

16 April 1919 . . . . . . . ??ti eusccu. 
15 Nap ., . . . . . . . 21: ,, 

7 Junc ,, . . . . . . . 1113 ,, 

The minimum in the hills will be far less. 
(12) Jumvca River.-The agreement, granting the 

right to  develop this river to the United Provinces 
Power Association, is still in force but  nothing what- 
ever has been done towards development. Govern- 
ment is now looking into the projects independently. 
They involve short-circuiting two bends, a t  Jalanta 
(upper) and Binahar (lower) respectively (map 53 F/14). 
At the Jalanta site there is a double loop, to utilize 
which too short tunnels would be driven through the 
spur, giving a fall from R.  L. 2,362 to 2,194 or 168 ft. 
gross. The Binahar site has a single loop, involving 
n 2 miles tunnel, giving a fall from R. L. 1,953 to 1,698 
or 265 ft. Part  of the land is in Tehri State, which 
is a party to the agreement. The minimum recorded 
discharge of the Jumna a t  Paonta is 2,264 cusecs, 
and the maximum 300,000 cusecu. At these sites 
higher up, howcver, the minimum is reckoned a t  750 
cusecs. The above heads do not include any extra 
received from t,he diversion weir ; this would certainly 
more than compcllsate for losses and might greatly 
increase the hcad. The promoters reckon to obtain 
80,000 kWr. a t  Binahar and 9,000 kWs. a t  
Jalanta or 29,000 kWs. in all. On the basis of 
continuous power the sitcu may be assessed a t  13,000 
and 8,000 ~ W P .  or 21,000 in all. 

Furthcr po\vcr from lifting dams is ~n~ueut ionably  
capable of development. In the absence of information 
i t  seems probable that of the fall from about 1,600 
f t .  (below the two loops referred to above) to thc 
canal headworks not less tllan 400 ft. co~lld be uti- 
lisrd hv rlletlna of lifting darns, giving an additional 
20,UUO k\V.s. ccmt,iur~or~s. 
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(13) Karantnasa Rit~er, lribtdary o j  Ganges, Betmre~ 
State.-This was favourably mentioned, and in sotnc 
detail, on page 101 of the Preliminary Report ; tile 
Second Report, page 79, sl~owcd i t  in an even better 
light. It has now becn surveyed in sonic detail, and 
l~roject estimates are being prepared. l'herc arc two 
scparatc lvatnral waterfalls 6; miles apart,  so tha t  it 
will clearly hc bcttcr to dcvclop t h c ~ n  sc1)aratcly ; the 
upper or Deodari fall is 5 furlongs south-east of Auu- 
rat i~nd villagc on square 5 of 1-inch ~ u a p  63 P/5, 
just above the junction of the Gurwat Nala and its 
~ u a n y  branches, while the lower or Chandpattiar fall 
is la mile cast of Pandi on square 4 of that  map. 

(i) Upper Jal1.-The Deodari fall is 176 ft. which 
call be nlade up to 230 ft. \vith rapids. Storagc will 
be necessary, as the river practically dries up in &larch. 
There would eventually be t\vo reserhirs, one a t  thc 
falls with a catchment of 350 square trliles total aud 
50 square miles when the upper reservoir is constructcd, 
and the other a t  Naugarh 7 nliles higher up, with a 
catchment of 300 square miles. The rainfall a t  Itobcrts- 
ganj is as given for the Bakher Nadi above, ba t  a gauge 
is now fixed a t  Naugarh also. The available run-off a t  
Deodari is estimated to be 8,440 m. c. feet average and 
6,230 m. c. ft. minimum : of this 6,680 and 4,070 111. c. 
It. respectively would be above the Naugarh reservoir. 
The above figures are nett, after deducting the 
requirements of the Ghaghar ca,nal (3,900 In. c. 
ft.). The Deodari earthen bund will be 15,600 ft.  
long and 69 f t .  high and will hold 1,763 nr. c. ft. ; 
Naugarh 14,300 ft. and 101 ft. high with n capacity of 
6,680 m. c. ft. I n  the calculations one month's carry- 
over has bcen allowed for. There are flank and saddle 
escapes a t  Deodari and a flank escape a t  Naugarh. 
So~ne  good land and six villages ~vould be submerged. 
From the Deodari reservoir 3,000 ft.  of reinforced 
concrete pipe would run 011 a gentle slope to a surge 
tower, where pressnre pipes 1,500 ft.  (!) long woald 
lcad to the power house, 011 the left bank, near tho 
junction \\,it11 the Gor\rrat Nadi. The tail waters w o ~ ~ l d  
carry on to the lo\vcr sitc, and ~vould cvcntnally bc 
illvaluable for irrigation both in Bcnares Stat,c nnd it1 
Bihar and Orissa. The Benares Darbar is anxious 
that this site shall be dc\relol)ed, :IS it is \vit,hi~~ etlsy 
rcach of the City nnd its industrial nceds. The po\\,rr 
ltvailablc is csti~nated to he 228x232116 or :3,500 
kWs. cont,inuous, so that there are great ~ )oss i l i l i t i~s  
for this co~nbined 1)ower ant1 irrigat,ion projcct. 

(ii) Lo~ocrjnll.-The C l ~ a ~ l d p a t t i ~ r  iall is 143 i t .  an(( 
wit11 its rapids 170 ft.  I t  \vould naturully only be 
devolo~ed nfter the upller nite, t,he regulated discharge 
of \\,hiclr \\'oolrl fccd it. l'ltc wnt,cr \\ro~ld be t,nkcll off 

by a pick-up weir on (IIC Icft bank illto an open chal,llcl 

2 miles long, i~ivolving s o ~ n c  bridging and tunnelling, 
up to a forebay 2 miles below the fall. Thc regolat- 
itlg capacity of the forebay would 1)c sulficient. A 
pip: linc of 1,000 ft. would lcad to  the power 
house sitc. The power available, whcn the rtpper 
sitc rcscrvoirs are made, \\rill be 2 2 5 ~  170115 or 
2,500 kW.*. continr~ous. B c t w c c ~ ~  the two sites thr. 
district should be able to  get most of the powcr 
required for solnc time to conte. 

(14) Karnaiuali Nadi, lribtttury o j  A ) t j h ~ l  N. utd 
G'm :ye,s.-A small schclne is possible on thirr Nad;, 
n.hich has a natural fall (calletl Tand i~  Dari) and  
r a p ~ d s  amounting to 133 ft. a mile eout,h of Tar~rh  
village, on map 63 1</12, 16. The catchment is 
27 square miles and it is believed tha t  a run-otf 
(bascd on Robcrt.sganj rainfall-see Bakher Nadi) 
of 6'27 In. c. It. average and 438 m. c. ft. mini- 
mum can be obtained. For impounding the average 
run-oif all earthen bund 42 f t .  high a t  the highest 
point and 8,450 ft. long would be needed. An 
opctl channel 5 furlongs in length on loft bauk would 
lcad to n forebny and t,hc pil)e line would be 
mile long. Thc site is only 10 miles f r o ~ n  Mirzapur 
City, but  the po\\cr available, some 150 kWs. 
coutinoous only, \vo~llrl be insolticie~lt. An additional 
40 kWs. could bc obtained by raising the Tanda 
\\later \vorlcs dam, but i t  mould hardly be worth the 
cxtra cost of about a lalch of rupees. 

(15) Kem(uit~. Naln, lribzttar!/ of Rot, Panna  S/al(,. 
-This is exactly siniilar to the neighbouring Clraprcr 
Nala (q. 1.. stc1,rcl). The natural fall and rapids, with 

klraft hcad, give some 240 ft.  head. The catchment 
(mnp 63 D/2) is 10 sq. mi. T h e  storage site 
is i~ntnediately above the fall and 14 mile from Baraur. 
The capachy with a 40 It. bund 1 mile long would 
be 320 rn. c. It. which i t  is believed could be obtained 
annually. The power available is about lox 240115 
or say 160 kWs. continooosly. 

(16) Zien River, tribtt/a.r?y of J u ~ ~ l n a .  ( 2 )  Upper sile. 
-This site is on map 64 P/15, below the junction ok 
t,he Sonar River, and about 6 furlongs north-east of 
Udla village ; it is locally callcd Pand\\rau G h a t s e e  
cntry on pages 101-2 of Preliminary Report. Access 
is from Ncwal~ ciri Maihar and Jukehi. Ilere there is 
;I natural fall of 55 It. lrrhich can bc increased to  150 ft. 
hy the rapids. Flood discharges are bclieved to  rise 
over 300,000 cusecs (lor. rit .)  while the minimum in 
Juuc is bclieved to fall to  6 cusecs: on 7th March 
1'391, thcrc \\.crc 28 cusecs flowing. T l ~ e  cutchtncllt 
area is about 6,000 square 1111les. The nearest rain- 
fall stations are Panna (28 miles) and Gangao (17 miles), 
and t,hc figures are as lrt,ated abovc lor the Bnghi Nadi. 
Tlre cstiu~ated run-off is 140,000 111. c. it. (= 10 inches) 
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in a n  average year and 70,000 ni. c. f t .  in' a lninimuln from a constant discharge of 130 cusecs with a fall 
year. The storage site is ~nilc  above Pandwan of 175 ft. Tllis head assumes that the power station 
Ghat, near Udla and Rlall\vadandtt villages. An can bc placed a t  such a height above bed level that the 
earthen bund 6 miles long and 150 11;. ilt the deepest \vhole draft head can be llsccl; the site actually suggested 
point is conten~plated, with a Hank cscapc on thc left 75 ft. above bed level. The effect of the deve- 
balk.  I t  is suggested that, as  there is difficulty over lopment of the uppcr site (q. v.) would be a huge increase 
earbh, tlic centre and deeper portion of tlic dam may in the powcr available ; bllt as i t  is unlike]y this lnay 
be of lnasonry. The capacity \vould bc 1UU,000 iu. C. be left out of account for the present. 
It. ,  but  i t  is very ~~nliltely that  this could bc workcd (17) Kosi River, tribzllaTy of Ranlganga, Almora 
to as the ground is " mostly good agricultural land, Distric1.-Power is required in this area for ropeways, 
wit,ll many villages and temples," and in Native States. and an enquiry was made fro111 the Government of the 
An open charnel of 7 miles \vould be required to utilize United Provinces, on the 9th June 1921, as to \"hother 
the total I~cad,  though i t  could be avoided by develop- any good sites had been found. Mr. Lyle notes that 
ing the site in two stages. The ground is not favourable a small reservoir site was surveyed a t  Someswar, but 
for the channel, which would be expensive. The pipe i t  offered little powcr. The sub-overseer who was 
line is likely to be 1,000 f t .  long. There is a good clcaling with this river and the Ramganga in 1920 
powcr ho~lse site and the tail race would discharge unfortunately had to procced on sick leave ; and by the 
above the two Ken Canal reservoirs, YO that  irrigation time the enquiry referred to above was received the 
nsould greatly benefit by the regulation afforded by l~~onsoon liad broken, so that  the exceptionally low 
the storage ; this is the best point about the project. discharge of 1921 could not be determined. The 
The contiuuous discharge would be 3,000 cusecs on Preliminary Report stated tha t  the minimum recorded 
the above storage, givbg 30,000 kWs. conti- a t  Ramnagar was 152 cusecs, and that  200 cusecs are 
nuously. generally running in the dry weather. This is one of 

(ii) Lozuer site al Korai Jails.-This site is on ruap many cases that  show how essential i t  is to have ~ g ~ l a r  
63 1)/1, a t  the Korai falls, 3 miles below Bariarpur gaugings made of all rivers, if information is to be 
where the headworks of the Ken Canal are situated. available when required. 
The natural fall is 125 ft.  \vliich rapid5 would bring Major Cairns, who was temporarily employed on the 
up to  175 ft. The flow of t,he river would only operate Survey, submitted a reconnaissance report in 1920, 
the plant for 3 months in the year-July to September. regarding the Kumeria site on map 53 012, 3, 6, 7, 
The maximum flood discharge is about 500,000 cusecs, shown also in the 4-inch Forest maps 37 and 38 
while the minimum discharge is about 5 cusecs, all the (Ramnagar Division) near the Ranikhet cart road. 
available water being taken by the Ken Canal when The river here makes a ten-mile hair-pin bend ( d e  

required for irrigatioo. It is proposed however to con- Atlas sheets) and the proposal is to  tunnel through the 
struct n storage reservoir on the Banna Nadi,a tributary intervening spur. I n  this way a drop of 400 ft. is 
entering some 25 miles above the Korai falls. The obtainable in about 34 miles, but  the actual length of 
catchment is given as 250 square miles, which is pre- tunnel depends on the height of the headworks dam. 
sumably that  of the Banna. The rainfall is as given As the minimum discharge is about 150 cusecs the 
a t  tlle upper site ( s q r a )  and the run-off is estimated continuous power available wilAout storage is some 
;rs 11,600 m. c. ft. average and 4,600 m. c. ft.  mini- 4,000 kWs. Major Cairns (whose report was 
uluui. Thc storage site is 2 miles west of Rungna only received when this Report was ready lor the 
village, and i t  involves a 2-mile bund 50 ft. high, press) makes the identical suggestion put iorward 
with a tiaddle oscape ou the right bnnli. Thc capacity in para. 33 of this Report, and the river ucems 
is 6,000 m. c. f t .  and most of the submerged arca to be an ideal one lor the purpose. The main stream 
will be jungle in Bijawar State. The supply from thc a t  the darn site is only about 350 It. across, the site 
reeervoir \vill run in the ~ n a i n  st~.eam bed to Bariarpor being a fcw hundred ieet above the temporary bridge 

thence by open channel to the fall, some 3; n~ilcs. over the Kosi ncar ICumeria rest-]louse. Instead of 

A line of 500 ft. length is required, and the tail building a masonry danl Major Cairns suggested that 
waters can be used for irrigation. Apart from power, the gorge might be filled in with material from the 
the storagc site in the Banna Nadi is worth detililcd cut and the river taken ovcr a natural saddle escape, 
survey, as  the Irrigation Department is in search of a over the spur, and down a nala on the other sidc. e he 
reeervoir site to  store water for the Ken canal ; a com- gross height of the spur over bed level upstream is 
hined scheme is t.herefore hopeful. T l ~ c  po\vrr avail- 575 ft. T h i ~  conld be cut down 75 to 100 it,. or so 
able is e a t b a t e d  to be 1,000 ItWs. conbin~~ous, to Ior111 tru cvcallc cn~~nblc  of dcalillg wilh t l ~ c  111nxi- 
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nluln flood whcn coupled with, and regulated by, the 
storage capacity. The pressure tunnel could be con- 
structed about 100 ft.  above bed level, to allow for 
silting up. The lnini~num flow during constructiou 
could be passed clown by a diversion tunnel near the 
base (20 or 30 ft. above bed level) or by a pipe under 
the bnnd. I t  ~vould be essent,ial to complete the bund 
in one season nnless a large enough nraste tunl~el were 
built to  carry tho wet season's discharge. The storage 
capacity wonld be about 24 m. c. It.  per foot of dam, 
and if the bnnd were 500 ft. high to the saddle escape 
there would be some 400 ft. of storage above the 
tunnel, or 1,000 m. C. ft. a t  least. Of this nbout 
half could be used without excessi\re variation of hcad 
and allowing a margin of 50 ft. for regulation t,he 
normal head nrould now be some 850 ft.  There 
would probably be an excess of matcr surplussed for 
a t  least 6 months in the year. During the remainder 
of the year the normal mean discharge will l e a t  least 
300 cusecs (probably far more), and the  tora age will 
enable this to be used as required ; the allowable draw- 
off from thc storage may be considered in the light 
of an emergency reserve. The powcr available mill 
then be 3 0 0 ~  850/16 or 17,000 k\frp. continuously 
instead of 4,000 kWs. The cxtra 13,000 kWs. 
(if there should be a demand for it) would justify an 
expenditure of some 60 or 70 Ialths a t  12 per cent 
with a load factor of 50 per cent. and a selling price 
of & anna. Failing the practicability of this proposal, 
or the boldness to carry it ont, a masonry spill\\,a.y 
liftring dam of some 50 f t .  or 75 ft. would increase 
the head and polver and reduce the tunncl length. 
An advantage of the larger proposal is that the mini- 
mum discharge a t  the R,aninngnr caual headworks 
1)elow would be about doubled. 

(18) Ifuria (or Ililkila) Nala, triblrtary o j  Ifew, Panlta 
State.-This agnin is exactly similar to t,he neigltbour- 
ing Chaprer Nala (q. v.). The nat,r~ral fnll nnd rapid 
with draft head give some 310 ft. head. T l ~ e  catch- 
ment (map G3D/2) is 23 square miles of st,ecp and 
rocky conntry, with sonic cultivation, and the Prn111n 
rninfall (see Baghi Nadi) hns been 11scd. The storage 
uitc is ilnmediat'ely above the fall and 2 miles Nortall 
of Pnnnn City. There wonld be dificulty over ob- 
t,nining suficicnt earth for the buud, wllich \r.olllcf be 
1: mile long nud 100 ft. high to store 400 t , ~  GOO 
m, r .  f t .  I t  is very doubtinl i f  any dam other than 
an earthen one \vill prove icasible for such s~nnll power ; 
nevertlleless tllc site seems the best of the group of 
silnilor ~chelnes. The power wollld be solno 1 3 ~  310/l,j 
or 270 kWs. continrlor~s on t,hc lowest estimntetl 
stolajie, nlld fin per cent. higl~ct il t l ~ c  lull cst,imntcscl 
rlln-dY con be iml,o~indcd. 
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(19) Maha River, tributary of Tons, Rewah Slate.- 
The Keonti falls on this river correspond to those on 
the Beehar and Tons near by, and all were inspected 
by Rlr. F. E. Bull, the late Chief Engineer, in February 
1921. Thc catchment area is 380 square miles, and 
the llatural fall of 275 i t .  can be brought up t o  350 
ft,. Tlle river runs in a canyon below the falls, and 
an ope11 channel in rock cutting would lend t o  a forebay 
ahovc the po\ver house site. There is stated to be n 
fair discharge even in &lay. Mr. Bull considered that, 
8,000 m. c. ft. could be stored by an  earthen bund 
of 60 to 70 ft.  in height ; but. valuable land would 
be submcrged. The power available is about 
210x 350115 or 5,000 kw?.  continuously. 

(20) Oddn River, tribucarll of Belnn River and Ganges. 
-(See Second Report, page 80.) By combining this 
stream with its tributary the Kanjas Nadi, 2 milea 
cast of Ningarhi village and 9 miles North of Mauganj, 
a scheme has been surveyed. (Map 63H/13, 
1 .  There is a natural fall (Behooti fall, not Babnti 
as given lor. c i / . )  of 415 ft. which can be increasrd 
to GO> i t .  as determined by levelling. The river 
falls to  about 2 cnsecs, but  the average discharge 
during t,lle dry ~nonths of 1921 (an exceptionally dry 
year) B ~ B S  nbout 15 cusecs to which 5 more can be added 
from the Icanjas Nadi. The catchment areas are 
Odda 213 square miles and Icnnjas 65 square miles. 
The rainfall records a t  Rlauganj have been given above, 
for the Goorma River. I t  is estimated that  an  nverage 
run-off of 7,260 m. c. i t .  will be obtained, with a 
minimnm of 5,100 In. c. It. The main storage would 
hr  a ~n i le  above the Odda fall with a subsidiary storage 
close above t,hc corresponding fall on the Kanjas N. 
T l ~ c  n~axin lu~n  height \vould be 73 i t .  with an earthen 
dam some 6 n~ilcs in length and a flank escape. The 
e~t~inrated capacity is 7,260 n ~ .  c. ft.  w l ~ i c l ~  wol~ld 
almost almsys bc obtainable ; unfortunnt,ely the sllb- 
merged land is mosbly agricultural, conts;ll;ug also 
25 villages, including Niagarbi. On this account i t  is 
doubtlul if the combined schen~e can mature, but  the 
Odda by it,self ncconnts for 6,560 m. c, it .  of storage. 
The continnous power is estimated a t  1 4 5 ~ 6 0 0 / 1 5  
or practically 6,000 kWs. . zuitltoztt the I<anjns N. 
The site is 150 miles from Cawnpore, 50 miles frolll 
Allahabad and 40 miles Irom Rcwab. The Mag8rdha 
and Amdaha Nalas could, if required, be brought 
in t,o give an extra 1,000 kWs. The site was 
inspected by Mr. F. E. Bull, late Chief Engineer, in 
February 1921. 

(21) Pa i su t~ i  River, tn'btctar,tj of Jumna.-For various 
reasons this river ie not very promising, although it. 
llas rousidernble possibilities. There is a naturnl fa!] 
of 139 ft. which could: be made np to 180 i t .  with 
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rapids, 5 furlongs east of Jurania village. The catch- 
ment is on map 63 D/9, 13 and 63 C/16. This was 
mentioned in the Preliminary Report, page 102. It is 
proposed to make a storage reservoir on the Snrbhanga 
Nadi, a tributary stream, about 14 mile above its jonc- 
Lion. The rainfall a t  Rewah (see Beehar entry above) 
during the dry 8 months averages 3.7 inches and 
sometimes fails altogether ; during the nlonsoon i t  
averages 374 inches and falls as low as 24.3 inches. The 
catehnient area of the Nadi is 18 square miles of steep, 
hilly country, and e run-off of 580 m. o. it .  average 
and 420 m. c. ft.  mininlom is expected. With an 
earthen bund 1 mile long and 30 It. high a capacity 
of 580 m. c. ft. would be obtained, and this would 
almost always be filled. A pick-up weir belotv the 
bund would feed a channel 1 mile long on the left 
bank an1 lead to a forebay site, from which the  
pipe line would be some 500 ft. long. The power 
station mould be a mile below the falls. 

It may also be mentioned that a site for a reservoir 
was surveyed by the Irrigation Department near 
Itwan village, 3 miles above the Paisuni falls, for 
storing 3,350 m. c. i t .  from a catchment area of 87 
square miles. That site lies partly in Banda District 
and partly in Baraundha State, C. I. Opposition 
from the Darbar however caused this to be dropped. 
An even better site, so far as storage is concerned, 
exists just above the falls, with a catchment of 113 
square miles, b r ~ t  tlre rnilway worrld then have to be 
diverted. 

I t  appenrs that, the scl~emc or~tlined above can only 
be fully carried out if the Irrigation Departnlrnt is 
able to build the reservoir a t  Itwan, \vlrich is unliltely. 
I u  that  r\-rnt,, I~o\rever, it mill xrr~)ply 447 cllsees 
for 28.5 days. So far as the Sur-bliar~ga site is concerned 
the po\vrr is limited to 2 0 ~  180/15 or 250 Ii\Vs. 
contir~oorrsly. 

(22) Pnlar Nnla (So~ntul iVnln on old ntul),~?), tri- 
D~ttrrr!~ tf II(el?, Prrnnn Stn/r.-This nala has a natural 
waterfall near Bararlr (map 63 D/2) 01 210 ft,. The 
conclit,ions are similar to those of t,he Chaprrr Nala 
closc l~y-s:e entry suprn. A 40 ft. I)und 1 ~nile 
long will st,ore 350 In. c. ft. which it is considered 
that  tlre 11 square miles of cat,chln~nt area can fill 
annually. The T)rcsRrlre pipe mould run dircctly from 
the reservoir, wit11 n surge pipe. The cont,inuous 
power available i u  11 x210/15 or 17.5 kWs. only. 

(23) Pindar Riuer, trib~t/ar!/ of Alnlnondrt nnrl 
Ganges.-(See Preliminary Report, page 103.) This 
river, joining the Alaknnndn a t  Karnprayng in Garhmnl 
runs parallel with the foot of tlre hills withiu easy 
transmision diatance. Mr. Lyle went over the lower 
portion of it u p  to (;wal(lnn~, about 30 n~iles iron) 

Karnprayag. The bed slope is about 50 ft. per milc 
increasing to 70 ft. in the higher reaches of this stretch. 
No suitable site was found. The possibility of tunnel- 
ling from the Pindsr into the Gunlti a t  Gwaldam (near 
Baijnath) was examined and found unfavourable. 
There is a possibility of tonnelling, from a point higher 
up, into the Sarju valley by may of the Lahor River 
or the Kansll Gadh. The notes on the Ganges (,qupra) 
may be read ; the Pindar would appear to be the most 
favourable tributary to begin on, if ever development 
on the lines there suggested is carried out. The power 
available in stages, by lifting dams, taking 1,000 ft. 
of the head only, is 1,000~1,000/15 or 65,000 IcWs. 

(24) Ramgan,qa Riuer, tributawl of Ganges, Alnzora 
District.-(Preliminary Report, page 102.) The re- 
marks as to  power required and information available 
on the Kosi apply also here. Such storage sites as have 
been suggested are unsatisfactory. The river rises 
in Garhwal, a t  high elevations, though not in the 
perpetual snows. Mr. Lyle reports that  the most 
promising scheme in this locality was obtained from 
an old project of the Irrigation Department, in which 
i t  was proposed to tunnel the Ramganga from a point 
near IVIarchula into the Kosi valley by way of the 
Paniala Sot, which joins the Kosi a t  Mollan, 14 miles 
above Rsmnagar station. The digerenee in bed level 
is 125 ft. here so that  a worlcing head of 100 f t .  
should be obtainable. 

The niinimlun discharge in the hills is believed to 
iall as low as 100 cwsecs ; the following gauging8 have 
been forwarded by the ChieE Engineer, R. PE B., U. P.; 
they were taken 100 it,, above ferry ghat on the 
Hardoi-Farukbabad road, i. r., in the plains and including 
many large tributnries :- 

Cusecs. 
15 April 1919 . . . . . . . 403 
15 May ,, , . . . . . . 382 
7 Juno ,, . . . . . . . 309 

I t  is possible that  the river may be capable of flood 
regulation-vide remarks on the Ganges. The mini- 
mum power a t  the site named above i~ 6GO kws. 
contiuuou~. 

(Sole.-Thoro is anotllrr Rnrugnngn Rivor, n tr ib~~tnry of tllr 
Snrde, to tllc E n a t  nf tho nl)ovr.) 

(25) Rawj Nndt (Dalsngar Nodi), tributar!/ of Baghi 
(Brrghrtin) Nnrli, nnrl of Jfrmnc~.-This site is reached 
from Pnnna nnd is on nlap 63 D/5. There is a water- 
fall of 244 ft. n,hicli can be incrcnaed t,o 280 It. by 
rapids ; it  is locnlly named Lakhanpnr K a  Selra. The 
stream is dry by April. I t s  cntcl~ment area is 50 
$uare milrn of strep rocky country 1vit11 very litt!c: 
c~~lt,ivntion. The rainfall a t  Pnnnrr is given under 
the Baghi Nndi above, and t,he ~nn-off is eatimatetl 
as 2,320 In. c. it,, averngr 2nd 930 111. c. ft. ~nini~nunl. 
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Of these, projects are on foot for utilizing the Palra 
falls, Aligarh Division, Ganges Canal, and the Ghunna 
and Sarkari combined falls, East  Junlna Canal. The 
former is known as the Khurja hydro-electric project 
(400 k\Ve.) and the latter as the Saharanpur hydro- 
electric project (300 kWs.). Further projects are 
in preparation for utilizing the Somera falls, Aligarh 
Division (200 kWs.) and the Bhola falls in the 
Itleerut Division. I n  the latter case 3 units of 250 
k\Vs. are proposed, worked by double horizontal 
open type wheels of 375 B. H. P. The cost, including 
transmission to Meerut, is estimated a t  about 22 lakhs. 
Should the Jumna scheme be carried out  i t  would 
cover much of the a b v e  areas. 

95. Summary of known sites.-A number of recon- 
naissances made, either by the Survey or before this 
began, have shown power to be available a t  many sites 
on a practicable scale, although the type of project has 
not been finally determined and the ground has not 
been surveyed. Gznerally too the available water has 
only been casually determined, as only in very few 
instances has regular gauging been carried out. The 
following pages deal with the Provinces and States in 
alphabetical order and, under each, give s ~ ~ c h  inform- 
ation as is available. The following table summarises 
the results. 

others in this latter list, of which little or nothing ie 
known a t  present. Lack of funds has prevented more 
being done as yet. 

97. Bengal ; known sites.-Tho following entries 
relate to sites which have been examined to some extent, 
but  of which the possibilities are not really known. 

(1) Dqeeling District.-As noted in the Preliminary 
Report, page 69, the various tributaries of the Little 
Rungeet River, which joins the Great Rungeet and the 
Tista, are kllown to  have power available to  the extent 
of over 2,000 ItW. ; but as the 25-year old Darjeeling 
plant (Table 60) has not had to be extended for many 
years i t  appears tha t  the district does not demand 
further power. I t  is certain however tha t  other local 
streams than those mentioned (loc. cit.) would greatly 
inmease the total available. See also Tist,a River, 
para. 111. When tea firing and manufacture is 
carried out electrically (see para. 48) these sources 
of power will prove valuable. 

(2) Karnaphuli River, Chitlagong.-The Barkal rapids 
on this river, some 45 miles from the flourishing port 
of Chittagong, and 16 miles above Rangamati, were 
casually reported on by Dlessrs. Scott-Blackenzie, 
Dreshler nnd Bell in 190G-07; hut  no further action 
was taken as the project was regarded as of questionable 
value and liltely to be too expensive. I t  is very doubtful 
if this verdict was correct, and there has been no expert 
examination. (Map 84 B.) In  the course of about 
1& miles in the Bsrkal gorge (according to the above 
reports) there is a normal fall of 38 ft., though this 
goes down to 20 ft. or perhaps less during heavy - - 
ioods. Discharge readings appear to indicate normal TABLE 38.-Summary oj  known rivers and s z h .  
discharges of 700 cusecs or more, though i t  is believed 
tha t  the minimum may be as low as 100 cueecs. The 
average rainfall is of the order of 100 inch&. I t  Was 
realized tha t  with so low and variable a faU a lifting 
dam would be necessary, together with a 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. Thore is a good 
natural weir a t  the head of the rapids which would 
apparently form a foundation for a lifting dam. Either 
immediately behind this, or f u ~ t h e r  upstream, there 
appears to  be a basin which " would form a dry seasou 
storage reservoir," but  no guess a t  the capacity was 
made. This   tor age may serve either of two purposes, 
or hoth. If i t  is comparntively small it may still be 
sufficient for flood regulation; hat is to say, the dis- 

96. Assam ; known sites.-Further examinatiou charge of an exceptional flood for a few days might be 
and survey ib: required of the sites already enumerated spread over a week or two so that  the fall a t  the foot 
a* " investigated but not developed " and in addition of the rapids would not he lost from the rise of tail 
the Soban~iri River and Jatinga River (see Chapter 14) waters. If the capacity is larger it would serve defi- 
appear worth further examination. There may be nitely to  augment the Bow over the dry period. There 
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are no rain gauge stations in the catchment, but  in the 
Chittagong district generally there is ordinarily some 
rain in every month, and no long drought is probable. 
I f  the minimum discharge is so low as 100 cusecs aver- 
age for so long as a month 260 m. c. ft. stored would 
double this discharge. Let i t  be assumed however that  
150 cusecs could be always depended upon. 

As the locality is subject to earthquakes high dams 
mould be inadvisable ; but with reinforced concrr:te 
moderate dams could safely be built. In the absence 
of any details let a 40 ft. lifting dam be assumed, 
either alone or in combination with a storing dam higher 
up ; if the latter were in fact practicabla, and offered 
the storage needed, a much lower lifting dam would 
sate as all the natural head would be available. It 
may be taken that with a channel (apparently in tunnel) 
aboot a mile long a net fall of some 70 ft. could be 
depended upon. 

On these somewhat speculative assumptions it is prob- 
able that 1 5 0 ~ 7 0 / 1 5  or 700 kW. continuous could be 
be developed. The load factor in Chittagong may 
safely be estimated a' from 35 to  40 per cent. so that  a 
plant of some 2,000 kW. could in all probability be 
operated ; if the site proves favourable the power avail- 
able may be twice as much. Supposing the whole 
development, including the transmission to  Chittrgong, 
to  cost 15 lakhs i t  would probably be able to compete 
with fuel a t  present prices. At any rate the project is 
worthy of expert exa~ninetion. 

The preliminary edition of the inch map 84 B is 
now available, but form-lines only are given, not con- 
tours. It appears ho~vcver very probable that  a site 
can be found within a distance of 10 miles above the 
rapids where large storage can be impounded; this 
should be below the junction of the Thega =el, which 
floms iu from the south and brings a large catchment 
of hilly country in. If such a reservoir is possible there 
can be no doubt that a sr~ccession of lifting dams (para. 
31) could be used to obtain the whole power of the 
river ; no levels however are known a t  present. 

98. Bihar and Oriasa ; known sites.-In addition 
to tho Burhabalong and Subarnarekha Rivers, entered 
in a previoos paragraph, tho three rivers below merit 
further examination, as well as the whole Hazaribagh- 
Ranchi plateau. Doubtless some of the " areas and 
sites not investigated " will nlso prove, on reconnnis- 
sance, to be worth detailed examination. 

( 1 )  Dtlmrqarhi and Qilling Sillinq, Rattchi Dishid.- 
A fall of about 600 It. can be obtained a t  Dumagarhi, 
near J o h a .  Reservoirs can be constructed in the Raru, 
Qanga and Dumargarhi streams. An especially good 
storage site exists in the Raro bclow Harpabera, but i t  
has not been surveyed. I t  is believed that a constant 

discharge of 200 cusecs could be obtained, giving some 
6,600 kW. continuously. There may be much more 
storage available, up to  double this power, but  the com- 
bination with the Subarnarekha (q.v.) is reported im- 
practicable. The fall is only 13 miles from Johna rail- 
way station, Bengal-Nagpur Railway, and could be 
approached by a line running round the foot of t h e  h d e  
from Silli. (Map 73 E/11.) 

(2) god, Soah.-There are falls of 50 ft. near Nag- 
peni, which cannot be increased owing to scruplee regard- 
ing a local fair, the site of which would be submerged 
by a dam. There are however " plenty of storage sites 
higher up, and a discharge of 1,000 to  2,000 cusecs 
could probably be obtained." The catchment is very 
large. Considerable storage is required in this river 
also in 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 11 ,000~50j15= 
3,300 kW. or perhaps double that  could be obtained, 
and the tail water subsequently utilized for condensation 
purpmes, the prospects mould be bright. The site on 
the map has not been identified, but is on the direct 
road from Ranchi to Gumla. 

(3) Mahanadi River, Dmpala Stale.-A Calcutta firm 
brought to notice the possibilitiee of the narrow Burnool 
Gorge, which extends for 12 or 14 miles below Tihaparan 
in Daepala State (map 73 D/14). Some of the area 
axists in the 4-inch Forest maps. The site is access- 
ible from Cuttack ,ui.ri Angul. Discharges are probably 
known in the local Irrigation Branch. If tlood regalat- 
ing storage is possible, development by lifting dams 
(para. 31) can be done ; otherwise development by 
open channel from a single lifting dam is likely to prove 
feasible. No details are a t  present available. The 
river is navigable by small craft, for which arrangements 
would perhaps be essential. tls regards the Hasdo, 
Mand and Tel tributaries of the Mahanadi River see the 
" Central Provinces-sites not examined." There are 
large storage possibilities, all of which would tend to  
reduce the flood discharge of the 3llahanadi itself and to 
increase its dry weather discharge. There are nlso 
rapids near Pndampur and down to Sambalpuu. Tllere 
is little doubt that  the river has great potential power. 
and it may be hazarded that  10,000 IrW. is obtain- 
able from it. 

99. B o m b a y  ; k n o w n  si tes  (partially examin- 
ed).-The following summary relates to  known eites in 
Bombay which have been partially examined by the 
Hydro-Electric Survey and which merit complem 
investigation. As however the Survey has now been 
closed down in the Presidency (see para. 82),the comple- 
tion of the work \pill have to await more favourable 
times. 
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TBLE 39.-Bombay ; summary of knoum sites. 

Sorial 
No. 

Bcdti R .  . . .  Storage - . .  
Bene Nnln . . . . . .  
Damanganga R. . . . . .  . . . . . . . . .  
Giro R. . . .  .. . . . . . . . . . . .  
Kaneri R. . . . . . .  
BIahadeo R. . . .  1 .. 
BIahi R. . . .  . ., and lifting dam 

Sonda R. . . . . .  
Taltihalli " . . i :: . . .  
Tndri R .  . . . . . .  . . .  
Vsiturna R. . .  . . .  
Venno R. . .  I ,, . . .  

Site 
No. 

... 
(i) 

(ii) 

Constant I 

O W  I Head. 
assumed. It. 
cusecs. 

/ Probable 1 

I and irrigation 
schemo. 

30.600 1 12.000 

(1) B d i  River, t7ibrtta y of the Gangavali river, Norlh 
Kanara Dktricl. (Map 48, J/13).-The site is near 
the village of Magod situated 11 mi. south of Yellapur, 
on a local fund road which takes off from the main 
Yellapur-Karwar road 2 mi. out of Yellapur. The 
falls are situated about 2 mi. S.S.-E. of Magod and 
are 380 ft. high. There are considerable rapids above 
end below the falls in a distance of 4 mi., the total fall 
in this length being 650 ft. There is no possible dam 
site in the vicinity of the falls as  the river for some con- 
siderable d i~ tance  upstream florrs in a deep gorge. As 
there is little or no flow in the hot weather, the project 
must be developed on monsoon flow aided by storage. 
The catchment area above the falls is 768 sq. mi. 

Six rain gauges are maintained m or near the catch- 
ment area, which is " non-ghat," and so the average 
readings of the stations, which are well distributed, can 
safely be appl~ed to  the whole area. The average rain- 
fall over the catchment area works out a t  44.18 in., and 
the minimum rainfall a t  27.14 in. A safe estimate of 
the run-off in the average and worst years is 21 in. and 
9 in. respectively which n-ould yield 37,590 m. c. i t .  in 
an average and 16,110 m. c. ft. in the worst year. 

The absence of any good storage site in the vicinity 
of the falls make thia project an ideal one for gradual 
development, as i t  is obvious that  water will have to be 
let down from storage (or storages) aituated a t  some 
distance from the falls to a pick-up weir above the falls. 
A good site for a pick-up weir is found about I f  mi. due 
eaet of the village of Magod whence a canal line If mi. 

long, mostly in tunnel, would run t o  a nala a mile 
south of Magod, which forms a convenient site for a 
forebay. From the forebay site a pipe line 6,000 ft. long 
would lead to  a power station on the banks of the Bedti 
river, 3 of a mile from its junction with the Sondo river. 
A site for a small storage work is found 14 mi. E. of 
the village of Maradkop, 84 mi, above the proposed pick- 
up weir, where i t  appears liltely that  a dam 150 f t .  high 
and about 3,500 f t .  long with a waste weir on the left 
bank would store about 8,000 m. c. ft. Other sites prob- 
ably exist either on the main river or its tributaries but 
the initial project should be for the abovementioned 
storage work. 

With a storage of less than half the minimum year's 
run off, monsoon flow could be relied on for 3 months 
of the year, and the storage would yield a constant dis- 
charge of 333 cusecs for the other 9 months. With thia 
discharge power of the order of 14,500 liW. could be 
developed on a fall of 650 ft. 

This project, although one of the least promising of 
the Ksnara Project, on account of its comparatively low 
fall, is well worth detailed investigation. 

(2) Belle A'aln, trilnltarq o/ the Il'rrdri Rivo, Xwlh 
Konora District. (b1np 48 J/10.)-Tlic silo is situated 
1 mi. to the N. of the Sirsi-Iiomta Road I8 nli. out of 
Sirsi or 20 mi. out of Kumta. Sirsi is 54 mi. [roli~ I-Iaveri 
station on the Madras and Southern BInhralta Railwny. 
The catchment area of the nala above thc ~ ) r o ~ o s e d  dam 
aite is 23 sq. mi., the whole of which is in Ghat area. 
No recorb of river discharge have been kept aud no 
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rain-gauge exists in the catchment area. The nearest 

rain gauges are :- 
Above G1mls.Sirsi 18 mi., average rainfall 95'89 in.; 

minimum rainfall 60'49 in. - ~ 

Belour &']&als.-Kurnta 20 mi., average rainfall 
138.8 in. ; minimum rainfall 94.7 in. 

The rainfall in the catchment area will probably be 
30 to 40 per cent. in excess of the Kumta figures, and a 

run-off of 60 in. can safely be allowed- 
equivalent to  a discharge of 3,206 m. c. ft. It will 
probably be found that the monsoon flow can be relied 
upon to give the required dscharge during the months 
half June, July, August and half September, but  in 
order to guard against a late commencement or an 
early stoppage of the monsoon, the storage work should 
contain 10 months supply. 3,206 m. c. ft. less, say, 
300 m. c. ft. for losses in lake is equivalent to a dis- 
charge of 92 cusecs throughout the year. The required 
storage is therefore :- 

300 $us (92 X 86,400 X 303) = 2,678 m. c. ft. 
The proposed dam site is situated 1 mi. up stream of 

the Kumta-Sirsi road crossiug and 1 mi. to the W. of 
the village of Balekop. It appears probable that  a 
dam 150 ft. high and 1,500 ft. in length will store the 
required volunle. 

From the dam a canal line 5 mi. long leads to a possible 
torebay site. The greater portion of this length mill be 
in heavy cutting or tunnel. The forebay site is close to 
tllc Kumta-Sirsi road near the top of the ghat. From 
thc forebay the pipe line about 7,000 ft. long leads 
down to the Iiandi Nala giving a head of 1,200 ft. 
There is a good site for a pover house on the bank of 
tllc nala situated about. 2 mi. north of mile 13 on tho 
1<11mta-Sirsi road. I t  is doubtful whether the tail 
water ~voald bc used for irrigation. I t  appears likely 
t l ~ : ~ t  pa\\-er in thc neighbourhood of 7,000 kW. could 
Lr dcvoloped, and a market for this power might be 
lounrl a t  the towns of ICumta, 14 mi. and Hanavar 30 mi. 
di~tan t .  Tllc scheme appears to be a promising ono 
and is wcll \ ~ o r t l ~  detailed investigation. 

(3) Damct,~gnviga River Hydro-Bleclric Prqicct, Nasik 
D;.trict. (Rfap 1" Topo. Sheet No. 46, HI12 and 16.)- 
Tllc site can I)e rvached from Nasik by Umbrale, Karan- 
jali A&, and Oonda Metalled road to Adh. Motors, 
horse tongas and bullock carts available a t  Nasik. A 
rcsthousc at  Un~brale, but after that  tents are needed. 
From Adh to Gouda and Rlahanjawal coolie transport 
only is possible. 

The following are some suggestions based on a few 
levels takcn by aneroid while making n reconnaissance 
of the Damanganga River. From these nnd the 1" 
Tol)o. Sheet i t  would seem that  a dam might be built 
across the r imr rrt a point about 20' 12' 10" N. by 

73O 35' 25" E. almost due rvcst of the " JI "in Mahaja- 
wal. The catchment area above this site is 47.5 sy. mi., 
and is almost entirely situated in the ghats. There is 
no flow between February and June so tha t  any project 
for this river would have to  be based on monsoon flow 
aided by storage. The nearest rain-gauge is a t  Peint 
about 5 mi. from the centre of the catchment area. At 
this place the two consecutive years of lowest aggregate 
rainfall during the last 30 years were 1904 and 1905, 
whenthe falls were 65.1 in. and 58.95 in. giving estimated 
run-off of 35 in. and 30 in. respectively. On the above 
estimated run-off the aggregate run-off for 1904-05 would 
be 7,173 m. c. ft., and estimating the possible draw-off 
in the same proportion as tha t  of similar cases more 
fully investigated, i t  is probable that  a yearly draw-off 
of 4,169 m. c. ft.-that is, 132 cusecs-would be possible. 
As the falls occur in a length of 13 mi. the project would 
probably have to be developed in two stages :- 

(i) The first canal might run in a N.-W. direction 
from the dam along the right bank of the 
river, entering a tunnel through the ridge to 
the south of Jambulmal village, debouching 
on the far side, and running in opcn cut in a 
S.-W. direction to  a point on the hill some- 
where near the island in the river a t  about 
2.0" 12' N. by 73" 33' 10" E. The first power 
house might be situated a t  a convenient 
place on the right bank of the river near the 
aforesaid island. 

(ii) A pick-up weir might then be built a little way 
below the pomer house, and a second canal 
might be tnlcen from the pick-up weir along 
the right bank of the river to  a second power 
house, situated a t  the sharp bend of the 
river S. by W. of the village of Umrad. 

Between the dam and the tail water a t  the first power 
house there would probably be about 460 ft. of fall or 
say, 460 ft. net head ; this would give 132x?Lb0/15= 
3,960 kW. continuous. Between the pick-up weir 
and the tail water a t  the second power house the fall 
and net head would beabout 140 ft. and 130 ft. 
respectively ; this nould give 1 3 2 ~  130/15=. I , 140 kW. 
continuous or a total of, say, 5,100 kW. 

Referring to the table on page 23 of the Preliminary 
Report on the Water Power Resources of India, 1919, 
nssuming the cost of coal to  bc Rs. 24 per ton, a pon7cr 
factor of 40 per cent. and a GO mile transmission line, 
i t  will be seen that  the probable admissible cost of 
hydraulic development per e.h.p. installed is Rs. 511. 

Therefore total admissible cost =611~6,84Ox-$Q 
=Rs. 87,38,000. 

The proposed power house sites are about 40 mi. from 
the nearest point on the B. B. & C. I. Railway a t  Bhilad 
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station and 30 mi. fro111 Q. I. P. Railway a t  Nasik 
station. Industrial development might begin a t  these 
places if there were a supply of cheap power. 

( I )  Qira River, a tdtctnry of the Puma Rive7, Surat- 
Daugs. (Map 46, H/13.)-The site is near Girmal, village 
and is vithin 5 mi. of-the Navapur Girmal road a t  
present under construction. Navapur is a station on 
the Tapti Valley Railway. No rain or river-gauge 
records exist for this river, the nearest rain gauges 
beingat Awah and Navapm. The average andmini- 
mumrainfall at  these stations is :- 

Awah. . . . . 6792 nnd 31.34 in. 
Xnvapur . . . . 41.88 nnd 17.90 in. 
Average . . . . 54.90 and 25.12 in. 

Of the two, Awah is the most Likely to represent the 
rainfall in this area, as Navapur is in the flat country 
to the N. of the hills. I t  appears, from the nature of 
the catchment area, that a run-off of 36 in. can be 
assumed for an average year and 12 in. in the worst 
year. These figures would yield 5,058 m. c. ft. and 
1,686 m. c. ft. respectively. The river has little or no 
discharge after January, and the project must there- 
fore be developed on the storage system. A good site 
for the storage work is found just above the village of 
Chaora where it appears that a dam about 150 ft, high 
and 2,000 ft .  long would store 4,000 m. c. ft. The 
catchment area above t h s  site is 60.5 sq. m. 

The analysis (Table 40) shows that, assuming that mon- 
soon flow was relied on for 2 months and the storage 
for 10 months, it would be safe to utilize 2,828 m. c. ft. 
of the storage annually, leaving a carry-over of 1,672 m. 
c. i t .  to supplement the worst year's run-off. This 
would au£Ece for a constant draw-off of 100 cusccs. 

A canal line would take off on the R. bank from the 
dam 75 ft. above river bed level and would be carried 
mostly in cutting or tunnel for a length of 2 mi. to 8 

forebay site 2 mi. N.E. of the village of Girmal, whence 
the pipe line would lead to a power station eite 30 ft. 
above the river bed a t  the bend of the river a mile north 
of the village of Lahan-Girmal. The total fall obtain- 
able is 408 ft .  to the Power House plus 30 ft. draft 
head=438 ft. which, with the constant discharge of 100 
cusecs, would yield 2,900 kW. 

Six miles below the power house between the villages 
of Sindipara and Bardipara is a further fall of 50 it. 
where, allowing 4 cusecs for losses in transit, 96 cusecs 
could be used to produce a further 320 kW., making 
the total for the project 3,040 kW. or some 9,000 kW. 
on a commerciel load factor. 

Use for power would probably be easily found either 
in existing mills in Surat 56 mi. off, or a t  new mills 
which (if the existence of a power scheme was recog- 
nised) might be constructed a t  Navapur on the Tapti 
Valley Railway 15 mi. off. 

(5) Hiranyakhi River, Belgaum District. (Maps 47 L/4 
and 48 111, squares A3, B3, and A1 respectively.)-The 
site, which is 38 mi. from Belganm, is reached by the 
main road leading to Vengurla and is on the head- 
waters of the river Hiranyakeshi, which is a tributary 
of the Ghataprabha river joining it about 6 mi. S.-IV. 
of Gokak railway bridge. Tliere are two possible 
methods of developing the ~ ro j ec t  and the catchment 
areas above the respective dam sites are 13 and 15 
sq. miles. The catchment runs approximately parallel 
to the ghat edge and is a particularly favourable one. 
There is practically no dry weather discharge in tho 
river and the schemes, therefore, depend on storage and 

TABLE 40.--Gim Rive7 : sldement showing size of stwage repired to give a constant draw-off of 100 CU-S~GS. 

Run-off. 

I 
I- ! 
; Inohm. / Inohm. 

1810 . . '  10.00 1 25 
1811 . . / 42.81 I 20 
1912 . 81.82 66 
!I913 . : 1 57.43 1 40 181.1 . . I  103.60 70 
1915 . . : 960.22 40 

30 
1917 . 85 

65 

'I 

v$~,"B~f begiG ! - 
hi. 0. I t .  

3.514 
2,811 
8.136 
5,822 
9,839 
5,022 
5.058 
9,138 
1.880 
7,730 

I 
Draw-off 
for power of i Draw.off by Balance in 

p n r p o ~ e ~  -ring 1 -on... 
tank nt for evaporntion on,l 

b s i o n ,  01 -on- 
monsoon. 

- -~~-  - 
Y. o. it. JI. C. It. / M. 0. It. 

- 
bI. O. I t .  

4.000 
1,072 
1,254 
1,072 
1.872 
1,672 
1.672 
1,672 
1,072 
168 

1 
3 2 6 '  4,500 1 2,028 200 

176 

200 
200 
2 0  
200 
200 
I60 
200 

1.072 
1,254 
1,012 

1,672 
1.012 

1,052 
1,072 
1,0i2 
160 

1,072 

2,028 
2,028 
2.028 
2,028 
2,028 
2,028 
2,628 
2.028 
2,628 

620 3,0.57 
620 4,500 
526 4,600 
528 
520 
520 
526 
620 
620 

4.50 
4.600 
4,600 
4,600 
2.034 
4,600 
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monsoon flow alone. Rain-gauges have been main- 
tained a t  Amboli ghat, which is a t  the head of the pro- 
posed lake, by the Executive Engineer, Belgaum Dis- 
trict, and by the Savantwadi State. These together 
give records from 1881 to 1889, and 1893 to 1920, or 
37 records. The average annual rainfall over the 
period is 274.27 in., the minimum 179 in. in 1905, and 
rnnsirnum 346 in. in 1900. The heaviest daily rainfall 
recorded was 16.7 in. on the 4th July, 1882, while the 
two consecutive driest years gave 179 and 256 in. (1905 
and 1906). The approximate storage capacities of the 
two schemes are 2,500 m. c. ft., project A, and 8,000 m. 
c. ft., project B. Applying the rainfall a t  Amboli to 
project A and 80 per cent. of this rainfall to project B, 
to  allow for part of its catchment being more distant 
from ghat edge, the probable annual run-off in an aver- 
age year is estimated a t  6,200 m. c. ft., project A, and 
9,600 m. c. ft., project B ; while in a minimum year 
3,700 m. c. ft. are estimated. These figures are based 
on the assu~nption of an 80 per cent. run-off with 360 in. 
rain a t  Amboli, and 60 per cent. with 100 in. of rainfall. 
\Vith project A the run-off in the minimum year exceeds 
the annual draw-off, so that  allowing for evaporation 
losses an annual dram-off a t  the rate of 100 cusecs could 
be safely depended on. I n  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 a t  the rate of 215 cusecs 
could be maintained 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 described as follows :- 

(i) Project A.-Masonry dam from the spur South 
of Wadi to near the junction of the Belgaum- 
Ajra roads, length about 4 mi., height about 
80 ft. maximum. Flood waters could be dis- 
charged over the weirs on both flanks. From 
a point on the river about fmi. N.-W.of Mur- 
vandvadi an approach cut cross to the nullah 
N.-W. of Savantwadi would lead the water 
to the head-works dam and a pressure tunnel 
running dightly N.-W. for about 1 mi., where 
it joins the pipe line of about 1 mi. in length 
The power house would be a t  a point 1 mi. 
and 3 furlongs bearing 44" from Yerla and 
the head would be about 1,800 ft. 

(ii) Project B.-Main dam between the spurs N. of 
Dhangarwadi village near mile 11 on the 
Belgaum-Ajra road, length about mi., 
height about 100 ft. maximum. Flood water 
could be discharged over a weir on the low 
ground on the left flank. Owing to there 
being low ground, North of Wadi, where the 

head of the Narayangad gorge indents into 
the Deccan, two other dams would be neces- 
sary, each about f mi. long and 80 and 40 f t .  
high respectively. From one of these dams 
a short canal under f mi. long would lead the 
water to  the forebay in a nullah a t  the most 
easterly comer of the Narayangad gorge. 
The pipe line about # mi. long would run t o  
the power house site a t  the junction of three 
nullahs la mi. from and bearing 305' from 
Vadi; the head would be approximately 
1,400 ft. 

In  the case of both projects the waste water after 
leaving the power house might be utilized for irrigation 
in Savantwadi State. A scheme on the lines of project 
B is already under investigation by Messrs. Dalchand 
Bahadursingh of Calcutta, who, i t  is understood, have 
applied for a concession. There are considerable depo- 
sits of bauxite near the site of the proposed works and 
it is intended to use the power for the manufacture of 
aluminium. Surplus power, if any, might be available 
for Belgaum, 36 mi. away, or Sarantwadi 11 mi. distant 
from the power house. 

(6) Zianeri River, tributary of the Kalinadi River, North 
Kanara District. (Nap 48 1\12.) The site lies about 
10 mi. to the S.-E. of Kurnbharvada to the E. on the 
Belgaum-Kamar road, 34mi. from Londa railway station 
and 50 mi. from Karaar. The nearest bungalow is a t  
Gund, 3 mi. to the E. of the city. 

The dam site is 2 mi. downstream of the village of 
Chandegali and is situated in anarrow gorge. On the 
right bank the hills rise to 800 ft. above the river bed, 
while on the left bank they rise to  300 ft. above the bed 
dip, to  a saddle about 250 ft. above the rivers, and then 
continue to rise. The site would, therefore, appear suit- 
able for a dam 250 to  260 ft.  high and about 3,000 ft. 
long, with a waste weir on the saddle of the left bank. 
The catchnlent area is 145 sq. mi. and is situated in an 
area where the minimum rainfall is probably not less 
than 100 in. There are no rain or river gauges in this 
area but i t  appears to be safe to  take a minimum run- 
of 60 in., which would yield a volume of 20,210 m. c. ft. 
The contents of a lake formed by a dam 260 f t .  high a t  
the selected site would probably not. be nluch more than 
16,000 m. c. ft., as, judging from the map, the valley 
appears to  Lave a slightly larger spread than the valley 
a t  Bhandardara where a dam 270 ft. high forms a lake 
with a capacity of nearly 13,000 m. c. ft. The project 
should, therefore, be developed on the monsoon flow 
aided by 9 months' storage. Assuming a constant draw- 
off of 600 currecs the volume required during the monsoon 
would be 4,730 m. c. ft., leaving a balance of 16.480 m. 
C. ft. in the year of minimum run-off. Assuming that  



WATER POWER RESOURCES. [Para. 90. 

TABLE 41.-Amboli Project, Storage Balance Table.-Project " B." 

Year. i Tctnl win. Ruu.on. Run-06. 1 Stored. ( D ' , " ~ ~ ~ t ~ ~ ~  / Dp,"i",fc 1 Waste. I Balanco. I I 

Inches. 
211 
242 
258 
22 9 
205 
207 
273 
267 
230 13;397 ( 10;180 

N o  records. 
214 12,465 9,310 
231 13,456 10,220 
221 12.873 9.680 12: 1 12,931 9.730 

12,608 9.520 
212 12,349 9,200 
226 . 13,164 1 9.960 

10,010 
1.54 G.220 
2 i7  16,135 12,860 
226 1 13.164 1 9.960 
167 : 5,838 8.410 
206 11.999 1 8.890 

11. c. it.  51. c. it. 
7,960 6,000 
8,000 6.000 
8,000 6.000 
8,000 6.000 
8.000 6.000 

1;200 1 3.980 
No rec ords. 

1,200 2,110 
1.200 3,020 
1.200 2,480 
1,200 2,530 
1.200 2,320 
1.200 
1,200 
1,200 
1.200 
1,200 4,680 
1.2LO 2,760 
1.200 1.210 
1.200 1.690 

From nbove figures the sale annual drew-06 which will carry through tho worst year is 7.200 m. c. it. 
Tohiug l o w  for evaporation and soakage as 400 m. c. It. the availahlo wnter is 7.200400=6.880 rn. c. It. annually or 216 cusecs 

continuous 

the lnke will hold 15,000 m. c. ft. ,  1,480 m. c. ft. mould 
be surplwed over the wnste weir, while of the storage 
14,190 m. c. ft. would be used for power and 810 m. c. ft. 
would go in losses in the tank. From the dam a canal 
running in a general S.E. direction for some 9 mi. through 
d i icu l t  country would lead to  a forebay site in a nala 
near the village of Komb, whence a pipe line about 1 
mi. in length would lead to n power station site a t  the 
village of Holgade, on the banks of the Kalinadi river. 
The fall obtainable is 1,150 ft.which,with a constant dis- 
charge of 600 cusecs, would yield 600 x 1.150/15=46,000 
kW. continuously. A possible use for this power would 
be the manufacture of pulp. Milla could be erected near 
the tidal waters of the Kalinadi, to  which bamboos could 
be rafted down. 

( 7 )  Mahadeo River, Belgccum District. (Map 48 I/G, 
squares A2, A3, B2 and B3.)-The site is reached hy a 
forest road from Khanapur or Gunji stations on the 
Madras end Southern Mahratta Railway, by may of 
Shiroli and Hemedga, the distances being 17 and 13 mi. 
respectively from Khanapur and Gunji. The river 
Mahadeo is a tributary of the R. Caudcapar, which it 
joins in Portuguese territory. I t s  catchment area shove 
the proposed dam site is 52 sq. mi. of which a great part 
is in ghat area. The project appears capable of develop- 
ment on combined flow and storage. No records appenr, 
however, to  have been kept of the river discharge or of 
the rainfall in or near the catchment. A rough estimate 
of the discharge on April 2nd, 1921, gave 20 cusecs but 
i t  would probably fall to  less than this by June. In the 
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absence of any contoured sheets of the catchment area 
it is impossible to estimate the capacity of the lake until 
surveys are made. The proposed dam site is a t  a point 
24mi. from Gamali village, bearing 35" from that  village. 
Thc dam would be abont 900 it.  long and from 100 to 
150 ft. high, the flood \vatcr being 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 village may 
be partly flooded. From the dam a canal, about 4 mi. 
long on the L. H. bank of the river, and through difficult 
side-long ground, will lead to the forebay. Aqueducts 
and tunnels will be necessary and this is likely to bc an 
expensive part of the work. The forebay site is not of 
very great capacity owing to steepness of its bed. I t  
may be necessary to line it, as rock is not everywhere 
visible. From the forebay there are two possible pipe 
lines, one 2 mi. long giving a bead of approximately 
1,400 ft., and one 1 mi. long with head of about 1,100 ft. 
The first line would serve a power house near the jonc- 
tion of the Tallivadi Nala with the Rlahadeo River and 
the site is some 15 ft. above flood level and 30 ft. above 
river bed level. The second line would serve a power 
house in the gorge below Bhimgad fort, and some diffi- 
culty is to be expected in finding sufficient room for it, 
as the sides of the river are very steep. There are no 
irrigation possibilit,ies in British territory, as shortly 
below the po\trer house site thc r i ~ c r  enters tbc Portu- 
guese colony of Goa. In  the absence of any rain-gauge 
or river discharge records it is impossible to give an 
accurate estimate of the power nvailable. I t  would bow- 
ever be safe to assume an average rainfall of 100 inches 
and with a run-off of 70 per cent. power in the neigh- 
bourhood of 8,000 ItW. could be developed. As regards 
a market for such power, the power house is sonle 26mi. 
from Belgaurn and 16 mi. from Khanapur, where there 
are distilleries, tile and brick works, while near Tallivadi 
there are deposits of manganese. The possibilities of 
the scheme appear to warrant the undertaking of rain- 
fall and river discl~arge investigntions nnd should thesc 
prove favourable, detailed surveys might be carried out 
with advantage. 

(8)  Tlte Mahi River ill Ifnclnna Stale. (&lap 46 E/lG.)- 
Some tbrec miles from Rndann, the capital of a small 
State of the same name, in the Rewa Kant,hn Agency, 
thc Mahi River passes through n deep gorge where the 
rocky cliffs on either sidc rise to 250 to 300 ft,. above 
the river bed. In  thc gorge itself, whcre the distance 
between the cli5s is only 300 to 400 f t . ,  the river has 
cut out 8 chnnncl, which when souncled in 1920 was 
found to be 113 It. deep. Above t,l.e gorge tho valley 
opens out slightly, and a bnrrier of hard rock crosses 
the rivctr bcd. The proposcd don1 is sited on this barrier, 

and its length for a height of 200 It. above the rivcr bed, 
would only be 1,340 ft. Thc river has been gauged for 
some years, and the lomest recorded discharge for 12 
months (1st June to 31st May) is 45,390 nl. c. i t .  The 
highest recordccl flood discharge was in August 1913, 
when 2,000,000 cusecs are reported to  have becn gauged. 
This is probably very much over-estimated. From local 
information this flood rose to a height of 75 ft. above 
the normal low water level of the river in the gorge 
while immediately below the gorge, where the valley 
opens out  considerably, the flood level was 50 ft. above 
the low water level. (The maximum discharge of the 
Indus in the last 20 years is under 1 million cusecs ; 
probably the above figure was actually 200,000 cusecs.) 
During the months January to May the flow of the river 
is negligible, so that  any project for power a t  this site 
must be on the monsoon flow aided by storage basis. 
Although the site is a very favourable one for a large 
storage work, and there is every probability that  the 
cost per million c. ft. stored will be low, the fact that  
there are no natural falls precludes the possibility of 
making a power scheme that  will pay by itself, and i t  
will be necessary to  find further use for the water. 

Three good pick-up weir or barrage sites exist below 
the dam site, uiz. :- 

(1) 1 mi. downstream of Limbodara village. Map 
46 E/12, 

(2) Near the village of Harod. Map 46 E/12, 
(3) Jus t  above the junction of the Mahi and Panam 

Rivers. Map 46 E/12, 
all of which sites are in the Lunavada State. From the 
most favourable of these which will probably be found 
to  be No. 2, a canal line could be run on the right bank 
of the Mahi River to irrigate land in the Lunavnda and 
Balasinor States and in the Ahmedabad district. This 
scheme will probably form a very good combined irrl- 
gation and power project, as given a demand ior wnter 
for perennial crops, there is every possibility t h a t  an 
irrigntion scheme would pay by itself. The Mnhi, in 
the worst year, di~charges more n7nter than could possibly 
be otil~zed for irrigation ; if a storage wolk was con- 
structed to hold about 25 per cent. more than the irri- 
gation requirements above outlet sluices, placed 100 it. 
or more above the river bed a t  the dam site, i t  would 
be possible to utilize this artificial head for power ni th-  
out interfering with irrigation interests, and thc extra 
cost of the storage work could probably be easily carried 
by a power scheme. The power genernted could be 
transmitted to Ahmedabad 87 mi. away, where large in- 
dustries exist, or i t  might be possible to form a new 
industrial centre a t  Godhrn, 40 mi. from the power 
station site. I t  is desirnble that  this gcheme should hr 
investigated in detail. 
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(8) Sonda Rii er, tributary oJ the Bedti River and Ganga- 
calf,  Nortlc Ifnlsnra Distgict. (Map 48 J/9 and 13.)-The 
site is reached.fron1 Kangod village, 7 ml. by foot-path. 
Kangod is on the Ycllapur (18 1111 )-Sirsi (13 mi.) road. 
The catchment area a t  the proposed dam site is 192 sq. 
mi. of which probably a fifth can be classed as ghat 
catchment. No river gauge records nre available but, 
in March 1920, a rough gauging gave a discharge of 
26 cusecs. The only rain-gauge in the catchment area 
is a t  Sirsi. This, however, is centrally situated, and its 
readings may be applied with a certain amount of con- 
fidence to the whole area. The average rainfall a t  Sirsi 
is 9.589 in. and the lowest rainfall is 60.49 in. Some 
60 in. may be taken as the run-off in the average year 
and 30 in. in the worst year, giving discharges of 26,740 
and 13,370 m, c. ft. respectively. If the project is 
worked up on the carry-over storage system the attached 
analysis shows that  the monsoon discharge can be relied 
on for 3 months and that  the storage of 18,500 m. c. f t .  
will prov~de 13,750 m. c. ft. for power purposes for 9 
months in the worst years on record and will leave 
1,020 m. c. ft. in the tank a t  the end of the worst year 
to safeguard against a late monsoon. The dam site is 
situated above the village Ganeshpal, and below the 
junction of the Sonda and Patnad rivers. A natural 
fall of 352 ft. occurs 1) mi. below the clam site. It 

appears likely that  a dam 250 ft. high and 6,000 ft. long 
will give the required storage. The waste weir would be 
on the right bank so as not to interfere with the canal 
line. The canal line would take off from the dam 011 

the left bank and after passing through some rather 
di5ctdt  country would reach the spur above the junc- 
tion of the Bedti and Bili rivers in a length of some 
5 mi. most of which would be in a heavy cutting or 
tunnel. A forebay site is found a t  the head of a nala 
flowing into the Bedti river on east of this spur, whence 
the pipe line about 8,000 ft. long would lead to a power 
station site about Q mi. N.-E. of the village of Konki, 
4 mi. by cart track from Arbail on the Karwar-Yellapur 
road. The fall of this length is 1,100 ft. so that, as the 
storage will allow of a constant draw-off of 540 cusecs, 
power of the order of 1,100~640/15=39,600 kW. could 
be developed. Kanara possesses no market for power 
of this order, and, as long as the agreement between the 
Indian and Portuguese Governn~ents is in force, her 
coast towns are denied railway communication with the 
interior. With the enormous quantity of power avail- 
able in the district i t  should not be beyond the bounds 
of possibility to  develop industries in these towns, for 
the manufacture for export of cotton and other goods, 
from raw materials imported by sea from Sind, Kathi- 
awar, other parts of India, and from South Africa. 

TABLE 42.-Sondrs river balance ta.ble. 
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(10) The Taltiltalli Ri,uer, tribcuary of the Ir'alirtadi River 
Norlh Ifunara Dislricl. (Map 48 1/12 and 16.)-The 
Tattihalli River joins the Kalinadi River about 3 mi. 
above the Lalguli falls, and in the last 6mi. of its course 
Ialls 156 ft. There is a site for a ~ i c k - u p  weir, or a 
possible dam site, 4 mi. up stream of the Haliyal-Yella- 
pur road bridge, whence acanal line 13mi. long through 
difficult country would lead to a forebay site about 2mi. 
E. N.-E. of the villnge of Lalguli, whence a pipe line 
5,000 ft. long mould lead to a power station site on the 
banks of the Kalinadi River. The total fall obtainable 
is 750 ft. The river has not been gauged and only two 
rain-gauges exist in the catchment area of 456 sq. mi. 
The area is non-ghat, and appears to be in the tract of 
the country where'the average rainfall varies between 
.k.5 and 35 in. The average rainfall a t  Haliyal and 
Kalghatgi is 39.99 in. and the minimum rainfall is 23.36 
in. These figures could probably be adopted for the 
whole catchmcnt area. The run-off would probably br 
15 in. in an average year and 6 in. in the year of minimum 
rainfall, yielding 14,120 and 6,348 m. c. ft.  respectively. 
A dam 5,000 ft. long and 150 ft. high a t  the site indi- 
cated above would probably store some 10,000 m. c. ft., 
wl~ich, if worked on the carry-over system, would allow 
for an annual draw-off of about 8,000 m. c. ft., yielding 
:I. constant discharge of 240 cusecs and leave 432 m. c. ft. 
to cover losses in the lake. 

With this discharge aud a fall of 760 ft. 12,000 ItW. 
could he obtained continuously. This project is worth 
investiszting on acconnt of the fall obtainable, though 
the long canal lint necessary may make i t  a rather ex- 
pensive one. 

(11) The Tadri or Aghannslhini River, North Kanara 
Didricl. (Map 48 J l l  and 15.)-The Lushington Fall 
(380 it.) arc 3mi. by foot-path from the village of Hostot, 
connected with Nilkund by a muram road 5 mi. long. 
Nilkund is 17 mi. on a metalled road from Sirsi, a Taluka 
Ireadquarter town, and 71 mi. from Haveri station on 
the Madras and Soothern Mahratta Railway. Another 
voute is from Kumta by metalled road to Nilltund 24mi. 
t ,  lhe  river has not been gauged but  has only a ernall dis- 
chargn in the hot mcat,her. There is no site for a storage 
:vork close to the falls as the bed-fall of the river above 
the falls is rapid and the valley is narrow, but  a site 
~:sists bctmecn the villages of Rlatimani and Hulimani 
 bout 1& mi. upstrcam of the Nilkund Sidllapnr road, 
3 mi. from Nilkuud and 11 mi. from Sidhapur. Rain- 
:augcs arc maintained a t  Sirsi and Sidllapnr in the catch- 
lllcut arca, from \vbich it appears that thc average rnin- 
1.~11 in the catchnlent area of 2'10 sq. mi. is 10G.79 in. 
while the ~ n i n i ~ n u ~ n  rainfall is 70.10 in. A run-off of 
33 in. or 18,374 m. c. ft. can be relied on in the worst 
year. Thn dam sitc is situated in a gorge, whrrc tho 

river passes between two hills rising to abouti 250 It. 
above the river bed, with a saddle about 'LOO ft. above 
the river on the left bank. The length of the dam would 
be about 2,000 ft. for a height of 200 it.  and the waste 
weir would be in the saddle referred to  above. From 
the examination of the map i t  appears that  the  content^ 
of a lake formed by a dam of this height mould be l e s  
than the minimum run-off, and so the project would 
have to be developedon monsoon flow aided by 9 months 
storage. The storage capacit,? of the proposed lake has 
been assumed to be 13,750 m. c. ft. which, allowing 
775 m. c. f t .  for losses, would yield o constant discharge 
of 550 cusecs for 9 months. During the 3 monsoon 
months 4,335 m. c. ft. mould be required for power so 
that during the worst year over 1,000 m. c. ft. would be 
surpluq3ed over the waste weir. A better site for a d a u ~  
could probably be found further upstream, but this 
would involve eithcr the lengthening of the canal line 
or the construction of a pick-up weir. From the dam, 
a canal some 10 mi. long would lead to a forebay sitc 
near Durga Devi, a t  the edge of the ghats, on the Kumta- 
Nilltund road, whence a pipe line 2 mi. long n~ould lead 
to a power station on the banks of the Benihol Nala near 
tlie villagc of Morshet, about 1 mi. above t,he junction of 
this nala with the Tadri River. The fall obtainable is 
ahout 1,400 It. on which, mith a constant discharge of 
550 cusecs, some 51,300 ItW. could be obtained con- 
tinuously. This project is well \vorth dct,ailed investi- 
gation, should a call for power arise in this part of thc 
country. 

(12) Vuitt~rna River, Nasili Dislricl.(l\Iap 47E/9.)-This 
river rises on the southern slopes of the Trimbak range 
in the Nasilt District, and after flowing south for some 
miles finds its way over the edge of the ghats. The 
above ghat catchment area is 62.23 sq. mi. and is very 
favourably situated as regards rainfall. Three rain- 

-gauges are maintained in or near the catchment area, 
viz., Trimbak, Waghera and Kusegaon. The averagc 
rainfall a t  these stations is remarkably rcgular :-Trim- 
bak 93.33, Waghera 90.71, and Kusegaon 80.32 in. 
The combined average rainfall of 91.12 in. lnay be 
adopted for the catchment. The minimorn rainfall is 
42.88 in. A run-off of GO in. hl an avernge year and 
15 in. in the worst year may be assumed. These run-off* 
mould yield 8,674 m. c. f t .  and 2,168 m. c. it.  respectively 
from n catchnlent area of G2.23 sq. mi. The discharge 
of the river Ilas not been gauged but fro111 locnl inform- 
ation therc ia little or no flow aftcr Dccember. The pro- 
ject must thcreiore be de\.clolwd on the ~nousoon flow 
aidcd by storage. A good site for a d a n ~  exists 2 mi. tc 
the S. of the Ghoti-Sirghat road crossing between the 
villages of Wai and Dhargaon. The dam section and 
cross-scctions upstrcn~n havc becn surveyed and from 

s 2 
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these i t  appears that  a dam 160 ft. high and 3,142 ft. 
long, with a wnste weir on the right bank, would store 
5,358 m. c. ft. A higher dam might possibly be con- 
structed, but  difficulties would probably be encountered 
with the waste weir site, and the height given above 
appears to be the economical height. 

With a storage of this capacity and a worst year's 
ruu-off of 2,168 IU. c. ft., i t  will be possible to  utilise 
3,600 m. c. ft. from the storage annually, leaving a 
balancc of 1,758 m. c. ft., as a carry-over to meet a bad 
yenr. This 3,600 m. c. ft. represents a constant dis- 
charge of 111 cusecs. A canal line would take off on 
the left bank from the dam site and, after passing 
tlirough some moderately dificult country, would be 
carried in tunnel through a ridge to a forebay site found 
in a nala about 1+ mi. south of the village of Wagia. 
Prom the forebay site, a pipe line 6,300 it. long would 
lead to the river bed 832 it. lower down, and allowing 
lor placing the power station well above high flood level, 
t,he available head may be taken as 800 ft. The storage 
will yleld 111 cusecs continuously so that  the power that  
can be developed on the above fall is 6,660 kW. con- 
Liuuously. The generating station will be 67 mi. from 
Bombay, 37 mi. from Kalyan, 23 mi. from Igatpuri and 
8 mi. from Nasik, all places where the need for power 
osists or is likely to do so in the future. The project is 
well worth detailed investigation. 
(13) Venna River Hydro-Eleclric Ploject, Mahabaleshvar. 

( AIap 1" Topo, Sheet No. 47 GI9 and 13.)-The site of 
t,lrc existing lake, a t  present used for the water-supply of 
iPIahabaleshvar, and the level of which i t  is proposed to 
raise 30 ft. for power purposes, is about 1 mi. N.-E. of 
Jlohabaleshvar, from which place it can be reached by 
car. The catchment area of the lake is only 1 sq. mi. 
of ghat area. From February to June there is no flow 
from the streams into the lake. The lowest recorded 
r:rinfall is over 139 in. which a t  70 per cent. run-off 
\voold give n volume of 921 m. c. ft. At the suggested 
full supply level of R. L. 4,263 the lake would cover 

about 864 acres instead of 42 acres as a t  present, and 
would contain about 102.43 m. c. ft. instead of about 
20.18 m. c. ft.-as a t  present. Raising further than this 
is not practicable, as the submerged land would be 
too valuable. The canal mould be taken along a falling 
contour on the left bank of the Venna Nala to a forebay, 
situated a t  a point about 17" 55' 25" N. by 73" 44' 50" E. 
4 m. S.-W. of Awkali, whence a pipe line about $ mi. 
long would lead to the power house. This would be 
situated in the Venna Nala a t  a point about 17" 64' 45" 
N. by 73" 44' 50" E. about 1 mi. from the foot of the 
falls. The tail water would flow into the nala. The 
outlet level of the present lake is R. L. 4,216 and the 
nala bed a t  the power station about R. L. 3,105 giving 
a total fall of 1,111 ft. Deducting 11 ft. for fall in 
canal, etc., the available head would be 1,100 ft. As 
the lake would be filled every year, the whole of thc 
extra 82 m. c. ft., impounded by raising the dam, 
would be available. I t  is not proposed to run the plant 
during the monsoon unless Panchgani is to be supplied 
as well as Mahabaleshvar ; thus 82 m. c. ft. would be 
used in 9 months giving 3.5 cusecs. This would give 
some 250 kW. continuously for the 9 months. 

The power would be used for pumping the water supply 
of Mahabaleshvar and for lighting, and a plant of some 
600 kW. or Inore could be installed. Referring to the 
table on page 23 of the Preliminary Report on the 
Water Power Resources of India, 1919, assuming the 
cost of coal to be Rs. 24 per ton, a power factor of 40 
p a  cent. and practically no transmission line, it will be 
seen that the admissible cost of the hydraulic develop- 
ment per c.h.11. installed is about Rs. 636, or the total 
admissible cost 58 lakhs. 

100. Burma; known sites.-The following summary 
relates to known power sites of which reconnaissance.q 
have been made, and so much information as 
is available follows. I t  will be observed that  most 
of the sites in Burma can be developed on flow 
alone. 

TABLE 43.-Burma ; stivmtory of  know^^ sites. 

I 1 

( I )  ' Dnlll C h a l ~ n ~  . . . . . I  
I 

(2) Bcrnnnl alyo River . . Do. 

(3) Cl~an~nggyi Chaung . . Do. 

I Probnblo ( 
H o d ,  aont~n~ious REMAnKs, 

It powor, , kWs. 

I I 
Soriel. I Rlror or site. i 

I 
(4) ' Chindvin River . . . Do . . . I  ... ) 3,0001 30 1 0,000 1 

( Constnnt 
Sito I How 

number. I waumod, 
, cunocs. 
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I I 

Rivcr or sito. 

Helaung Chaung . . 
Irrawnddy Rivcr . . 
Kainggyi Ye-ta-goon . . 
Konwet or Icinwe River . 

Naluro of Supply. 

Flow . . .  
Do. . . .  
Do. . . .  
Do. . . .  

. . .  . . .  Nom Kwo I DO. 

. . .  . . .  Namma Rivcr ' DO. 
I 

. . .  . .  Nam Tamphak Rivor Do. 

. . .  Salwccn River . .  1 Do. 

Sl~woli River . . .  ' Do. . . .  ' _  
Sittang Rivcr . .  I Flow and storngc . .  

. . .  Taping Rivcr . ' Flow 

Thaukycgat Rivor . . Flow nnd storngo . 
1 

Sito 
number. 

... 
At  Sinbu. 

... 

... 

... 

... 

... 
At Hatgyi 

At Solan 

... 

... 

... 

0,000 

~ 0 , 0 0 0  

GOO 

2.000 

1,800 

2,400 

12,000 

120,000 

250,000 

4,000 

17.000 

4.000 

Connhnt 
flow 

nssurncd, 
OUBCC8. 

GO 

10,000 

5 

20 

2G 

300 

200 

20.000 9 

4,000 

GO 

GOO 

300 

(1) Balu Chaung, S. Shnn Sb1e.s.-(i) This 
stream enters Imle Lake valley near Indemze and has 
a discharge which is believed not to fall much below 
100 cusecs. I t  was partly examined in 1904 and again 
in 1920. There are no clear falls, but rapids are 
numerous and extend for several miles up to a height 
of about 1,000 ft. above the lake. (Map 93 D/11, 15.) 
By lifting dams, if not otherwise, develop~nent may be 
possible ij the ground mill hold water. This, however, 
is doubtful. By open chamel (somewhat costly) it 
seems probable that half the fall or 1 0 0 ~ 5 0 0 / 1 5 =  
3,300 kW. continuous could be obtained. 

(ii) The river draining lmle Lake to the S. is 
also called Balu Cliuung. The minimum discharge 
is unknown but is probal~ly considerably greater than 
1 G O  cusecs as other streams flow into thc lake. There 
are natural fulls of GOO ft. and a numher of small 
falls within a fcw miles of where the river reaches 
the Nam Pawn. The lake has a large water-spread 
and swamp area, and by raising it a few ft. regula- 
tion could he obtained. The total fall is so~lle 1,000 
f t .  all of which can probably be used. The co:l- 
tinuoas power is not less than 10,000 kW. and 
may be three times ns much. 

(2) Bernnrd ill110 Riacr, I~lo~:~k.-Tl~iu river, 9 m. 
N. of Mogok, is n tributary of the Kin Chaung 
and Shweli. The minimum discharge, doe to  springs, 
is nbout 10 casecs or more and there is a drop of 3,000 
to 4,000 ft. in a short distance. The catchment is 

IIearl . 
It. 

-- 
2,000 

80 

l,G00 

2,000 ? 

1,100 

120 

900 

90 
or more. 

1.000 

1,200 

GOO 

2007 

about 120 sq. m. and Mr. Raikes reports that  
"springs and reservoir sites appear to  be numerous 
in this area." The continuous power is probably 
not less than 2,000 kW. (Map 93 A/8.) 

(3) Chaunggyi Chnung.-A tributary of the Nammeilc 
and Shnreli (map 93 A/12). The discharge is believed 
to be never below 14 cusecs and there is an available 
Iiend of 1,500 ft. or 1,400 kit. continuous. 

(4) Chindwin River, tribzitar!~ of Irrawnddy.-This 
large river has a catchment of the order of 6,000 sq. 
m. mostly unsmveyed, on map 8310. The Kanti 
falls, 20 m. above Kanti, are about 30 ft. normally 
but it is possible that  they may disappear in the rains 
(cf. Narbada R.). The minimum discharge i u  believed 
to be about 3,000 cusecs, and if flood regulation is 
possible develop~nent is also possible. The continuoue 
power will be of the order of G,000 kW. if dew-  
lopment proves possible. 

(5) Helazing Clutu>rg, tribtc(nry of 1fpaur1gow.-Tl~is 
rises near Wetwun and falls about 2,000 ft. in 14 m. 
between the railway line there and Hkelawng. The 
minimum discharge is of the order of 50 cusecs, and 
solne 6,000 kW. may be expected. (Map 93 Bi12, 
16.) 

(6) Irrau?arld!j River.-It is ver,y doubtful if econo~nic 
development of thi.q immense rivcr is possible. A 
rough project was drawn up by Mr. Hare for danlming 
the river a t  the defile below Sinbu nnd diverting i t  by 
a channcl to the E., vici the Nninsang and Molr 



126 WATER POWER RESOURCES. [Para. 100. 

rivers, a matter of 45 mi. It is doubtful if this is 
practicable unless flood regulation on an enormous 
scale is possible. Nevertheless the power obtainable 
is almost beyond conception, though there appear 
but  small prospects of i t  ever being required in so 
remote a district. Some 28 m. above Myitkina the 
Irrawaddy proper is formed by the confluence of the 
Mali Hka (W.) and the N'Mai Hka (E.). The former 
has a fall of 510 ft. in 155 mi. and the latter 739 
ft. in 121 mi. approximately. Both rivers have 
many gorges and rapids, but  there appears no prospect 
of using these in the present century. 

Mr. Hare's proposal is to  utilize the whole dry 
weather flow of the main river on a fall of 80 to 100 
ft.  near Sinbu, which is a t  the mouth of the first 
defile, some 79 mi. below Myitkina. Here the river 
runs in a narrow gorge in high hills for about 33 mi. 
before emerging some 6 mi. above Bhamo. The 
passage through this defile appears to be somewhat 
of a geological freak, as  an easier passage could have 
been effected. At the gorge entry the river backs 
up some 80 f t ,  in flood times, a t  Sinbu gauge, and 
has reached 102 ft. If the waters were headed up 
to 140 ft. here they would be diverted over the c h i d e  
bctween the Namsang Chaung and the Mole Chaung 
and, avoiding the defile, would have reached the main 
bed again just above Bhamo by the Mole and Taping 
rivers. Mr. Hare suggested that  the river should be 
led off a t  low water a t  the Tahena bend, in an escape 
channel, taking off from the mouth of the Namsang 
Chaung a t  level 400 f t  whle the gorge itself is 
clammed ; alternatively a diversion tunnel could be 
constructed; as the whole supply would probably 
never be utilized this could afford a duplicate perma- 
nent flood outlet. The lake formed behind the pro- 
posed dam would be of enormous extent, so that  flood 
regulation is definitely a possibility ; if carried up 
to the 450 it. contour the waterspread would be 
ubout 325 sq. mi. and another 10 ft.  would about 
double this, 1 foot giving some 9,000 m. c. It. extra. 
If the whole of the excess water were diverted as pro- 
~ o s c d  there would be a head a t  the dam of from 80 
to 100 ft. I t  appeara as though a constant draft  
of a t  least 10,000 cusecs could be obtained and pro- 
bably far more. On an 80 ft. head this would mean 
about G0.000 kW. 

7) Kainggyi-Ye-la-Coot&.-This discharges into the 
Madaya River, near the Mandalay Canal Ilendworlts. 
Only about 500 kW. could be obtaiocd, as 110 

storage is possible. The discharge drops to 5 or 10 
cuveca but the fall ia 1,600 to 1,700 ft. (Map 03 B-7.) 

(3) Konwel (or Kinwe) River, Mogot.-This is not 
marked on the maps (93 A/4, 8). I t  has been stated 

to have a n~inimum flow of about 20 cusecs and a fall 
of 2,000 ft. in a few mi. and ntay probably bc good 
for 2,000 kW. or more. A tributary of the Kin 
Chaung is marked under this river as also having a 
cold weather discharge of 20 cusecs (1)  and a 
fair fall. 

(9) ATunt Kwe, Yanie1hin.-A combined irrigation 
and power project can be carried out on this river. 
The irrigation scheme consists in storing and diverting 
the head waters of the Nanugc Chaung towards the 
plains near Yalnethin by means of a dam near Nan1 
ICwe and a tunnel through the northernmost branch 
of the stream flowing past IConywa ; map 93 D/2, 3, G, 
7. With a head of 1,100 f t .  50 cusecs would bc avail- 
able for 12 hours a day throughout the year for power. 
Assuming that  by a pick-up weir or otherwise this 
flow could be spread over the 24 hours (25 cusecs) 
the continuous power would be 1,800 kW. 

(10) Nn~nma Ricer.-This joins the Natn Yao a t  
Se-en railway station and flows into the Namtu E. 
oi Hsipaw and below Mansan Falls. I n  a deep gorge 
12 mi. up from its junction with the Nain Yao i t  runs 
through a large " natural bridge " in the limestone, 
over a series of rapids. There is a fall of 120 ft. in 
the GOO ft.  above and 200 ft. below the bridge. 
The discharge in November was estimated to be GO0 
cusecs so the minimum is probably not above 300. 
Owing to the fissured rock i t  is doubtful if a storage 
reservoir could be constructed, though a site for one 
e x i ~ t s  above here. The site would, i t  is said, be very 
costly to develop ; though on the face of it a low dam, 
with a short tunnel and pipe appear possible. The 
power available is 2,400 kW. (Map 93 F/lO, 14 
and 93 J/2.) 

(11) Nam Tamilpuk River.-This joins the Nam Pawn 
near Wan &Ian and is said to  have a good discharge 
and fall near there. Probably 200 cusecs with a 
fall of 900 ft. is near the mark, or 12,000 k\V. 
I t  is in the vicinity of the Balu Chaung and Nawng 
Htao Lake which are both said to have good falls and 
discharges. (Map 04 E/G.) 

(12) Snlween River.-Thc Hatgyi rapids 100 mi. 
8.-E. of Taungyi and the same distance N. of 
hIoulmein are well known by repute though few 
people appear to have seen them. They arc somc 
40 mi. above the cntry of the Yunzalin Itivcr and 
below the entry of the Talmgin River.  report,^ are 
conflicting, ilnd there arc finid to be falls of Iron1 70 
to 300 ft. Probnbly the lower f gurc in nlorc correct 
for thrse rapids, but others may cxist lurther up. 
The minimum discharge is very great, of the order 
of 20,000 cusccs, and flood disclrargcs of n million 
cusecs (as large as those of the Indus) are believed t o  
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occur; the floods rise 90 ft. when no doubt the fall 
mostly disappears. If flood regulation is a t  any place 
possible (para. 33) tbcrc is no doubt enormous 
potver capable of dcvcloj~nient by lifting dams and 
it is safc to cst,iniate a t  least 120,000 It\!". as possible. 

(13) Sl,tceli Rirser., tributary (4 Irrnlr,ciddy.-This 
great river is said to have a dischargc of 4,000 cusecs 
normally in April. I t  is re~or tcd  to have falls (the 
largest 34 ft.) aggregating 1,000 ft. in 6 mi. This 
is below the large swamp or lalte a t  Selan, which could 
doubtless be slightly raised for flood rcgul:~tion and 
storage. The elevation a t  Selau is about 2,400 ft.  
and the land is cultivated, so that  no great submergence 
would perhaps be possible. There is granite available. 
The site is probably worth about 250,000 k\V. 
continuous and may be cven bett,er if storage can 
ensure proper regulation of floods. The upper reaches 
below Namlthan and the Kyau Ktabo rapids are also 
mentioned. as well as the Nam Chit tributary falls 
of soinc 300 ft. (Map 93 E/6, 9, 13.) 

(1 I )  Sitla~rg River.-There is said to bc a good power 
site on this river N. of Pyinmana., near Yezin village 
and Taungnyo. Further N. 20 miles due E. 
of Yamethin, there is a fall of about 1,200 ft.  reported. 
The discharge falls to about 50 cusecs but  could be 
supplemented by storage. The possibility of tunnelling 
through the watershed mas mooted, which n,ould bring 
the tail waters to where they could be used for irriga- 
tion. Although the roclc is limestone, which is gener- 
ally badly fissured in Burma, i t  is stated that earthen 
bunds have been used here in the past with success. 
I t  seems yrohable that  upwards of 4000 ItW. 
cottld be obtained continuously. (Map 94 All ,  5 ;  93 
D/3, 4.) 

(16) Taping River, trib~ttary of Irrawcidrl!l.-The 
confluence is near Bhamo. About 31 mi. up t,he river 
from the confluence, on the Bhamo-Tunhong road, 
there is belicved to be a cold weather dischargc of 500 
cusecs and a drop of 600 ft. in 5 mi. The site is 
worth examination and may givr 17,000 k\V. 
or more ronl,innously. Thc Tonliong gorge beyond 
IZslecliet has also been ~nentioned. (Map 92 H/11, 14.) 

(lfi) Thnuh?legat Riz'rr, tribtilnry of ~Fi/to~~g.-A site 
G mi. S. of Tou~lgoo has been part,ly examined, 
on mnps 94 A/11, 12, 16 ; B/9, 13. The catclinient, 
is considerable and on the N. or main bl.anch a 
res~rvoir site (about. 1,000 ni. c. It.) appears possible. 
The disrllarge in March 1919 was 300 cusecs, and 
most of the uulall feeder nalas l~nve s little rrater in 
tfhcnl. Thc S. braticll can possibly bc Icd round 
by a channel to t,lic rcscrvoir sitc iron1 ~vllcnce nn ope11 
~llanncl \\.ollld nppnrrut,ly lcnrl to n gond forebay and 
I 1 1  I .  No S C ~ I C I I ~ C  l ~ n s  yet  l l ( \ r~i  d~.a\v~i  np, 

but i t  seems probable that  about 4,000 kW. can 
be obtained continuously. 

101. Central India ; known sites. B h g n l  ; 
Gutln~i,r Nolo.-This stream runs parallel to thr  
railway from Bhopal to the Narbada a t  Bndni (map 
65 F/9), where a new industrial city is in process of 
malting. Local engineers drew up tl rough ~ r o j e c t ,  
on lines suggested by the Survey, and blessrs. Bull 
and Meares visited the site in January 1920. Various 
alternative niethods of development are possible, but  
the confirmed data are so far altogether insufficient 
to form a judgment on. The new city will probably 
require some 33 million units (k\Vh.) per annum. The 
cntchn~ent area is about 34 sq. mi. with annual 
rainfall generally between 36 and 40 in. The run- 
off is liltely very high, from the natnre of the ground. 
The average run-off is likely to be of the order of 1,800 
m. c. f t .  A dam site a t  about R. L. 360 ft. was 
exnmined and found favourable, hut  the capacity 
has not a t  present been determined. A further possible 
reservoir site exists a t  about R. L. 316 it. and a third 
site a t  about 240 ft. probably the best of the three 
for initial development. Prom this lowest site therc 
is a fall of 62 ft.  in 4,000 ft. Clearly on so low 
a fall large storage is necessary. Possibly by going 
further a total fall of 72 f t .  may be obtainable. 
Several possible methods of development were suggested 
to  the Darbar for survey. The estimated consnmp- 
tion of 3& mi. units is equivalent to 400 k\V. 
continuous, and this can probably be obtained. As 
the project depends on storage any load factor or peak 
load can be met. 

102. Central Provinces ; summary of known 
sites.-The following pages give abstracts of the 
reconnaissance reports on a number of sites in the 
Central Provinces ~ l i i c h  appear to be well worth further 
detailed examination and survey. Some of them will 
alniost certainly prove worth developing if thcru is a 
mnlliet for the power; but  i t  is essential not to  lose 
sight of the fact that  a water power site is often 
ruinrd for good if a partial development only is planned. 
To enable the site to be fully developed, nearly tlle 
whole cost of the hydraulic lay-out must be i n c u e d  ; 
and, unless the power can also be fully utilized the 
u n ~ t s  that are generated have to bear the whole of the 
capital charges. 

The iuvestigations were made during 1920 under 
the direction of Mr. POWYS Davies, Executive Engineer, 
Officer-in-chnrgc, who was later succeeded by filr. 
N. C. Bhattacharji, te~nporary engineer. The five 
circle officers (supervisors) employed were Charan Singh, 
B. S. Nagoji, K.-Fariduddiu, Heern Singh and D. K. 
Iiicjn, all of mllom did excellent ~ o r k  for the Survey. 
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By following the directions contained in the 
" Reconnaissance, Survey and Report Form," printed 
o n  p1x 19-28 of the Second Report (para. 37 sltprcc), 
admirably logical reconnaissances have been recorded. 
These are on record in the oftice of the Chief Engineer, 
Hydro-Electric Survey, and contain a mass of useful 
data regarding rainfall and run-off with maps and 
plans, discharge curves and so forth. Owing to  the 
closing down of the work in the Central Provinces the 
data have n~ostly not been correlated ; this would in 
volve months of work and will, i t  may be hoped, be 
undertaken hereafter. At present, as is well known, 
the calculation of the flow from a catchment is little 
morj  than intelligent guess work. Regular gauging of 
the rivers, and the provision of automatic water stage 
recorders in the more important ones, is very neces- 

sary. The exceptional drought of 1920-21 offered 
a chance that  may not reour for many years; in the 
interests of India i t  is to be hoped that  this wiU be so ; 
but the closing down of all investigation in this area 
a t  such a time is a disaster from the point of view of 
the  Survey of water power resources. 

It will be seen that  practically all the projects wou!d 
depend on storage for many months, while the heads 
are mostly low or medium with very long pipe lincs. 
These conditions make for expensive development, 
but  only actual survey can determine whether 
such projects can compete with fuel developed 
power. 

The following is a summary of the sites detailed 
below nnd the continuous power which they appear, 
on present information, likely to  afford : 

TABLE 44.-Central Provinces ; summary of known sites. 

. .- 

( I )  

(2) 

~ ~ - -  

Rivor or sito. 

I Chikn'dn Platenu . . 
Cl~itaruwn-Seo Sitarowe 
Denwa R. . . . 
Indrnvnti R. . . 

Koeal~a-Sco Silgi. 
8lnchna.R. . 

Nnhanndi R. . . 
81ogaSce  Puma. 
Nagdooari It. . . 
Nnliarn R. . . . 
Narbnda R. . . , 

Patna R. . . . 
l'onoh-Soe Silewnni 

Ghat, parngraph 86. 
I'ongnoga R. 
P l~rnn  and Lloge R. : 
Silgi, Kaanha and Sn&ul 

S.  

- 

Nnture of supply. 

Storage for some 
months. 

Ditto . , 

Ditto . . 
Flow and Storngo . 

Flow nnd Storage . 

Row and Storage . 
Storage . . 
Wow and Storage . 
Storage . . 
Flow nnd Storago . 
Storage . . 
Storage . . 

Constant Bow 
nasumed, ouseos. 

... 176 
(i) P rohb ly  too expcn- 

81VO. 
(ii) Ditto 

(iii) 1,200 

(vi) 

(i) 

(ii) 

(iv) 
(i) 
(ii) 

(iii) 

Not canmincd. 

33 

3a  

86 

Head, Continuous 
, 1 P;;? I REMARU9. 

800 (i) and (ii) n n  
altcrnntivcs. 

3,600 

1 (iv) and (v) aro 
ndditional to  
(iii), (vi) is 
altornnt~ve. 

No. t i )  is Likely 
t o  e a cheap 

(ii) is additional 
to  (i). 

No. (i) would be 
a cheap dove- 
loprncnt. 

260 11 000 For (i) (ii) (iii) 
430 1 1:100 1 8co mLry h l o r .  

(14) ( ~ i t a k w n  
(1.5) Son-hharlrn N. 
(10) Tapti R, . . . I Flow nnd Sto&o : ( i )  1 4GO 

(ii) 460 (ii) is additional 
(17) Canal f a b  . . . 1 M ~ Y  i ... to  (i). 

I I I I 

Nora-Theso projccla marked a8 "Stor e " dopent1 mainly on monsoon stornpr for n prriod nf 1 lo C months. 
3'11 one rivzrn msrkcd as  '.Flow an?storage " bavo some prenninl flow. Imt it, mlmt I c, ~npplrmrntcd during tho hot wcntllrr. 
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(1) Bewas River, tributary oJ Ken, Saugor District.- 
 his was examined in the neighbowhood of Lidhora 
U u r d  Railway station, map 65 1/13. The catchment 
is 280 sq. mi. end the rainfall in the two driest 
consecutive years was 31.8 and 20.8 in. respectively, 
giving an estimated yield of 5,990 and 2,400 m. C. ft. 
The site of the dam appears to be near Richhawar 
on square 6 a t  R. L. 1,600,where i t  is proposed to  store 
a gross 6,000 and net 4,200 m. c. ft. but  apparently 
the site would hold larger storage to allow for a carry- 
over from good to  bad years. A channel on the R.  
banlc some 8 mi. in length, with 1 mi. of pipe, would 
give a fall from 1,600 ft. (plz~s height of water) to 
1,400 ft.  E. of Padaria village on square 8 of thc 
map. A constant discharge of 120 cusecs (probably 
more) with a fall of 200 to 260 ft. would give power 
of the order of 1,600 to 2,000 kW. continuously. 
The scheme appears priilla jncie to be a fsvourable 
one, lilcely to prove reasonable in cost on commercial 
load factors, and it is worth detailed investigation. 
Saugor town is close by. 

( 2 )  ClriBalda Plrrtenu,, Melgdat Tnluk, Agnraoli Dis- 
trict.-In the Preliminary Report, page 84 (Cbiltalda) 
and page 85 (Melghat) mention was made of this area 
(including McKenzie Falls) as one of those proposed 
by Mr. Batchelor. The original proposal put f o r ~ a r d  
was for a main reservoir on the Baram Sati Nadi above 
McICenzic Falls, about 1 mi. N.-E, of Gnwilgarh 
Fort, mhcnce a fall of 1,300 ft. is obtainable. It 
mas proposed to divert the nalas on both sides into 
this main storage, viz., on t.he lv.  tllc draiuages from 
Chikalda IIospital to  Chandni Burj or nlaclli Tal and 
on tho F:. from Ifotha village. The catchment 
~vould be o~lly 6 sq. mi. and t,ho average yield 
in two bad seasons is recltoned a t  156 m. c. ft .  only, 
giving w~cler 400 It\\'. continuolis. This proposal 
is therefore valueless. The site comes into map 56 
G/T but for details the 4 in. Pores(; map, shcet XIV 
(Chikalda Forest Reserve) must Ile referred to. Exami- 
nation of tho above-mentioned site suggested two 
ot,her possible methods of development to t,he investi- 
gat,ing oficer. 

1st sile.-It is suggested to place a bond across the 
Silona nala, 1 mi. S. of Silona village (squares 
4 nnd 7 of 1 in. ~ n n p )  where the catchment is 4.9 
sq. mi. and to carry tho water along R .  L. 2,750 
t,o a main reservoir on the Sepau Nadi f mi. N. 
of Ksmapur village (squares 4, 6). The catchment 
of the Sapan Nadi here is 7.8 sq. mi. a t  R. L. 
2,700. The waters of the Jarnullala (Jamuda 1 )  nala 
on the cast, with 8 catchment of 0.8 sq. mi. would 
8180 be diverted to the reservoir. A channel would 
then rlln along R. L. 2,700 to a reservoir on the Motha 
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Marki nala, some 3 mi. 5.-E. of Kemapur, 
cutting through the spur between the Sapan and its 
tributary. The Motha Marki nala would provide 
a catchment of 2.4 sq. mi. a t  its reservoir site 
near the Motha-Elliohpur road. Thence a channel 
couid be constructed near R.  L. 2,700 to where i t  c u b  
the nala flowing towards Manbhung (square 8). From 
a forebay here the pipe lime would run down to  a power 
station N of Dhamangaon a t  R.  L. 1,600. There 
would be 5 nalas to  be dammed, 9 mi. of channel 
and 1% mi, of pipe line, mostly on difficult ground. 
The total catchment is 16 sq. mi. giving a mini- 
mum yield estimated a t  416 m. c. it.  but  a far greater 
normal yield. AE the fall is 1,200 ft. the continuous 
paver would bc of the ordcr of s3'$ x or sag 
950 kW. but with additional carry-over i t  may 
provc more on examination. 

2nd site.-The second alternative proposal for this 
area is to  dam the Sapan Nadi between R.  L. 1,960 
and 2,000, + IUI. N.-W. of Arnadi village (square a), 
where the catchment is 23 sq. mi. To supple- 
ment this the Morapatha Nala and its tributary from 
Majri village on the E.  could be dammed a t  R. L. 
2.000, the combined catcluncnts being 12.9 sq. 
mi. ('hannels of 3 and 6 ml. mould do this. The 
channel from the main reservoir would run b e t ~ e e n  
R. L. 1,950 and 2 000 for 3 mi. and then with a pipe 
line 4 mi. long will drop t o R .  L. 1,600 a t  a 
power h d ~ s e  North of Dhamangaon village. The total 
catchment is 36 sq. mi. with a bad year yield 
estimatcd a t  936 m. c. fb. giving an assnred flom of 27 
cusecs and probably more with carry-over from good 
years. The continuous power is of the order of 2 7 ~  
450115 or 800 kW. 

None oi these projects would be cheap to  construct 
considering the small power available, but  they merit 
further cxaniination. 

(3) L)c)c~uo River, Hoska~qabad ar~d Chhindilara 
Districts.-This is a tributary of the Tnwa and Narbada, 
rising in the S. of the Pacbmorhi Hills and flowing 
round to the N. of them. The site examined is 
opposite mile 34 of the Pipnria-Chhindtvara Road, 
4 mi. W. of Sitadongri village (map 55 J / l l ,  square 
1). The river is perennial, though the flom falls very 
low ; i t  was 10 cusecs on 21st May 1920. The catch- 
mont area is 177 8q. mi. largely forest, and ie 
mostly within the 70 in. rai?fall contours around 
Paclunarhi. Pachmarhi records show tm average of 73 
in. and a minimum of 37.8 in. with as much as 18 
in. of rain on one day. The two driest consecutive 
yeara gave 69 and 37.8 in. The yield is reckoned to 
average 9,360 m. C. ft. with an exceptional minimum 
of 2,600 m. c. ft. T he dam, a mile downatream of 
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Bnndhan, at  the place referred to above, would be 
1,600 ft. long and 110 ft. high giving a gross capacity 
of 8,780 and effective 6,185 m. c. It. The submerged 
land is forest, partly belonging to Pagara State, the 
river forming the boundary between Hoshangnbad 
and Chhindwara. From the dam an open c h m d  
would be carried along the R. hank over 8 mi. of 
difEcudt co~mtry, a t  about R. L. 1,700, to a forebay 
a litt,le N. of Totar Pahar (65 J/10, square 3). There 

The figures given are as follows :- 
TABLE 45.-Discharge and muke-up jor Indravati 

River. 

Month. 
1 of make. 

Ootober . . . 3.000 1 A .  I Xi!, . - 

mould be two large nala crossings and 15 smaller ones ; 
a tunnel of 1,600 it. mill reduce the length by a mile, 1,296 

. - 

further tunnelling. The forebay site is 6 mi. S.-W. J,,,,,~ . 1 1,600 

of milestone 24 on the road named. The report February . ' 1.300 

proposes damming a nala for this purpose, but it would 
. . 1.200 appear far cheaper to excavate a forebny, for which n f m h  . . . a 

the ground appears suitable on the 1 in. map. The ~ ~ " 1  . . . . 1 800 
pipe line, including a tunnel of 1,060 ft. would be 

500 
14 mi. long and would give a fall of 300 ft. to the ' ' ' ' I 
Dudher tributary, 2 mi. W. of the name on the 1 j oqual to in. map and 2) m. IV. of the 24th milestone. 26.890 m. o. 

The clependable discharge is about 176 cusecs from I ft. 

the storage alone, which would be increased during 1st proposal.-The project mould, therefore, prefer- 
most of the year by the natural flow ; and with some ably be developed on combined flow and storage. The 
extra carry-over it is probable that 200 cusecs could dam site is 700 ft. upstream of the Chitrakot fall; 
be obtained in the worst years. Taking the lower the length would be 6,400 ft. with a maximum height 
figure tho power would be 176~300/16  or say 3,500 of 63 ft. Butthesubmerged area of over 60,000 acres 
kW. continuously. Pachmarhi is near by and covers very valuable agricultural land and many villages, 
there are possibilities in the way of a tramway there, and it is therefore probable that some less expensive 
but the load could pot be absorbed at  present. The site mould have to be found; the compensation at 
project would be moderate in cost, namely about this site would be over 13 lakhs. Aa reconnoitred the 
Rs. 900 per kIV. continuow or say Rs. 300 per above reservoir would contain 41,400 m. c. ft. effec- 
kW. installed, for the hydraulic development tive, the bed level being a t  R. 1. 1,707, cill level 1,720 
only. and highest level 1,770. 

(4) Indravdi River, Chitrakot Jall, Basfar State.- The natural waterfall is about 100 ft. in height 
This is 23 mi. W. of Jagdalpur and is shorn but by means of a contour channel on the L. bank for 
on sheet 41 of the old 1 in. Central Provinces 16 mi. a, fall of 300 ft. is obtainable from a suitable 
and Vizagapatam Agency Topo. Survey and is forebay site opposite Karli. The length of channel 
on map 653112. The catchment above the fall is some 15 mi. mo~tly on cliff. A pipe line 
is 6,400 sq. mi. of which about half is 2% mi. long, of which 1 mi, mould be in tunnel, leads 
under coltivat~on. The total monsoon yield is to the power house site a t  the western Beja village. 
estun~ted on Binnie's method to be 362,000 m. c. ( I t  would be preferable to use the tunnel for the channel 
it. based on a mean monsoon fall of 62.8 in. and to have the forebay on the W. of the spur, thus 
There arc not enough rainfall stations to enable Barlow's greatly shortening the pipo line.) The power house 
method to be applied, but the averagc total rainfall site is stated to be 60 ft. above bed level and 20 ft. 
is over 60 in. The river has not been regullarly nbove flood level, but no R. L. is givdn. If the fall 
gauged over a long period, so the information avail- of 300 f t .  in to the power house site it seems probable 
able is somewhat scanty. Geugings during 1920, that that site could be lowered so that the whole (vnri- 
however, are tentatively a~sumed to show that, with able) draft head below could be utilized, giving about 
storage, a constant discharge of 3,000 cusecs during 10 per cent. more fall and power. 
t,hc whole of the 7 dry months can be depended upon, The power available with the above lay-out would 
while the discharge in the wet months is be of the order of 3,000~300/15 or 60,000 kMT. 
far greater. mntinuoualy. The cost of tho hydraulic development 

1.400 ' 3,750 

1.700 

1,800 

2,200 

2,600 

TOTAL . 

4,112 

4,021 

6.702 

7,196 

28,665 
rn. a. ft. 
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is roughly estimated to be Rs. 500 per kW. con- 
tinuous, or say one-third of this per kW. installed, 
so the project is distinctly a cheap one. For reasons 
indicated however this project may be considered 
impracticable, considering that  i t  is in a Native State. 
If the large storage were ever justified it could be 
carried out as  a supplement to the less ambitious 
projects that  follow. 

2nd proposal.-If Chitrakot fall alone were developed, 
with storage as indicated above, there would be no 
open channel and a pipe line of only 1,100 it.  ; and 
a good power house site exists on the left bank, well 
above H. F. L. The effective fall is stated to be 75 
it. but  this evidently assumes that  the draft head 
from powcr house to  bed level would be lost ;  the 
full head of 100 ft. mould naturally be utilized, giving 
3 , 0 0 0 ~  100/15 or 20,000 kW. This site is also 
much more accessible. 

Bastar State is very isolated and far  from any 
present demand. At a distance of about 65 ml. 
there are promising schemes near Jeypore, which is 
nearer by that  amount to V~zagapatcm, so there is 
not much prospect in the coast duection. For the 
present, however, the object is to ascertain the most 
practicable schemes in case power should be required. 

3rd p~oposa1.-It seems clear that  the great storage 
contemplated by the local investigating officer would 
not be permissible. But  from data given above it is 
probable that  a minimum perennial discharge of about 
1,200 cusecs can be depended upon to  about the end 
of March. The April discharge is taken as 800 cusecs 
and the minimum measured in May was about 400 
cusecs. To obtain a constant minimum discharge of 
1,200 cusecs some 3,100 m. c. it. only would be 
required instead of 41,000 m. c. it. The contour 
plan of the site shows that  this storage would be 
~racticable and probably reasonable in cost ; a t  contour 
R.  L. 1,740 some 3,500 m. C. ft. could be obtained 
with a con~paratively smnll wnterspread. Using the 
natural fall only, the power capable of devclopmrnt 
would be 1 , 2 0 0 ~  100/15 or 8,000 kW. With 
no channel, a short pipe line, and a low dam this would 
certainly prove a cheap development. 

4111 pro11osal.-If this scheme were carried out the 
fall below could   till be utilized. The old maps show 
no levels, but the rivcr below the fall runs in a gorge. 
At some point to be deterniincd a pick-up weir mould 
be placed ncross the river, such that  the tail mnters 
would discharge into this smnll reservoir without 
ser~ous 10,s of hcad. F ~ o m  behind this weir a tunnel 
would be taken straight tllrough the bpur to n point 
near Bintha, \\hrncr the remaining fall of 200 f t  
(probably 250) could be developed by a s h o ~ t  pipe 

line to  ncar Karikot. With the regulated flow of 
1,200 cusecs the power here would be an additional 
16,000 1cW. continuous. The length of tunnel 
might be not more than about 3 mi. but  this is a 
matter depending on the slope of the river bed and 
the height of the pick-up weir. 

51h proposal.-The report states that  in 26 mi. below 
Chitrakot there is a fall of 660 It., or 260 ft. over and 
above t,he t n o  projects last outlined, the balance 
occurring in 11 mi. If the upper schemes materialize'd 
the loner reaches-and possibly the reach from Eelow 
t,he.fall to  Karikot-could be developed by means of 
a series of lifting dams of 50 ft. or so, tide paragraph 
31 of t,his Report above. The ext.ra power avail- 
able is 20,000 kW. a t  any rate, however obtained. 
Tunnelling seems impracticable on these reaches. 

6th proposal.-The Report further states that  the 
Indravati enters Bastar State a t  R.  L. 1,800 while, 
through the range to  the S., the Kolab River a t  
its junction with the Ganesh-bahar £rom Bastar is 
R.  L 1,500. (Map 66 J / l . )  A 16-mile tunnel 
however is a serious obstacle to  developing in this 
direction. It is however worth examination, as the 
lie of the land may be more favourable than i t  appears 
from the maps. 

(5) Machna Ricer, t~ibulary o j  T a r a  and Narbada, 
West o j  Betttl (Map 55 G/13.)-Upper site (see further 
entry below). (i) Thissite is reached from Deogaon 
village a t  mi. 9 1  on the Betul-Chicholi road. The 
catchment area is 136 sq. mi. and the two consecu- 
tive driest years gave 184 and 314 in. of rain respec- 
tively. The mean yield of dry years is taken as 1,136 
m. c. f t .  dropping to 429 m. c. f t .  in the worst year. 
There is a small flow even in the dry months, averaging 
about 13 cusecs, but  dropping to  under 2 cusecs in June. 
By means of an earthen dam 2,000 m. c. ft. could 
be impounded, giving a n  available storage stated t o  
be 1,840 m. c. ft,. A mean flow of 324 cusecs could 
be obtained, in the worst year, wit11 the carry-over 
included in these figures. I n  1920 a day's rninfhll 
of 6.4 in. resulted in a flood discharge of 26,COO 
cusecs ; thc heaviest fall racorded in a day is 14.61 
in. The earthcn bund would be about 5,800 I t .  
long nnd 744 ft. n~aximum height with nn average 
of 27' it. i t  would be situate between Deogaon and 
Padal Khurd villnges, 8 mi. 8.-W. from Betul 
(or Bndnur). Flood waters would be surplussed by 
means of a w s t e  weir into a small nala N. of Padal 
Khurd, for which the site is good. Part  of the sub- 
nlergcd land would be agricultural and the rest 
waste, but  two villages ni th 60 houses would be 
i~lcluded. The Betnl-Ellichpur road would also hare  
to be raised slightly for about 4 mi. From the dam 

T a 
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s n  open channel in earth of 2.3 mi. on the left bank 
would lead to a forebay a t  R.  L. 2,000; some deep 
cutting up to  46 ft. would be required through tlie 
watershed, n i th  two syphons and two road bridges. 
The forebay site chosen wo~lld have a large regulating 
capacity, carrying some 144 m. c. ft. (if so much 
proves necessary, which is doubt.ful). From the 
forebay a pipe line of 29 mi. would lead to  a power 
house on the banks of the River Tapti, near mi. 11 
from Betul on the Ellichpur Road, a t  nn elevation 
of R. L. 1,645. This gives a fall of 465 ft. The 
selected site is 10 ft. above H. F. L. and 40 ft. above 
bed level. It seems probable therefore that, as  
reaction turbines would be used on this head, a further 
fall of 10 to  26 ft. could actually be obtained by 
placing the wheels lower down and using the  draft 
head. The site is generally favourable, and the  cost 
of storage is estimated a t  only Rs. 211 per m. c. f t .  
The total cost of the hydraulic development up to, 
bu t  excluding, the forebay is estimated t o  be only 

lakhs or say Rs. 500 per kW. continuous ; i t  
would therefore be about one-third of this amount per 
kW. installed, \vhcll is cheap. The power obtain- 
able continuously will be of the order of 3 3 . 5 ~ 4 5 6 / 1 6  
or nearly 1,000 k\V. so t h a t  on commercial load 
factors a plant of 2,500 kJV. or more could be 
inst,alled a t  an exceptionally low cost of about Rs. 175 
per k\V. up to  the forebay or ~ e r h a p s  not above' 
Rs. 350 including t,he plant, which could generate 
84 million units per annum. Plans and estimates 
are on record, and the  site is certainly worth detailed 
survey. 

(ii) A second site is 8 mi. from Chicholi, in Betul 
Dist,rict,, sec preceding entry. The sitc examined is 
on map 55 F/16 and reached by cart track 10 mi. 
N.-IT. f r o ~ n  thc 44th mi. of the Betul-Itarsi 
Road. A dam sitc was selected 1 mi. downstream 
of village Bondri, on the left bunk, fro111 which by 
means of a long chnnnel a fall of 350 ft. is obtainable. 
The river is almost perennial, and genernlly carries 
some water till about the middle or end of May ; on 
30th April 1920 the flow \vm 3.8 cusecs. The catch- 
ment area above the site is 263 sq. mi. mostly 
undulating land under cultivation. The rninfall in 
the two driest consecutive years was la& and 31) in. 
and the effective yield (menn of .the two years) is given 
as 8.36 m. c. ft. per sq. mi. Ovcr the whole 
catchment t,his gives 2,200 m. c. ft. If the upper 
bnd more favourable site on the Machna R. (q. v.) 
is developed its waters would be diverted to the Tapti 
and 136 eq. mi. of catchment would be lost cxcept 
for such floods as might be escaped into the river. 
This must not be overlooked and in the present pro- 

ject as  d r a m  up the net 127 sq. mi. only are 
considered. The yield in the above conditions would 
therefore be 2 , 2 0 0 ~  127 or 1,060 m. c. ft. whilc in a 
year of exceptional drought not more than 400 m. c. 
ft.  would be obtainable. The necessary carry-over 
has been allowed for in the scheme as drawn up. A 
dam 2,000 ft. long and 130 ft. high a t  the highest 
point wodd impound some 2,000 m. c. ft. a t  the 
point named, submerging a village and some good 
land. The channel proposed on the right bank is 
6 milea long, including two tunnels aggregating 4,850 
ft. It would appear possible to  shorten the route 
greatly by means of syphons or suspension bridges 
a t  the  intervening streams. A smaller dam near the 
end of the channel would store 33 m. c, ft.  additional, 
for regulation, a t  a moderate cost of 3) lakhs. The 
project as drawn up includes a further short channel 
to  a forebay and a pipe line 2 mi. long to  a good power 
house site. There appears, however, to  be a possibility 
of carrying a pipe line through a short spur from the 
regulating storage and thence down a shorter route 
to  a point some way lower downstream. The tail 
waters would not be required for 'irrigation. It would 
appear probable tha t  about 1,000 m. c. ft. could 
be depended upon in the worst year, namely 400 yield 
and 600 carried over, giving a flow of some 30 cusecs 
throughout the year. This is equivalent to  700 kW. 
24 hours continuous power. Rough estimates of the 
cost of the hydraulic development come to  about 
Rs. 10 lakhs so tha t  the cost per kBr. conti~luous 
would be about Rs. 1,400 for this development. This 
on commercial load factors would be some Rs. 600 
per kW. installed, which is not unreasonable, 
implying some Rs. 650 to RE. 700 with the plant. I t  
is for consideration whether the site should not pre- 
ferably be developed for the £1111 catchment, to the 
exclusion of site (i) preceding. 

(6)  Ma,hnitadi Ri,uer, lribular?~ oJ Son, Jubbulpore 
District. (Map 64 817, a).-The site examined ie 
a few mi. E. of Kundam vdnge. Here the catch- 
ment area is 96 sq. mi. and the mean yield of the 
two driest years is estimated to be 2,976 m. C. ft.  
giving 85 cusece. The maximum storage to be pro- 
vided Lor is estimated a t  4,700 m. c. it.  for the 
maximum yield, and the dam site proposed nt R. L. 
1,850 (apparently on the 7th sq. of map 64 A/2) 
would carry 3,900 m. c. ft.  with a length of dam of 
3,000 ft. and height of GO ft. A length of open 
channel of 12 mi. would, it is stated, give a fall of 
1860-1460 or 400 ft. No detail8 are given, but 
apparently the tail waters would be discharged into 
the Labhera Nala on the 6th sq. of map 64 A/7. 
The power availnble is oi the order of 8 6 ~ 4 0 0 / 1 6  or 
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2,250 kW. continuous 24-hour power. A some- 
\r.hat obscure note to  the report indicated irrigation 
possibilities near the power house on Labhera Nala, 
where an additional catchment of 19 sq. mi. mill 
yield over 500 m. c. ft. with a fall of 200 ft. The 
connection is not clear, and the scheme merits com- 
pletion. 

(7) Nugdoari River, Zioshangabad District.-The best 
discovered on reconnaissance was 2 mi. S.- 

W. of Nimghan village, square 3 of map 55 J/6. The 
stream is a tributary of the Denma, Tawa and Narbada, 
rising on the N. slopes of the Pachmarhi Hills, 
and reached from Sohagpur. The catchment a t  the 
site is 26) sq. mi. of forest land. The average 
yield, determined by Mr. Barlow's method, is estimated 
a t  1,690 m. c. ft.  while in the two worst years i t  would 
be 1,367 and 667 m. c. ft. A dam 660 ft.  long and 
260 ft. high in a gorge is suggested, but  the cost of 
this would appear to be prohibitive. The capacity 
would be 1,367 m. c. ft.  of which i t  is reckoned that  
1,017 m. c. ft. would be available in each of the two 
driest consecutive years. This gives a continuous 
discharge of some 29 cusecs. The river is perennial, 
and carried 266 cusecs before the monsoon, o r  the 
3rd June 1920 ; further gauging is however necessary 
before this figure can be accepted as a minimum. 
The total continuous discharge is for the time being 
talten as 56 cnsecs, but  it is doubtful if i t  mould be 
80 mucll. A tunnel 01 7,200 ft. followed by an open 
cl~nnnel of 2,700 ft. (or, more probably, a pipe) would 
lend to a forebay on the R. bank, N. of the site, 
n~here a pipe line 7,500 ft. long mould give a fall of 
730 ft.  into the nala 1 mi. N. of Rokra village a t  
R .  L. 1.270. The dam site is a t  R. L. 1,850 with a full 
supply levcl of R. L. 2.102 as proposed. The power 
capable c.f development mould be of the order of 
5 6 ~ 7 3 0 / 1 5  or say 2,700 kW. continuous and the 
hydraulic dcvelopment is estimated rooghly to 'cost 
42 lakhs. For the prcsent therefore the project would 
be very cspcnsive cven if fully developed. I t  is pro- 
bable, if gaugiugs allom that  there is always a Iair 
minimnm flow, that  the schcnlc would work out cheaper 
per IcW. with a tar less costly dam, carrving enough 
wnter to supplement the flow during the dry months 
to 30 or 35 cusecs. 

(3) Nahnm River, Baiher Tahsil, Balagl~d Districl.- 
This is mentioned in tbe Preliminary Report, page 86, 
as worth reconnaissnnce ; and the reconnaissance 
shows it to be worth survey. The site is on map 64 
B/4 and 8, and i~ detail on the 4 in. Forest map 112 
S.-E.. 1. The river is not perennial and would 
be developed on storage. The catchment is I l l  sq. 

mi. steep and hilly, wlth monsoon rainfall of 3 q  in. 
and 404 in. in the two driest consecutive years, 
a t  Baiher, which is outside but  near the catchment. 
The probable mean annual run-off is 6,300 m. c. ft. 
while in the driest year i t  is taken, by Barlow's method, 
to be 1,796 m. c. ft. I t  is proposed to build a 
masonry dam near Sale village, 800 ft. long and 126 
i t .  high a t  maximum. This mould store some 4,000 
m. c. ft. Thence an open channel of 6& mi. on the 
L. bank would lead to a forebay above the junc- 
tion of the Uslcal and Nahara rivers. A pipe 
liue of 6,000 ft. would then give a fall of 660 ft. 
to a power house below Tikaria village. Taking the 
dependable continuous discharge as 90 cusecs (with 
the carry-over provided) the available power ia 
9 0 ~ 6 6 0 / 1 5  or say 4,000 kW. continuously. The 
hydraulic development is estimated roughly to  cost 
304 lakhs, or say Rs. 800 per kW. continuous, 
which gives a very reasonable outlay on commercial 
load factors. It is conceivable tha t  the Uskal R. 
might be combined with this. 

(9) Narbada River, Illandla District.-This project 
proposes to bridge across trhe loop in the river of which 
Nandla town is near the centre ; fro111 30 to 45 mi. 
of bend could be short-circuited by a channel some 
12 mi. long (more or less) with some tunnelling or 
dcep cntting. The river is perennial, but  the dscharge 
dropped to 28 cusecs a t  the site in May 1920. Storage 
would therefore be necessary to  supplement the hot 
weather flow. The catchment is 3,380 sq. mi. 
a t  the proposed headn,orks, situated near Nohania, 
14 mi. N.-E. of iflandla (map 64 B/6, 10). This 
is below the junction wit11 the co~ubiucd Burhner 
and Halon Rivers, which are accountable for some 
two-thirds of the total discharge. If tliasc river.q 
were regulated as proposed, and possibly the main 
river also, there nrould be no difficulty a t  the pick-up 
weir in the combiued river a t  Mohania. 

The proposals sent iu deal with three reservoir 
sites on these tributary rivers and one on the river 
itself, with a total capacity of 35,500 m. c. ft.  but  
the sites havc uot been fully investigated. They are :- 

1st on the Burh~ier River (Barmer on old maps) map 
64 B/14, near Parsa and Dintri v~llages, where the 
catchment is 616 sq. mi. with a probeble yield 
of some 17,000 m. c. ft. 

:!nd on the Halon River, map 64 B/15, between Phonk 
a.nd Bija near Ohapartola village, where the catchment 
is 330 sq. mi. and thc probable yield 7,700 m. c. ft. 

3rd on the Narbada itself near din do^, map 64 
F/1, where the catchmont is  852 sq. mi. and the 
probable yield 11,000 m. c. ft 
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An open channel some 12 to 15 mi. long is proposed 
from a pick-up weir near Mohania to  a forebay site 
near Kondra, where there is a road bridge (map 64 
BIG) ; but see alternative proposed later. The available 
head, with a pipe linr: 1,500 ft. long, is given as 160 
ft.  to  a power house site 80 ft. above bed level and 
20 ft.  above high flood level. It appears therefore 
that  a t  least 170 ft. head can actually be depended 
upon, using the draft head, and considerably more 
except a t  very occasional flood times. On the forest 
map 110 N.-E. 1 the fall is given as 1,575-1,425= 
150 it. net, whereas spot levels on the map itself 
show a bed level of 1,284 ft. instead of 1,495 ft. 
but  an arbitrary datum mas taken. There 
is a site for regulating storage about 2 mi. back from 
the forebay, and mith so long a channel this may be 
advisable to the extent of about 1 day's supply (say 
80 m. c. ft ) unless the forebay site offers similar 
facilities. The maximum flood discharge of the main 
river a t  Mohania in 1920 was 278,000 cusecs on 8th 
August ; the actual maximum is u n h o w n  but may be 
far greater. Further investigation is required, especi- 
ally as regards the effect of the dams on the reaches 
above them. It is estimated tha t  mith storage to  tide 
over the dry months 1,000 cusecs can be obtained. 
This, on 170 ft. head, is equivalent to  11,000 kW. 
continuously. 

The project is worth detailed examination, t o  supple-' 
ment the reconnaissance report. If ~racticable it 
would appear  referable to  place the headworks near 
Dupta, 12 mi. further N. than Mohania, where 
a considerably greater head would be obtainable with 
rr channel of about the same length. Only survey can 
determine if this can be done. I t  would involve a 
further pick-up weir on the combined Burhner and 
Halon rivers and a channel from i t  to the headworks 
through the intervening spur on map 64 B/9. The 
additional capital cost of this alternative can be 
balanced against the additional value of the power 
from the extra head obtained. 

(10) Patna River, Damoh District.-A site was 
examined near Salain Railway station, Bins line, on 
nlap 55 B1/13, where the catchment is 90 sq. mi. 
Thc rainfall of the two driest consecutive years mas 
24.9 and 31.9 in., the lowest record being 21 in. 
(1868). Yields of 1,140 and 1,940 m. c. ft. are esti- 
mnted for t.he two years and more than  this quantity 
of effective storage could apparently be obtained 
a mile upstream of the railway bridge ; a dam of 4,000 
ft.  a t  almut R. L. 1,450 would give a mnterspread 
of 23 sq. mi. A channel of 6 mi. with a tunnel 
of 3,500 It. in addition, along and through the ridge 
to the west, would give a fall of 300 ft. with 4,000 

ft.  of pipe line, discharging into the tributary of the 
Padri N. above Majholi (square 5) which joine the 
Patna lower down. With a minimum discharge of 
44 cusecs the power would be of the order of 44x300/15 
or 880 kLV. continuous power. Further examination 
is required. 

(11) Penganga River, Yeotmal District.-This is 
mentioned in the Preliminary Report, page 86 aud 
again in the Appendix to  " List of Sites," two possible 
developments being referred to. 

1st site.-The site a t  Sahasru Eund near Bittarpon, 
Kinnrat Forest Reserve (map 56 113) has not been 
examined ; the naturill fall is shown as 120 ft. on the 
map but  beyond tlie fact that  the river is perennial 
there is no information. 

2nd site.-The second of these sites is in Relapur 
Forest Reserve (map 56 115) and was examined locally 
by Mr. Nagoji, who found no fall or prospects. 

3rd proposal.-In the Second Report, page 62, the 
suggestion was made of a possible development of the 
great double loop which embraces both the above sites 
and covers a large part of map sq. 66 E and I. 
This certainly merits further examination, in conjunc- 
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 sheets-has however been 
examined and offer good promise of power. There 
is a possible site for a reservoir near Sindgi village 
on square 6 of this map, 44 mi. S. of Dhanki. 
A dam or earthen bund of considerable length-sonla 
3 mi.-would be required for t.he stored water to 
command the 1,300 ft. contour, the bed of the stream 
being a t  about R. L. 1,250, and the ground very level. 
The catchment is 3,100 sq. mi. and the average 
rainfall of the two worst years is taken as 21.2 in. 
and the catchment is classed as C in Mr. Barlow's 
method-see para. 23. The run-off has been taben 
as 15 per cent. giving 7.4 m. c. ft. per sq. mi. 
or 23,000 m. c. ft. per annum, equivalent to 657 
cusecs. From the reservoir a channel mould run along 
R.  L. 1,300, with various nala crossings andsome heavy 
cutting (GO ft.) near the summit a t  Kharus Khurd. 
It is stated that  the channel, aonlt. 13 mi. in Ir~lgth, 
would for the most part not be expensive to  construct. 
The forcbay mould be made by a dam across the n a b  
2 mi. N. of Kharus Khnrd, between clifls, and 
could be of fairly largr. capacity. Thence a foll of sonlr: 
250 ft. is obtainable with 14 mi. of pipe, to a 
power house 2 mi. S. of Ningnur village (squares 
6, 6) a t  an elevation of R. L. 1,050 or less. The 
power available is therefore some 857 X 250116 or 
11,000 kW. continuous, 80 that  on comme~cial 
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load factors some 30,000 kW. could be installed third scheme. It would be better to collect the water 
if there mere need of it. The distance is about 120 there and omit consideration of this site, if i t  can be 
mi. only to  Nagpur. done. 

This is one of the most promising sites yet reported (iii) To dam the Moga a t  Sipala, where the tail 
on, and i t  certainly merits detailed and early investi- waters of both Purna and Moga as well as the ~ i e l d  

gation. The investigation however should extend from the extra catchment mould be impounded. A 
over a larger area, so as to embrace the second great constant discharge of 102 cusecs is estimated as possible. 
loop ; it  may be possible to find such an alignment From the reservoir a channel on R. L. 1,500 mould 
for a channel, with a tunnel through the ridge, that  enable a drop to R. L. 1,395 to be obtained or say 100 
the waters released from the single storage could be ft. giving another 680 1clV. continuous. 
nsed a second time. Or, again, the fall proposed above None of the three projects appears particularly 

far above, and many miles from the maiu river, promising as the power is small and the cost of the 
in a subsidiary nala;  possibly a reasonably short fall works would be large. I n  the case of No. (i), which 
can be found to utilize the whole head with a longer alone has a fair fall, i t  would probably be worth while 
open channel. If so the power would be greatly to continue the channel along the 2,000 ft.  contour 
increased. An extra 100 ft. ~vould mean a further on the S. side of the tonnel, or, alternatively, to 
4,000 kW. continuous, and would justify a large avoid the tunnel aud continue on the N. side of 
aa i t iona l  expenditure. Furthermore, if regulation the ridge, up to n. point which mould then be either 
a t  one site were effected, it might be possible to use 1 mi. or 2 mi. due W. of Pipalna Kkurd, where 
the regulated flow a t  a series of lifting dams further a fall of nearly 550 ft. would be obtainable to  the 
do\bstream, in the manner indicated above for the stream a t  Khumai R. L. 1,450. The extra 3 or 4 mi. 
Indravati R.--vide para. 31 also. of conduit would probably be balanced by a shorter 

(12) Purna River, Am~aoli and Betul Dislricts, in  pipe line, with greater head and pomer. Even the 
conjunclion with Moga River, E1licl~pur.-Separately 1,500 kW. continuous assumed implies, on com- 
these strearns have been relegated to the list of " useless mercial load factors, a plant of 3,500 to 4,000 klV. 
sites," but the investigating officer suggests the possi- A further possibility mould be to dam the two streams 
bility of combining them usefully. Three sites are as in (i) and to divert the waters of thc Puma into t,he 
suggested, of which the third mould use the tail waters reservoir on the tributary of the Moga near Kothal- 
of  the first. (Map 55 G/l l . )  khund on the 2,000 f t .  contour. It is not certain 

(i) A dam on the Purna a mile S. of Junapani from the 1 in. map that  this is practicable, bu t  i t  
and f mi. upstream of the Ellichpur-Betul road should be examined. If the levels work out, a much 
bridge, with an open channel on the 2,000 f t .  contour shorter channel could then be carried along on the 
up to near station R. L. 2546, where a short tunnel R. bank of the tributary to  a point below the station 
\vould be required and h o p  to R. L. 1,550 or say R. L. 2,270 whence a fall of some 400 it. (more or less) 
430 f t .  net would be available to near Pipalna. The would be obtainable to  the neighbowhood of Dhaba 
length of channel would be over 8 mi. of difficult Dhana. The project merits further examination of 
ground. In  conjunction with this, the N. tributary the yield of the catchments, the storage capacity 
of the Moga N. could be dammed a t  Kothal Kund obtainable by the dams, the best channel route, and 
so as to flow into the channel mi. S.-E. of the falls mith length of pipe line. 
the village, a t  mile 18 on the road. The catchment (13) Silgi, Zfasal~a and Sanknl Nctdi, Jubbulpore 
areas are 100 and 20 or 120 sq. mi. together and District. (Map Gd A-11, la).-This is a co~nbined 
the ~ i e l d  is estimated at  1.340 and 430 or 1,770 m. c. scheme embracing 3 small tributaries of the Mahanedi 
f t ,  in all, which could apparently be stored a t  the mhich flows into the Son;  they rise in the hills near 
sites chosen. Taking this as 55 cusccs the pomer Shahpure. The catchment areas are 138+56+24=218 
available weuld be about 1,600 kW. continuously. sq. mi. and the maximum and mean aggregate 

(ii) To dam the Moga main nala a t  Kundi and run yields are calcullated to be 10,680 and 6,760 m. c. ft.  
a channel along a t  R. L. 1,760, droppillg a t  the junc- giving a dependable discharge of 103 cusccs. Storage 
tion with the N. tributary where there would be sites are available on all three streams and are capable 
a fall of abol~t  160 f t .  The yield from the 40 sq. of holding 8,640, 8,070 and 3,060 m. c. ft. respectively 
mi. of catchment is estimated at  1,100 m. c. it. but mhich is much in excess of the yields. A 
this appears to bc excessive as it is based on 29.7 in, cut 2 mi. long would rttu from the Silgi to the Kasaha 
of actual run-off. By itself this scheme is useless, and one of 2,000 ft. from the Kasaha to  the Sank?~l.  
but the idea is to utilize tho regulated Bow again in the From the Sankul a 5f-mi. channel would lend to the 
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forebay, where a pipe line 23 mi. long would give 
a fall from 2,000 t o  1,450 ft. or 650 ft. A pipe line 
of this length is a serious drawback unless the main 
drop can be concentrated in a comparatively small 
length, with a surge tower a t  the top of that  length. 
Probably survey will show better results by a shorter 
pipe line with a small loss of head. It is unfortunate 
that  the Sanltul storage is the smallest of the three, 
viz., 3,060 m. c. ft.. The continuous 24-hour power 
available mny prove of the order of 1 9 3 ~ 6 5 0 / 1 6  or 
over 7.000 kW. and the scheme merits detailed 
examination. 

(14) Sitwcua (or C11itarcu.a) River, Na~singhpur 
District.-This is a tributary of tbe Narbada, on map 
65 5/14, and the reserroir site lies sonle 9 mi. S. 
of Mohpani on squares 5 and G .  The st,ream dries 
up in JInrch, so would have to  be developed on storage. 
The catchment is 99 sq. mi. mostly forest. The 
annual monsoon rainfall a t  Tamia and Mohpani respec- 
tively is : mean GO and 48 ; minimum 32 and 274 with 
single falls of 13 in. recorded a t  both stations. 
Calculated by Mr. Barlow's mct,hod (para* 23 supra) 
the probable mn-off in an average year is 2,120 m. C. 
f t .  and the minimum about A00 to  1,000 m. c. ft. 
An effective storage of 2,720 m. c. ft.  would require 
a dam 650 it. long and 167 ft. high a t  nbout R. L. 
2,083 in the bed. It is proposed to  have the take-off 
of the channel 2 mi. S. of the dam site, but  the 
plan does not show t,he matter clearly. Two miles 
of open chnnnel, on fairly easy ground, lend to  the 
forcbay. A pipe line of 3,200 f t .  gives a fall of 716 
ft.. into a snlall nala to the west, on square 2 of the 
map, which does not rejoin the river. With n discharge 
of 'iA cusecs the power will be of the order of 3,700 
kW. continuous. The cost of t,he hydraulic deve- 
lopment is roughly given as 16 lalrhs, which would 
give a reasonably chenp scheme. I t  is noted thnt as 
the toil waters do not ret,urn to the stream future 
irrigation might be affected. The loss oi this st,ream 
however would be the gain of its neighhour, the Dudhi, 
commanding a similar awn S. of t,he Nnrbada 
anrl E. of the Dudhi. By means of a 16 mi. channel 
(in place of 2 mi.) a fall of 960 It. could be obtained 
into the Sitarema, and the extrn power would probably 
be worth the extrn cost, if the ground is not too difficult 
to  ncgotiate. The cost of the hydraulic development 
ia estimated to  be some RE. 430 per kW. continuous, 
which would be an exceptionally low cost' per kW. 
installed on commercial loaa factors. 

(15) Son-blradra Nadi, lribulary of the Denwa and 
Tauur, Roshangabad District..-This site is 2 mi. 
S. E. of Dhain village on the 7th sq. of 1 in. 
map 66 513 nnd 25 mi. E. of Tnku railway station. 

The stream rises partly in the W. slopes of the 
Pachmarhi -Hills. The stream is not perennial and 
power would depend on storage. The catchment 
area a t  the site is 187 sq. mi. mostly forest. The 
nearest raingauge station is Pachmarhi, which is out- 
side the catchment and in a small zone of high intensity ; 
while the average rainfall is 70 in. here i t  is only 
60 in. a few miles west and in the catchment, 
according to the contoured rainfall map of India. I t  
is uncertain if this factor has been taken into account 
in calculating the run-off by Mr. Barlow's methcd 
(para. 23 supra). The results given are 12,4CO 
m. c, it. in an average year and 4,890 m. c. ft. in 
a minimum year ; possiblv these figures should Le 
reduccd in t,he ratio of 7 to 6, but,, on the other hand, 
Mr. Barlow's method appears t o  hnve been found to 
give results too low in the Central Provinces. The 
total monsoon rainfall in the two driest years, accorQg 
to the ;eport, was 69 and 37 in. of which 23 and 
l l f  is calculat,ed to  be available. The main dun1 site 
is 1 %  mi. S. E. of Dhain and the dam would 
be 850 ft. long and 114 ft. high. There would aleo 
be aubsidiory flank dams, and flood waters could be 
safely discharged. The reservoir copacit,y would be 
10,OCO nl. c. ft. with effective storage of 7,469 m, c. 
ft. but  could apparently be made larger if the average 
yield justifies this. The submerged land is mostly 
forest,, with two small villages. The take-off[ nould 
be from one of t.he subsidiary dams, in still. water, 
as the stream is heavily charged wit,h silt in the rains. 
An open channel of 34 mi. over easy ground leads 
to a iorebay 6 m. W. of Dhain where a ripe line 
3,900 it. long would give a fall of 180 ft. into the 
Nonpani Nadi, which eventually reaches the Tana. 
There are no irrigation rights existing or prospective. 
A further reservoir site exifits 10 mi. upstream, 
which could not by i t ~ e l i  be usefully e~xploycd lor 
power; but  as the rainfnll in good years in high it 
is possible tbat  this storage might be worth developing 
for additional rarry-over to  equalize bad yeare. I t  
would stop most of the silt and enable perfect rc~gula- 
tion to  be effected, by lctting the waters domfn the 
bed of the stream as required. The power would be 
of the' order of 2 1 3 ~ 1 8 0 / 1 6  or, 2.660 klV. con- 
tinoils 2.1-hour power, and t,he hydraulic development 
is roughly estimated to  cost about 17 lakhs. Tbis 
is some Rs. 670 per kW. continuous, so that on 
commercial load factors the project would be very 
reasonable in cost. 

(16) Tapti River, above Byrha?ipur.-In the lint of 
" useless sites " in the Central Province8 the Tapti 
is written off on the lines of invcstigation ~ u r s u e d  
locally (see para. 130). Nevertheless i t  is possible 
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that the' river can provide larger power on other lines, 
namely by means of a single large upper storage 
and Lifting dams--vide para. 31 above. At site 5 
of those mentioned in the "useless" category the 
constant discharge under the worst conditions 
is given as about 450 cusecs. The elevation of the 
bed is about R.L. 1,030, but all further data are wanting. 
Let it be assumed that  in this neighbourhood a main 
storage, large enough to impound the average ~ i e l d  
of the catchment, could be constructed without 
detriment, and that the draw-off level is 50 ft. above 
the regulated flood level of the bed. Let the mean 
height between full supply level and minimum draw-off 
be another 50 ft. Then the discharge of 450 cusecs 
under a mean head of 100 ft. will give 3,000 kW. 
continuously. Even allo\ving for the fact that  this, 
on commercial load factors, would enable a plant of 
6,000 to 10,000 kIV. to be put up it might not be 
commercially practicable. 

The case would however be materially altered if this 
regulated flow were used a t  a series of lifting dams 
below, say in 50-foot steps (see para. 31 supra). 
In  the next 100 mi. or so to the jluction with the 
River Purna there is a fall to about R.  L. 630, or a 
further 400 ft. Eight lifting dams of 50 it,. each 
would cover this and give a further 12,000 kW, 
continuous power without taking into account the 
larger additional catchnlent area, which a second 
main storage might impound. I t  is desirable that  
the Tapti should be furtl~er investigated along these 
lines, as it appears proljable that  15,000 to 20,000 
kW. continuous could be developed from it. 

(17) Canal falls.-The Chief Engineer, Irrigation 
Branch, considers that there is good scope for utilizing 
the canal falls for pumping to uocommanded nreas, 
especially from the Mabanadi canal, where large nreas 
of well drained b h n ~ n  soils lie out of command. This 
soil is partic~ilarly suitable for growing long-stapled 
cotton, as recommended by the Cotton Committee. 
The canal falls are not likcly to be of any use for general 
purposes as they only run a comparatively small 
number of days in the year. Most of the irrigation 
is done during the Kharif ; rabi irrigation is purely 
subsidiary. There nre 62 canal falls, running from 
90 to 120 days. 
103. Coorg ; known sites.-Several sites have been 

mentioned in Coorg, cia, (i) the Abbi catchnlent basin 
scheme, map 48 P/11, (ii) the Saratabbi waterfall, 
map 48 P/16, also on the Barepole River, and (iii) 
the Jenparai fall (or Jnnepari) map 48 P/16, on the 
same river. The Executive Engineer, Coorg, drew up a 
scheme for n ~ i q  the Abhi fall, hut the prospects were 
not sufficient to wnrrant further action. The catch- 

ment areas of the Abbi and Saratabbi falls are too 
small to  be of service, as the possibilities of storage 
are also small. The J a n e ~ a r i  fall however is worth 
investigation. The contours are so close on the 1 
in. map that a photographic enlargement was prepared. 
From this it would appear tha t  by means of an open 
&sunel in the rock a fall of 1,000 to 1,250 ft. can be 
obtained instead of the 150 ft. of the fall itzelf. The 
&amel would be 5 or 6 mi. long (according to the 
tunnelling effected through spurs) ; if a 9-mi. channel 
were built the total fall would be 1,500 to  1,700 f t  
An impounding den1 could be built a t  about R. L. 
2,450 or 2,500 near Kadike Motti, but the capacity 
has not becn determined. There seems very little 
doubt that some 15 cusecs could be assured, giving 
some 1,500 kW. of continuous power ; but exami- 
nation by an engineer versed in the work is necessary. 
1C4. Jammu and Kashmir State ; known sites.- 

( I )  Chenab River, Riazi.-Although not in Britieh 
India this project would probably find its outlet for 
the sale of power in the Punjab, and i t  is therefore 
dealt with. A good deal of investigation has, it is bc- 
lieved, already been done. Reference to the 1-in. map 
43 K/lG shows a great bend in the Chena a few miles 
N. of Riazi. Although far smallet thanb the Sutlej 
loop it is 104 IN. round and only 14 mi. a c r o s ~  
the short-circuit. I t  has been proposed to  dam the 
river a t  the headworks, but  i t  is doubtful if more than 
a diversion dam rvould bejustiiied; if. however, an extra 
50 or 100 f t  of head could be obtained in this way 
i t  would be so much gained, and it might even be 
possible to get enough storage in this way to increase 
the minimum flow. The R. L. a t  the headworks 
site is about 1,474 f t .  and a t  the t u ~ e l  exit about 
1,316, giving a gross drop of 168 ft. without any lifting 
dam. The tunnel would be about 8,600 ft. long or 
of course less if the height of it were raised by a dam. 
The cost of the dam might be balanced by the reduction 
in the coat of the tunne lplus the additional power. 
The normal flow does not fall below 6,000 cusecs, but 
4,341 cusecs is the minimum recorded a t  Marala head- 
works. I f  it ie assumed that  the head a t  the diver- 
sion would about compensate for losses the minimurn 
power available, without any definitelift+ dam, will be. 
about 2 , 9 0 0 ~  160/15 or 29,000 kW. continuously. 
There is a smaller loop, within the great loop, rPith a 
fall of 35 It. which could be used for construction 
purposes ; the river has already nearly cut through 
the very narrow intervening neck here. The highest 
flood in the last 20 years a t  Marala was 542,000 c w ~ s  ; 
but a flood of 713,000 cusecs occurred in 1893. 

(2)  Jhehm River, near Mzczaffarabod.-like the  
preceding entry (Ckenab) this project, although 
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actually in Kashmir territory, is unlikely to  be deve- native, F-E-F involves two tunnels in series, of 6.2 
loped for ICashmir needs ; theexisting site a t  Mohora, and 5.5 m. in length respectively, and consequently 
further upstream, with a hydraulic development laid gives four working faces ; furthermore the tunnels 

Col. Lotbiniere for 20,000 h. p. has SO far only can be brought out in the Agar Nala on the leiel, 
been utilized 60 about one-tenth of its capacity. Mr. enabling a balancing reservoir to be constructed. 
H. W. Nicholson, B.Sc., A.M.I.O.E., Executive On the whole the tunnel D-D, mith a head 

after completing the preparation of the of about 750 ft. is clearly the most favourable one 
Bhakra dam project, was a laced on special duty with to  consider, until survey settles the matter. The 
the Hydro-~lectric Survey; but before he had taken formation of the hills indicates that there should be 
up his duties he mas recalled to  work on the little trouble in driving the tunnel, which would be 
Sutlej VaUey irrigation project. Later on, before a ppvity and not a pressure tunnel. The pipe line 
proceeding on leave, he handed over to the S u r v g  mill bo of reasonable length. The headmorlis would 
a note on the possibilities of the Jhelum river a t  the be near Garhi, on the Dllrree-Kashmir road, the intake 
hair-pin bend a t  the bridge near Muzaffarabad, on dam being entirely in Kashmir territory. The tunnel 
l-in. maps 43 F/7,  8, 11, 12. This description is through the spur mould also be in Kashtnir territory, 
based on Mr. Nicholson's note, the comments being entirely under a lofty ridge. The power station would 
added. be over the river a little above Kohaln, on the illurree- 

The slope of the river is about 30 ft. a mile, and Kashmir road, where the river itself is the boundary 
the project is based on tunnelling through the ridge between British and Kashmir territory. A very small 
so as to short-circuit a considerable length of the bend. exchange of land mould remove any diEculties on t h s  
'There is no one outstanding afipment for the tunnel, score, if it were desired by both parties to construct 
as in the case of the Sutlej, Uhenab and Jumna loops, the works. The existing roads serve all the sites, 
and Mr. Nicholson examined no less than seven alter- while transmission lines mould be entirely in British 
natives on the contoured maps. The fouowing table ~ ~ d i ~ .  
shows the sites and data of these tunnels ; lengths are T-,, discharge of the Jhelum a t  Blangla, 
taken from the maps, the fall is taken a t  30 ft. a mile for the last 20 years is about 2,944 cusecs ; the maximum 
and the drop in the tunnel is taken a t  a slope of 1 in during that period is 364,000 cusecs, but a flood dis- 
2,000. The slope requires to be checked by levelling. charge of 500,000 cusecs occurred in 1893. A project 

for a barrage in the Woolar Lake beyond Baramula 
TABLE 46.-Alterndve tunnel sites on Jlcelum. by Mr. Purves, late Ohief Engineer, 

1 UISTIXOU PROM BnlDOB MILES. 
Punjab Irrigation, to  impound 167,000 cusec-days ; 

I NstL 1.11 

I - --I e X c ~ 1 1 9 ~ V e  this is still under investigation. If carried out it would 
Tullncl "";fth8 ~ It. pipe I u p s ~ r c m .  Z E ,  TOTAL. I , ~ ~ ~ ~ ,  give an extra 1,000 to 2,000 cusecs according to the 1 (I. period when the water would be used for irrigation; 

.- -- -- - - - -- 

141 144 3.8 4.8 

The letters refer to a deposited map, hut the redrlced the Jutnnn, mould provide power for the wllole of the 
distances enable the points to be measured off. Clearly area bordering on the Himalayas for some time to come. 
the Nhorter tunnels A-A and B-B would permanently Construction power is available from n~ohorn, near 
put a very fine site out of action, by limiting tho fnll by. I t  in  also recorded by Mr. ~icholson that the 

to a fraction of that The tunnels C-C and site is situated in the sirmur series 2nd Nunlllllllitic 
D-D mould give practically the same power per foot of geological beds, which are particrllarly suitable for ' 
tunoel-and the cost of the tunnel mould evidently vnrions electro-chemical industries as well ns for port- 
be the predominant factor. The tunncl E-E s dis- lnnd cement. The site is without q~~est ion  one of the 
tinctly less favourablo in this respect, besides being finest in the mhole of (geographical) India. 
of unwieldy length for two working faces only, and t.he 105. Madras ; known sites.-The foUo\ving pages 
satne remark applies to tunnel F-F. The last alter- give abstracts of the reconnaissance reports on a ~lutllber 
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of sites in Madras which appear well worth further 
detailed examination and survey. Some of them will 
certainly prove worth developing if there ia a market 
for the power. 

The investigations were begun by Mr. R. T. Sneyd, 
M.C., and continued after that officer's retirement by 
Mr. James Tate, Executive Engineer, O5cer in charge 
of the Survey in Madras. 

A good many of the sites require storage for their 
full development but rainfall conditions are more 
favourable in Madraa Presidency than in most parts of 
India and most rivers are perennial. Most of the 
projects have moderately high heads; one has 6,000 
ft. 

Sites already investigated to an extent which makes 
an estimate of the minimum power reliable are in a 
separate list above ; sites not examined at  all are also 
separate. 

The table below is a summary of the sites detailed 
below and the continuous power which they appear, 
on present information, likely to afford : 

(1) Chagattahdl Sanabba and Chagottakall Doddabba 
Rivers,-These two rivers near the Madras-Mysore 
boundary unite aa the Sankada Gundi River a t  the 
foot of the Western Ghats. The former hae a catch- 
ment nrea of 3 sq. mi. and a natural fall of 500 ft. ; the 
latter a catchment of 63 sq. mi. and a natural fall of 
800 ft. The locality is close to Bhatkal harbour, 
and 20 mi. distant from the Haladi River, Kunchikal 
Abi scheme (q. v.). A project has been worked out 
by Mr. H. D. Rice, who considers that 1,000 and 1,400 
ft. head could be developed, and that 4,700 m. c. It. 
could be annually obtained and stored. If so a constant 
discharge of 140 cuseca on 1,400 ft. head gives 13,000 
kW. of continuous power. It is not clear whether 
the fall is in British or Mysorean territory ; in most 
casee hereabout the boundary divides the catchment 
and the fall. 

(2) Coonoor and Karleri River.-These are referred 
to in the Preliminary Report, p. 89, a project having 
been drawn up by the present miter in 1906 for utilizing 
these streams for the electrihcation of the Nilgiri Rail- 

TABLE 47.-Madras ; summary of knowla sites. 

I I I 
I Constent 

Site Continuoua 
serial River or site. REIIARKS. 

I (0~8808). 
I 

3 Icolnb R. ,  Trtligumn . . 

4 3lnchl;nnd R.. Dudumn lalls . 

1 ChagnttnlrnU Snnnbba . ! 
l)B1ow and Stomgo j . . . .  140 1,400 13,000 

6 Pnlni Rills; Finjiknvo pro. 
ject. 

,, Doddnblln . 
2 Coonoor and Koteri R. . 1 Do. ... , I 20 

Rcg~~lntod flow from (i) . 

1,600 

(Sce Bngrn Frills) . . 

Blow nod Storage . . 

Flow . . . .  
Storngo . . .  

2,300 

( ~ i )  200 

I 
(i) 290 

(ii) etc. 1 ,290 

7 Pnlni H1119 ; Pornndnlnr R~ver  I Do. . . .  1 ... I 16 

8 Pnl~ii Hills : Kuo~bnr River 
or Mnnjnpntinr. 

9 Vnninr River . . , 

10 ; Vernni River ICu~iehihal Frill. 
GOO 450 

1,400 , ' 3,iGO 

Do. . . . . . .  

Do. . . . . . .  
Do. . . . . . . .  

Mr. Rice's pro- 
ject. 

16 
I 

1 14 

' 40 

Dependant on 
develorr~lcnt nt 
Bngra, q. v. 

Dependant on 
re,plation at 
(i) ; series of 
lilting doma. 

Probably more. 
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way. The scheme was abandoned a t  the time, but  
has lately been re-examined in view of the further 
power requirements of the Government Cordite Factory 
a t  Aruvankadu. This factory a t  present ootains its 
power from the upper reaches of the Karteri River- 
see para. 64. Various alternative developments of 
the same site have been considered in some detail, 
so as to make comparison possible ; two of these schemes 
were not originally the work of the Survey, but  they 
were revised by Mr. Tate, who also added the third. 
I n  all cases the intake and water supply are the same, 
sn t,hat if development proceeds it is a matter of which 
of the three methods gives the best reeults. All three 
projects involve tapping the combined streams near 
Runnymede station, Nilgii Railway (map 58A/15), 
and thence constructing an open channel to  a point 
where there is a considerable drop. The following 
are the broad outlines :- 

TABLE 48.-Allerndives on Coonoor and Iiarteri River.;. 

w d m u m  oowtant now 1 1 6  2 cusecs . I li cusei. . I 15 cusec~ .  - 
alth slorspe. 

Channel . . . 8.000 11. lor 21 I 15.800 It. . Abmt l?.MH) K 
raaew (InauL- 
elcot) 1 

w o n h a  hemi . 1 1 ,  it. . . 1 1.100 It. . . 1,500 It. 

Trsoqmlsslnn llna to ( 5 ,  nl. . 
Cordlto Factor?. 

fo lde~t lmated  cost . / 14) l ~ l i l ~  

l b t  per kW. 01 work. 
Inz plant. 

F;.111nsled m t  per nn n 6 8  onna . 1 OII ~ n n s  . 1 0.53 m n e .  
uncicr working coo8 . 
ti"". 

I t  appears clear that  the third project will be the 
cheapest. The minimum gauging of 12.17 cusecs was 
found in connection with the railway project referred 
to, in 190.5, after the driest year known ; the rainfall 
in this year was 41.05 in. against an average of some 
60 in. over a catchment of about 65 sq. mi. Tho average 
flow for such a year may be taken as 23 cusecs, and 
the  tora age required to  carry over bhe dry season 01 
one year and to get 23 cuaecs from the rum-off of the 
worst year, with 5 dry months, is reckoned a t  130 
m. c. ft. In  the course of the railway investigation 
sites ~uit,able for tbe storage then required mere found 
on both rivers; hut t,heit full capacity wag not deter- 

mined. There is however little doubt tha t  a t  least 
20 cusecs constant discharge could be obtained. On 
the 1,500 ft. head this would give 2,300 kW. conti- 
nuous 24 hr. power. 

The headworks site a t  Runnymede is a t  about 4,800 
ft.  and No. I1 project above carries the flume to not 
far off Lamb's rock. It would be practicable, with 
some tunnelling and a forebay in the rock, to  reach 
a point beyond this cliff, above the station where R.  L. 
4.471 is recorded on the 1 in. map. From here there 
is a clear fall down to R.  L. 1,600 or (allowing for the 
channel) not less than 3,000 ft., in a horizontal distance 
of about l j  mi. and directly beneath Kallar station. 
I t  might be necessary to lay the pipes in a tunnel, as 
has often been done elsewhere ; but the additional 
900 ft. of head over project I1 gives 40 per cent. more 
power and I ~ ~ I I I  prove the cheapest project in the end. 

(3) Kolab River at Teiliguma, Vizagapatam District.- 
This site is where the river falls from the 2,000 ft. 
Jeypore plateau to  the Malkangiri level, on map 65 
J/9, 13 in Lat. 18" 44, Long. 82" 12. It has a usable 
fall of only 210 ft. according to Mr. Sneyd's notes, 
and storage is probably out of the question ; if however 
the Bagra site were developed above the minimum 
flow a t  Tetliguma would be materially increased. I t  
is, therefore, a reserve site for the future and with the 
regulated flow from Bagra would give some 4,000 kW. 
continuously. (See also the Bagra Falls on this river 
para. 88.) 

(4) Machkand River, Roraput Agency, Viucgwpalam 
District.-Some information regarding the 540 ft. 
Duduma falls on this river, about 80 mi. from Vizaga- 
patam, mas given in the Preliminary Report, p. 90 
and Addendum to " List of Sites," and in the Second 
Report, p. 74. The Koraput plateau is a t  a general 
elevation of some 3,000 ft. and i t  is drained by the 
Machkand and the Kolab Rivers which later unite 
a t  Motu as the Sileru River, tributary of the Godavery. 
Below the ~ l a t e a u ,  a t  about 2,000 ft., is the Jeypore 
plateau, drained by the Kolab and Indravati Rivers 
(q. v.). Some 30,000 continuous H. P. a t  least is 
available between 3 sites on these rivers, h d  far more 
eventually. Attention has been mainly concentrated 
on the Bagra Falls on the Kolab (q. v para. 88), 
so not much additional information is available aa to 
the Duduma falls. The site is on map 65 J/6 and is 
reached by many stages from Salur, B. N. R. The 
catchment area above the falls is 904 sq. mi. and 
the average annual rainfall a t  4 stations in the localitg 
is as follows :- 

.T~;l>oro 75 in. of which 64 in falls from June to  September. 
I C U ~ R ~ I I C  69 ,. ,, ,, 40 ,, ,. , . , ,, 
Pn*lwn 34 , , . .  ,, 3 7 , ,  ,. , , , 1, 

Fottangi  (13 ,, ., ,. 43 ,. ., ,. ., .. ,, 
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The Buctuations in 22 years are, for Jeypore, 46 to 
105 in. and Koraput 40 to 84 in. The lowest 
conceivable run-off is many times the highest possible 
storage, so the point is a minor one except as regards 
surplussing, which is well provided for. There are 
two alternative dam sites ; one examined by Mr. Sneyd 
is 14 mi. above the falls, and another farther upstream 
24 mi. above the falls, giving 40 ft. of extra head as 
well as  cheaper storage was found by Mr. Tate. Both 
have solid granite foundations. The latter site has not 
been surveyed, but t,he former will serve present pur- 
poses ; the surface area of its lake would be 83 m. sq. ft. 
and taking 30 ft. effective on a 100 ft. dam the capacity 
would be 3,300 In. c. ft. This would give 190 cusece 
for the 6 dry months. The lowest recorded gauging 
was about 100 cusecs in May of an exceptionally dry 
season following a poor monsoon. Normally there is 
likely to  be 300 cusecs to  the end of t,he year. The 
minimum supply with storage is conservatively esti- 
mated as 290 cusecs. The land submerged by the 
dam is of little value. The original reconnaissance 
suggested a pick-up weir some 300 yds. below the 
main dam, for feeding the open channel, which is 
$ mi. long. It is probable however that  with so short 
a length a pipe directly off the reservoir, leading to a 
surge tower above t,be main fall, would be preferable. If 
however the upper dam site is found the best an open 
channel would be necessary. Two forebay sites exist, 
the better one entailing a loss of some 15 ft. of head. 
There is no natural site for the power house ; Mr. Sneyd 
suggested excavating one underground in the rock, 
out of the way of the spray of the waterfall. Probably 
this is the best solution of the problem. The waterfall 
is 540 f t .  high and at  least 680 ft. head could be obtained 
from the lower dam or 620 ft. from the upper dam. 
The porrer available with storage, under the worst 
conditions, will be 290~5A0/15=11,000 k\V. conti- 
nuous 24 hr. power, a t  a very reasonable cost. 

The above however is only a small fraction of 
the power in this river. If the Duduma falls were 
harnessed, and the flood waters regulated a t  the main 
dam, there would be a constant flow of some 300 cusecs 
minimutn down tho river bed, subject only to the 24 
hour variations. The main falls appear to be a t  an 
elevation of some 2,400 ft. and thereafter there are 
rapids for a grent diotnnce. At least a further 1,000 
ft. of fall is a ailable which, given the initial flood ifi regulation, cou he developed by means of n series 
of lifting datns. The larger tributaries \vould greatly 
incrense the minimum flow and probably a further 
flood regulating stornge would be necessary, or more 
than one. With so much power possible this could 
be faced. At least a further 10,000 kW. could be 

obtained in thie way. If it proved possible to impound 
the whole run-off of the upper catchment, as s e e m  
likely from the nature of the ground, the river would 
be good for nearer 60,000 than 21,000 kW. 

(5) Nagavalli River at Royagedda, Viayapatam Dis- 
trict.-Mr. Sneyd reported " a simple and cheap develop- 
ment within two miles of the Royagedda station on 
the projected Parvati~ur-Raipur line of the B. N. R. 
Estimated yield about 750 kW." A latter note gives 
the power as 1,000 kW. continuous with a head of 
80 ft., but no details are a t  present available. This 
is on 1%. Tate's list for further examination. The 
site is in Lat. 19" 10, Long. 83" 30 on map 65 M/8. See 
however the Kolab and AIachkand Rivers in this 
district. 

(6) Palni Hills ; Pinjikave power and irrigalwn p o -  
ject, Koniur River, Mndura District.-This is the revival 
of an old irrigation scheme considered and dropped- 
for apparently insdicient reason-in the 'sixties of 
the last century. Mr. Sneyd in the course of his 
reconnaissances found the site, and the old report on 
it,  and a t  once saw its great value for power. The 
story begins in 1861 \\-hen Col. D. Hamilton mas in the 
Kodaikanal area and came accidently across an old 
breached earthen dam, stated by him to be some 600 
ft. long and 90 ft. high, in the upper reaches of the 
Kunibar river, not far from the \ratershed, and 12 mi. 
West of Kodaikanal. Examining the ground behind the 
dam he found clear indications of the high water level 
in the once existing lake ; but no local t rad~tion even 
existed to show when the work had been constructed 
and destroyed. The assumption, however. was that  
the stored water waa used for irrigation in the plains 
on the far side of the watershed, thousands of feet 
below, thus anticipating a common present day practice 
in hydro-electric work. The lake only filled to  a 
height of some 60 f t .  a t  the dam, but  eve- so was stated 
by him to have had a capacity of some 1,500 m. c. ft.. 
with a catch~nent of 30 sq. mi. Mr. Tatt  finds tha t  
catchment only 6.2 sq. mi. and the dam only 3 0  ft. 
long. After some years discussion the Madras Oovern- 
ment finally decided in 1872 not to proceed with the 
rebuilding of the dam, and the project was forgotten. 
In  later years a reservoir has been constructed in the 
neighbouring catchment beyond the watershed, for a 
similar purpose of irrigation. Mr. Sneyd in 1919 
marked the site off for investigation, judging it to  be 
probably capable of giving 8,iOO k\V. on a head of 
about 5,000 ft. 

In  1920 Mr. Tate exnmiued the site and drew up a 
plan and n conlplete project in the rough. The situa- 
tion is on nlap .58 F/8, a t  an elevation 01 over 7,000 ft., 
while the plains belo\\,, over the watershed, are a t  about 
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1,600 ft.; there is therefore a clear fall of over 5,000 ft. 
in a few miles. 

Mr. Tate's project does not altogether agree with 
Mr. Sneyd's proposals, but the discrepancy cannot be 
traced exactly. In  rough outline a dam would be 
built on the Koniar River about 7 mi. below the old 
dam site a t  Pinjikave and the waters diverted thence 
to the existing Berijam reservoir, where the maximum 
water level is 7,040 ft. Thence the water would flow for 
4 furlongs in the natural channel to n regulating tank 
(miscalled a forebay). From here it is proposed to 
construct an open channel for 14 mi. involving a 
fall of 120 ft. to a point where the pressure pipe would 
begin. At this point the forebay proper would have 
to be built on this plan ; but the more effective method 
would be to  utilize t h  120 ft. of extra fall in a plpe, 
with r surge tolver a t  the end of it, in which case the 
forebay would be as presumed by Mr. Tate ; the pressure 
pipes starting a t  the surge tower. The main fall is 
then over 6,200 it. Mr. Tate proposes that it should 
be taken in two stages ; the firat gives a fall of 2,800 
ft. (or 2,620 ft.) in 10,000 f t .  From the tail race of 
this upper echeme the above comment holds good; 
the water should be collected in a second forebay with 
a light pipe line of 1 mi. for the small drop of 100 ft. 
a t  the end of which a surge pipe would be required ; 
then there is a second fall of 2,600 f t .  (2,600 ft.) in 
8,750 ft. into the Varahanadi River above the Thalaiya- 
thur irrigation anicut. 

The development in two stages would probably be 
preferable to taking the whole fall in one. Using 
pipes and surge towers as suggested the gross falls 
would be 2,620 and 2,600 ft, respectively, or about 
2,550 ft. net each. 

By budding a new bund a t  Berijam, lower down, and 
rcmovlng the present one, an additional 14 sq. mi. of 
catchment (givmg 13 sq. mi. in all) as well as extra 
capacity would be obtained, &z., 160 m. c. it. in all. 
The details regarding the Koniar catchment and 
capac~ty are not clear. In the 1868 report the Pinjikave 
catchment is definitely given as 30 sq. mi. and the old 
tauk capacity (up to the well-marked high water line) 
4,000 m. c. It. Mr. Tate gives the same catchment 
as 6 sq. mi. only and the reservoir capacity aa 300 
LU. c. ft. only. 

When the existing Berijam irrigation project was 
sanctioned in 1906 the run-oa was taken 88 34 per cent. 
of the monsoon rainfall, though 60 per cent. was actually 
ascertained in the c u e  of the Kodaikanal water supply 
clo& by. The average is very unlikely to be below 
40 per cent. Mr. Tate takes the minimum run-off to 
be 36 per cent. of the minimum rainfall for the South- 
West and North-Eos~ monsoon periods, apart from the 

minimum perennial flow. This is equivalent to 14 
in. of run-off on a catchment of 13 sq. mi. giving 423 
m. c. f t .  The constant flow from storage is therefore 
13 cusecs in the driest year, of which 3 cusecs are 
allowed for local irrigation, leaving 10 cusecs for power. 
The minimum perennial flow is taken as 6 cusecs, 
giving 16 cusecs in all for power in the worst 
year. 

The continuous 24-hr. power available a t  each of 
the two stages is some 2,700 ItW. or 5,400 kw. in 
all. Mr. Sneyd's estimate of 7,600 kW. continuow 
(using the old dam site) seems to be based on the cntch- 
ment area given in the old official reports, which appear 
to be incorrect. Mr. Tate's rough estimate for the 
whole ~ ro j ec t  complete, inchding 13,200 kW. of 
working plant, is 77 lakhs only, which would mean 
about Rs. 680 per kW. installed. The hydraulic 
development up to the upper forebay would be extra- 
ordinary cheap, viz., about 6 lakhs only for the storages, 
etc., the pipe line, as always on very high heads, would 
be by far the most expensive part of the power plnnt. 
If the upper site and fall mere developed on their full 
storage the project would almost certainly be a very 
cheap one. 

Over and above power, some thousands of acres 
(probably 8,000) could be irrigated in the plains. 
Mr. Sneyd points out that objections mere raised, in 
the 1869 report, to cutting off 30 sq. mi. of catchnlent 
from the Amaravathi river, into which the Kumbar 
flows ; but he considers that this would not in fact have 
any serious effect as it is not even part of the main 
catchment. Even the local Kumbar irrigation would 
not, in his opinion, be seriously interfercd with; it 
could be continued from the new lake. The advant'ages 
of this combined power and irrigation scheme are very 
great and it is hard to understand why it has lain 
dormant since 1872. It appears worth careful detailed 
survey. 

The Pinjikave project appears by far the best in 
these hills, but Mr. Sneyd has examined 3 other possi- 
bilities in the Porandalar River, the Kumbar Rircr 
and the Gundar River ; the last-named is useless for 
power. All are on map 68 F/7, 8. 

( 8 )  Palni H i l l s ;  Porandnlw River is formed by the 
junction of the Gundar and Vannantorainr (or Pum- 
barai) streams. There are some 200 to 300 acres of 
irrigated land in the latter valley, which would absorb 
all its water in a bad year. Storage on a comparatively 
small scale is possible, with a high and expensive dam* 
and the probable minimum flow with storage is taken 
as 16 cusecs. The fall available is about 1,600 it. so 
some 1,600 kW. continuous could be obtained. (Map 
68 FIT.) Dlr. Bneyd considered this project the moat 
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favourable one in these hills after the Pinjikave site 
(q. v.). 

(9) Palni Hills ; Kumbar (or Manjapdar)  River.- 
The upper reaches of this river, above 6,000 ft. eleva- 
tion, are entirely exhausted by terrace irrigation in 
dry years ; small reservoirs could be made a t  several 
points, which would be valuable for irrigation but not 
of suficient capacity to be worth their cost for power. 
Similarly, down to the junction of the three chief 
branches, all the water is required in the dry weather. 
Here there is a fall of 1,500 to 2,000 ft. to the plains. 
The minimum flow a t  the junction point, where the 
headworks mould be, is estimated a t  5 cusecs. With 
the small storages mentioned, if they proved reasonable 
in cost, 15 cusecs altogether might be obtained giving 
some 1,500 ItW. continuously. The headworks storage 
would not be more than that  of a large regulating fore- 
bay. 

(10) Vaniar River ; Shevaroy Hills, Salem District.- 
I n  response to a request from the Director of Industries, 
nladras, Mr. Tnte visited Yercaud to collect informa- 
tion as to the possibility of finding factory power for 
Salem in these hills ; the Vaniar River, 10 mi. N. E. of 
Yercaud and 21 mi. N. E. of Salem appears to offer 
the only practicable scheme (map 58 I). The catch- 
ment is 24 sq. mi. and a 40 ft. dam is proposed a t  a 
point opposite Vellakadal, 7 mi. N. E. of Yercaud. 
The run-off in the worst year, 1892, which followed 
tmo seasons of defective rainfall, is reckoned to be 
84 in. Taking the longest period without rain as 6 
months the required storage is estimated a t  half the 
minimum run-off, or 237 m. c. ft., which could be 
obtained with the proposed dam ; this, however, allows 
no carry-over. With a mbimum flow of some 2 cusecs 
and some 12 cusecs from storage the constant flow is 
assnmed to be 14 cusecs; the estimate appears to be 
conservative. There is a head of GOO ft. available, 
with n channel of unspecified length and a pipe line 
2,550 f t .  loug. A good forebay site apparently exists 
with ample regulating capacity. Six miles below the 
reservoir site there is an irrigation anicut on the Vaniar, 
with a supply chauuel irrignting a direct ayacut of 
99 acres aud feeding the Venliatnsatnudranl tank with 
au ayacut oE 250 acres. There is a further anicut 10 mi. 
lamer down feeding G5G acres directly and indirectly 
from Alarpuram tnnlc. The upper indirectly irrigated 
nrcu might bc affected, but i t  is probable that  with the 
continnous flow from t,he tail race tho ultimate effect 
wonld be beneficial to irrigation. 

Tho coutinuous power available is 14xG00/15 or 
any 450 kW. only and the cost would bo very high 
(nboat 18 Inkhs) ; but further investigatio~l may put a 
bottcr complexiol~ on the case. 

(11) Varahi River, tributa~y o f  Baladi, S .  Kanara Dis- 
trict.-The Kunchikal Falls on this river were examined 
by Mr. Sneyd in 1920, and pronounced favourable for 
development. While the falls are in British territory 
however the catchment area and storage sites are in 
Mysore. The site is on map 48 012 square A l  of 1" map. 
The catchment area is about 18 sq, mi. Iyiug within 
10 mi. of the edge of the Western Ghats. As there 
are no intercepting hills the average rainfall is probably 
150 in. ; there is a small area with this intensity on 
the rainfall map of India, including this catchment. 
On the lowest computation thcre will be a rnn-off of 
2,800 m. c. ft. average, and as this is greatly in excess 
of thc amount that  can be stored the figure is not of 
importance. A good storage site exists 400 yds. above 
the falls and with a 75 ft. dam some 300 ft. wide a t  
the base it is estimated that  250 m. c. ft. could be 
stored. There are also further storage sites higher 
up. D&culties mill occur as to  surplussing, both 
during construction and when mocking, unless the 
dam will allow of surplussing over its crest. The bed 
is solid rock and the sides are precipitous. From the 
information available i t  seems probable tha t  the best 
method of development would be by running a pipe 
directly from the draw-off point of the reservoir, leaving 
s d c i e n t  "dead water" to  enable silt to be cleared 
by under-sluicing. The cliffi on both sides of the ravine 
are very steep, and whether an open channel or pipe 
is used i t  would probably have to  be inside the cliff 
in tunnel. Mr. Sneyd suggested a pick-up weir 200 
yds. below the dam, but  there is no apparent necessity 
to sacrifice the (variable) extra head a t  the dam. The 
available head is given as 1,350 f t .  from a forebay a t  
the end of a short open channel, and will therefore be 
1,400 ft. or more if a closed pipe is used from the dam. 
The length of open channel is given as about 1,000 ft.  
in addition to  600 ft. of the river bed. This 1,600 ft.  
should preferably consist of a pipe, laid ou a com- 
paratively small slope, ending in a surge tower; the 
extra power obtained wonld clearly give n \-cry good 
return on the extra expenditme. The pressure pipes 
would then originate a t  the surge tower, and the cost 
of the forebay would be eliminated. The po\s7er house 
site is favourable and ample, and the whole project 
would be very reasonable in cost. 

There are further possibilities of diverting tlle blalatte 
(Malati) Hole Nala into the Varahi a t  the 2,000 f t .  
contour near Settigalakoppa. There is believed to be 
a flow of a t  least 20 cusecs minimum in this stream 
for G months, and ample water for the rest of the year. 
The proposed storage of 250 m. c. f t .  will give a further 
20 cusecs in the dry period, or 40 cusecs in all. This 
on 1,400 ft.  is equivalent to 3,760 k\V. continuoaaly. 
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The final possibilities are much greater. If the minimum 
run-off assumed can be stored it would give a further 
60 cusecs all the year round of 100 in all. The diver- 
sion involves a tunnel of only about 4 mi. in length, 
immediately S. of the place mentioned, on square 5 
of map 48 012. The l lalat i  Hole would then be dam- 
nled 2 mi. S. E. of tha t  point,where the 2,000 ft. contour 
crosses. The project is a promising one. 
106. Punjab ; known sites.-At present no hydro- 

electric survey has been initiated in this province 
because, as  stated above, attention has been concen- 
trated on one large project and i ts  branches. The 
first step in the Survey, ~vhich it is hoped will be begun 
this year, is to  make thorough reconnaissances of the 
whole Himalayan area of the five rivers and their 
tributaries ; it  will then be possible to  say what sites 
are worth detailed investigation. It may, however, be 
noted that  two projects usually associated with the 
Punjab, namely. t.hose on the Chenab a t  Riazi and on 
the Jhelum a t  Muzaffarabad, are actually in Jammu 
and Kashmir States, respectively ; they are noted on 
under this head. Such information as is available 
regarding Punjab rivers will be found in the following 
chapter. 

107. Rajputana ; Alwar ; known site.-Ruporel 
Ricer at Bara.-A proposal to make a storage weir a t  Bara 
(map 54 A) has long been under considerntion. Mr. Bull 
visited the site in March 1920, and Sir Thomas Ward, 
Inspector General of Irrigation, also visited the site. 
The dam site is in a narrow rocky gorge and very 
suitable. The annual rainfall varies from 9.8 to 58 in. 
a t  Thanagazi and the river runs dry in February. 
Doring 28 years there has been less than 10 in. in 3 
years and less than 194 in 11 years. From 1899 to 1903 
t,here was a run of bad years. and Mr. Bull considered 
tha t  at least a year's carry-over would be necessary. 
Tliere is no fall in the river, and the fall must therefore 
be obtained from so much of the dam a3 is below draw- 
off level. With a dnln of 100 ft. in height some 2,640 
m. c. ft. could be stored up to R.  L. 320 ft. Above 
R. L. 288 ft. t h i ~  gives 1,650 m. c. ft. of useful storage 
with a head varying from 92 It. to 60 ft. I t  is reckoned 
that  1,100 m. c. ft. are required for the load obtainable, 
thus leaving 550 m. c. f t .  or 6 mo. supply in reserve 
with a full reservoir. On an average head of 76 it .  
the continuous power mould be 160 kW. giving 1.45 
million units per nnnum, which can be taken a t  any 
rate required subject to the total limit. Examhation 
of the probable run-off shows that  even this could not 
always be depended upon, in a bad series of years, 
but  further investigation is required. The estimated 
conatant discharge of 19 cusecs in the cold weather 
nnd 44 cusccs from April to July would be valuable 

for irrigation. Mr. Bull strongly recommended further 
investigation of the river, both normally and in floods, 
a s  the percentages of run-off in the various years are 
based on experience and not on actuals. In doubtful 
cases like this actual gaugings are the only safe criterion. 
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 rivers flowing West. As they are 
consecutively numbered on the map prepared it will 
be best to give them here in the same order, with such 
particulars as are known. The power available is not 
stated. 

(1) Tambraparnir River, al Valiathumuga?n falls.- 
This site is on map 58 H, 1st. 8' 30', long. 77" 20'. There 
are falls of 1,200 ft. in If mi. with a very small 
catchment (about 34 sq.mi.) in the hills near Ambasanlu- 
dram. The river appears from the map to flow into 
the Indian Ocean ; there is another river of the same 
name rising near the same spot, flowing E., from which 
mius are worked-see para. 69. The falls drop 
into Kodayar Lake. The yield is not known. 

(2) Nevvor River, a1 Kombe-Kani falls.-This site is 
6 mi. W. of No. I of this list, on the same map. The 
catchment area is 5 sq. mi. only and there is a fall of 
500 ft. in 1 mi. 

(3) Z!tikarzi River, at Meenmutty falls.-This is 
situated near the road a t  1st. 8" 55', long. 77" 8' on map 
68H/1. The catchment is 116 sq. mi. and there is a 
fall oi 350 ft. in 7 mi. 

(4) Ifallada River, at h'adurutty frrlls.-This site is 
on a branch of the Kallada River, 1h mi. N. E.  of No. 3, 
and also on the road on the same map. The catchment 
is 50 sq. uli. and the fall 250 ft. in 2 mi. 

(5) Kallrrdu River at Ootakul falls.-This is 2 or 3 mi. 
N. W. of Nos. 3 and 4 on the same map. The 
catchment is 230 sq. mi., but the fall is not shown. 

(6) Oiri Aur Nala, tribulary of Kakki Au.r.--This is 
on map 58 G, lat. 9' lo', long. 77" 15'. The catchment 
area is under 5 sq. mi. and there is a fall of 40 It. only. 
The Kakki Ar~r  has a catchment of 83 sq. mi. at  the 
500 f t .  fall lower down. This is to the S. W. of Periyar 
Lake. This stream falls into No. 7. 

(7) Peruntenn,7it.i River, above junction with Kakki 
Aur (see 6). This site is within 6 mi. S. W. of a bay 
of Periyar Lake. The catchment of the Lake is 230- 
sq. mi. so that  the known inflow ehould be a good guide 
to all these neighbouring sites. The catchment of 
No. 7 is 53 sq. mi. but it is divided between3 tributary 
streams, two having falls of 250 It. and the third of 
360 ft. 

(8) Perir?joncutry River, tribulary of Periyar R., 
Cardan~om Hills.-This appears to embrace the 
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a Cardamom Hills reservoir " site, a t  one time proposed 110. Assam ; areas  not investigated.-Attention 
to supplement Periyar Lake. It is a t  Kallar, map 58 G, in Assam has so far been concentrated n~ainly on (i) 
lat. go 50', long. 77" 15'. The catchment is 73 sq. mi. the Cherrapunji plateau and (ii) possible sources of 
and there is a fall (Thural falls) of 300 f t .  some 5 mi. power for the projected Hukong Valley Railway link 
W. of Kallar. The suggestion may be ventured that  to connect Assam and Burma. As noted in the Prelimi- 

so many other sites near by this catchulent would nary Report, the whole area of the Khasia, Jaintia 
benefit the people of India more if utilized as originally and Garo Hills offer large possibilities which must 
proposed. remain entirely problematical until examined. The 

(9) illudrapuzhar River at Pallivassol falls.-A fall hills are mostly virgin forest, passable only to elephants. 
of 400 it. is already utilized here, a t  Munnar, ]nap 58 From Tura in the Garo Hills to Calcutta the distance 
F/4, vide para. 69. The total fall is shown on the is 250 miles, so that  much of the industrial area of 
map as 800 to  1,000 f t .  Bengal is mithin practicable transmission diitance of 

(10) Peri?yar River at Ifarin~bankt~rlra falls.-This site these hills. The Mymensingh and Dacca districts are 
is on map 58 G/1, west of 8 and S. of 9 and 12 mi. much closer, while the tea districts of Cachar and 
or so from each of these. The catchlllent is 300 sq. mi. Sylhet lie a t  the very foot of the Khasia hills. As the 
and there is a fall of 30 f t .  The excess fro111 Periyar general elevation of the hill plateaux is 3,000 to 4,000 
Lake flows donm its original course here, wit11 this feet above the surrounding plains, and the mean rainfall 
additional catchment. varies from 100 inches on the outskirts up to  300 and 

(11) Periyar tributary.-This site is some 14 mi. N.W. 400 inches around Cherrapunji the unknown possibi- 
of 9 and 10 and has a fall of 80 ft. nlap 58 B/lG. lities are great ; their utilization however depends 

entirely on large water storage sites being found, and 
CHAPTER 14.-AREAS AND RIVERS NOT YET these must not depend on very high dams owing to the 

EXAMINED. area being subject to earthquakes. I n  the absence 

of reconnaissances not yet under- of an.y information let i t  be assumed that  i t  may be 

taken.-~he following paragraphs show, by pro,,inccs possible to utilize the minimum rainfall of 100 in. 

and States, in alphabetical order, what relllnins to bc Over 500 sq. mi. (which is less than a quarter of the 
done before the first stage of the survey call be said elevated area), with an average head of 1,600 f t .  Using 
to be completed. The list itself may quite probably the a ~ ~ r o x i m a t i o n s  again in the present 
oluit lnany entries ~ h i c h  should be present, Sllch ReI'ort, lo0 in. over 500 sq. mi. would give nbout 3,000 
estimates of power as are given are far more specnlative CUSeCS the year, Or 3001000 kWs. on 
than those in earlier chapters, Lot in some cases (e.g., *'. head. It is to 

the Punjab) there is sonle definite inforlllation al,nilable. to locate a fraction of this power, as i t  is beyond cavil 
~h~ following table is a summary of this chapter, that  eight or ten times that  power is annually dissipated 

in the torrents. 
TABLE 49.-Summary of areas and rivers not esafitined, Of t,he large hill area. of Assam to  the east of the - rnnges mentioned i t  is better to say nothing, since 

! 
Provluec or 91.11~. , the country is wild and uncivilized and quite out  of 

I 1 .  reach of any industrial life a t  present ; the rainfall 
. - .  ~ - ~~p 

1'0~8. 110 . / .4sssm . . . . . l i  3011.000 ? 
however varies between 75 and 100 in. over many 

,, I l l  . Ilcn~nl. . . . . G~l).lllllO ? 
thousands of square miles of elevated land. 

., 112 . 1 Dllbnrnnd ~ r ~ s s n  . . . ao.o,~o 7 The Himalayan slopes on the n0rt.h of Assam are 
1 ., I l a  . , Uombny . , . . 18 ) 211.0011 1 in Bhutnu, and the great rivers which make a steep 

,, 114 . I nurnln . , . . descent into the Brahmaputra are snow fed from 
,, 11.; . I c0nt~t31 I ' T O \ I I ~ C C I  . . . I rnnges of 18,000 f t .  and upwards, with a rainfall pro- 
,, 1n1 . ' KRSIIIIIIT . . . . 20.000 ? bably exceeding 100 in. ; this area however is outside 
,, 11; . 1 >rn,lru , . . . , s . 0 ~ 0  1 the purview of the Survey. 

Mr. Blenkinsop reports that  " the Kopili River and 
t,l~e Sobansiri River should well repay investigation." 

V ~ ~ , O I I  ? 
The former has not been found in the Atlas, and no 

2u.000 r indication is given of its whereabouts ; the Sobansiri 
is a tl.ibutary of the Brahmaputra on map 83 I, flowing 

I -- 
TOTII. . in from the Miri Hills, north Lakhimpur. It has a "' I-T0x01r very large hill catchment and there is no doubt as to  

x 
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i t s  value for power ; but  i t  is very remote. Neither 
of these rivers appears in the Preliminary Report. 

The following is a n  alphabetical list of the sites 
suggested as possible in the Preliminary Report pp. 66 
et seq. and elsewhere, none of which have been examined 
as yet, with such information as was given before. 

(1) Abong River, North Cachar.-Near the Subong 
Tea Estate there is said to  be a good reservoir site, as  
noted in the addendum to the Preliminary Report. 

(2) Bhugai River, Garo Hills, map 78 I</7. This is 
unsurveyed so fnr as  modern maps go. The average 
rainfall from April to October is about 90 in. over a 
catch~nent  of some 85 sq. ~ n i .  a t  Silhat, where the 
Xaranga R. joins. 

(3) Dibrugarh.-A site, said to  be good for 26,000 
H. P., has not yet  been found or investigated. It may 
be  the Subansiri R. mentioned above. (Or Hukong Y.) 

(4) D~ulhnai River, Garo Hills, map 78 I</13. ~ l t  the 
junction of the Manda and Chinchnra tributaries the 
catchment is about 110 sq. nu. with an average rainfall 
of some 100 in. between April and October. The 
slope of the stream is steep, but  the area has not been 
surveyed in detail. 

(5) Jadukata or Kynshiatzg R., Khasiu Hills, map 
78 0 .  There are many falls on this river, and the 
catchment above those of 70 ft. shown on the ) in. 
map, in the Nongstoin area, is about 24 sq. mi. with 
a n  average rainfall of some 90 in. between April and 
October. 

(6) Jatinga River at Damckara, A. B. Ry.-This site 
is on map 83 614. A reconnaissance has shown tha t  
i t  is possible t o  store some 3,000 m. c. ft. a t  the hair- 
pin bend near mile 277 of the line, just below the 
junction with the K a  Yeng tributary, using a 90 ft. 
dam. The catchnlent is about 96 sq.mi. with an average 
rainfall between 144 and 250 in. I t  is reported that  
there would be great cLifficulty over the long flume 
required, of about 10 mi. The project has therefore 
been left over until Maibang has been further examined. 
Flow would be more than sufficient for 6 months 
annually, and the storage and flow would give 190 
cusecs for the rest of the year. Some 250 ft. of fall 
is  obtainable, giving about 2,500 kW. continuously. 

(7) J inar i  or Didram River, Garo Hills, map 58 K/5. 
This has a catchment of about 100 sq. mi. a t  Rocksaun, 
with rainfall of the order of 100 in. and a steep slope. 

(8) Kiang River.-Location unknown, but referred to 
in the addendum of the Preliminary Report as deserv- 
ing of reconnaissance. 

(9) Kopili River.-See beginning of this paragraph. 
(10) Zfulsi River, Khask  Hills, map 78 015. The 

catchment area a t  the Kulsi swamp exit is over 100 
sq. mi. with average rainfall of 100 in. The stream is 

IR RESOURCES. [Para. lU. 
perennial, and has a rapid slope and falls higher up. 
The swamp or lake is alnlost a t  plains level, but is of 
very large area. There are possible dam sites apparent 
on the 4 in. to the mile forest sheet 28 N. E.4, where 
the gorge is only 4 mi. wide. The bed level here is only 
184 ft. If, however, a high dam xvere built the water- 
spread would be very large, when once filled ; and the 
top 50 ft. or so might afford considerable power with 
the head due to  the balance of the dam above draa- 
off level. 

(11) Krishnai or Damring River, map 78 K!9. The 
catchment a t  Chelteret is about 200 sq. mi. and the 
slope is steep. 

(12) Monas River.-This flon~s into the Brahmaptrn 
from Assam, and has a large perennial flow. The fall 
in British territory may be considerable. (Map 78 
5/13.) 

(13) lMongsenng Lokc.-This is an alternative site in 
the Hultong Valley region, see para. 78. Mr. Ble~~kin- 
sop reported a storage site with a fall of 2,000 ft. 

(14) Sobansiri River.-See beginning of this para- 
graph. 

(15) Synzpana Nula.-See Mougseang lake above. 
This nala also offers storage and a fall of 1,600 It. 

(16) Uttzicot River, Iihasia Hills.-This crosses the 
main road to Shillong a t  Barapani, where a reservoir 
site may exist, \vith a catchment of 20 sq. nli. There 
is no infor~nation as to falls. (Map 78 0114 and 83 
C/1, 2.) 

(17) Unt Rai River, Iihnsia Hills.-This is a tributary 
of the Um Tra (q. v.) and crosses the Shillong road. 
The discharge here has fallen as low as 1 cusec. The 
Laroh rapids have not been identified. (Map 78 0113.) 

111. Bengal ; areas not investigated.-So far the 
Governnient of Bengal has been unable to look into 
its water-power resources. For the most part the 
province consists of the alluvial delta of the Ganges, 
and is practically a t  sea level. I t  was exr~laiuetl in 
the Preliminary Report that  rivers with a fall of a few 
inches to the mile in a flat plain cannot be utilized for 
power ; they are nlready liable to overflow their bauks 
with disastrous consequences, and any obstruction soch 
as n lifting dam (para. 31 supra) to give tlie lowest 
practicable morkiug " head," mould result in certain 
and fnr worse inundations. Furthermore tlie head so 
obtained mould be certainly lost through the d u x  
of the tail waters, in flood times. 

( I )  The smaller tributaries of the Great Rangit in 
the neighbourhood of Dar jeehg  have already been 
examined to some extent, but the Great Rnngit and 
the mein stream of the Tista, iuto which i t  flo~vs, require 
detailed investigation (Prcliminary Report, p. 70, and 
Appendix to List of Sites). These rivers may prove 
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Cnsccr. 
suitable for the ordinary type of low head lifting dam ~ l ~ ~ ~ l ~  ~i~~~ ~~~i~~~~ . . . , . 3,081 

development. T h e d a c u l t i e s  of construction mould o a n g a l i ~ i v e r  . . . . . . . 276 
be considerable, but there Are well known parallel dlflldaDis'ricr. 

Tangan River near hlucl~ia . . . . . 78 
cases of large rivers being harnessed in Steps a t  a series. Knlindy n i rcrncar~emnSara i  . . . . 127 

of lifting dams ; ~ l d c  para. 31 supra .  Up to  the B o g r f r ) u ~ $ ~ ~ ~ b n  near Rahanl'ur 

junction of the two rivers near KahIpOng there is a Karntoga Hirer near f milo E. of Titulia . . 33 
f a l l o f o v e r 3 0 0 f t . n r i t h a  minimum discharge said NngorcRivcr l 5 $  

Tul.shigangaRiver . . . . . . 74 
$0 amount to 10,000 cusecs. If  i t  Were possible to  Jnbr~na River . . . . . . . f 
develop this power in stages it nrould amount to 200,000 D u " ; " ~ , " ~ ~ ~ i r o r n e a r  Railway ,,ridgo . . . 231 

1iW. minimum. Kuvi Uinna River, near bridge . . . . 3 

(2) Above the junction the slope increases greatly, ~;;~~~"I;;~,","~:$~~,",F,"~~,~~: 1 : : ,,$ 
and the minimum discharge of t,he Tista alone is said Jnnti Rivcrncnr Jaintl. . . . . 15 

to be 1,260 cusecs up in Northern Sikkim. If develop- DflrjpclingDiarricr. Littlo Rnngit at R. I,. 3.000 near Pul Bozar . . 23 
merit proved feasible the two rivers above their junction Knhil (or Bnluobash) a t  H. L. 8.000 It.ncar P I I ~  Bnzar 

(apart from triblltaries) possibly give another Bnln1"" Rivirrr (19lW-not mininun . . . 2 
Rnnjoo nnd Rynng (19l6)-nenr Tistn-not minimum 50 

800,000 ItW. and as a rough conjecture 400,000 1tW. Chillaeo,tgDislricl. 

may be entered. Even allo\~ing for the fact that  ~ ~ ~ ~ ~ ~ ~ ~ ~ r ~ f ~ ; , " ~ , " ~ ~ ; ~ f , " t  : : 
suitable sites cannot al\\.aye be found i t  is probable s ~ ~ ~ c I ~ ~ ~ ~  Jnorin Nala . . . . . 1% 

that  the Tista and its tributaries together could be ~ ~ ~ ~ : , " d ~ ~ ~ ~ $ ~ ~ r ~ J I O u ; a  : : : : i: 
llarnessed to give 500,000 kn'. in the aggregate. The Hiznlia (Itcjoo) a t  bridge . . . . . f 
question therefore resolves itself into (i) investigation ~ ; ; ~ ; ; ~ ~ f f ~ ~ ; ~ ~ ~ ~ u u l i l ~  : : 1 
for possible sites, (ii) the econoruics of developing these snntn nt Snnts . . . . . . . nil. 

in competition with Bengal coal. Hnldn at \Vnzirhat . . . . . . 2 i  
Dolu a t  Somndurpara . . . . . . 11 

(3) The Hill Tippers ranges and t,heir continuation Ir I~o~~ in t in t  Rangoomis . . . . . nil. 

in tile Chittagong Hill Tracts are even less known, and SilakntSilnk . . . . . . . 5 

i t  is irnpossil)le to say what polver they may contain. 112. ~ i h ~ ~  and orissa ; areas not investigated. 
The annual rainfall is probably over in. UPon a ~t will be seen else\~,here in this Report tha t  not much 
hill area of 1,500 sq. mi. or more, equivalent to sonle of this province has been examined so far, ~h~ northern 
9,000 cusecs for tile Year ; but the main rivers boundary is below the foothills of the Nepal Himalayas, 
to be mostly a t  altitudes below 500 ft,. Whether the and if any developnlent is possible here it can only 
great storages, n'hich the sheets appear en- take the form of lifting dams with low heads on the 
courage, are in fact present; and, if present, nrhether rivers debouching into the plains. of these the ~~l~~ 
they land which be sheets show (from East to West) the Kankai, the Kosi, 
flooded ; it is for the future to decide. In  any case the ~ ~ l ~ ~ ,  the ~ ~ ~ , l ~ ,  the ~ ~ ~ h ~ ~ ~ i  together with 
the falls obtainable would depend on lifting dams some smaller rivers, Of those mentioned the gosi 
and mould be low and therefore expensive iu terms is by far the largest, In the absence of informrrtion 
of h o r s e - ~ o ~ e r  f'oul "'red water. 1' is however by as to cold weather discharges i t  would be rash to Rpecu- 
no means impossible that the district has considerable late on wllat power (if any) could be depended upon 
power, as there are no clet,ailed uraps available of this frolu rivers. The rainfall rises from 50 Ill, to 
pra~t,ically ~~nsurreyed area. It is little more than T5 in, over the border in the higher altitudes is 
guess work Lo say t,hnt fro111 30,000 to 50,000 kJ1'. probably greater; the winter rains in the 
arc prohnbly ohtninnble. Discharges of certain strealus higher altitudes mill lie as till late in the 
iu Chittogong district folio\\;. while the Kosi and it,s great tributaries are fed from 

illiniwrcon disclror,qes ob.~rrr'ed i11 i l l ~ t rc l l -Apr i l  191.9.- great range itself, including Mo,mt erese 
In  tlre nbsence of more dctailed infor~nation the follon.- and GaIlri Saultar, If therefore lifting drrnls a,re 
ing discharge ol,ser\rations mny he recorded. Of the practicable within the borders of the prov,nr,,, i .e, ,  
strenms mentioned. the Jaldalta is dealt with elsewhere in if they can be built without flooding large stre* shes of 
ttris Report, os also are the Darjeeling strearus. agricultural land-the possibilities are considerable ; 
~ ~ / ~ ~ , ~ i ~ ~ ~ ~ i  r ) i . ~ ~ ~ ; ~ t .  ~rnsrcs. but no estimate is possible. 

Alnl~nnnnrln Hivcr nt Tilr~lin . . . . . l i 2  
Knrntos . . . . . . . . 40 Regarding the Hnzaribagh-Ranchi plateau, drained 

by the Damodar, the Subarnarika and the Brallmani, 
nonglntr Dtrtricl. 

Jnl~onnsnri River oenr ~ n d ~ ~ r g n n ~ a  . . . 100 with their many important tributaries, the general 
G l ~ a g ~ t  River nenr Railway bridge . . . 24 elevation is over 2,000 ft. ruuning up to 3,000 end 

x a 
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(14) Zfoel River, North.-Two places have been 
reported from the Son Canals reservoir survey as 
possibly useful. Each has a fall and rapids amounting 
to  150 ft. The Gazetteer mentions the rocky bed and 
rapids north of Hutar coal fields (map 73 All, 2) and 
near Parro. 

(15) Konhar River, Sarguja atld Palamnu.-There are 
5 or more falls on this river, falling from the Sonabiro 
plateau, close to the border between Bihar and the 
Central Provinces, including the Chota and Burra Pooai 
Ghag aud Post Gllag, all apparently in Sarguja State. 

(16) Ifosi Riser.-See introductory remarks to this 
paragraph. 

(17) K u r l d i  River, Bonai.-The Gazetteer says that  
" the stream runs fast and clear, falling in cascades 
along its boulder strewn course and forming deep pools 
and eddies ; on both banks it is closely shut in by tower- 
ing forest clad hills." Lifting dams are a possibility. 

(18) Mohana River, tributary of Phalgu, Hazaribagh. 
-In the Preliminary Report, p. 72, the Tamasin and 
Harikhal falls, of 50 and 60 ft., were mentioned ; they 
are 10 mi. S. of the Grand Trunk Road. Extra head 
can be obtained a t  Itkhori and storage from 200 sq. 
mi. of catchment may be possible. The site has not 
yet been examined. (Map 72 H/3, 4, 8.) 

(19) More River.-See Bansloe R. ; the same data 
are available for this similar river. 

(20) Nerhr1iat.-A fall of 900 ft. is possibly obtainable 
here, but the catchment is small. The site has not 
been examined fully. 

(21) Rozo River.-Rlr.Clayton reported that  there were 
" obvious possibilities " in the way of small falls (prob- 
ably lifting dams) combined with storages in this river: 

(22) Sankh River, Rajaera.-There is a natural fall 
of 175 ft. 3 mi. from Rajdera,Pakripat-Netarhat plateau, 
and by means of a danl 4 mi. above the falls 350 ft. 
could be obtained. The power station site however 
mould not be convenient, and the open channel would 
be expensive. The catchment is only 32 sq. mi. A 
cheaper alternative would be to dam the river a t  
Rajdera and tunnel 600 yards through the hill, when 
a fell of 500 ft. would be obtained. The project depends 
on storage however, and i t  is doubtful if as much as 
750 kW. could be obtained. Examination is however 
desirable. (Map 73 A/3.) 

(ii) The site nt Perun Ghag, lower down, 12 mi. N. of 
Icochdega and 4 mi. E. of Kundra, on the Gumla road, 
1 1 ~ s  also not been examined ; see Preliminary Report, 
11. 72. The natural fall is only about 23 ft., but  i t  
could be raised by a lifting dam no doubt. The catch- 
ment is 900 n q .  mi. (Map 73 B/5.) 

Enquiries have been made regarding the Sankll in 
connection with aluminium refining. 

(23) Son River.-This has not been examined ; 
storage would be valuable for irrigation in the Son 
Canals. 

(24) SuGarnareka River.-For the Hundru Ghagh falla, 
see " Sites investigated " in Chapter 12. The 
Chandil site, 4 mi. from that  village, has not been 
examined yet. By storage and a lifting dam (or dams) 
for head, there may be useful developments. The 
storages above Hnndru Ghagh falls would ~uaterially 
benefit this lower scheme. (Map 53 J/5.! 

(25) Usri River, Hnzaribagh.-The Irrigation Depart- 
ment in Bengal reports this river and its proposed storage 
as useless in that  province ; but i t  may be possible to 
develop i t  in Bihar and Orissa. There is a fall of 180 ft. 
a t  Usri, 7 mi. from Giridih, near the Gobindpur road. 
I t  has not been examined. The Bengal Government 
contemplate flood regulating reservoirs on the Upper 
Damodar and Barakar rivers, below the Usri junction. 
113. Bombay ; areas not investigated.-As noted 

in para. 82 supra the Survey has been closed down 
by the Government of Bombay. The work so far 
done has been facilitated by Mr. Beale's earlier survey 
of the irrigation possibilities of the Deccan from reser- 
voirs. While the Northern and Central areas are the 
most likely to develop indnstrially, there are equal 
possibilities further South though in regions mhich a t  
present do not rcquire power. I n  this connection 
there is always a chance that  possible industries may 
not be pushed forward for lack of power facilities while 
power sites are not examined because there is no market. 
One of the objects of the Survey was to  break this 
vicious circle. Generally it lnay be said tha t  the whole 
Presidency has been divided up into districts, iu each 
of which reconnaissances have been made of likely 
sites ; bat  another two years' work a t  least \voold 
have been required before it could be said that  the 
water power resources of Bombay mould be known. 
I n  Sind there kems no likelihood of finding water 
power on any nseful scale ; the projected Sukkur 
barrage on the Indus appears a t  first site to  be attrac- 
tive, but during floods the small head given by this 
barrage will completely vanish. Even the power 
required for operating the gates will, it  has been decided, 
be supplied from a fuel driven power station. Here- 
after, i t  is said that  the Rohri canal, fed from the 
barrage, will have falls aggregating some 40 ft. mhich 
can be concentrated and produce some 16,000 h .  p. 
(according to Dr. Sumner). -4t present however the 
canal is not built. 

The following is a list of rivers and eites not examined, 
with such information as is available. 

(1) Bhnrsa Riuer, Thnttn District.-There are said tu 
be falls in this river a t  8 site indicated near Shahpur. 
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but no details are known except that the rainfall in the 
catchment of nearly 400 sq. mi. is very high ; probably 
200 in. or more in the ghat area, from local information, 
though there are no records of the .Meteorological 
Department there. I t  practically all falls between 
June and September. A power scheme might interfere 
with the Bombay water supply, which is of vital im- 
portance. (Map 47 E/7.) 

(2) Bl~inin River. Poona District.-This was investi- 
gated during Mr. Beale's survey, for irrigation, and it is 
probable that a combined project is possible. 

(3) Ghatpraba T'alley, Belgaun~ District ; as in (2). 
(4) Ghod River, Poona Dlstrict ; as In (2). 
( 5 )  Girtha Rzwr, Naszk Dislrtct ; as in (2). 
(6) Go(1aver.y River, Nas~k  District ; as in (2). 
(i) Ind~ts Ricer at Sztkkur.See relnarks above in 

t h ~ s  para. 
(8) Iindoa River nnd tributaries, Nasik District ; see 

( 2 ) .  
(9) Xolaba District.-Only small power schemes are 

possible here. 
(10) Iirishnn T'alley, Sotarn District.-See remarks on 

serial number (2) above. 
(11) AIalapraba River, Belgatcm District.-There are 

falls in this river but no details are known a t  present. 
The catchnlent area is about 250 sq. mi. and extends 
through the zones of 30 to 100 in. rainfall, which nlostly 
falls between Way or June and September. I t  has 
been investigated for irrigation, and a conibined scheme 
is probably practicable. (Map 48 RI/l.) 

(12) nlttla River, Ahmednngar District.-There are 
two Bombay rivers of this name ; one is dealt with 
under the " Nila Mula Project." The other rises in 
the Trimbak hills, which have a rapid drop from about 
6,000 ft. elevation doan to 2,000 ft. The catchment 
area a t  the site indicated appears bo be about 180 
sq. mi. with n monsoon rainfall averaging 30 to 40 in. 
but probably far higher in t,he upper reaches ; it is 
confined however to the monnoon period. The river 
has been examined for irrigation, nnd n conibined 
scheme mav be possible. (Map 45 Ei11, 16.) 

(13) ATirn R i r ~ r ,  Bhor Stotr and Poona.-This has 
been investigated for further irrigation n.ork and a 
combined schetne may be possible. It was noted in 
the Preliminary Report that " nfter the new Bhatghar 
Dam is huilt much more power will be available, 
eqpecially if the l'ir Tnnk is enlarged to pick up the 
tail waters and store them for irrigation. The Ing 
falls or rapids also appear to offer sonie power for 8 
months ; some 1,700 e. h. p." For the Bhatghar dam, 
see " Power Developed," Chapter 10. 

[Para. 114, 

(14) Prajhra River, West Ifhandesh ; see remark on 
s'erial (2). 

(15) Pur River, Nasik and Dhurampur State.-Mr. 
Bowers notes that a project on the lines of that on the 
Damanganga River (para. 99) may be possible. 

(1G) Ratnagiri District.-Ody small schemes are 
possible. 

(17) Tungabadra Racer, Belgaum District.-This has 
been investigated for irrigation and appears promising 
for a combined scheme. 

(18) Wakal River, Udaipur State.-A high fall project - .  
may be possible here ; see also para. 122: 

In  addition, Mr. D. A. Vichare, L.C.E., M.L.A., 
late Executive Engineer, Bombay P. W. D., has called 
attention to the latent possibilities of the rivers in 
Kolhapur State. These are all tributaries of the Kistna, 
rising in the W. Ghats, and include the following :- 

Dudhganga R., map 47 L/3. 
Panchaganga R. with its tributaries the Kasari and 

Bhogavati, and the Tulshi which joins the latter, all 
on map 45 L/1, 2. 

Varna River, map 47 L/1. 
Vedganga R., map 47 L/3 and its tributary the 

Chakotri River. 
114. Burma ; areas not investigated.-It will 

take some years to make reconnaissances of all the 
possible sites in Burma, of which there are certainly 
hundreds, apart from further possibilities in the great 
rivers. No doubt many of the rivers in the list below 
may eventunlly find their place among the " useless 
sites," but time alone can show. 

(1) Bean Racer.-There is said to be a fall of 1,100 ft. 
on map 9.5 5/12 and K/9. 

(2) Bilin River, near Papun.-This is said to be 
worth examination for storage sites, but it runs dry 
ior 3 months. No information as to falls (map 94 G). 
There appears a possibility of diverting part of the 
head waters of the Thelaw Klo and Yunzalin rivers 
into this stream. 

(3) Che Chaung, Ynw district.-This stream rises on 
the Mt.  Victoria range and is reported to have " plenty 
of water " even in the dry season. I t  is also stated 
that any one of the mountain valleys here could be 
used for storage. There is a promising gorge about 
4 mi. ahove Yeshin village, 45 mi. from Pauk. 

(4) C h i p i  Chau11g.-This tributary of the N'BIaiba 
comes from the Panaa pass, map 92 I</l ,  and is 
reported to have a rapid fall. 

(6) Chirikha streanr.-There is a fall in this of about 
150 It. in 4 mi. near the 8th mile on the Sinlum-Loilaw 
road ; also a further fall of 50 ft. where it falls into 
the Taping River, between Kalichel and Khalon Kha 
on the Chinese road (map 92 H/11). 



:Para. 114.1 BURMA ; AREAS NOT INVESTIGATED. 151 

(6) Dabalat watcrfa1l.-This is on an unnamed tribu- 
tary of the Lesser Tenasseriln River. About 30 mi. 
from that town there is " a large fall." 

(7) Enkan gorge.-This perennial stream in t,he 
Katha district is said to be worth examination, but  i t  
has not been identified. 

(8) Hpazvngaw Cl~nung, tributary of Nan1tu.-This 
is said to fall 2,000 ft. above Hkelawng. The flow 
on 19 Rlarch 1920 was 120 cusecs and the ~ninimum 
is believed to be about 100. 

(9) In&wg?ji Lnke.-This has an area of some 40 
sq. m. and a low dxm would impound an immense 
volume of water. There is a perennial flow from i t  
domu the Indam Chaung and regulation m o ~ ~ l d  be 
simple. There ia a o  information regarding falls. Map 
92 C/7, 8. 

(10) Ifnding!tsin Chaung, Prome.-There is a fall of 
about 50 ft. some 12 mi. N. of Paukkaung, with liills 
on both sides which would facilitate dam construction. 
There is a large flat valley above, nlostly of waste land. 
The stream is dry for 3 months, but  with the large 
storage available there are possibilities (map 85 1\1/12, 
N/1, 9). There are further falls higher up. 

(11) Kaw IfareiL Chaurzg.-This rises on the Dawnas 
a t  about 3,000 ft. and has a rapid fall through a narrow 
gorge. The stream is believed to be perennial. 

(12) RLin. or Ifi,l Chaung.-This is a tributary of the 
Namrneik and Shweli ou maps 93 A/4, 8 and B/1, 5. 
A discharge of 76 cusecs was measured near the junction 
with the Kinme or Konwet, in 1919, but the date is 
not given. There appear to be many falls, including 
one of about 600 ft. near the road crossing, but little 
is known for certaiu. The Bernard Myo (q. v.) joins 
this stream. 

(13) RUPZ Cl~zung, Tou~zgoo.-This is said to have 
possibilities. The tributary Sinmakadin has falls but  
storage moold be necessary as the flow is very small 
a t  the end of the dry season. Map 94 A k B. 

(14) K!lac~l;g!/i Chou~zg, S1~wegyitz.-Said to have 
possibilities. Map 91 116, 13. 

(15) Ryauhit  Chmng, Yaw.-This rises on BIt. 
Victoria and has a very steep descent with a perennial 
discharge. Map 84 H/3. 

(16) Lnm Pai  Cl1~ung.-A tributary of the Haungtha- 
raw, 26 mi. S. of Kaw ICareik. I t  rises on the Dawnas 
a t  about 3,000 it. and has a rapid fall. Map 94 
L/ 3. 

(17) Lampar River.-Said to be perennial with a large 
fall. 

(18) Lemri~ River, Ak:lab.-This flows into Hunter's 
Bay and is said to have possibilities in the " Unadminis- 
tered Area." Map 84 H/B, 7, 6, 2. Downstream from 
Pengwa the river has been examined without EUCCWS. 

North of that  place there is a hair-pin bend which 
~vould give a fall of 200 ft. with a 3-mile tunnel. The 
discharge in April 1921 mas 400 cusecs, but  heavy floods 
come down. 

(19) X e n p  Riuer, i1lergui.-Said to have power sites 
and has a catchment of some 700 sq. mi. Map 96 1/15, 
16. 

(20) Lilti Chototg, tribuiory of illon.-Near Paungseik, 
Shwegyin District, there is a fall of 100 ft. with peren- 
nial flow. BIap 94 B/14. 
(a) Jladnya Riaer or Nantpni, tribuimry of Irrazca~ld!/. 

-This has a n~inimum discharge of about 350 cusecs 
near 3Iandalny and 200 cusecs 8. of Kyauktalone. As 
high up as Wogolc i t  also has a good discharge a n d a  
fairly rapid fall of about 60 ft. a mile. As the bed 
slope is mostly very even any development by canal 
would be expensive ; but for lifting dam development 
i t  would probably be ideal as the stages mould have 
great storage capacity. The catchment a t  Gwe Kyaung 
is about 1,200 sq. mi. Map 93 B. There are some 
rapids and falls as  well as storage sites. 

(2'2) illaisa lfhai/tg Chnu~lg.-The site has not been 
identified but  two falls of 50 and 75 ft. are reported 
near I<yaulcpon. Also two falls of 40 and 100 ft. 
higher up, ltno\vn to  the ICarens as the Don\ve and 
Kyaukop falls. Map 94 1 .  

(23) illali Rka.-This is one of the main sources of 
the Irrawaddy. At Lat. 26' 51' i t  contracts to a 
width of 40 or 5O.yards a t  Taping gorge. The perennial 
discharge is very great and small falls are known, but  
floods (unless regulated) would render development 
difficult. BIap 92F/lP to  16. 

(24) llIatt Riuer, tributary of Irratoad(1y.-Said to have 
possibilities below Ngape. A discharge of 40 cusecs 
was found near Pnyagyi on 7th April '1919, but  the 
river nlay dry up. There is a possibility of piercing 
the watershed. The district is very unhealthy. Nap  
84 L/8, 12. 

(2.5) illat~ipur Ricer, triblttary of iVIyitt1ta.-This is 
stated to be good for about 3,000 kW. but little is 
known about it. ' The stream has a quick descent 
and is subject to heavy floods from a catchment of 
4,000 sq. mi. The great Loktak lake near Irnpbal in 
JIanipur is included, and could clearly be used for., 
flood regulation. (Map 83 H.) 

(26) Mawlml or Ledan Chaung, Railra.-There is a 
big fnll reported on this stream 3 m. above Mawhan 
railway station, mile 620. Above the fall there is a 
flat open valley with no per~uanent cultivation, suitable 
for storage. This would bc required, as  the stream 
runs low in the dry weather. Map 92 D/2. 

(27) itfindon or Maton Chaung, tributary o j  1 r r a d y .  
-The upper reaches in Thayetmyo district are seid 
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to  be worth examination. Map 85 I. The catchmen$ 
is about 600 sq. mi. 

(28)  Mole Riwr, tribtitary of 1rrawirddy.-North of 
the Taping this falls rapidly along the Chinese frontier 
and down a narrow gcrge as it leaves the frontier. 
Power of about 4,000 liM7. could be cheaply obtained. 
(29) ~1Ii1~paw.-A 30,000 11. p. scheme has been 

mentioned, with a fall of 280 ft . ,  but i t  is not identified. 
May be the Nampaw on map 93 El13 ? 
(30) Jlon River, tribtttary of 1rrawaddy.-This rises 

in the high lands W. of Mt. Victoria. The upper 
reaches are said to be worth examination, but nothing 
definite is known as to power sites. Below Hnlindingyin 
and above the canal headworks a t  Mezali it is probable 
that good storage sites may be found, useful both for 
poner and irrigation. The discharge a t  the canal 
headrrorks in May 1919 was 450 cusecs and above the 
junction with the Dwe Chaung 259 cusecs. There is a 
good slope in the higher reaches, but they are very 
unhealthy. Cat,chnlent about 800 sq. mi. Some of 
the tributary strenms, especially that joining near 
Dwe, look favourable on t,he map (84 L/2). This 
tributary carried 48 cusecs near Paiksok in April 1919. 
(31) i l l r c  River.-The lowest recorded discharge is 

95 cusecs ; locality not known. There may be possi- 
bilities in the upper reaches. Map 84 &I. 
(32) illyaungclto Ricer, Tlralerlan Forest.-Said to 

have possibilities 28 mi. from Padaung, opposite Prome. 
The discharge is not great but, a fall of 1,000 ft. is 
believed to exist. 
(33) ;IIyictha River, tr&tttar!/ of Cl~i~tdwi~t.-Near its 

junction with the Chindwin this river, which includes 
the Manipur River (q. v.), is said to have a series of 
rapids and a large discharge, but it is of doubt,ful value 
except iu t,he upper reaches ahove Kalewa. The 
lower reaches are a t  t,imes navigable. The catchnlent 
area is about 10,000 sq. mi. A value of 2,000 kW. 
has been taken, but this is very speculative and pro- 
bably far below the mark. Map 84 I. 
(34) Alyitnge River, tribulary of 1rrawaddy.-Part of 

the lower reaches of this river was examined in 1920. 
The hair-pin bend 20 mi. E. of Meymyo proved dis- 
appointing, as t.he drop round it is only 20 ft. The 
river is used for logging and carries a normal discharge 
of the order of 5,000 cusecs. The floods rise 30 f t .  
or so and it is very doubtful if the river can be used 
unless it be higher up. 

(35) Nam Chit, tributary of Shwe1i.-Said to be 
pe~ennial and to have falls of some 300 ft .  (Map 
93 Ei2.) 

(36) h'am Et Ricer, trilutary of Myitnge.-This is 
known also as the Namlang in the lower reaches. The 
river ie reported to have falls varying in height up to 

12 ft. between Keng Ram and Na Makkaw. An 
examination of the map (93 C/10, 14 and GI1 to 3) 
shows considerable fall but i t  is not known whether 
a useful head can be obtained in a reasonable distance. 
The dry season discharge is said to be about 300 cusecs 
from a catchment of about 1,000 sq. mi. 
(37) Nam Haw.-This falls into the Salweeu below 

Mahnung and is aaid to have power sites. Map 95 
Jlll. 

(38) Nami Chaung.-This tributary of the Chamgpi, 
Namnleik and Shweli is believed to have a 
discharge 01 8 cusecs with a fall of 1,500 ft. or more. 
Mall 93 A/12. A branch of the same might also be. 
used. 
(39) Nan1 Hka, tributary of Nam Lung.-Falls on this 

stream near Mong Tung, N. Shan States, have been 
mentioned. (Map 93 F/4, 8, 12, 16.) 
(40) Namh11ak Hka, tributary of Taping and 8hweli.- 

This has a "good volume of water even in thedry 
season." At a place about 3& mi. from the Sinlun- 
Monglai road thero is said to be a fall of 800 ft. in 4 mi. 
(Map 92 H/7, 11.) 
(41) Nani Hsawn or Num Along.-Said to have a 

good fall and discharge above its junction with the 
Nnmma. Map 93 J/5. 
(42) Nan1 Hsin.-Has been mentioned. Map 93. 

PI?. 
(43) N a ~ n  Lam, tributary of the Shweli.-This stream 

joins the river on the L. bank just above Icyusa aud 
16 mi. above Molo. I t  is reported to fall 2,000 ft. in 
about 4 mi. in cascades of 20 to 100 ft. The stream 
is perennial, with a fair flow in April, and neighhouriug 
strea~ns could probably be combined with it. Mnp. 
93 E/3. 
(44) Nn~nli Hka, trib~~lary of N'Mai Hka, Bhamo.- 

Rises at  an elevation of over 8,000 It. S. of Badon and 
is said to have power sites. Map 92 G/14, 15. 
(45) Nan1 Pan, tributary of Nam Tcng.-Reported to, 

have a dry weather discharge of 400 cusecs and a 
considerable fall near its junction with the Narn Teng. 
Map 93 H/12, 16 ; L/3, 4, 7, 8. 
(46) Namparga River, tributary of Chindwin.-Said to 

have a large discharge and rapid slope. 
(47) Narn Pawn, tributary of Sa1ween.-This river is 

navigable up to Lat. 19' and has a large perennial 
discharge. There are falls between Hsatung and. 
Karemi, but of no great height, and there are   rob ably 
rapids .in t,he upper reaches. The catchment above 
Lat. 20" is some 1,GOO sq. mi. with rainfall of 40 to 50' 
in. Map 93 G, H. 

(48) Narn Su.sa.-Has possibilities. Map 93 A/12. 
(49) Nam Tabet or Tabak Ir'ha.-This tributary 01 

the Irrawaddy is said to be worth examination new 
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Sima, map 92 G/12. Where the Lwema Kha joins up, 
2 mi. E. of Namlang, there is a gorge with a drop of 
about 160 ft,. with a good perennial discharge and 
possible storage. 

(50) Narn Tciwn C'hciung.-This is said to have a good 
discharge and several falls. i \hp  93 13/10, 11, 14, 15. 

(51) ATa+lb Teng.-In addition to the site mentioned 
earlier there is a further one reported nearer the source, 
with a fall of 150 ft. 

(52) Nnmyok Chaung, triburary of the Uyu and 
Cl~itlduri?a.-A perennial stream with a fait discharge 
and said to fall between 2,000 and 3,000 it .  in 10 mi. 
Blap 83 0, P. 

(53) Na?n Yotiz.-Has been mentioned as possible 
near its junction with the Nam Teng. Map 93 H/12, 16. 

(54) Na,wng tltao La&.-At Wan Man 3 mi. N. of the 
junction of the Nam Tamppak with the Nam Pawn. 
The lalrc is fed principally from springs a t  its northern 
end and is reportcd to be deep. The discharge iuto the 
larger river is by a swift streaul now \vorlcing several 
country oil-mills. Probably 1,000 to 1,300 ft. or more 
head could be obtaiued. Map 93 El5 and 92 H/4, 8. 

(55) N'Maikluz River.-One of the main sources of 
the Irrawaddy. I t  has many rapids and the discharge 
is large (2,000-4,000 cusecs ?) all the year round. 
Map 92 G/10, 14 ; J/4 ; El l .  

(56) Pathe Chaung, Toungoo.-This may have enough 
power for immediate local needs, but  is a small stream 
without reservoir sites; it has been brought to notice 
because i t  rises ncar Thandaung, where the rainfall 
is over 200 in. Map 94 A/12. 

(67) Pin  River.-This tributary of the Irrawaddy 
flows from the old volcano Popa, ncar Paltokko and 
Yenangyaung. The catchment a t  RIagyigon is about 
40 sq. mi. only, but  the stream is spring fed. Map 
84 014, 8 ; P/Z, 6. 

(58) Pyu River, Toungoo.-This stream leaves the 
hills by a gorge with a fall in it, some 64 ~ n i .  from Pyu 
railway station. The dry weathcr dischnrge is very 
small, brit the stream is said to be worth examination. 
Map 94 B/2, 6. 

(59) Snli?~ River, tribzrtary of Irrawndd?/.-Reservoir 
sites a.re said to exist on this river and mould be neces- 
sary, as the raiufall is not great and the discharge of 
the tributary streams falls very low. Therc may be 
p~ssibilit~ies in the rc~note Mt. Victoria area. The 
tributary which runs from Kodakham towards Laungshe 
is said to be worth reconnaissance. There is no defi- 
nite idormation, but it is believed to 1)e good for 750 
ItW. with storage. 

(GO)  Saio Chnu.ng, Ynw.-The gorge above Saw and 
76 mi. from Seikpyu can, it is ~aicl, be dammed to  a 
height of 80 or 100 it .  There is a good dry weather 

flom and considerable fall in the upper reaches. (Map 
84 K/4 and G/16). 

(61) Shwegyin Chaung ; see Yunzalin River among 
siles investigated. This river itself may also have 
sites. Map 94 G/13. 

(62) Sinma Ifadin Chazmg, Toungoo.-A fall of 80 
ft. is reported on this tributary of the Knn G%aung 
(q. v.) 24 mi. horn Pyu. It is perennial. 

(63) Sinbo San Ma falls, Tavoy.-A series of sninll 
falls. Map 96 J/7, ctc. 

Tabak 11laRiver.-8ee Nam Tabet. 
(64) Tandin falls, N. Araka?~.-This river is used 

for timber flotation and has a 60 ft. fall which may 
be worth reconnaissance. Map 84 D ?. 

(65) Tenasserin~ River.-Rapids and waterfalls are 
reported in the upper reachcs of this river. Map 94 
J, 0 ,  P ,  L. Exau~iuation is in progress. Below 
Mitta there seem to  be no falls, but  there are reservoir 
sites which could be utilized for lifting dams. The 
discharge is not known. 

(66) Ynw River.-This rises on &It. Victoria range 
and is said t,o have a perennial flow and a rapid bed 
fall. A dam site has been suggested where the stream 
brnlts  through the Pondaung range of hius, 20 rn'. 
Iron1 Paok. Map 84 K/3, 7. 

(G7) Ye Pynn tunterfal1.-This is on an unnamed 
tributary of the Hpawngaw Chaung, about 20 mi. E. 
of Maymyo and 4 mi. N. E. of Hkelawng. The stream 
falls from a plateau a t  4,000 ft,. elevation and has a 
sheer drop of about 1,000 ft. The discharge on 19 
March 1920 was G$ cusecs, so that  storage would be 
required to  make anything of the site. Map 93 B/12, 
1G. 

(68) Y ~ L  River, tributary of Chindwin.-There are 
falls about 20 mi. up from the eoduence which are 
said to be worth examination. Map 83 L/3, 8, 12. 

(69) Znglrayi River.-There is a waterfall in forest 
compartment 91 and thc river is believed to be worth 
prospecting. Map 34 G. 

(70) Zingyail: Chn~ing, Thaton.-Although this runs 
dry for some n1ont.h~ reservoir sites may, i t  is antici- 
pated, be found. There is a good fall. Map 94 J/8. 

115. Central Provinces ; areas not investigated.- 
Of the sites on pages 84-88 and in the supplement 
of t,he 1'rcliminar.y Report, the following do not appear 
to  have been examined so far. The only information 
available is that  in the place quoted,'the relevant parts 
of which nrc reprinted here : 

( 1 )  Ban Riaer, tribot,ary of Purna, near Wari. This 
f lom from the Gawilgnrh Hills, Satpura Range, near 
the Ijorder of Jalgaon and Akot taluks, map 6.5 C/12, 16. 
There is said to be n natural fall of 60 or 70 ft.  which 
can be increased by rapids or a dam or both. The 
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catchment is 130 sq. mi. and the stream does not 
entirely dry up. Reservoir sites are said to exist. The 
annual rainfall is small (about 30 in.) and precarious. 

(2) Beavnla River, tributary of Ken, a t  Khumergar. 
Here there is said to  be a favourable reservoir site with 
a catchment of over 400 sq. mi. below the junc- 
tion of the Sonar, where a flood discharge of 235,000 
cusecs has been recorded. The site is on map 55 M. 
near Damoh, and the rainfall during the monsoon is 
about 43 in. but is liable to practical failure. 

(3) Be~cas River.-Said to be worth examination. 
(4) Chontni River, a t  Uprora. This is near Bilaspur, 

map 64 J/10, and there is believed to be a reservoir site 
with a catchment of 150 sq. mi. and some perennial 
flow. A fall of 100 ft. is mentioned. The monsoon 
rainfall averages about 50 in., and Mr. Batchelor 
believed that 8,000 h.p. could be obtained. This is 
very doubtful. 

(5) D a r e h a  Walerfall, Gondia. This is situated in 
hilly country near t,he railway station of Gondia, Bengal 
Nagpur Railn-ay, map 64 Cjll ,  12. The stream dries 
up and no informat,ion is available as to storage. 

(6) Dentca Ricer.-No information. 
(7) Deo Ricer, Balaghat.--This rises on the Baihar 

plateau and flons into the Waing~mga. Near Bhanpur 
the catchment is 120 sq. mi. (Map 64 C/G, 6, 9.) 

(8) Erai Riaer, tributary of Wardha, near Chanda. 
Reservoir sitcs are mentioned 12 mi. N. of Chanda. 
The c a t c h ~ e n t  is about 300 sq. mi. and small fall8 
nre Itnown. (hI;lp 35 P/4, 8.) 

(9) Ghisari Rzcw, near Dhansura. There is said to 
I,c a natlual fall here of " several hundred feet," but '  
the stream praclicnlly dries up. I t  ha8 not been 
identified. 

(10) Gogrrc River, near Sohagpur. There are said to 
be rapids here, but nothing is known as to the site. 

(11) Hasdo River, near Chhuri and ICorba-See note 
below (30.) Reservoir sites are suggested where this 
river leaves t,he hills, with a catchment of 2,800 sq. mi. 
nt Garaghat,, elevation 1,000 ft. 10 miles N. of 
the railway there are rapids with a perennial flow 
(unspecified). 

(12) Zfanhan Ricer, a t  several points. An irrigation 
scheme was prepared involving a reservoir on this river 
(which the Pench joins higher up) a few miles north of 
Nagpur, but it fell through. The site may be worth 
reconsideration for power purposes in combination' 
with irrigation from the tail waters. No detailn are at  
present known, cscept that the site is near the jnnction 
with the Waingunga, above the village of h b h o r a ,  
and 8 mi. S. of Bbnndara, where any large fall is 
unlikely. Rainfall over catchment 35 to 40 inches 
between June nnd September. (Map 65 0112.) The 

catchment a t  the 2,000 ft. contour is 178 8q. 

mi. increased, before the junction w ~ t h  the Pench 
to about 1,200 sq. mi. Four other points on 
this river between Khapn and the above were also 
referred to. (Map 65 K/16 ; 013, 8.) 

(13) Kapadhana Falls, below Amarkantak. These are 
said to be about 100 ft., but nothing further is known. 

(14) Machna River.-Said to be worth examination. 
(15) Madu River, tributary of Wardha, a t  Destaura. 

I t  is said that storage can be obtained here from 200 
sq. mi. of catchment. Map 55 GI15 ? 

(16) Mhas River, between Waigaon and Hingna. A 
small storage is indicated here, in Nelgaon district 
(map 55 D). Possibly the Mun m d  Paingungn rivers 
could be developed into this, which would increase tbe 
catchment from 90 to 450 sq. mi. 

(17) Munyari ( 2 )  River, near Bilaspur. An old 
irrigation project here may be worth revising for power. 
Map 64 J. 

(18) ikfq~qna or Morna River, at  Shailtla. There is said 
to be a reservoir site here, 16 mi. S. of Altola, 
map 55 Dl15 and H/3. The river nearly dries 
UP. 

(19) Nagdooari River.-Said to be worth examin- 
ation. 

(20) Nimgahan.-At an elevation of 2,700 It. there 
is said to be a perennial stream with a rapid drop of 
1,000 ft. 

(21) Paina River.-Said to be worth examination. 
(22) Pench Rivrr.-(See also Sile\vnni Ghat scheme.) 

There is said to be a storage site at  Bhiwnga~h, 22 mi. 
N. of Nagpur, with a catchmeut of 1,700 scj. 
mi. The catchment is 527 sq. mi. at t,l~e 
2,000 ft. contour. (Map 55 0.) 

(23) Rakshnrlrrh Fall, near Berar Pani. This is on 
the border of thc Lurmi range and Mandln di~trict,, and 
there is said l,o be a fall of 1,300 ft. in a n~ile. 

(24) Son Riaer, near Lnngi and Bijagnrh. NO 
information is avnilable, but this is said to be wort,ll 
reconnaissance N.-E. of the place nnmed. (hlap 
64 C.) 

(26) Son-bhndm River.-Said to be worth examina- 
tion. 

(26) Tan Ricrr, at  Pcndra. Thin i~ near Bilaspur 
(nlnp 64 I?). A rescrvoir site is indicntcd at  an elevn- 
tion of 2,000 ft., with a rapid fnll of 700 ft,., ncar 
Marai. (Map 6.4 F.) 

(27) T a ~ u  River, a t  Bagra. Thicr is near Itarsi, 
Great Indian Peninsula Rtlilwng or1 map 65 V/l':. 
There may he favor~rable site3 nrnr th r  j~~nct,ion 
with the Denwa River. 

(28) Uskal River, Balaghnt nenr IJd\va. There is 

maid to be a fall of 1,000 ft. in a reasonable distance on 
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the river, which is perennial, and a considerable reeer- 116. Kashmir ; areas not investigated.-As Kayh- 
voir site is indicated. The catchment above the mir already has more existing and developed po\\-er than 
junction with the Nahara is 130 sq. mi. and can be utilized (para. 63), together with two known 
considerable power is indicated. sites of great capacity (para. IOI), i t  has so far not 

(29) Waitzgunga River.-This is worth recopnais- been necessary to  look further afield. 
sance. The catclunent above 2,000 ft. is 275 sq. (1) Chenab River.-The known Riazi site is referred 
mi. and above 1,000 ft. 1,800 sq. mi. to under " Sites examined," but the great tributaries 

As will be seen elsewhere in this Report, nearly all of this river undoubtedly contain much further power. 
hydro-electric projects in the Central Provinces have to  They are unnamed on the Atlas sheets ; but the largest 
depend on storage for a good many months in the year ; one, joining up on map 43 0111, 15, is suo\y-fed from a 
perennial rivers are few and far between and the annual very large catchment and falls rapidly from the high 
rainfall is precarious and very variable. Storage sites pealts down to  about 3,600 ft. a t  the junction. 
are however found on many rivers, and not a few of them (2) Kishenganga River, tributary of Jke1una.-This 
would be reasonably cheap to develop. Carry-over snow-fed river has a catchment of over 2,000 sq. 
storage for bad seasons would generally be required mi., all a t  high altitudes, out of the 13,000 eq. 
(see paras.27 to 30 suprtc) and this will add to the capital mi. of Himalayan catchment of the main river. I t s  
cost of such projects. On the other hand, water storage valley is " throughout very precipitous, and for the 
for irrigation is the chief need of the province, in view greater part little better than a chasm in the moun- 
of its famine record. There is therefore a reasonable tains. I t s  basin is peculiarly narrow and elongated, 
prospect of combining forces for both purposes, even being in places only 17 mi. wide from water parting to 
though their needs are somewhat dissimilar. For water-parting."* There is undoubtedly large power 
irrigation the demand is intermittent and seasonal ; to be obtained from this river, even in its lower reaches. 
for power the draft is fairly continuous all the year I t  joins the Jhelum a t  Mwaffnrabad, in the middle of 
round. I f  both purposes are to be served i t  is necessary the loop referred to under that  river. 
to i~upound the tail waters after passing through the (3) Punch River, tributary of JA~ltin~.-This river 
turbines, until they are wanted in the irrigation chan- joins the main river in the plains. Above Rotli, where 
nels. This means additional cost, but  does not neces- the catchment is some 1,400 sq. mi., there is likely 
sarily kill the schemes. to  be large power available. The river rises iu the Pir 

(30) In  this connection Mr. Clayton, late Chief Panjal range, a t  altitudes between 11,000 and 16,000 
Idugineer, Bihar aud Orissa, pointed out that a site had ft., so that  i t  will be snow-fed to a considerable extent 
been iuvestigated on the Hasdo (either in the Central during the hot weather. The minimum discharge 
Provinces or in Bihar and Orissa) with a catchment of recorded since 1916 io 300 cusecs a t  Tangrot and t,he 
1,700 sq. mi. and a storage capacity of 6,900 maximum Pi0,000 cusecs. 
m. c. ft. with a 90 ft. dam, and further possibilities 117. Madras ; areas not  investigated.-The follow- 
wit11 a higher dam. This may be the place on map ing sites are mentioned, on information of more or less 
F J/9, 10 above Chluuri aud Korba, ~nentioned in the definiteness, as having possibilities, but they have not 
l'reliminary Report. The officer who actually inves- been e x a ~ ~ i n e d  as yet. 
tigated the Hasdo reported that  " nine miles N. of (1) A~trr,~tcclni Hills, Alayar River, Cointbatore District ; 
Champa, and 28 mi. above its junction with the a)id Sholiyar (or Surttli) River.-In the Preliminary 
fifahnuadi, the chaunel of the Hasdo is almost choked llcport, l)nge 89, mention w:ts made 01 two possible sites, 
up by n high irregular bar of roclts which extend from neither of which has Lcen examined. Ah. Tate hopes 
Deori on the 12. bank to Chikbenla on the L. to visit the Aliyar River this year;  the site is a t  Lat. 
ballk." There may be good falls here. 10" 25 Long. 77" 00 near the boundary of squares B/15 

(31) Mr. Clayton also pointed out some time ago that  aud F/3 of map 58. I t  has been stated t.hat of the total 
\"hen the Jonk storage (q.  v. in para. 112) wm investi- fall of 2,000 ft. 500 f t .  could be utilized ; but the 
gated several other reservoir sites were examined on the actual head may be anywhere between these liulits. 
tributaries of the Mahanadi, all of which are on record The niini~num discharge is believed to be about G cusecs. 
in the Province. Of these the Mand site (64 N and 0 )  The catchment area is not Itnown, but the rainfall from 

catchment of 1.940 ~ lq .  mi. and a capacity Al~ril to Novenlber is bctween '10 and 75 in. and 
of 10,000 nl. c. f t .  and the Tel site (map 6.4 P) a catch- dincharges up to 800 cusecs are ~nentioned. Probably 
lueut  3,600 Sq. mi. and a capacity of 33,000 from 1,000 kWs. or more, continoous, can be 
m. c. ft. ,  both dams being 90 f t .  high only. developed with storage. 
These are the Central I'rovinees apparently. ' Uurrard and Hoyden, op. c i l . ,  pago I i O  

r l  
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The Kalianapandal F a h  in the Sholiyar River may 
or may not be another name for the same site. A 
u~inimum hscharge of 6 cusecs with a fall of 300 ft. 
is on record, but the fall may be capable of extension. 

(2) Bhavasi River, Coimbatore Dis1rict.-The falls 
near Thondai, 22 mi. from Cairnbatore and 13 mi. 
from Metapollaiyam, are mentioned on page 89 of the 
Preliminary Report. The site is a t  Lat. 11" 15 Long. 
76" 30' on map 68 A. The site is near the '' Silent Valley" 
gite (q. v.) and may be the same. Mr. Tate hopes to 
visit i t  this year. The falls are said to be about 50 ft,. 
The catchment area is given as 400, sq. mi. and 
the rainfall is not known between the 20 and 75 in. 
limits. Discharges are believed to vary from 3,000 to 
40 cusecs. 

In the Malabar District (loc. cit.) a fall of 2,600 ft, in 
3 mi. is shown on the maps in the upper reaches of 
t,his river, 45 mi. from Coimbatore and 21 mi. from 
Ootacamund. No other details are known. 

(3) Iiavinrlinya~~adki River, Cl~itloor a~ul N .  
Arcot.-The Mardana falls are 17 mi. from Gudia- 
tham Railway Station ancl 3 mi. from Mardana. The 
fall ia about 700 It. 

(4) liolakantbe wulerfall, Nilgiri  Hills.-This is near 
the Karteri River (q. v.), on map 58 A/l l ,  12. By 
nleam of a tunnel 1,000 ft, head could, it is believed, 
be obtained. The minimum flow is said to be 10 cusecs 
and storage is possible. 11; is believed to be good for 
some 2,000 kW. 

(6) Nurpuya River, Nilgaris.-This is ~lientioned in 
the Preliminary Report, page 91, but has not yet been 
visited. The site is near Cherambadi village, uear 
Glenrock Tea Estate, Wynaad. 

(6) Silent Valley Pores1 Ilmerve, Sonl/z 11IcilaLor 
Uislrict. (Map 58 A/8.)-As stated on page 91 of the 
I'relimiuary Report, there are r~neuamined possibilities 
here ; a reservoir site is known to exist, with ramfall of 
about 150 in. in the catchment and a " considerable 
drop " into the plains S. of hlaunaghat. Thc oflicer 
in charge of the survey hopes to visit the site this year. 
(See also Bhavani R.) 

(7) Singamputli schemc, 1Madum L)aslrict.-Nothing 
is known of this a t  present. 

118. North-West Frontier ; areas not - investi- 
gated.-There has been no survey in the North West 
Frontier Province so far, ancl it is doubtful whether the 
cost of any such general survey would be warranted. 
The area ie largely wild and uncivilized, subject to 
frequent raids, and lackiug in present or ~rospective 
industries. It is possible that minor projcctv nlay 
hereafter be developed for special purposes, but the 
di5culty of guarding trammiasion lines would remain. 
In  the Preliminary Report, page 94, certain rivers werc 

:R RESOURCES. LPaka. 118. 
mentioned ; and for the sake of completeness these may 
be summarized again here, with some additionrl 
remarks. 

(1) Indzls River.-This becomes a North-West Frontier 
Province River above Attock, where i t  first enters the 
Punjab plains. The minimum discharge ever recorded 
a t  Kalabagh is 18,870 cusecs. It is unlikely t,hat the 
river will ever be harnessed for power in the North-West, 
and it is probable that thc cost would in any case be 
prohibitive. The only possible method of develop- 
ment would be by means of series of lifting dams, as 
explained in para. 31 of this Report. Here how- 
ever the maximum flood discharge, reckoned at  about 
one million cusecs, would have to be allonred, for it is 
exceedingly unlikely that any point could be found 
where flood regulation would be possible, a t  least within 
reach of civilization. The highest discharge in the last 
20 years, a t  Kalabagh, was 800,000 cusecs. In the 
absence of such regulation the tail waters in flood times 
would almost certainly rise so that   no st of the head 
would &sappear. There is information regarding the 
gradient of the river in Part I11 of Burrard and Hayden's 
well known work * from which it appears to average 
some 17 ft. a mile for hundreds of miles above Attock. 
If therefore developlnent by lifting dams were possibk 
it would provide continuous power on the wzinimun~ 
flow ol the order of 20,000 ItW. per mile run, or 
over 2 million kW. in the 120 mi. between Attock 
and the entry of the river into Icashmir territory. 

I t  is interesting to note (from the work cited above) 
that the great flood of 1841 was caused by the brealdng 
down 'of a landslip-dam 1,000 ft. high in the Gilgit 
region, as also happened a t  Gohua Lake. If such a 
lake as then existed for a year could be formed and 
wzaintained lower down it would go far towards flood 
regulation. This however is a possibility that affects 
a very large number of rivers in India, and it has there- 
fore been dealt with separately in para. 33 of this 
Report. 

(2) ICohal Toi.-It is believed that power can be 
obtained from this hill stream near ICohat (map 38 
012, 6, 7) but no information is available. 

(3) Kunlrar River.-This snow-fed river, as noted in 
the Preliminary Report, page 94, joins the Jhelom ((clv.) 
on its great bend belowMuzaffarabad on the ~bbottabad- 
Kashnlir road. I t  has many rapids and a large peren- 
nial flow, and there is little doubt that it could be dew- 
loped on a series of lifting dams if it mere ever necessary. 
As however neither the minimum flow nor the gradie4t 
of the river is known no estimate can be made of 
possible power. 

. . .. - _ -  -_ - - -- 

a Tho Geography and Goology of tho Hirnt~laya Mountnios and 
Tibet (1007). 
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(4) Sinan River.-This tributary of the Indus had a 
small plant on one of its oyn  tributaries, near Mansehra, 
during the Boer War, as noted on page 9-L of the Preli- 
minary Report. The Sinan itself could doubtless be 
developed by means of lifting dams, and there may be 
~ i t e s  where other methods of development on higher 
heads could be nsed. No information is available 
however. 

(6 )  Canal Falls.-As.'noted in the Preliminary Report, 
page 94, the Upper Swat Canal a t  Malakhand could 
provide about 20,000 h.p. practically continuously 
under 230 ft. head, while other canal falls have consi- 
derable but  unexamined power. 

119. Punjab ; areas not investigated.-In dealing 
with this Province the water power is practically all in 
the I*malayan area, out of the Punjab, and the only 
logical arrangement is to deal with the " five rivers " 
and their tributaries, together with such tributaries of 
the Indus on the W. and the Jumua on the E. as 
come within the Province. These main rivers are there- 
fore dealt with from W. to E. in thc order Indus, 
Jhelutn, Chenab, Ravi, Bcas, Sutlej, Jumna ; and in 
each case the Pnnjab tributaries are in alphabetical 
order. In  this section, in the absence of examination, 
a good deal of speculation necessarily occurs. There 
is no doubt whatever that  many fine power sites exist, 
with enornloi~s potential power, but very little of i t  is 
actually in the Punjab. Reference to other sections 
of the Report (ICnshmir, North-West Frontier Province, 
United Provinces) may be made. 

The following is a s u ~ n ~ u a r y  of the Punjab rivers 
with the power that  can probably be developed from 
them, so far  as is a t  present known. 

TABLE 50.-Punjob Rioers. 

. )  .. No Inlor~nnlion. 

. I 2.000 
I 

8co K~t*h!~tir. 

i Dllto. 
200,000 

DItto . 30,1100 

I ) i l l O  . 30.000 

1 bl t~l l ip lc  l l r t l l ~ ~  
clnrns, bcla~v Lnrgl. 

01.000 

. Dltto. 
0,000 

I . .  Z ( I . ~ I I O  

l Snln) . Above Lard . . 
' Tlrlhnn . , Ditto . . i 

Eutlcj . 1 .. (1) Lower reach to 
Dhokro, by lllllog 
dams. 

(Il) l lnmpur to ( I )  I Ultlng don,#. 

Arnl . CanAtrfnee to b i lw collon. 
Dospa . Ilntlirillg 60180 . 
Dhera Ehnd 

Cllslnre Cad 

Gumbcr and 
G!llnrola 

Ditto. 

(20) 1 shcr Khod ( A rcscrrolr sitc . I Unkoo~vn. 
Bee Unilcd Pro. 
vine-. 

30,000 

No Inlorloatlon. 

(1) I~ctl~ts I{ivcr n,1(1 Tribc~lorics.-The port,ion of this 
river \vhich runs in t,he Pnnjab, or on the boundary 
between the Punjab and the North-West Frontier 
Province, is in the plains. The comments under the 
North-West Frontier Province entry may however bo 
referred to. 

All the mnin feeders of the Indns are out of the Punjab 
and arc dealt with under the North-West Frontier 
Proviuce. In  the Prcliniinary Report, page 95, mention 
nras made of the two tributaries vhicb may have possi- 
bilities in the Pnnjab. 

(2) Haro Ricer. ?)ear H a s a ) ~  Abdal, Atlock.--There is 
said to be a fall of 50 ft. which can probably be 
increased by a lifting dam, and " a good perennial 
discharge " (map 43 CIS, 9, 13). A private firm enquir- 
ing for pon7er 1)rlieves that  1,850 k\V. continuous 
could be obtnined. - 

(3) Jablal (or Chob/n/) River.-This is near the 
preceding entry (IIaro River) but there is no informa- 
tion whatever regarding it. 

(4) Soon River, gtecrr Ra~i~a1pindi.-No information is 
avnilablc wgnrding trhis river, but it has been examined 
undcr thc nnspices of a private fir111 and is believed 
capable of supporting a plant of 2,000 kW. Thie 
may be taken as the eqnivalent of about 700 kW. 
continuously, as storage is a part of the project. 
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(6)  Jhelum River and T~ibu1aries.-This forms the to  the S.-E. The defile that it has carved through 

boundary between Kashmir and the North-West the range is a few miles N. W. of the station of 
Frontier Province in the latter part of its Himalayan Dahousie."* 

and between ICashmir and the Punjab a t  the Such a description will~appeal a t  once to the hydro- 
lowest pert of all. The tributaries rising in the hills electric engineer, but only reconnaissance can show 
are all either in Kashmir or the North-West Frontier what power is actually capable of development. The 
province, to which reference may be made. The lowest loop a t  Dalhousie is probably capable of being short- 
recorded discharge of the main river is 2,944 cusecs a t  circuited, with a lifting dam to increase the head. 
Mangla and the maximum (1893) 500,000 cusecs. At times of minimum flow the main river is certainly 

(6) Chenab Iliver and Tributarim.-The whole of the responsible for nearly all the water flowing, though the 
Himalayan course of the Chenab and its tributaries is "ow-fed tributary (probably the Bhadal) entering 
in Kashmir ; reference to para. 102 will shorn that about 16 mi. W. of Chamba may account for about 
i t  has great possibilities. The mlllimum discharge one-fifth of it. Let it be assumed that the main river, 
recorded was 4,341 cusecs a t  stIarala and tile maximLun above and below this junction, carries a minimum of 
(1893) 713,000 cusecs. 1,000 cusecs, averaged along the GO mi. of its course 

(7) Ravi River and Tributaries.-The Upper Bari above RIadhuptu ; Lhe total fall in this 60 mi. may be 
Doab Canal takes off from the Ravi a t  Madhupur, and taken 6,000 ft. using 100 ft. a mile instead of the 
the power possibilities a t  that point are dealt \vith average of 113 ft. If half of this, or 3,000 ft. 
under the Punjab Canals. Above Rladhllpur the river can be utilized by means of lifting dam the powcr 
forms the boundary between British Indin, and K a s h l h  available (at multiple sites) is 1,000 ~3,000/15 or 20,000 

some may N. of Dalhousie, above which point it kW. continuously, with far more except a t  the 
is in Chamba State. The catchment area above the rare times of absolute minimum. 
canal intake is some 2,500 sq, and runs up to (8) and (9) AS regards tributaries, uothing is ltnown 
great peaks of 20,000 ft .  The lowest flow beyond what is given in the extract above regarding 

a t  Muktesar is 1,334 cusecs and the greatest flood dis- the Bhaclal and the Nai. I t  is however more t h a n  
charge practically 200.000 cu,:ecs in 1008, in probable that they can be developed in the ~tretches 

many other cases mentioned throughout this report, near their junctions with the main stream. On falls 

if flood regulation is at auy point (para, of about 300 ft. a mile every cusec of flow will give 

33) then lifting darns can be utilized to harness the 20 kW. per mile. If therefore a minimum flow is 
river. I t s  average fall throughout its course of 130 assumed, in each of these ilnportant tributaries, of 

is 115 ft, a mile, and the river is nowhere very 150 cusecs only, and 10 mi. of each is taken as practi- 
remote from the plains. u ~h~ navi rises in the basin cable-20 mi. in all-a further 60,000 IcW. is in 

of Bangahel, drains the southern the pir "ght. This in all probability is far below the mark, 
Panjal and the northern slopes of the Dhauladhar. but the problenr is cOm~licated distances Of 

~h~ basin of ~ ~ ~ ~ ~ h ~ l  is sixty lniles in circl,m~erence, transmission. These however are not large ; from the 

Numerous tributaries flow down its inner walln, nlany great Itmction 20 mi. E. Of Chamba, far above the 

of them with steep gradients ; the ~ h ~ d ~ l  rises on the reaches here considered, it is only 50 mi. to Pathanltot 

N. a t  16,000 ft. and falls 31.4 ft. a ?nile for 35 mi.; and 70 to IIoshiarpnr. 

the ~ ~ i ,  ,vhich rises in the bown as ~~b (10) Beas River and Tribufmies.-This river has so far 

~ ~ ~ i ,  has a length of 30 and a,t avoqe full of not been utilized directly for irrigation, nor has it been 
3 , ; 6 ~ ,  a mile, The height of the bed of the Ravi at the examined for power ; the present writer has however 
lowest point (wulas) of the Bangahal basin is about been along its coluae from its rise at  the Rohtang pass 
Ii,OOO ft. together the water that up to its junction with the Sainj and Ththan a t  Largi. 
runs off the inner walls of this extraordinary rock In this 76 nii. the fall averages 125 ft .  a mile. The 
cauldron, the Ravi flows out to tl?e W. The gorge river and its main tributaries-the Parbatti and the 
by which it escapes from Bangahal may without ex- two mentioned above-are used extensively for timber 
sggoration be described as inaccemi,,le; it appears t,ransport; but by the aid of bear-trap dam3 or other 
to have been Bcoopcd out  of rock and its aides well-known arrangements this need not be interfered 
are perpendicular, After Bangahnl the ~~~i with by power developmentn. The minimum recorded 

flows througll the valley and of Chalnba in a flow of the Bens a t  Naushera is 2,500 ctlsecs and the 
N,-w. direction to the Dhaulaaar range. highest flood 164,300 cuseca at  Wasir Bhallur, from a 
Weat of the Chamba capital it makes a sudden bend catchment Of .- 61700 q' mi' 

-. .- - 
at right anglea and cuts its way through the Dhauladhat Burmrd and Haydon I op. ci!., page 100. 
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Below Largi t.he slope of the river bed drops until, in 
tlle outer Himalaya, it is only about 10 ft. a mile. 
There is a great gorge inlmedktely below Largi, where 
the river cuts t h o u g h  the Dhauladhar range, after 
which it widens out. I n  thc 25 or 30 mi. below Largi, 
in Mandi State, there are ceitainly considerable possi- 
bilities. Parts of t,hii stretch honrever have a road not 
very far above high flood level, so that  lifting dams 
might submerge i t  ; this is certainly the case around 
Largi (where a new road to Mandi is under construction), 
 roba ably most of the may to the town of Mandi. Road 
makers do not consider this point when laying out their 
alignments. Largi is a t  R. L. 3,140 ft. and 2,000 ft. 
is reached some 30 or 35 mi. lower down, giving a 
slope in this intermediate and most pronlising stretch 
of about 35 ft. a mile. At Mandi there are lcno~vn 
possibilities, which however are unexamined ; but 
Mr. Nicholson records possible storage sites on the 
main river (i) about 5 mi. upstream of Mandi town, 
on map 53 A114 ; (ii) near Nagan, 10 mi. N.-W. 
of Mandi, on map 63 A113 ; and (iii) 10 mi. W. of 
Haripnr, a t  long. 79" O', on map 53 All. 

As regards water, discharges were specially taken of 
the Sainj and Tirthan a t  Largi, through the ltindness of 
Mr. A. S. Montgomery, Chief Engineer, Roads and 
Buildings, Punjab, on the 4th and 5th Jrme 1921, 
during the exceptional drought of this year. They 
show 960 cusecs for the Sainj, which flows in from the  
snows to the East, and 325 cnsecs for the Tirt,lian. 
draining from the South. The correspouding discharge 
of the Beas alonc a t  this point can certainly not have 
been below 1,200 cusecs, gi\;ing 2,475 cusecs for the 
combined river. The latent power therefore from 
Largi downwards, up to n.here the river flattens out, 
assuming that half the total fall could be harne3sed by 
means of lifting dams, is 2,475 x 5'70/15 or 04,000 
kW. continuous. 

Above Largi, the Beas it,self could not bell be deve- 
loped in the Rulu valley, except high up where its 
diselia.rge is small. I t  is intercsting t,o note that  t,l~c 
valley of the Bens runs a t  some 600 to 700 ft. higher 
elevation than the parallel Sotlej River at  correspond- 
ing points in t,hc mountains.* Writers iu the local 
engineering papers have suggested tunuelling through 
the intervening ridge. This is no doubt possible from 
t,lle e~lgiueeriug point of view, but appears quite impracti- 
cable. A t~u~lnel of not less than 20 mi. iu length, 
with two morlting faces only, ~vould I)e required appar- 
ently t.0 obtain ROO f t .  head. 

Thr. chief tributnries may now he referred to in 
alphabetical order. 

- -  

* nllrrnril nnd Haydon, op. cil., pogo 1R1. 

(11) Binnu River.-This flows in on the Right bank 
a t  the small loop on map 53 A19 and Mr. Nicholson 
records a storage site on i t  some 2 mi. from the con- 
fluence; the elevation is not ltnomn a t  present. He 
also records a storage site on the unnamed tributary 
flowing in on the right bank near Dera Gopipur (map 
53 All, 5) a t  a distance of 5& mi. direct from the 
coduence. 

(12) Gtljh River.-This tributary and the unnamed one 
immediately to the east of it, on the right bank, flow 
in from the Kangra Valley (map 52 D/4) and Dharm- 
sala, famous for its slate quarries and its great earth- 
quake. The coduence is far below the stretch of 
river dealt with above, but  the tributaries are of interest 
as Mr. Nicholson has marked off promising storage sites 
in both. The dam site in the Gujh is roughly 11& mi'. 
from Dhamnlsala, while the second site in 89 mi. 
S. E.  of the first. These reservoir sites may 
some day be of importance either for power or for 
irrigation or for both. Their levels are not ]mown. 

(13) 001 River, Mandi.-This tributary joins the 
Beas on the right bank, a fen. miles above Mandi, 
flowing immechately under the lee, and to  the east of, 
the spur of mountain from Drang to Jatingra (map 
63 A/13, 14). On the 28th May 1921, towards the end 
of this abnormally dry season, i t  was found by Mr. 
Gilbert, Executive Engineer, to be carrying 530 cusecs. 
The drop of the bed is very steep, and there appears to 
be a fall from about 6,000 ft. to 3,000 ft. in about 8 
or 10 mi. The river can probably be assessed as good 
for a t  least 6,000 kW. on a high fall development, 
and perhaps more ; but there is no definite information. 

(14) Pwbati River.-This large snow-fed tributary, 
flowing in from the high peaks above Pulga (map 52 
1314, a), has a succession of rapids throughout its consi- 
derable length. It may be considered probable that  
its minimum discharge is of the order of 200 or 250 
cusecs, though no infonnation has been received on the 
point. Timber is floated down i t  t,hroughout the hot 
weather, horn Pulga. Of the two main branches the 
N. one appears from t,he Atlas to have a fall of about 
2,000 ft.. ([ro~n 10,000 to 8.000) in some 10 mi.; 
the southern or h l g a  branch falls more gently. There 
i~ however little donbt that the river contains power, 
c~pable  of devrlopment to the extent of some 20,000 
kW. cont,iuuons. The junction wit,h the Beas is a t  
about 4,000 ft,. elevation, more or less. 

(15) Snittj River, above Lorgi.-The gauging of 950 
cusecs iu June 1921 is probably not far from the mini- 
mnm of this snow-fed tributary of the Beas ; 750 cusecs 
may be taken for security. There are rapids falling 
1,000 ft. (4,000 to 3,000) in the 8 mi. above the 
main confluence, up to the point where the river bifur- 
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cates, and the whole of this could be developed by an 
open channel, preferably on the left bank judging 
from the Atlas sheets and the view from Largi. This 
would give 50,000 kW. if the data prove correct, 
and they cannot be very far wrong. Above the bifur- 
cation the fall is exceptionally steep, but the 
catchment is much reduced. 

(16) Tirthan River, above 2krgi.-The gauging of 
325 cuseca in June 1921 is here also likely to indicate 
an absolute minimum of about 250 cusecs in the lower 
reaches. The stream bifurcates 6 mi. above the main 
confluence, but the E. branch frr rn the high peaks 
carries most of the discharge. The fall in this 6 mi. 
is moderately steep and is of the order of 600 ft., 
Manglaur being R. L. 3,860 and about 100 ft. above thr 
river bed. The power in this stretch therefore amounts 
to some 10,000 kW. continuously. 

There are other (unnamed) tributaries between 
Largi and Mandi, especially on the left bank, with 
fair catchments but not snow-fed. From the h o r n  
data of corresponding tributaries of the Sutlej, fed from 
the same hills, i t  is probable that three of these 
tributaries can give not less than 1,500 kW. each or 
4,500 kW. all together, continuously. 

(17) Sutlej River and Tributaries.-As regards the 
" Sutlej River project " and the subsidinry Anu and 
Nangal projects the reader is referred to para. 90 ; 
while the existing Simla scheme is entered in para. 
68. These however are merely a small proportion of 
the total power of this great river. " The mountain 
basin of the Sutlej lies mainly N. of the Himalaya ; 
this area of the Himalaya proper drained by this river 
between the great range and the plains of India, 
consists of an insignificant tranverse strip."* The 
Giri on the S. and the Beas on the N. are a t  
a much higher elevation a t  corresponding points and 
the basin between is only 20 mi. \vide (loc. cit .) .  

Reference has been made, under the Sutlej River 
project, to possible storage sites for regulating flood 
discharges and augmenting minimum discharges. The 
minimum discharge in the last 20 years is 2,900 cusecs 
a t  Bhskra but Colonel Battye is satisfied that 3,300 
cuseca can be depended upon. In  fact 3,400 cusecs in 
the lowest record a t  Rupar, downstream of Bhakra. 
The greatest flood in this period is 260,000 cusecf. 
In the main river Mr. Nicholson hna noted such sitcs 
(i) mi. N. of Bilaapur, near Parua, on lnnp 
63/A junction of 11. 12. (ii) A& mi. E.-N.-E. 
of Bilaa~ur, near Chimb, on mnp 63 A/15. If either 
of these dams were built the whole reach of the river 
below, down to the projected tunnel (or rather the 
H. F. L. of the Bhakro lake) could be developed by a 

Burnanl and Hayden, 011. c i l . ,  page 101. 
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succession of lifting dams. Between the upper dam 
site and the projected lake there is a fa]! of the order of 

500 it., which would give some 60,000 kW. conti. 
nuously, allo~ving for only one-8o2f of the total fall 
being used. " The fall of the Sutle~ from its source to 
the plains of India is very uniform, and averages on 
every section of its length 30 or 35 ft. per mile ; the 
height of its bed is 15,000 ft. near Rakas Tel, 10,000 
ft. near Shipki, 3,000 ft. at  Rampur, 1,000 it 
a t  Bilaspur."' There is therefore a further fall of some 
1,500 ft. (more or less) between the upper dam site 
referred to above and Rampur, where the river cuts 
through the Dhauladhar range , and if one-third of this 
could be utilized by menus of lifting dams (involving a 
higher flood storage) a further 100,000 kW. is 
available. Rampw is 60 mi. only from the curve 
of the foothills, so the whole of this reach is within 
easy transmission of the plains. Further upstream 
Khatolu gorge, with a lifting dam and tunnel, offers 
further power. 

Those tributary streams regarding which any infor- 
mation is available may now be mentioned in alphabeti- 
cal order. I t  may be pointed out that fairly full in- 
formation is available regarding the developed Nauti 
Khad, and that hydrographic data so recorded can be 
used (wlth great caution) for other tributaries, e:pec~ally 
those on the left bank. The annual rainfall -apidly 
dilninishea as one goes north, the main watc&hed 
between the Sutlej and the Giri ( i .e. ,  between the 
Indian Ocean and the Bay of Bengal) passing from Simln 
along the Hindustan-Tibet road and catching more of 
the precipitation than the higher ranges on the right 
bank of the Sntlej. Through the kindness of Mr. 
A. S. Montgomery, Chief Engineer, Roads and Build- 
ings, Punjab, several of these tributary streams were 
gauged early in June 1921. Most unfortunately (from 
this point of view alone) the great drought, which caused 
record low discharges in the Nauti Khad and Ann 
Khad, during May 1921, broke up a week before with 
some casual storms ; the effect of these however only 
lasted for 3 days, when the discharges returned to their 
former low level. 

Anu Khad River.-See Punjab " sites iuvestigated." 
(18) Arni River.-This flows in on the right bank 

below Dalash and Luri bridge, with a strep descent. 
from the Jalori pass. A discharge taken at  mile 67 
on the 6th June 1921, at  the end of t,he excrptional 
drought, but soon after a casual storm at  Sinlln (40 
mi. W.) shows some 36 cnsecs. Probably the mini- 
mum is not much above 18 cusecs. Local irrigntion 
channels and flour mills show that there is nlwnya 8 

fair flow even at  the settlement at  Ani, above the main .- 

Bernard and Hayden, qp. cil., pago 105. 
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bifurcation. The 4 mi. or so between this point and 
the main confluence probably have a fall of not less 
than 500 ft. which indicates continuous power of some 
600. kW. only. A casual reconnaissance while in 
Kulu indicated that  the stream has much greater 
possibilities. 

(19) Baspa Riuer.-This snow-fed tributary of the 
Sutlej is somewhat remote, about 90 mi. from the 
curve of the focthills, but  is of importance in that  i t  
rises from, and flows between two spurs of, the Great 
Himalayan range. I t s  minimum discharge is not 
known, but will be before the snows begin to melt. 
On the 16th June 1921, it carried 3,500 cusecs, or more 
than thc minimum discharge of the Sutlej itsoli ! Pro- 
bably i t  falls to 1,500 or even 1,000 cusecs occaeionally, 
though i t  gets more rainfall than the far larger trans- 
Iiimalayan catchment of the main river. At Raturing 
gorge (map 53 117) there is a series of rapids amounting 
to some 500 ft. of fall in half a mile, near Sangla. I t  is 
therefore certain that some 30,000 kW. could be 
obtained continuously here, if not half as much again. 

(20) Bhera Khad.-This is practically useless, except 
perhaps for timber sawing. The flow was 11 ousecs a t  
mile 58 of the road on 3rd June 1921, and 36 cuscce on 
22nd May 1919. 

(21) Chainre Gad.-Thiu small nala, 12 mi. W. 
of Luri bridge on the right bank-the next nala below 
the h i - i s  stated by Mr. R. W. Thick (late Power 
Station Superintendent, Simla) to  have possibilities. 
The minimum discharge is no doubt of the order of 
10 cusecs, from a catchment of some 50 sq. mi., 
but therc is a fall of about 1,000 ft. from Pamlog and 
Chainre villages, where regulating storage could be 
built. Rut a9 explained in connection with the Anu 
Khad (para. 90) regulating storage mill not appre- 
ciably iucrcase t,he minimum flow over a considerable 
period of drought. 

(22) Gundcr attd Gumrola Khads.-These two neigh- 
bouring streams, together with the Ullay Nala, join the 
Suklej near Bilaspur (map 53 A115) on the left bank. 
They havr fairly good catchlnents to the W. of Silnla 
and Subathu nod the maiu water-partiug. Beyond 
that nothing is knolvn of them a t  present except that 
they begin their valley courses a t  several thousand feet 
above their conflu~nces. 

(23) Ifurpan Iihnd.-This flows in on the right bank 
0~l)osite the Nogli river and below Nirmand. I t  carried 
77 cllsecs on 13th June 1921 and may possibly be of 
aollle value. 

(21) Mmhhndn Ahar1.-This has small power for 
forestry only. Tbc discharge on 3rd June 1921, a t  
milo 62 on the road, was 19 cusecs and on 22nd May 
1919, 110 cusrcs. 

Nauti Klmd.-This is developed ; see para. 68. 
(25) Nogli River.-This joins the Sutlej near Rampur 

(map 53 E/11), and is snow-fed from an isolated group 
of high peaks runniug up to 20,000 fi;. A recomais- 
sance made by the present writer sho\vs i t  to be capable 
of giving some 1,900 kW. continuously, with a long 
open channel. The minimum discharge is probably 
about 40 or 50 cusecs ; on the 29th May 1921 it carried 
250 cusecs and on 21st May 1919 180 cusecs a t  its con- 
fluence with the Sutlej, nt the end of long drought, hut 
probably after a shower. The main river waq then 
carrying 7,000 cusecs. 

(26) SAsr Ifhad.-This tributary, with a good-catch- 
ment, joins the river a few miles S.-W. of Bilaspur 
on the right bank (map 53 A/11) opposite the Gumber. 
At a point near Gaha and Umrao, 7) mi. N.-W. 
of Bilaspur, Mr. Nicholson records a reservoir site ; 
i t  is apparently not a t  any great elevation above the 
main river, but  might be useful as  a subsidiary to  the 
Sutlej River main project. 

U l h y  River.-See Guulber river, above. 
(27) Juntnn River Tribzt1a~ies.-The Jurr~na River 

itself is dealt with under the United Provinces. Of its 
Punjab tributaries not much is known. 

(28) Pabar River.-This was gauged on the 15th 
June 1919, probably after rain, and carried 1,380 cusecs 
a t  Rohru, 10 mi. from Kadrala and 74 frorn Sirula. 
I t  is partly snow-fed, and with the Rupin and Supin 
rivers makes up the Tons (map 53 E, F, and I) which 
forms the boundary between the Punjab and United 
Provinces. There is very little doubt that  aU these 
rivers have considerable power, but  the layered Atlas 
sheets are the only source of information as to falls. 
Above the main confluence of the tributaries of the 
Tons there are falls of 1,000 it. in a few miles. The 
combined discharge will there be considert~bly more 
than double that given above. but  this was probably 
nowhere near the minimum. If the Tons falls to 500 
cusecs all told i t  would appear to have aolllc ?0,000 
kW. continuous in a small area a t  the main 
confluence. What there may be below, on lifting 
dam developmeut, is a matter for investigation. 
The confluenceappears to be a t  about 4,000 or 5,000 
ft. elevation, while the plains below are a t  2,000 ft. 

(29) Giri River.-This was examined in 1900 below 
Phagu (Simla I-Iills) and found U c u l t  to develop. 
In  this neighbourhood (7 mi. from Theog) it carried 73 
cusecs on the 11th May 1919, but  the minimum is 
probably nearer 25 cusecs a t  that  point. Lower down 
i t  gathers volume and improves, but  little information 
is available. It is worth prospecting upstream frorn 
the point, some 20 mi. bom the main confloeuce, wberc: 
i t  is joined by tmo small streams under Kaleog ; h ~ r r  
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there is a very long stretch of comparatively level sible extensions for the Mussoorie Deba  scheme ( ~ ~ b l ~  
bed, where reservoir site8 may perhaps be located. 16) have not yet been examined. ( M ~ ~  53 J.) 

(30) Rupin Ricer; Sup'n River ; Tons River-See (13) Nandhaur River, Naini Tal ~ i ~ t k t ,  and 
Pabar River above. (14) Nayar River, tributay of Ganges, Garhwal,- 

120. Rajputana ; areas not investigated.-Sirohi These rivers (see Preliminary Report, page 102) have 
State, Mount Abu.-There are said to  be possibilities not yet been reported on, but are under examination. 
nome 3 mi. E. of Mount Abut where there is a (15) Pindar River.-This snow-fed tributary of the 
rapid fall of 2,000 to 3,000 ft .  Any project would Alaknanda is under examination. See Preliminary 
depend entirely on storage sites being found, as there Report, page 102 ; map 53 N. 
is n very small catchment. The rainfall however (16) Rer River, trzbzllanJ of Sone.-This promising 
overages 60 in. on the hill. (Map 45 D.) river (see Preliminary Report, page 103) has not yet 

121. United Provinces ; areas and sites not been examined. (Map 63 L and P.) 
investigated.-(I) Baur River, Naini Tal District.- (17) Tom River, tributary of Jumna, DeAra Dun.- 
Preliminary Report, page 100. This is unlikely to be of This should not be confused with the river of the same 
use, as a discharge as low as 9 cusecs is on record. name in Rewah. The site at  Kalsi, where tile Tolls 
(Map 53 017.) joins the Jumna, has not yet been examined. The 

(2) D a b b  River.-Near the Baur, and the same catchment area, as shown in Burrard and Hayden's 
rernarks apply. (Map 63 013.) great work,* is larger than that of the lnaio river. If 

(3) Garai River, Mirmpur District.-There is a fall a niinimum discharge of only 500 cusecs is assumed, 
of 180 ft. but no further inlormation is available. and a fall of 500 ft. developed by lifting dams, the 
I t  flows into the Kaliganga (q. v.). power will be of the order of 16,000 kW. con- 

(4) Garrah River, Bareilly District.-This was gauged tinuous. 
.in the plains near Sandi and found to carry : (18) The Giri tributary is not likely to show much 

ot18eos. 
power as its discharge runs low. 

1 . 5 t h d p r i l l 0 1 ~  . . . . . . 226 122. Native States of India ; areas not inves- 
1.ith3lay ., . . . . . . 214 tigated.-So far as is known, comparatively little 

June ,. lg3 investigation has been made of the water power resources 
This gives no indication of the hill discharge ; the of many of the Native States and Territories adjoining 

stream is not ident(i6ed. British India. In  previous tabular statements certain 
(.5) Gauln River, N a i ~ i  Tal District.-This is under working plants and projects are included, and these need 

examination. not be referred to further here. No doubt other sites 
(6) dagei Lake, Garhwa1.-(Preliminary Report, page have also been either examined or suggested by those 

101.) This has not been examined, but the remarks on immediately concerned with then1 ; and in some cases 
the G Lake, para. 93) probably apply here also. detailed investigations may have been made, of which 

(7)  Ilahr',zin Nadi.-(Preliminary Repxt ,  page 101.) no details have remhed the survey. Nothing whatever 
This is uuder examination, hut reports have not yet is known regarcling Hyderabad (Deccan) or Baluchi- 
come to hand. stan, and very little regarding the many States com- 

(8) Ilaliganga River, Garhwa1.-(See Preliminary prised ill the Central 1ndia ~ ~ e n c y  or ~ a j ~ u t a n a .  In 
~ ~ ~ , ~ - , t ,  101,)  hi^ has not yet been examined the latter, however, two possible sites have been men- 
a t  the Launsari site previously referred to. tioned in Udaipur. 

(I)) ganhar River, tribula,r!y of Son..-(Preliminary (1) Dhebar Lake, Udai~1br.-It is not known whether 

~ ~ ~ ~ ; t , ,  page 101.) gy-,is bas not yet been examined. by raising the level of the Dliebar Lake, 30 111'. 

(Nap 63 P/R, 7, 8.) 8.-E. of Udaipur City, any power possibilities would be 
(10) IChajuri, Dahtva rind Jargo Nadi.9, Mirmpur.- found ; the lake is of great area however. 

(prelimillary neport ,  pRge 101,) ~h~~~ have not yet  (2) ,Y,~brrrt~rci~i Rirtr, Urlnipllr.-There appear to 

been examined. (Map 63 K/12.) be possibilities in the Wakal River, tributary of the 

(11) ~ b h  ~ i ~ ~ ~ ,  ~ ~ ~ h ~ ~ l , - p ~ ~ ~ i b i ] i t i ~ ~  were in&- Sabarmati, either near Bnnsimara or Manpur (At,las 

cated in the Preliminary Report, page 102, a t  a point sheets, map 45 H, left half), and possibly in  'lther 

4 m;. above ~ ~ ~ ~ d d ~ .  R~~~~~~~ are proposed in tributaries or the main river, which crosses the bo'lndflr~ 

the district. N~ examination has yet been made. between Bombay and Udaipur in this area. The 

(Map 53 K.) rainfall is scanty, about 26 in. but reservoir sites 

(12) ~ ~ ~ ~ ~ j ~ . - ~ h ~  various emall e i h  be available. The bed level where the Rlanas find 
-- .. . - - - .- - .. -. - -~ 

in t,he Preliminary Report (page 10'4, 8s offering pos- aeography and h ~ o g y  of tho Himnlaya Mountainn and Tibet 
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Wakal Rivers join, a t  Bansiwara, is 1,440 ft. while 
at the junction of the Wakal and Pamri R., 25 miles 
downstream, it is 941 ft.-see 1 inch map 43 H/3, 7 
old No. 143 Bombay and 120 C. I. and R. A tunnel 
through the intcrvening ridge on this large hair-pin 
bend mould reduce the distance to 9 miles, but the 
ancontoured maps do not show what length of tunnel 
would be required. Or, again, there appears to be a 
possibility of wr  king either from Bansiwara or from 
bIanpur (at the turn of the bend) down to the South 
East, \\.here the drop to the plains could be developed 
(Map 45 X/4, 8 ; old 144 Bombay and 121 C. I. and R.) 
Whether auy storage sites exist is udnown, as also is 
the discharee. but the hill catchment is considerable. 

that a good site existed, where large storage could be 
obtained. This appeare to be true, but there is very 
little fall. The site is on map 83 C/P (available in 2 in.) 
above Kanairghat ; the Surma River comes out of the 
hills here and the Loobah (or Luba) is a tributary 
stream. The catchment area at  site is 49 sq. mi. with 
a rainfall of about 200 in., so that the amual run-off 
is enormous. With a dam 100 ft. high it is reckoned 
that 1,000 m. c. ft.. of useful storage could be impounded 
above draw-off level, the huge surplue spilling over the 
dam. The dam site is at  Kuddum, which is not in the 
map. Between here and Kanairghat there is a gradual 
fall of 116 ft. only. The maximum power on the above 
basis mould only be 27 cusecs on 116 ft., or say 200 kW. 

CHAPTER 18.-USELESS SITES. 

123. Reasons for rejection.-The following pages 
deal with the Provinces in alphabetical order and give 
a list of the sites in each which have been examined to 
a sofficient extent to enable them to be pronounced use- 
less for power purposes. This is sometimes on account 
of the total run-off being insufficient, in small catch- 
ments ; so~uetimes because storage sites sufbciently 
large to carry over the dry season are not available ; or 
because the cost of the development mould be prohi- 
bitive. Where the last factor is the deciding one, time 
may prove the verdict wrong, as fuel becomes scarcer 
and more costly ; but no project has been condemned 
on grounds of excessive cost that is not clearly out of 
the question at  present. The following is a summary :- 

TABLE 51.-Summary oj  uselas sites. 

Number of 
Referonce. Province or Stote. useless sites 

examined. 

Paragraph 124 . 
, 128 . .. 120 . 

1%. Assam ; useless sites. 
(I) Ka Ycng River.-This tributary of the Jatinga 

R. (q.v.) joining a t  the proposed dam site of the latter, 
is almost certainly uselesa. 

(2) Loobah River, at 1;oobah Charra, Sy1hel.-This was 
examined and reported as useless. It had been stated 

Aasnrn . . . . 
Bongnl . . . . 
Bihnr and Orissa . . 
Bolobay . . . . 
Bermit . . . . 
Contrnl India. . . . 
Contra1 Provinces . . 
M&n3 . . . . 
Unitad Provinaos . . 

TOTAL . 

The site is therefore clearly useless. 
1%. Bengal ; useless sites. 
(1) Bansloe Rive? ; Brahmiwi River ; More River.- 

These three rivers flow out of the uplands of the Santhal 
Parganas (map 72 P), in Bihar and Orissa, into Bengnl. 
In the latter province there appear to be no poseibilities 
in the rivers, which are referred to again under 
Bihar. 

(2) Barakar River ; Damodar River ; Usri Nala.-As 
noted in the Preliminary Report, p. 69, a flood regulation 
project in the Damodar River was then under consider- 
ation ; but, as recorded in the Second Rcport, p. 61, 
all the three rivers named have been examined by the 
Irrigation Branch of the Bengal Public Works Depart- 
ment and found impracticable. Power requirements 
mould in any case have to be subservient to the main 
purpose of the storage reservoirs. 

126. Bihar and Orissa ; useless sites.-Of tho 
sites suggested in the Preliminary Report, pp. 71 et 
sq., or brought to notice later, the folloving have 
been examined and reported useless. 

(1) Durgaoti River, Shahabad. (Map 63 P/14.) 
(2) Ha?nagarha.-No indication is given ae to where 

this place is, but a fall of 250 ft. hm been examined and 
reported useless because there is no good storage ~ i t e .  

(3) Kakoldfall, Ga?ya. (Map 72 H/10.) 
(4) Kao River, Shahabad. (Map 72 D/1.) 
(5) Murhu JaUs, Ranchi Dist?icl.-These falls (river 

not mentioned) are about 100 ft. and cannot be inereaaed 
artificially. There is a good catchment but examination 
shows no storage sites. 

(6) Nindi River.-Reported too small to be of any 
use. (Map 73 A/7.) 

(7) Papahuran River, Samba@?.-Definitely weless 
-no catchment. (Map 64 P/l.) 

(8) Phulwaria River, Sltahabad. (Map G3 P/9.) 
127. Bombay ; useleaa sites.-The following aiies 

have been examined nnd (for the renson given) written 
off as useless, in the Bombay Presidency. 

2 
2 
8 
8 

21 
7 

17 
3 
8 -- 

09 
~~se le s s  siten 
exomind. 
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(1) Barda River and Borkhet lVala Hydro-Electric Pro- 
jecl, Surat-Dal~gs.--Map 1" Topo Sheet No. 46 HI9 & 13. 
The storage sites are situated on the Barda River a t  a 
sharp bend about 20" 48' N. by 73" 46' E., due south of 
Sadunia village, and on the Borkhet Nala a t  point about 
20" 46' N. by 73" 45' 20" E. near the village of Borlthet. 
Both can be reached, except during the monsoon, from 
Kaln-Amba Railjvav Station on horseback or in bullock 
tonga &ti Ahlra, a distance of 26 and 23 mi. respectively. 
The catchment nreas above the storage sites are 9 sq. mi. 
on the Barda River and 6.5 sq. mi. on the Borkhet 
Nala (also called Knpri Xals on the maps). Both areas 
are mainly of steep hills covered with teak and bamboo 
forests. Both streams cease to flow in January, and 
therefore any project must be worked on monsoon flow 
aided by storage. In the 10 years 1910-19 the aggregate 
rainfall a t  A h a  mas 681.76 in., giving an estimated 
run-off of 409 in. From statistics available for other 
parts of the Presidency, it appears that  in the last 30 
years the decade of lowest rainfall was 1899-1908, when 
i t  was about 79 per cent. of that in the decade 1910-19. 
It is estimated, therefore, that the rainfall a t  Ahwa for 
the decade 1899-1908 was about 538 in. or an average 
of 53.8 inches per annum, giving an estimated run-off of 
27 in. The proposed full supply level of the Barda River 
Lalte is R.L.1.509, giving an area of about 600 acres and 
a capacity of about 950 m. c. ft., while that of the Bor- 
khet Naln Lake is R.L. 1,551, giving an area of about 
350 acres and capacity of about 700 m. c. ft. The Dam 
on the Barda River as proposed ~ o u l d  be 148 f t .  high 
(R.L. 1,361 a t  base and R.L. 1,509 a t  crest) and 4,020 it. 
long. I t  would contain about 7.3 rn. c. it. of masonry 
which a t  Rs. 55 per brass of 100 c. ft. would cost 
Rs. 40.15 Iakhs. I t  mould impound between F.S.L. and 
minimum working level (R.L. 1,401) about 950 m. C. ft. 
of water a t  a cost of Rs. 4,226 per 111. c. ft. Tbere would 
be available after allowing for evaporation, absorption, 
etc., a yearly supply of 421 m. c. ft. The dam on the 
Borkhet Nala as proposed would be 125 f t .  high (R.L. 
1,426 a t  base and R.L. 1,551 a t  crest) and 5,700 ft. long. 
It would contain about 10.7 m. c. f t ,  of masonry which 
a t  Rs. b5 per bra93 would cost Rs. 58.85 lakhs. It 
would impound between R.L. 1,851 and R.L. 1 , 4 6 6  
i .e., between F.S.L. and minimum working level-about 
630 rn. c. ft. of water a t  a cost of Rs. 9,341 per m. c. f t .  
There wo~dd be available, after allowing for evaporation, 
absorption, etc., a yearly supply of about 304 rn. c. it. 
A canal about 34 mi. long would lead from Barda River 
dam to a forebay situated on the hill on the ellst side of 
the Barda River, at  a pnint ahout 20' 49' 10" by 75' 
45' 27" E. This canal could be much shortened probably 
economically, by tunnelling. Another canal about 2f mi. 
long would lead from the Borkhet Nala dam and connect 
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to the first canal near the Barda River dam.   he pipe 
line would lead from near the forebay down the hill in 
a westerly direction to the power house, situated at  a 
convenient place close to tbe Barda River, into which 
the tail water would flow. The Barda River lake ~vould 
supply 421 m. o. ft .  per annum or 13.4 cusecs and the 
Borkhet Nala lake, probably about 304 m. c. ft. per 
annum or 9.6 cusecs making a total of 23 cusecs. The 
fall from the forebay to the Barda River would be about 
410 It., therefore the continuous power will be some 
629 kW. 

hsuming the cost of coal to be Rs. 24 per ton, the 
power factor 40 per cent, and a 50 mile transmission 
line, it will be seen that the probable admissible of 
hydraulic cost development per E.H.P. installed is 
Rs. 511. 

Therefore the total admissible cost is some 10 lakhs. 
As the cost of the dams alone would amount to Rs. 99 

lakhs i t  is obvious that this project is not admissible. 
(2) The Dhohr River, (I tributary o j  the Purna Ricer, 

Surat Dungs.--Map 46 H/13. The site of the suggested 
storage work is l a  mi. above the junction of the Dhodar 
and Purna Rivers, 23) mi. from Navapur station on the 
Tapti-Valley Railway. The catchment area above the 
dam site is 58 sq. mi. and lies in the area where the aver- 
age rainfall is between 50 and 75 in. There is no flow 
in the river during the cold months, so if any project 
was possible it would be based on monsoon flow aided 
by storage. By taking off a canal from thn dam site 
on the right bank, and by running across country to a 
point 1 mi. N.E. of the village of Ghana where the Purnn 
River makes a big bend, a fall of 1'74 ft. is available. 
Under existing circumstances this fall is not sufEcient 
to allow for the construction of a storage work for a 
power scheme, and as water is not required for uriga- 
tion in this part of the country, there is no possibility 
for a combined scheme. This scheme, therefore, is not 
worth investigating under present conditions. 

There are, however, rapids on the Purnn River, near 
Mahal Chikhla and Meheskatri-Map 46 H/O-where, if  
a storage work was in existence higher up the valley, 
additional falls of some 60 f t ,  a t  each place could be 
utilized for power. 

(3) Thc Hadaph River, a tributary oj  the Panam Rivers 
Baria State.-46 J/1 & 2. The site is on a small plateau 
3 mi. E. of the village of Umria some 10 mi. south-east 
of Limkhera Station on the B., B. and C. I. Railway 
main line. The catchment area is about 10 sq. mi. and 
ia situated in the region of average rainfall of 50 in. No 

'rain gauges are in existence in the immediate vichity 
of the site, and the flow of the river haa not been gauged. 
A fall of about 200 ft. is available below the proposed 
dam site, which is situated on the Kariol River 3 mi. 
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above the point where the junction of the Kariol and 
Jbot rivers form the Hadaph River. The project was 
examined a t  the request of the Baria Darbar and for 
reasons given below i t  has been included in the list of 
projects not suitable for detailed investigation :- 

(a) The fall available is lower than is generally con- 
sidered necessary to  give a paying hydro- 
electric project based on storage. 

(b)  The catchment area is too small, in a year of 
minimum rainfall the run-off will probably 
not be more than 6 in., giving a volume of 
139.4 m. c. ft., sufficient for a constant dis- 
charge of only 4 cusecs. Thus the constant 
power available would only be some 50 kW. 

(c) The canal or pipe line from the storage site to 
the power station would be expensive. 

(d) The conibination of an irrigation project for this 
discharge would not materially ilnprovc the 
outlook of the project. 

(4) Kapri Nala, tributar?~ of An1bika.-Possibilities 
were forecasted in the Second Report ;  but  this is the 
same as the Borkhet Nala above, and is useless. 

(6) The Nlarbada Rioer at Mokhadi, Rajpipla State.- 
Map 46 G9 & 13. The Narbada River, between 

Mokhadi and Ghora, in a distance of 5 mi., passes over 
rapids which give a total fall of 21 ft. The minimum 
gauged discharge of the Narbada is 686 cusecs so that  
if it  was possil~le to utilize this fall some 820 1tW. could 
be generaterl without the help of a storage work. As 
unfortunately the H.F.L. a t  Ghora, where the power 
station would have to be situated is 45 ft. above low 
water level, i t  does not appear likely that  any may can 
be found of utilizing this discharge except a t  a prohibi- 
tive cost. The project is, therefore, classed as not suit- 
able for detailed investigation a t  the p r e s e ~ t  time. 

(6) The Ratnchand Nala, a tributary oJ the Khapri 
River, Surat-Dangs.-Map 46 HI10 & 14. There is a 
possible dam site near the village of Ra~nchnnd 4 mi. 
from Awah, tho capital town of the Dangs. The catch- 
ment area above the dam site is 24.6 sq. mi. aud lies in 
the region where the average rainfall is betweeu 50 and 
75 in. There is no flow during the hot months, so a 
atorage work is necessary to supplement the monsoon 
flow. Prom the darn site by means of a right bank 
canal about 3 mi. long to a point about 3 mi. south of the 
village of I<nranjws, a fall of 277 ft. cau be made avail- 
able. Further rapids nnd falls of 75 ft. betmeen W a d t h ~ l  
and Sondn (map 46 II/10) and 100 ft. between Chich- 
Para and Dungarda (map 46 H/9) are found on the 
IChapri River, where, given thn existence of a storage 
work upstream, weirs could be built and the falla made 
available for power purposes. The project seems likely 
to be far too expensive to pay under present conditions 

and prices, and therefore is classed as being not worth 
investigation. 

(7) The Tapti River Bhwaval, Bast Khandesh Dis- 
trict.-Map 46 0116. 

(i) The Tapti River a t  Bhwaval has a perennial flow, 
which may fall to not more than 24 cusecs in the hot 
weather. Just  below the G. I. P. Railway Bridge over 
the Tapti River a series of rapids are found aggregating 
61 f t .  in a distance of 5 mi. There is an excellent site 
for a pick-up weir about -$ mi. above the Railway 
Bridge, near the village of Sudgaon, but  unfortunately 
the cost of this weir and of a canal 6 mi. long through 
difficult country to a possible pomer house site below 
the rapids could not be contemplated on a minimum 
flow of 24 cusecs. The Tapti has been examined in this 
province for a storage site, in which the 1,824 m. c. ft. 
storage required to  guarantee a constant flow of 200 
cusecs can be held up. 

No feasible site exists and therefore, until n storage 
worlc on the Tapti or its tributaries in connection with 
one of the Central Provinces hydro-electric schemes is 
constructed, the tail water from which mould increase 
the hot weather flow of the Tapti, i t  will be impossible 
to  put up a paying scheme for this River in the Bombay 
Presidency. Detailed surveys in connection with this 
worlc are ~ractically complete and prove the impossibility 
of the project under present conditions. (Statements 
showing the flo\\. of the river are recorded.) 

(ii) The site of the Haran Falls or rapids on the Tapti 
is a t  Bhilpads, near the village of Raygad, 18 mi. from 
Nandurbar station on the Tapti Valley Railway ; map 
46 K/3 and G/15. The fall of the river in a distance of 
3 mi. is 6.4 ft. An excellent pick-up weir site exists 
immediately above the head of the rapids, and r canal 
line on the left bank leading from the weir to o power 
station site bclow the rapids would be easy to construct. 
Unfortunately, as in the case of the other Tapti site a t  
Bhusawal, the minimum flow available is too small to 
give a paying project, and nothing can be done until 
some means of increasing this minimum flow call be 
devised. 

(8) Tarla River, a tributary o j  the Krishna River, 
S d a r a  District.-Map 47 6/14. 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 sq. mi. in the region of average 
rainfall of 100 in. The run-off in the worst year would 
probably amount to 20 in.. so that, assuming that  the 
project is developed on the worst year's rainfall,and that  
the above run-off amounting to 232.30 m. c. ft. csn be 
stored with a reasonable height of dam, a coneinuourr 
discharge of 7 cusecs can be obtained. The fan avail- 
able is about 800 f t .  so that  continuous power of the 
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order of 370 kW. could be developed. The site is some 
16 mi. as the crow flies from the town of Satara, where 

, no industries exist a t  present. As the Urmodi scheme 
will be a considerably cheaper one than this, and will 
s d c e  for the lighting of Satara, this project is put on 
the list of projects not worth detailed investigation a t  
t.he present time. 
128. Burma ; useless sites.-Comparatively few 

streams have as yet been examined and found useless 
for power considering the total number of " possibles " ; 
the following alphabetical list gives these :- 

(1) Iia'nza Chaung, Tavoy.-The reported falls N.E. 
of Yebyu (Preliminary Report, p. 77) have been strnck 
out as oseless. 

(2) Ifaladat~ River, Akyab.-This river with a catch- 
ment of 3,000 sq. mi., was mentioned as a possibility in 
the Preliminary Report. I t  has been examined to near 
the border and found useless (map 8.1 C, D, H and 85 A). 

(3) I{clartng Ricer, illancla1ay.-The site near Wetw~m 
(P~elinlinary Report. p. 78) is struck out as useless. 

(4) Laitt~alo Riuer.-This has been struck up from the 
list in t.he Preliminary Report, p. 78, as apparently i t  
refers to the Balu Chaung (q.v.). 

(5) Lenge Chnlrng, ilIe&/iln.-This has been struck out. 
(6) ilIng!ji Chnutrg, tribz((ory of i1Iadaya.-This has 

been struck out nnd probably is entered under the 
JIadaya. 

(7) ilIetly(:tdniver.-Struck out ; not identified. 
(8) AIo~rghnitg Riser, S .  Shan Stales.-This has been 

struck out locally. 
(9) Nan1 lfaw, tributary of Sa1zceett.-This has been 

struck out locally. 
(10) Nomkloe Lake, Yamet11in.-This has been struck 

out locally. 
(11) N a n ~  Lung.-The lower reaches have been 

examined and found useless. The opper reaches are 
called the Nam Et,  which is entered under sites not 
exnmined. Nap 93 FI4, 8. 

(12) Na~n Laung, tribzdary of &Iyitnge.-Struck out. 
(13) Nan& Tay, tribular!j of Sa1toeen.-Struck out ; 

probably this may be the Nnm Teng. 
(14) Pang River, tributary of Sal7ueen.-Struck out as 

useless. 
(15) P,:ycrgale CAaung, Peg[:.-Struck out as useless. 
(16) Pyirtpongyi Chaur~g, Pegr1.-Struck out as use- 

less. 
(17) Ta[ci~gdtr.i~l. Chat~ng, Illyi1llta.-Struclc out a8 

useless. 
(18) To19 Ricer, S. Slmn States.-Probably misnamed 

in Preliminary Report. 
(19) Tonbo River, Mandahy.-Struck out. 
(20) Ye Ricer, Pag!/i.-Struck out. 
(21) I'rzin Chaut~g, Mcikla1a.-Strock out. 

129. Central India ; useless sites. 
(1) Indore : NarbaL Rivw.-This mas examined at 

the Maheswar rapids below Mandleswar, on map 46 N. 
The cold weather fall of 21 it. disappears in the rains, 
when the river may back up 50 or 60 it. from its passege 

through the Satpura range lower dom.  No barrage is 
possible, as i t  would submerge whole tracts of couutry 
during abnormal floods. 

(2) Patalpani Pall.-This has no catchment and is 
useless. (Map 46 N/14.) 

(3) Rajgarh ; Newaj River.-This river was examined 
by Mr. Bull near Rajgarh. It was found that the stor- 
age which could be depended upon was too small and 
precarious for utilization under the small head obtain- 
able. It is however poesible that better conditions may 
be found elsewhere on the river. 

130. Central Provinces ; useless sites.-The fol- 
lowing alphabetical list gives a short summary of the 
results of reconnaissances of a number of sites in the 
Central Provinces which, for one reason or anot,her, 
appear not to be worth further examination. Some of 
the rivers mentioned (viz., the Narbada, the Tapti, and 
the Purna and Moga) also appear in the list of sites 
requiring investigation, the sites or method of develop- 
ment being different. The original reports on these 
sites are with the Chief Engineer, Hydro-Electric Survey. 
The reconnaissances were carried out under the direction 
of Mr. Pays Davies, Officer in charge in the Central 
Provinces during 1920. 

(1) Aran River at &Iasni, Magrt11 Taluk, Akola Dis- 
trict.-(See Preliminary Report, page 84.) This has 
been examined and is pronounced " certainly useless." 
The river is not perennial, so storage would have to be 
depended upon ; the dam site is & mi. North of Jfasni, 
7 mi. South-East of Karanje, and 15 mi. North-East 
of Magrul, near Sangwi Railway Station. A fall of 
45 i t .  only would be obtainable by means of an open 
channel some 2 mi. long from the dam to the forebay. 
The catchment area is 315 sq. mi. A raingauge station 
is in the area at  Mangrul Pir and shows the followh~g 
results :- 

Total in 7 dry months, average 3.6" minirnunl, vil. 
Total in B wet months, average 33.1", minimum 

10.5". 
Maximum fall in one day, 8.3". 
Probable annual run-off in a minimum year 446 

m. c. ft. 
With a masonry dam 1,300 ft. long end 63 it. high 

(apparently this is the mean height) n tot,al capacity of 
2,176 rn. c. It. cor~ld be impounded if it were 
available, while t,he effective capacity is estimated to be 
1,310 m. c. ft. Neither   tor age nor fall can be 
augmented ao that 42 cosecs only could be obtained. 
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This on 45 ft. head gives only 130 kW. continuous 
power. (Map 55 H/7, 11.) 

(2) Aran River at Ruhnpur,  junction with Arna River. 
-This has been examined by the local o5cers and a 
good reservoir site was found, a t  the entrance of a gorge, 

mile downstream of the junction of the rivers, and not 
far from where they flow into the Penganga. The 
H.F.L. of the backwaters of the Peugauga reaches R.L. 
821 at  Manusdari Village and the low water level of the 
reservoir mould be a t  R. L. 850, so not more than 30 ft. 
head could be depended on. Therefore, although the 
catchment area is 1,712 sq. mi. i t  is clear from the 
preceding entry relating to this river that  the site is 
useless for power purposes. 

(3) Blmjw (or Blunjee) River, joinging the Muran 
(1.v.) Belul District.-This was exanlined 23 mi. from 
Chicholi (map 55 F/42) where a fall of 200 ft. could be 
obtained by a long open channel and long pipe line. 
The stream is not perennial and the yield of the small 
catchment, if all stored, would only give some 8 cusecs 
a t  prohibitive expense. The site is therelore useless. 
(The Narbada itself is a t  about 1,000 ft. elevation and 
the site 1,400 ft. so that  no possibilities exist lower 
down on this or the Rfurau River.) 

(4) Bina Ricer Ralmtgarl~, Saugor Dislric1.-(See Pre- 
liminary Report, page 84 ; second Report, page 72.) 
Rlr. Batchelor estimated this river to be worth 5,000 
e.h.p. a t  each of two sites. A detailed reconnaissance 
was made, with the result that only 750 kWs. con- 
tinuous power, could be obtained a t  prohibitive cost. 
The site examined is just upstream of Rahatgnrh, map 
55 111, & 6, 25 m. W. of Saugor. A fall of 135 ft. is ob- 
tainable by means of an open channel from the storage 
dam. The river dries up iu May, so power \rould depend 
entirely on storage. The catchment area is 421 sq. mi., 
mostly coltivated, with some forest and high land. 
Rainfall records a t  Khorai. the nearest station, show 
the following results :- 

Total in 7 dry months, avernge 2.3, minimum nil. 
Total in 5 wet months, average 42.5, minimum 

19.4. 
Maximum fall in one dnv 9.0 in. 
Probable nnnual run-off in average year (44.8). 

6,445 In. c. It. 
Probable annual run-off in ~l~inimum year (21.8), 

2,500 IU. c. ft. 

The run-off is based on Mr. Barlow's method. The 
main dam site is 360 ft. upstream of the fall in the river 
2 mi. S. of Rahatgarh ; in addition to the main clam 
5,700 ft. long and 116 ft. deep there would have to be 
three subsidiary earthen dams. Taking into account the 
monsoon rainfall of the two consecutive driest years the 

effective capacity of the reservoir is estimated to be 
2,580 m. c. ft. against a total storage of 3,000 m. c. ft. 
The land submerged is mostly good cultivated soil and 
contains 18 village sites. The compensation alone rules 
the site out practically. A concrete lined channel of 
5,000 ft. would be required from the W. end of the main 
dam to a forebay 1 mi. S. of Rahatgarh, with a pipe line 
thence of 2,700 ft. to a good pomer house site 6 furlongs 
W. of Rahatgarh, 5 ft. above H.F.L. and near the river 
which would take the tail race discharge. The reservoir 
supply ~vould be valuable for irrigation purposes in the 
future-there is no irrigation a t  present--but while the 
draft of water for pomer would be required continuously 
that  for irrigation would be intermittent. The combi- 
nation is therefore inadn~issible as a com~nercial propo- 
sition unless the pomer could be used almost entirely for 
high level irrigation. On a continoous 24-hour basis 
the above effective storage would give 84 cusecs (74 in 
report) \rhich on 1.75 ft. fall is equivalent to 750 kW. 
The cost of the hydranlic develop~nent alone \vould be 
over 42 lakhs of rupees, so that  the scheme could not 
conceivably compete with other forms of power. (The 
Report is acco~upanied by plans and full details.) 

(5) Chandralhaga River, ilfelghnl Taluk, Agnraoli Dis- 
trict.-This is one of Mr. Batchelor's sites, mentioned on 
page 84 of the Preliu~inary Report (map 55 G/i). It 
\\.as examined above R.L. 1,800, where a fall of 500 ft. 
would occur to the plains a t  R.L. 1,250 ; but a 20 mi. 
channel would be required. I n  two consecutivedry 
years it \\,as estimated to yield under 200 m. c. ft. from 
the catchment area of 26 sq. mi. Considerably more 
storage could be inlpounded above this site ; but even 
allowing for the provision of large (and expensive) carry- 
over water the site could by no possibility be economi- 
cally utilized for some 200 k\V. 

(6) Chorg:rd River, (ribzrlai,~lo f Wurdha, hIorsi Districl, 
Aatroo1i.-(See Prelin~inary Report, page 84.) This site 
has now been esnmined and pronounced " c~rf-ninly 
useless." The rainfall a t  JIorsi varies bctaeen 29 and 
9 in. and the river is not perennial. No large storage is 
possible at  Udliheir and there is no fall available other 
thnn \\,hat n~ould be formed by a " lifting dam." (Map 
55 G/15.) 

(7)  K d n i  Riro., ileur dlttrtcara and Iintni, Jubbttl- 
pore District.-(Map 64 A/5, G.) This river wns inves- 
tigated a t  the iust,ance of the Electrical Engineer, 
Central Provinces Government, \\,Lo required no more 
than 100 k\fT. for Icotni. Tl~erc iu ho\vever no natural 
fall and no fall can be created of any value. The river 
is perennial but drops to about 10 cusecs. Storage 
would submerge valuahle agricultural land and villages, 
a t  prohibitive cost. The site in question is therefore 
definitely useless. 
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(8) Moga (or ATIZU) Nullah, Elliciapur, Amraoti Dis- the afflux would not reach far back. The good fa" 

trict.-see Prelllninary Report, page 85. The site near below Sakur Ghat would however probably enable the 
Malni, suggested by Mr. Batchelor, was examined and tail waters to get clear away in flood times.  hi^ lest 
found useless. The catchment is 42 sq. mi. W'ith a proposal is just conceivably possible, but mould in ab 
channel, including a long tunnel, and a pipe line 3 mi. probability be prohibitive in cost ; it requires calell- 
long, it is reported that a fall of 500 ft. could be obtained. lation to be made of the discharge, based on the flood 
The power available might be of the order of 400 to record referred to, and the afflux effect of tllat discharge 
800 kW. and the cost of development would be prohi- behind dams of various heights. The flood levels at the 
bitive. See however the Purna River, in the list of Hoshangabad-Budni Railway bridge are no doubt known 
possible sites, where a combined scheme of possible and enter the problem. On the whole it is not worth 
utility is suggested along with the Moga. while to continue the investigation here. See however 

(9) Muran (or Morum) River, near Chiclaoli, Betul the Narbada River site a t  Rlandla, entered among sites 
District.-This river, a tributary of the Gangal and for further investigation. 
Narbada, was examined 21 mi. N.W. of Chicholl (map (11) Purna Riuer, Amraoli and Bdul Districb.-See 
55 F/12), where a fall of 200 ft. could be developed with Preliminary Report, page 86. This river mas suggested 
a pipe line a mile long and a t  considerable expense in by Mr. Batchelor as suitable for development. I t  was 
t~mnelling. The stream however is not perennial and examined a t  Junapani, 15 mi. dr~e  N. of Sirasgaon, where 
is dry by the end of April, and not Inore than 1,200 the catchment is 80 sq. mi. A channel of 16 mi. over 
1n. c. ft. could be impounded a t  the dam site examined, difficolt country, with tunnels and aqueducts, and a 
where the catchment is 121 sq. mi. and the rainfall of pipe line 2 mi. long would give a fall of 500 ft. The 
the two driest consecutive years 18 and 37 in. respec- yield would be some 700 m. c. ft. in a dry year 
tively. It is clear that less than 500 kW. would be giving say 20, or with carry-over perhaps 25 cusecs. 
obtainable a t  prohibitive expense ; and the site is use- Some 600 to 750 kW. continuous power might therefore 
less. (The Narbada itself is a t  about 1,000 ft .  and the be obtainable a t  great cost. It is therefore practically 
site a t  about 1,400 ft., so that no possibilities exist on certain that this site should be relegated to the category 
this stream or its tributaries lower down.) of useless sites. See however the combined scheme for 

(10) Na~bada River.-In the Preliminary Report, the Purna and Moga rivers, in the list of Central Pro- 
page 86, mention was made of the Dharighat Falls, vinces sites for further investigation. 
6 mi. N. of Ponassa E'orest Rest House, in Nimar Dis- (12) Pus River, Ma~sul,  Yeotmal Disl~ic1.-(Maps 66 
trict, map 55 B/7. These falls and neighbouring rapids H/8, 12 and 56 E/5, 9.) A possible storage site was 
mere examined and it is reported that the dry weather examined on this river, just S. of Marsul village and 
fall (9th February 1920) was only 25 ft. and not 50 ft .  44 mi. from Darmha Railway Station, Yeotmal Branch. 
as conjectured in the above report. The faU completely I t  is pronounced " certainly useless." The river is not 
dieappears in the rains. In 16 miles above here the perennial, so storage would have to be employed. By 
cold weather fall of the various rapids mas only 98 ft. mcans of an open channel from the dam site a fall of 
all told. The single fall a t  Dharighat is clearly useless 90 ft. could be obtained. The reservoir site is large; 
for the reasons given when dealing with the RIabeswar but only some 1,300 m. c. ft. of water could normally 
faUs in Indore, further West, on page 63 of the Second be obtained, and the effective storage mould be 888 

Report. Similarly the accumulated fall of 98 ft .  could m. c. ft. in bad years, giving 29 cusecs continuously. 
only be utilized by tuunelling the whole 16 mi., as The cost of the storage would therefore be out of,aU 
tile banks are very high on both sides ; and a diversion proportion to the 150 kW. or so obtainable. 
darn would be required. A proposal to use a high dam (13) Sapan (or Sarpin) River, ~elglaat  ccnd ~llic1~pur 
a t  a site found 1 mile below Saltur Ghat (2,300 ft .  long Taluks, Amraoti District.-See Preliminary Report, 
and 180 ft. high). and to utilize this fall in addition to page 86. (Map 55 G/7.) This is one of Mr. ~atchelor's 
the natural faU, has also been suggested ; but tllis would sites. Near Wajar there is no snitablc site for storage 

also involve similar tunnelling. The afaux behind such and the fall available with a very long pipe line is 300 ft. 

a dam in the case of a flood such as is near The yield, if it could be stored, is estimate11 to be depend- 
Mahesmar (be. eil.) has not been calculated, but would able for only 9 Cusecs in a bad Year, from 

almost put the idea out of count. For the of some 44 sq. mi. The snlall natural fall of 30 ft .  is 
same reason the proposal to use a lifting dam alone a t  useless alone and the stream is not perennial ; it carried 
this place is lilrely to prove impossible, though with only 2 cusecs on 24th January 1920. The st,rCam rises 

this method of development a lower datn would rapidly to an elevation of several thousallrl 'crt,, h u t  

clesrly suficc. This method presupposes rapids so that splits up into many branches with insignificn'lt 
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ment areas. The whole stream appears to be Sile 3.-At Ratamati ; square 3 of map 66 G/9, 
useless. below junction with the Betul River. The catch- 

(14) Shahvtur River, near Anjnngoon, Anwaoli Uis- ment here is stated to be 848 sq. mi. and the 
/riel.-In the Preliminary Report, page 86, this site was probable effective yield 8,250 m. c. it., giving a 
mentioncd on the authority of Rlr. Batchclor, r h o  discharge of 176 cusecs. A fall of only 60 it.  
recorded several sites as worth invcstigation, and who can be obtained, so the site is useless. Two 
believed a reservoir could be made with a fall of 600 it.  possible dam sites were examined, one being 
available below it. (Map 55 G/3, 7, 8.) A reservoir 1 mi. N.E. of Ratamati and the o t h e ~  14 mi. 
site was found between Moragarh and Raipur, but the upstream. Both ~ o u l d  be prohibitive in cost. 
available faU a t  this place is only from R.L. 1,350 to Silc 4.-At the junction with the Labada Nadi, on 
1,250 or 100 ft. The stream is not perennial and dries square 3 of map 55 G/5 near Ankhi. The catch- 
up in March, and from the catchment area of 45 sq. mi. ment area and yield below the Ratamati site are 
only 336 m. c. it. could be expected. A site higher up given as 485 sq. mi. and 3,980 m. c. ft., giving an 
was also indicated by Mr. Batchelor, where the total extra 86 cusecs or 262 cusecs in all. A fall of 
fall to the plains would be 500 ft. ; this mould therefore only 60 ft. is obtainable, so this site also is use- 
be above R.L. 1,800 and the catchment area is less than less on account of the cost of the impounding 
30 sq. mi. There is no storage site here to take the dam. There is llomever a good channel line 
small yield, and a channel of many lliiles iu length through the saddle enclosed by the loop of the 
would in any case be necessary. Higher up still is river, and there may be unsuspected possibilities 
Mr. Batchelor's third site, referred to above, with a here. 
catchment area of 12 sq. mi. only. By means of a Site 6.-At Rangobeli, square 4 of map 65 612. 
channel some 20 mi. long a fall of 600 ft. could be The catchment, additional to that  a t  site 4, is 
obtained; but  the total water available in a bad year 535 sq. mi. with an efiective yield calculated as 
mould be under 80 m. c. ft. or say 2.i cusecs giving 6,500 111. c. ft., equal to say 185 cusecs or 447 
under 100 k\V. This river is near, and similar to, the cusecs in all. A fall of 45 i t ,  only is obtainable- 
Chandrabhaga and Sapan Rivcrs. All appear equally presumably exclusive of bhe dam lift, though this 
useless. is not stated. 

(16) Tapti River, dove B1ir11ai~pur.-Tlie whole river I t  is elsewhere in this report pointed out that  the 
was examined to the E. of this point op to the junction river might possibly bo developed by means of lifting 
with the Tawa and Atnbhara (55 K/2), as i t  was indi- dams. 
cated in the Preliminary Report (page 88) to have (16) Wnghciri Ritter, Yeolntnl Dislric1.-This non- 
possible power sites. The result is disappointing, and perennial stream runs parallel to the Aran, but has a 
the circle officer reco~nmended no furthcr action. There far smaller catchment area. There is a fall of 15 ft. 
is one natural fall of 50 ft. a t  Dhanora (56 G/14) aud near Waghari Takli village, bnt no reservoh site was 
seven others from 8 to 20 ft., which probably disappcar found by the investigating engineer. I n  any case, as 
in the rains. Thc sites cxamined are as follo~vs :- mill be seen irom the Arnn River, there would be no 

Site I.-Half a nlilc bclow junction \vith Tawa on chance of commercially developing power from storage 
square 2 of lnap 55 IC/2. Thc catchnient here on so small a head and with so low a yield. (Map 55 
is 204 sq. mi. 114th n probablc effective yield in 115.) 
the two driest consecutive ycars of 826 m. c. ft., (17) kVnr(lhn Ricer, tlectr Ptrlgaov~, Wardha District.-- 
giving 239 casecs. Tllere is howevcr storagc (Sce l'rolimiuary Rcport, p. 88.) Mr. Batchelor esti- 
capacity capable of impounding a very large mated this site to be good ior 1,000 e.h.p. I t  was 
carry over, and tlierc is a substantial flow cxcept examined locally and pronounced " certainly useless." 
a t  the end of the hot mcather. The available There is a fall of about 10 ft. a short way downstream 
fall, including the Dhanorn water 11111, is only of the G. I .  P. Railway bridge (map 55 L/6), but no suit- 
105 it.  so the powcr \voold bc not \\tort11 cousider- ahlc storage sitc was found. The discharge ns early as 
iug. At Dllatiora fall itself the cntchncnt is only December was found, in 1920, to be only 6 cusecs ; and 
250 sq. mi. and thoogli some chnnnel would be it is clear that on so low a head (even if i t  were possible 
saved thc site is equally usclcss. to increase it considerably by means of a channel) no 

Sile 2.-Further do\vnstrenni a t  Bothi Sehar, 10 mi .  amount of storage would give power consonant with t h ~  
S.W. of Bndnoor town, tnap 55 6/13, Here no cost. 
usef~rl hend is capitblc of dcvclopment, and t h ~  131. Madras ;  useless sites.-The following sites 
cotlditions proved unsatisfactory. in RIadms have been examined and pronounced 1tsele.o~. 

2 A 



WATER POWER RESOURCES. [Para. 182. 

(1) Chandrawttki River, Ettipotata Fall (Etipotla), 
Guntur District.-A reconnaissance was made by Mr. 
Sneyd who found this site near Macherla useless owing 
to  lack of flow and excessive cost of storage. (Prelimi- 
nary Report, page 89.) 

(2) Pnlni Rills, Madura District.-The Gundar River 
mas examined by Mr. Sneyd and reported useless except 
possibly for a very small plant for Kodaikanal. In view 
of the Pinjikave site (q.v.) and other practicable develop- 
ments in these hills the Gundar may be written off. 
The minimum flom is about 5 cusecs and no storage site 
is available. With a head of 800 ft. only 250 kW. 
continuous are available, a t  heavy cost. 

(3) Siruvani River, tributury of Bhavani, Nilgiri 
Hills.-See Preliminary Report, p. 92. This project 
was fully investigated and found wanting, in view of 
other h e r  sites in the neighbourhood, vii. ; Kundah 
River and Pykara River (q.v.). The dam site mas un- 
favourably reported on and the river will probably be 
used for water supply to Coimbatore. 
132. United Provinces ; useless sites. 
(1) Darnla River and Sobla Lake.-What power exists 

here is too remote to be of any use. Site not identified. 
(2) Ghaga~ Nadi, Mirzapur.-(Preliminary Report, 

p. 101.) There is rcported to be no fall above the 
canal headworks which could be utilized for power. 

(3) Gohna LaXe, Garhun1.-This is almost certainly 
useless ; but Mr. Lyle's inspection note is printed under 
" Sites investigated " in the United Provinces. 

(4) G o ~ i  River, trzb~tar?~ of Surds.-This river joins 
the Kali a t  Askot. Rlr. Lyle examined i t  up to Dawani, 
but found no good site. I t  is in any case too remote to 
be of use. There are practically no roads in this tract. 

( 6 )  Saraszvatiganga River, Garhwa1.-Owing to its in- 
accessibility, beyond Badrlnath and a t  an altitude of 
some 11,000 ft., the site referred to in the Preliminary 
Report, p. 103, may be written off as useless. 

APPENDIX I. 

Usej~rl Hydraalic nnrl flgdro-Elerlric Dnln (in round numl~ers 
generally). * 

1 cusec flom = 1 cu. It. per scconrl = 62.4 Ibs. per ncconrl, 
=GO cu. ft. pcr minute=3,744 Ibs. per minntc, 
= 374 gallons prr  minute, 
= 3,600 cu. ft. 1.cr hour, 
= 88,400 cu. It. p ~ r  day. 
= 2.6 tn. c. ft,. pcr montll, 
= 31) m. c. It. per yenr. 

C:allon~ per rnitiutc = vnnccs x 374 

1 cubic metre per second (or m9) =F5.31 cu, ft. per second. 

100,000 cubic feet stored will give 1.16 cusecs for 24 hours 

,I I ,  I ,  9 ,  8 9  2f 9 ,  8 ,  12 ,, 
p p  1, B p  3 ,  3 ,  41 ,, 9 ,  6 ,, 
P .1 $1 I ,  ,, n t  .. ,, 3 ,, 
I )  ., I >  ,, ,, 27: ,, ,, 1 ho~lt . 

Calchn~enls and Reservoirs. 

1 acre = 43.660 sq. ft. 
1 acre of water 1 foot deep = 43,560 cu. ft. 

=I  acre foot. 
1 square mile = 640 ncres = 27.88 1 m. sq. ft. 
1 square mile of water 1 foot deep = 1 sq, mi. ft. 

= 27.88 m. c. ft., which will (in practice) give 
a flow of about t cusec for 12 months. 24 cusers per 
4 months or  3 cusecs for 3 months. 

1 iachof rain = 100 tons per acre or = 3,600 cu. ft. per ncrc. 
=64,000 tons or 2.33 m. c. ft. per square 

mile. 
I n  practice, however, only a percentage, and often a sninll 

percentage, will reach the reservoir ; see pnrngrnpl~s 20 to 24 
of Report. 

A continuous fall a t  the rate of 1 in, in 1 hr. gives 1 cuscc per 
acre of catchment (100 per cent.). 

313 m. c. ft. stol.e[l is eqr~ivnlent to  1 cnwc for n )tor; 

but  owing to  evnpornt.ion nnd percolntion morc stornge wculd 
actually be required. I n  round figures :- 

1.000 m. c. f t  
stored will give 30 cusecs contin~lously for n yrnr. 

., ,, , 40 ,, , Omontlls. 
, ,  ,, ,, 60 ,, ,, fi ., 
3 .  9 ,  ,, 90 ,. ,, 4 
9 ,  9 ,  ,, 120 .. , 3 ,, 

Power Jrom jlow. 

On the practical basis nssumed tlirougl~out this report 
Cubic feet flow x hearl in feet= 

Lorso 
11 - - 

I f  15 is tho divisor, the result is in kilowatts. 
On small projects 12 and 16 may be used. 

Power jrori elornge. 

Tl~ouannds cubic feet stored x hend in feet 
(i) Regulnting. 42 

= e.h.p. I~oors. 
If the divisor is 60, tho-result is in kW. hours or B.O.T. unit.8. 

Millions cubic feet stored x hcnd in Icct 
(ii) Main. - ~ 

370 
= e.h.p. yenrs. 

If the divisor is 800, the result is in kW. ycnrn. 
Millions cubic fcet x head in fect x 17 = B.O.T. nnila 
One C I I R ~ C . ~ R J  = 24 units for every 16 ft ,  of hcnd. 



APPENDIX 11. 

MODEL FORM OF AGREEMENT FOR GRANTS FOR WATER POWER DEVELOPMENT. 

Clause 
Clauae 
Clause 
Clause 
Clause 
Clause 
Clause 
Clause 
Clause 
Clause 

Preamble. 

I.-Grantees to include permitted assigns. 
11.-Grant subject to certain rules. 
111.-Exclusive right to water power a t  site named. 
1V.-Purchase of works by the State. 
V.-Restriotion on neighbouring grants. 
V1.-Right to construct works. 
VI1.-Use of canal water power. 
VII1.-Canal works. 
1X.-Return of water after utilization. 
X.-British Standards of pressure and frequency. 

'ENTS. 

Clause X1X.-Accounts to be kept. 
Clause XX.-nausfer of grant to a company. 
Clause XX1.-Prohibition against sale, leasc, ctc., of grant 

without consent. 
Clauae XXI1.-No right to license conferred. 
Clause XXII1.-Security deposit. 
Clarcse XXIV.-Det~r~nhiation of grant. 
Claase XXV.-Liabilities not affectcd by dotcrmination of 

grant. 
Clauae XXV1.-Disputes. 
Clause XXV1I.-Stamp duty. 

Clause XI.-Tenders for plant. Supplernenlary clauses Jor use i n  special cases. 
Clause XI1.-Leasing of Government land to  grantee. 
Clause XII1.-Acquisition of land. Clnuse XX VI1I.-Navigation rights to be maintained in rivers. 
Clauae X I  V.-Demarcation of acquired land. Clause XXIX.-Timber trarisportation by other parties. 
Clause XV.-Royalty for use of water. Clause XXX.-Facilities to be provided for timber trans- 
Clause XV1.-Rent for use of works of the grantor. portation. 

'Clause XVI1.-Share of profits of grantees. Clause XXX1.-Flotation of timber not marked or sawn. 
Clause X VII1.-Liability for damage. Clause XXXII . Ju r i~d i c t i on  of grantor scconrl party. 

Annezure. Model Fortn o /  applicalion tor a grant /or tmler pover dez~lopntenl. 

HYDRO.ELECTRIC SURVEY OF INDIA. 

DrnJl dlodel Fortr~ oJ Agreetnenl Jor Grants l o r  Water Power Developrttent. 

Form 01 agreornenl lor grants 01 1Valer Porucr developmeal, Notes on the dratl. 

primarily fro111 storage works and not from rivers or canals. A. These rofercnce Icttcrs A. B. C. arc used tllrol~gho~lt ~vhorc 
a clause or a phrosc is applicable to one or tho othcr 

B. cnae. 
from Rivers, with or without storage. 

from Canals. C. 

Preainble. Prmi3lc.-Taken from the Jumna River ngrccmcnt. 
THIS INDENTURE made tho.. .............. .day l9 * I f  a Native Statc is conccrncd with the ogrrcmcnt tho addition . 

botwcc~~ tho Right Hon'blc tbo Sccrctnr~ of State for India "f a ' I  grantor second party " lllay bo necessary aild tllc 
in Council (hercinnfter called tho grantor) of tho first grantccs will bo of tho third part.n sco X ~ I I .  
pnrt.*and ........................................... 
together forming sll&?!!!% known a.3 the ............ 

Colnpnny 

........... ,A%?!!%n having an address a t . .  
Company 

(hcrcinaftcr callccl tho grat~tees) of t,hc second part. 
WHEREAS the grantees being dcsirous of carry ill^ out a sohcnlc A. B. C. ~o~oNi l lg  to of project. 

for gonerating electrical onergy by m a n s  of utilizing the water 

(to be) storcd in a rcscrvoir or reacrvoirs (to bc) conatructcd by 1 A. According to wllct.her an cxisting reservoir constivcted by 
Government 

. a t  or near the looality sllomn. I Covcrnnicnt is to bo uscd or not. 

2 ~ 2  



172 APPENDIX 11. MODEL FORM. 

Draft yreemont. N o h  on the Draft. 

of tho River.. ...... bot\vcon tho point .......... .and the B. ........ .... point. .these points being marked by the lottors. 

... of tho.. ..... .Canal between thc point.. .and tho point C. 
...... ......... .these poinb being marked by tho lettors.. 

on tho plan hercto annexed, havo tq)plicd to tho Governmont 
of. ...... .(hereinafter called tho local Government) for a 
gront for water powor devcloprnellt 

in tho looality aforesaid 

botwceu the pointe aforesaid.' 

AND WHEREAS the looal Uoverumout, wiLh a view to cn- 
: oourage commercial onterpriso and thc devolopment of tho 
'~rcsouroes of tho oountry by means of clcotrical power, has 
p 'determined that suah a grant as is askod for by the grantees 
.$ay properly be granted. 

[and* whereas the said reservoir site to the follo\ving extent, A. ' LVllere there is a " grantor second party "-secnote or1 
that is to  say.. .......................... previous paragraph-the extent to which the site is within 

thc jurisdiction of that party should be montioned hcrc, 
and also the agrcomcnt 01 that party to tho indenture, ns 
shown bctwcen tho ailultro brackets. In  that caso tho 
form should bo cxaluincd ior other clause8 nhcre tho 
grantor second party luay appear. 

said River in the portion of its course roforred to abovc 11. 
namoly the portion between tho lottors.. ..... .and..  .... 
on the plan hereto annexed. 

said.. ........ Canal in the portion of its courso referred to C. 
above namely.. ................ 

adjoins (falls within) tho territories of the grantor aocond party 
and tho said grantor second pnrty hos agreod to bucome a 
party to this indonturo in the mannor on tho oonditions and 
to tho extent heroinafter appearing]. 

IT IS HEREBY AGREED AND DECLARED AS - - - - - - - 

FOLLOWS :- 
Granfces lo include permilled assigns. Tlleso hcarlinga aro put in tor oo~tvouic~~cc of rcfcrcnce and 

will not ~~cccssarilv form part oI thc agrccmcnt. . -~~ -- 

I.-Throughout these presouts the expression " grantees " Clause I.-Takcn froul tho Junlna Rivcr agreemont. 

wherever i t  occurs means the grantoes specified in the Transfor of graut to a Company. 

preamble hercof and includes whore the coutoxt so 
permite or requirce or aftor the transfer oontemplated in 
olause XX hercof thoir porrnitted nasigne. - 

Qranl aubjecl lo certain Rules. 

I I . - T ~ ~  heroinbefore erprcsscd to bo granted is in so I,,~ C ' k ~ a e  11.-Taken from tho Ju~nnn  llivcr ngrccmont, wilt, 

8s i t  reletes to  tarritorios for tho time boing ad~uinistered by additions from tho Po r i~a r  conccflSioll. 

the looal Government grantcd subjeot to tho rules prescribed 
by Hie Majesty's Reoretary of State for India and published 
by tho Uovernrnont of India as Resolution No. 933 



DRAFT AGREEMENT'. 

Draft agreement. [Notea on the draft. 

of tho Department of Finance aud Colnmerco datcd the 
twentieth day of February 1894 as subsequcntly amended ; 
and the sanction of the authorities concerned to the granting 
of the &rant as required by the said roles, has been signified 
in writing under the hand of the Secretary to  the Government 
of India in the.  ......... .Department in letter No. ........ 
dated.... .............. 

Exclusiv erighl lo woler power a1 site named. 

111.-Subject as is hereinafter u~entioncd tho grantees sl~all  11ave Glouse 111.-Taken fro111 the Jurnua River og~,ecment, modifie(l 
the sole and exclusive right from the date of these presents to 
uae the water power. 

within the limits named A. 

of the River.. ............ B. 

of the... ..................... .Canal. C. 

in the manner above mentioned, but only for the purpose of 
tho generation of electrioal energy. 

PROVIDED ALWAYS tha t  the grantors shall not be liable for 
any loss, damage or inconveuience wl~ic l~  nlay happen to  the 
grantees by reasell 01 any deficiency in t l ~ c  I n t e r  arising 
otherwise thau as  tho direct conseqneuce of any acr,ion takcn 
by them or by the local Govcru~ncut : 

PROVIDED ALSO that after the pxpiry of . .  ........ .years B] Tcn or ttvcnty ycara is suggcslcd. 
Irom the date of these presents the Government of. ........ -,, L 
shall be a t  liberty to  gr in t  to ally person or persons other than i:jrlliver or 
the grantees, grants in respect of such proportion of the water 
flowing in the said.. ........ s s  tho grantees shall not till 
then Lave ~~til ized.  

Purchase of works by the Slate. 
1V.-After the expiration of a period of (60) years from the date 

of thie grant, and after giviug not less than two years' noticc 
of his intention to  the grantee, the grantor sbaU have the 
option of purchasing tho whole of the works constructcd in 
pursuance of the po\vors herein given nnd, if the grautor 
elects to purchase, the grantee sllall sol1 tho said works to 
the grantor ou payment of the thcn valuo 01 all the lands, 
buildings, ~vorks, materials and plant, such value in tho 
abeenoe of agrecmeut bcing doter~uincd by arbitration on tho 
basis of a going concern. 

Reslrictio~~ O I L  71eigBbotrring grants. 

V . S u b j e c t  and without prejudice to tho provieions of thc Clntlse V.-Taken Irom Lbc Barl Donb Canal agrcomcnt, clauec 
Indian Electricity Act, 1910, or any statutory modificatiou 10, luodilicd. 
or re-onnotmont tl~oreof, no grant shall be granted by the 
local Covernmcnt to any other person or company for tho 
construction of any works for gcncrating electrical encrgy 
from water power within a radius of. .  .... .milesof the site 
referred to in this indenture until the option of taking euch 
a grant on terms not lese odvautageoue than those proposed 
to be granted to  euch other pereon or company shall have boen 
offcrerl to the grantees and oitber deolined by them or not 
acocpted within six months from the date of the offer. 



APPENDIX 11. MODEL FORM. 

Draft agreement. Notes on the Draft. 

V i  -The grantees shall be a t  liberty for the purpose of carrying 
into effect the above-mentione~l scheme to  erect power houses 
in tho locality and within the limits named and to  c o n s t r ~ ~ c t  
such weirs, reservoirs, channels, tunnels, pipe lines and otllcr 
works within the  said limits as  may be necessary for the 
purpose of the said scheme ; but the grantees shall not, except 
with the sonotion of tho local Government, construct socb 
works in a manner which will render the site incapable of full 
development a t  a later date, if a partial development only 
is contemplated in the first instance : 

PROVIDED ALWAYS tha t  the erection and const~uction of 
all the works above-mcntioncd both as  regards number, 
situation and design sliall be subject to  the inspection and 
approval of the local Government and no works shall be com- 
~nenced by the grantees without the permission of the  said 
local Governlnent t o  be signified in writing under the hand 
of the Chief Engineer,. . . . . . . . . . ..Branch first had and 
obtained. 

Use of Corurl cooler power. 

VI1.-As so011 as  the grantees are ready by means of their 
works oonstructed under this grant to undertake the genera- 
tlon of electrical energy the local Government will instruct 
the canal officer responsible for regulation a t  the head of the  
naid canal to  maintain, and there sliaU thereafter be inain- 
tained, subject to  the conditions l~ercinafter in this clause 
contoined, a oontinuous supply of water to  the polvcr channel 
in accordance with the requirements of the grantees from tirue 
to time but subjcct to  a m a r i ~ n u ~ n  limit of. .  . . . .cusecs. 
Every endeavour will be made on the part of Government 
and its officers to  prevent interruption of the snpply bnt  
Government shall incur no liability whatsoever t o  tho 
grantees for or in rcspeot of- 

(a) Interruption of supply due t o  circumstances beyond the 
control of Government and its officers ; 

(b) Emergent interruptions of supply considered necessary 
by the canal officer responsible for regulation a t  the 
head of the canal (whose certific4te t o  thiu effcct 
shall be conclusive) in case of floods or for urgent 
repairs ; 

(c) Any interruption due to  the mistake or error of judg. 
mcnt of a Government servant while acting in good 
faitl;; 

[ ( d )  Interruptions of supply during the customary period 
of the annual closure of the canal for repairs, of 
which due notice will be given to  the grantees ; 

(e) Interruptions of supply a t  times whcn tho canal is 
closed owing to water not being required for irriga- 
tion purposes, i t  being agreed tha t  tho use of the 
said canal for the generation of electrical energy is 
subsidiary always to  the use of tho same for its primo 
function of irrigation] : 

Clause V1.-Taken from tho Jumua River agreement,* with 
additions to  works enuincrated. 

* Clausc I1 of Agreement. 

Cbuse VII.-Taken fro111 Clauso O of the agreelnent with the 
Punjab Power Association for tlic use of the power of the 
Bari Doab Canal, with additions as noted. 

* 
C only. 
Sub-clauscs ( d )  and (e) liave bccn added to meet cases whore the 

canal is noriually closed for the reasons given. Thoy do noL 
appear in tho Bari Doab Canal agrcement. 

PROVIDED ALWAYS tha t  Government shall not bc required 
to provide a greater measure of security against interruptions 
of supply than is afforded by tho systenl of river works con- 
sidered sufticient by Government for the protection of tho 
publio interesLs in or depending upon irrigation and tha t  
if furthor security t o  t h i ~  end ie required by the granteea and 
Oovenunent shall be able and willing to afford or Iurnish sucb 



DRAFT AGREEMENT. 

Draft agreement. Notes on the Draft. 

security the grantees shall pay the cost of aclditional works 
necessary for affording or furnishing such security. 

Canal IVorPs. Other special canal clauses may have to  be added here ; but 
VII1.-Tlto plans and rlcsigns of all works and chnn~tels which See clause VIII. 

will fall witbiu the cnnal boundaries shall be sl~bmitterl by Clause VzIz.-Taken from Clause 4 of the Bari Doab Canal 
the grantees for the approval of thc Clticf Engineer, Irriga- ag'eelnent. 

tion Branch, and bc approveJ by tha t  officer before work is 
commenced on them, ancl the local Government may a t  its 
cliscretion t~ndertskc the constructio~t of any such 
worlts, the cost thereof including thc Departmental charges 
in force being borne by tho grantees and certificd by the said 
Chief Engineer whose certificate both as to suclt cost and 
approval or disapproval of any plans or rlesigns sub~t~it te(l  
to him under or in pursuance of this clause sltnll bc final and 
binding on the grantees. 

Tlte Chief Engineer shall, when contmunicating approval of the C only. 
designs submitted, state which works, if any, nre to bc 
constructed by Govcrnrncnt and such works, if any, ns arc 
constructcd by thc grnntecs shall be constrr~cted under SIICII 
supervisio~~ as may be considered necessary by the Cl~icf 
Engineer and to  his satisfaction in all rcspccts. 

Navigable Rivers. 

1X.-The grantees allall roturn all wntor utilizrd by them in the 
working of tho said scheme to thc . . . . . . . . . . . . . . . . . . . . . 
witl~ont pollution or diminution except ~~nnvoi(lnblo loss from 
absorption or evaporation. 

Timber flolalion. 

BrilisA Slandardd ojpressnre and jreqaencg. 

For draft clause as t.o Navigation rights see the supplement s t  
end. Such a clause will not usually be required in Canal 
concessions and never for reservoir schemes. 

Glonse ZX.-Taken from the Jomna River agreement, clause 
I t .  

The stream or canal into which the tail rnco will discharge 
sl~oulcl be specified. Ordinarily this will bc the rivcr or canal 
front which the water was tnken, or the strranl draining the  
volley da~nmecl. Cases w ~ l l  l~owcver occur where a watershed 
is tunnclle(l and t l ~ c  elischarge is in a diflcrent cntcl~ment. 

Special clar~ses dealing with this (applicable to  rivers) will bo 
fou~lcl in the supplement a t  tbc end, and will probably be 
placctl hero Ivhere necessary. 

X.-The grantees in carrying out  the works conte~nplatcd by 
this grant sllall employ exclusively tllr Britialt Standard 

C'nase x'-lt tllat in  future Only 

electrical pressllres tllc Britiall Stnnclnrcl frcqocncy of 
British Stondnrll pressllres and freqllencies should be per- 

60 periods per second or tile sllhsidialy freq,lcncy 
mitted. Tllc only exception is tha t  hitherto the British Engi- 

of 26 periods per second. 
ncering Standards Committee Iias not stnnclardizcd pressures 
beyond 11,000 volts and that, higher pressures such as 16,iJUU. 
33,000, 66,000, and 132,000 volts are uscd for transmission of 
power. 

Tenders jor Plan/. 

XI.-Before the grantee invites tenders for plant in connection 
with this grnnt the specifications of the plant reqt~irerl ~ l ~ n l l  
bo fl~r~tished to His tvlajesty's Trnclc Commissioner in India ; 
and tho date on which the nnid tenders sllall he dcnlt wit11 
shall be so fixed ne to  givo msnt~fnc t~~rers  in the United 
Kingdom sufficient time to subn~i t  tenders. 

Leasing o j  Qouernmenl land lo granlees. 

XI1.-The grantors shall Iensc to t,hc grantees if in tile opinion Clnu,se XI1.-Taken frotn tile Jlllllna Ri\-rr agreement, clollse 
of tho local Government (or of thc. .  . . . . . . . . as thr cnsr VII. 
may be) i t  is pmcticablo ancl desirnblo to (10 80 SUCII  lnnds ( ) TlliR l>llnlse is to  cover t,llc cnac lvllerc a Native Stato is 
in the posacasion of Corornrncnt (or of t l ~ c  ~nic l . .  . . . . . . . . involvc(l ns grnl~tor scco~td pnrty-scc I'rran~blc. 
rcapectivcly) as nlny in thc opinior\ of t l ~ c  local Governtnent br 
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Draft agreement. Notes on the Draft. 

necessary for the purposes of the undortaking of the grantees 
upon such terms and conditions as to  payment of rent and 
othermiso as shrill be mutually arranged between the parties, 
such terms in tho casc of disputo t o  bc settled by the local 
Govern~nrnt, whose decision shall bc final nnd binding upon 
the grantces. 

Aqaisilioii of laad. 

SII1.-(111 tho ovcnt of the transfer of this g a n t  to  a company 
with the permission of the Government of.. ... .as contem- 
plated in clausc XX hereof) t.110 local Government shall, 
subjrct to  any conditions as  t o  i t  may seem fit, acquire in 
accordance with the provisions of the Land Acquisition Act, 
1894, or any statlltory modificat.ion thereof and transfcr to  
thc company such lnlld within the territories for the time 
being ac111rinistcre(l by the local Government as lnay in the 
opinion of tho local Government certified as  aforesaid be 
necessary for tho purposes of the undertaking of tho grantecs 
on payment of a lump sum amounting t o  the whole amount 
of the purchase money and the cxpcuscs of the acquisition 
thereof togcthrr with twenty-five times the amount of thc 
land revenno remitted on the land so acquired. 

(The acquisition of the land situated m t b  tho territories of the 
grantor second party by such oompany shall be the subject 
of mutual agreement between tho company and the grantor 
second party.) 

Detnarcalio~h of acquired hnd. 

X1V.-The grantecs shall maintain a t  all times the outer boun- 
daries of any land, acquired by them by purchase or other- 
wise for the purposcs of this grant demarcated in r con. 
spicuous manner. 

Clause XlI1.-Tnkl n from the Jumna River agreement, clnr~se 
VIII. 

NOTE 1.-The opcning phrase of this clause does not take into 
account the amcndmcnt of the Land Acquisition Act, 1894, 
by section 57 of the Indinn Electricity Act. 1910. This amend- 
ment i7iler alia allolvs the acquisition of land for a person 9101 

bcing a company. Tho clause, howevcr, being in every casc 
a matter of legnl drafting, has been left in its original form. 

NOTE 2.-The acquisition of land by a pcrson or a company 
seeking a grant should invariably be the subject of a aeparare 
ngreemeul, which can be so drawn up us to be con~pleted at 
the same time as  the main agrccment. Otllcnvise great 
delay will invariably occur. 

( ) To cover the cnsc where a Native State is involved. 

Royalfy for use of water. 

XV.-Tho grantee shall pay to  the grantor a royalty upon tho 
following ecnlc, for all power which he may develop in con- Cla?rse XV.-No roynlty should bc chnrgcd in the case of 

nection with this grant, viz :. natural uitrs or OF power used for elrctro-chemical or ......................... 
mctallurgicnl proccsscs in tho initial stagc of operations. .................................................... 

Reill for use of Ii'orks of the grantor. 

XV1.-In considerabion of the direct or  indirect usc by the 
grantces for the purpose of their works of the rcservoirs, 
canals, canal hcadworka, regulators and other hydraulic 
works, the property of and cohstructed by the Government 
as  irrigation works and particolarly indicated on tho 
annexed plan tho grantees shall pay to the grantor an  
annual rent to  be calculated on the capital value of the 
said rcservoirs, canal head works, regulators and other 
hydraulic works so far as  theso lie within tho area 
immediately connected with tho grantees' works and are 
i~tilizcd by thc grantees for tho purpose of thcir works, 
such annaal rent to  be chargcrl a t  Lho rato of . .  ....... .per 
cent. per annum on tho ppi ta l  vnluc of the said works : 

Clauee XV1.-It appears legitimate, where existing irrigation 
works are utilized, the cost of which would in other cases have 
to  be borne by thc grantee, tha t  he should pay somc royalty 
on the valuo of these works. On the other hand, any such 
payment inevitably becomes a tax on tho electrical energy 
supplied or (on the merchandise manufactured by it) so that 
i t  is questionable whethcr i t  is to  the intorest of Government 
to make moro than a nominal charge. A rate 01 onc per cent. 
is suggested as of tho right order, t l~ougb in the case of largr 
dams this would bn excessive. Jn any agreement the works 
enumerated in thc clause should be confined to those 
actually uscrl. 

PROVIDED that no part of a canal a t  n distance exceeding one 
hundred from tho point wherc tho grantecs shall divert Thelimitssuggcsted arc arliit,mry and hnsrd on no prrrcdcnt,; 

the water of the said canal to their works or a like dintnnce from but a ubrict limitation in cviclcnLly necensary. I t  will 

the poiut where the grantcrs sl~nll rcturn tho wnter to thc pcrhaps !o prcfcroble to clcfine the li~nitn hy relcrence to 

same after utilizat,ion shall bo takon iuto consideration in the thc plan. 
c o n ~ l ~ ~ t a t i o n  of thr annudl rent payablc under this clausc. 



DBAFT AGREEMENT. 

Draft agreement. Notes on the Draft. 

Share of profils of granlees. 

gVI1.-When tho incolne, upon which the company for~ned 
by the grantee under clause XX llereof shall be arisessed for 
the purposes of income tax under the provisions of tho Indian 
Income-tax Act. 1918, or any statutory modiiioation thereof, 
shall in any year exceed ten per centum of the aggregatc 
paid up capital of the said company, the follon~ing provisions 
sl~all  have effect, namely :- 

(a) If the said income shaU be more than ten per cent. and 
not more than 12 per oent, of the said capital the 
grantee shall pay to  the grantor one tenth part of 
the excess income over ten per cent. : 

(b) If the said income shall be luore than twelve per c e n t  
and not more than fifteen per cent. the grantee shaU 
pay to  the grantor one Gfth part of the excess income 
over ten per oent. : 

(c) If the said income shall be more than fifteen per c e n t  
and not more than twenty per cent.tho grantee 
shall pay to  the grantor one third part of the excess 
income over ten per oent. : 

( d )  If the said income shall bc more than 20 per cent. the 
grantee shall pay t o  the grantor one 'half of the  
excess income over ten per cent. : 

The said payments (if any) shall be made by the grantee t o  suoh 
officer as the local Governmellt shall nominate in thnt behalf 
within three months from the date on which tho said nssess- 
ment for inoome tax ie made : 

PROVIDED ALWAYS that the grantee shall be a t  liberty to  
make such reduction8 in' the priccs oharged by him for eleo- 
trical energy as will limit tho said iucome in socl~ manner as 
he nlay think fit. 

Liability .for damage. 

XVII1.-The grnntccs sllall he responsible for nll loss or dnruage 
arising through the oscnpe of water from their reservoirs, 
channels and pipe lines duo to the bursting or collapse of, or 
leakagc from the said reservoir, ehnnncls or pipe lines and for 
all loss or da~uage causcd by any ovorliow of water over the 
banks of the said.. . . . . . . . .which is duo to  any dam or 
other obstruotion ercctcd in conncctio~l wiLh this grnnt 
and for all loss or clan~ago a h i o l ~  is duc to  thc failure of 
any of the worbs c o n s t r ~ ~ c t r ~ l  ill co~~~rcc l ion  with this 
grant pruvidc(1 ttl~at n~lo l~  Ions or dnlnngc docs not arise 
from an  oarthqunLo or other co~rv~~lsion of naturc or any 
act of tho ILing's cnon~ics, and shall fi~rtllor inde~nnily the 
grantor against all nctious, suits, clni~us aud demands on 
account of any suoli loss or damage as aforesaid. 

Accoanla lo be kept. 
XIX.-The grantees shall keep true and accurate accounts of 

all cxpondituro and shall publish such inforlnation a t  such 
times and in suoh form as the local Govornmcnt may demand 
and shall pay all royalties and other charges payablo by 
them under the terms of this grant a t  such times as they may 
boco~no due and shall permit tho grnntor or hie officers, 
semanta or agenta duly authorized in that  behalf a t  all timcs 
during t l ~ o  hours of daylight to  entcr upon the premises 
oooupied by tho grantces for the purpose of this grant and to 
view the same and the works oarried on there and shall fur- 

Clauss XVII.-This clnuse is nn attempt to  111akc a fair sliding 
scale of profits and royalty. By taking Iho income tax  
nssess~nent (rather than the dividend) ae tho basis questions 
of depreciation and reserve lunds need not IIC tnkcn into 
conaidcmtion. A sinlilnr b a s i ~  is used in thc Periynr conces- 
sion. Tcn per ccnt. is a fair " standard dividend " in India. 
An altcruative ~ucthod of profit sl~aring has been suggested. 

The pny~nent would bc n~aclc on tho profits of Lllc previous 
year. 

I t  is preferahlo thnt t,lle excess profits should go to  the consumer 
rather than to  thc Govcmn~ent. I n  the case of a grautce 
using power for industrial purposes this proviso would need 
modifiontion to  apply to tho manufactures produced. 

Clause XVII1.-Tnlccn from tho Mansan %aUs and Kanhauk 
mino ngrcemcnts. 

Rivcr, s t rcan~ or canal. 

This nddilion is tnkcn from tho original clause " Accounls " 
ncxt following from tho Jumna River agreement. 

Clauee XIX.-Taken from Lhe Jumna Rivcr agrcomcdt. 

' First pnrty, if therc are two grantors. 

Ccrtain ~uaLters dcnling with damage and conlpcnrat~on that  
appeared ill thc original of this clause hnvc ~ C C I I  tmnsfcrrctl 
t o  tho preccdiny clause dealing with " Liability for damngc" 

2 B 
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Draft agreement. 
nish all suoh information in relation thereto 89 may be required 
by the grantor or his oHcera,* servants or agents authorized 
as aforesaid : 

PROVIDED that the grantor t  and the local Uovernment 
may use a11 suoh information as may be furnished under this 
clause without limitation for their own purposes : 

PROVIDED ALSO that the information so furnished shall not 
bo made publio by the grantor t or by the looal Government 
without the oonsent of the grantees save in so far as publica- 
tion of suoh information may be required under the provisions 
of any law from time to  time in force or of any rule made 
thereunder. 

Transjer o j  grant lo a company. 

XX.-Tho grantees shall within.. . . . . . .years from the dato 
of this indenture form and register under either the English 
or Indian Company Laws n limited liability company \sit11 
a capital and with a memorandum and articles of association 
to be previorrsly submitted together with the terms of sale 
to the company for approval hy the local Government for the 
purpose of taking over and working the grant hereby granted 
and the local Government if satisfied with the capital, memor- 
andum and articles of association and terms of sale will autho- 
rize the transfer to the said company of the rights and liabi- 
lities of the grantees under this indenture : 

PROVIDED ALWAYS that the transfer of the rights and 
liabilities conferred and imposed by this indentere shall not 
relieve tho grantees of liability in respeot of anything done 
or omitted by the grantees which would attach to  the grantecs 
but for suoh transfer. 

PROVLDED ALSO that if such limited liability company bc 
not formed in the manner aforesaid within the prescribcd 
period i t  shell be lawful for the grantor to cancel the concession 
hcreby grantcd without notice to the grantees. 

Prohibilioir againal eak, leoee, elc., of grant wilhoul 
conaenl. 

XX1.--Save as herein otherwise provided the grantees shnll not 
sell sub-lease mortgage transfer or assign in any way whntevcr 
their rights or obligations hereunder except wit,h the previous 
consent of the local Government. 

XXI1.-Tho said grant shall not conier upon tho grantees any 
right or claim to the grant of any licence under the Indian 
Electricity Act, 1910, or any statutory modification or re- 
cnactniont thereof, and nothing herein contained shall restrict 
or affect the power of the local Government under the said 
Act or any statutory modifiontion or re-enactmcnt tllereof 
and the rules thereunder, whioh is hereby expressly reserved, 
to reject any application for such a liceneo or to grant any 
liccnoe subject to all or any provisione or conditions whioh 
under the said Act may be made applicablo or attached 
to or comprised in any such licence and the grantees will 
not be entitled by virtue of this concession to olaim dam- 
ages or oompensation from Government or the grantor on 
the ground or in respect of tho refusnl or revooation a t  any 
time of.my suoh licence notwithstanding anything done by 
the grantees in the exercise of their righta or in virtue of their 
obligations under this grant. No lioenoe shall however 
be refused on the ground alone that the conet~ot ion of the 

Notea on the Draft. 

t First party, if there are two grantors. 

Clause XX.-Taken from tho Periyar agreement. This form 
is preferable to  the similar one in tho Jumna River agreement 
in which the obligation to transfer is relegated to a proviso 
to  a clause forbidding tho sale, lease, mortgage, etc., of the 
undertaking, such as follows next in this drdt .  See also 
clause " Determination of Grant." 

The period specified in the Periyar agreement is 14 years. 

This should perhaps bo incorporntcd with tho proceding clause. 

C h w e  XXI1.-Taken from tho Jumna River Agrccment clausc 
XIV. The grant of a liconcc must be considered on its rncrits 
under the Act and rules relating theroto ; brlt (as in tho casc 
of land acquisition supra) stops should be tnlcen to onsurc 
simultaneous considoration of all applioations connected with 
the grant. 



DRAET AGREEMENT. 

Draft agreement. Notea on the DrafC. 

worka for the generation of electrical energy oonternplated in 
or by the grant is in itself independently of-tho manner of 
such oonatruction inexpedient. 

Becurity deposit. 

XXII1.-The grantces sllall within thirty days of tho execution 
of this agreement deposit with the Secretary to the Gover11- 
n ~ r n t  of.. . . . . . . Government Promissory Notes of the value 
of ltopces.. . . . . . .as part security for the due fulfilment of 
each and all of tho conditions of this agreement and the said 
Promissory Notcs shall bo liable to absolute forfeiture to  thc 
grantors as part indomnity in the event of the determination 
for any su5cient cause of this agrecment by the grantors 
before the expiry of the term for which i t  is granted but other- 
wise shall be surrendered in full to  the grantees a t  the expira- 
tion of the full term of this agreement or the sooner deter- 
nlination thereof by mutual consent. All interest accruing 
on the said Government Promissory Notes prior to the for- 
feiture thereof to the grantors or surrender thereof to  the 
grantees as above provided shall be payable to  the grantees 
through the as i t  from time to  time accrues and 
becomes due. The grantees shall by way of further security 
give to  the grantors a bond for the sum of Rupees.. . . . . . . . . 
to be executed simultaneously with these presents for the due 
performance of each and all of the said covenants such bond 
to be deemed and taken to be for the perlonuance of a public 
duty or act in which the public are interested w i t h  thc 
meaning of the exoeption to  Section 74 of the Indian Con. 
tract Act, 1872. 

Delermimtion of grant. 

XXIV.-This grant may be determined by Government in any 
of the following events :- 

(a) I n  the event of tho revocation in whole (otherwiee t h a t ~  
by cousent) under the Indian Electrioity Act, 1910, 
or any statutory modification or reennutment thereof 
of any licence or licences which may have been 
granted to  the grantees thereunder in connection 
with this grnnt : 

( 6 )  In  the event of the grantees making default which in 
the opinion of the local Government (whose decision 
ns expressed in writing by tho Secretary to  such 
Government shall be final and binding against tho 
grantees) is wilful or unreasonably prolonged in tho 
constmotion of the works hereinbefore contemplated 
and in the commoncoment of t,he generation of 
electrical energy : 

(c) Ii  nt. thr ond of . . years from t,hc dntc of its formatioll 
and approval t,hc company formed undcr olauso XX 
hcreof shnll not have com~nenccd to execute works 
for t l ~ c  ubilization of t,he water powar referred to in 
Clauso VI llcreof or if a t  tho enrl of . . years 
from tbr  same dato t.be compnny shall not hnvo 
inslnllcrl a t  the sitc of tho worku in conlplete working 
order plant cnpnhlc of grnernling not leas thnn . . 
brnkc l~orsc power nt the tr~rbino shaftn or if sucl~ 
plant shall uot be maintained in good working 
order : 

( d )  In the event of the grantees censing for a pcriod of . . months during the continuance of thin grnnt, 

Clauae XXIII.-Taken from draft agreement between the 
Punjab Government and Punjab Sugar Works. 

While substantial security should be deposited by the granteo 
(or by the applicant) to  ensure his carrying out the wort8 
(as demanded by Clause I of the Schedule to  the Indian 
Electricity Act) the actual agreement should provide for the 
repayment of the deposit in tho case of public utility corn. 
panies when the supply begins. - 

I n  the case of concerns primarily industrial the Governmcnl 
~vould have no power of compulsory purchasc and securily 
should be held as a guarantee that  if thc works arc abandoned 
other persons can use the power. 

Clariae X X I  !'.-Taken from the Jumna Rivcr agreement, clause 
XV ; but modified os noted. 

Clause (c) is token from the Periyar agreement, olause 2. 
Periods of one and four yeare are suggested as reasonable. 

The period in tho J11n1nn Rircr ngrccment, clause XV, is two 
years, but tbis is r~nnecrasnrily long. Six montbs or lese is 

2 n 2  
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Draft agreement. Notee on the Draft. 

-after the date of commencement of the generatiou soggesterl ; so long a cessation is unknown in electrical supply, 
of electrical energy, to  generate such energy (and to This should usually be a condition but not necessarily in onse 
offer i t  for public supply) : of works for purely industrial purposes. 

(e) I n  the event of the grantees becoming bankrupt or 
enteriug into liquidation : 

(f) In  the event of the grantees failing to pay any sum or 
SIIIIIS of money that may be due from them to the 
grantor under the terms Of 'lauses .. lrereof Clauses dcaling with royalties and otl~cr pay~nents : see list of within a period of six months from the date of a contents. 
written demand bv Goverument for such aavments . "  
mnde after they have fallen due or in the event of 
the non-compliance by the grantees with any other 
of the terms and conditions hereof. Otherwise the 
grant shall endure for the same t i e  as the licence 
or licenses to  be granted aa aforesaid and shaU deter- 
mine whanever such licence or licences determine. 

Liabilities not afecleeled by determination of grant. 

YXV.-In the event of tba determination of this grant under ~ l ~ , ~ ~ ~  from tho J~~~~~ nivcr npeement, 
any of tho provisions hereinbefore contained'such determina- Clnuso XVI. 
tion shall be without prejudice to any liabilities incurred by 
the grantees to the grantors hereunder or any claim or demand 
by the grautors in respect thereof all which shall remain 
unaffected and the grantees shall not have any right againat . 
the grantors for any compensation or otherwise in respect 
of any expenditure made liabilities incurred or things done in 
respect or in consequence of or under this grant. 

Disp?~les. 

XXV1.-In the ovent of any dispute or difference or question Clnzcsc XXVI.-Talrcn front tho ICundah River ngreemcnt. 
arising betaccn the parties hereto as regards this indentiire or 
the interprctation or const,nlction of any of the t,erms or 
provisions hereof or auy matter connected hercwith or with 
the operation horcof or the rights, duties or obligations of 
either of the said parties in relation to  the premises and 
whether rluring the sttbsistcnce or after the lleterlnination 
hereof siich dispute or cLiffcrencc shall be referred to  the 
arbitration of two arbitrators one to bc appointed by cach 
party. I n  tho event of disagreement between t,he arbitrators 
the dispute or difference shall bo r ,ferred to  a n  umpire to 
be choeen by them whoso decision shall be final or the matter 
shsll be roferrcd to  an  officer to be nominated by thc 
Government of India whoso decision shall likclvise be final. 

Blnmp Duly. 

XXVI1.-The stamp duty hcreon shall be borne by tho grantor. claltee X X V I I . - T ~ ~ ~  is common to many of tho agreements. 

IN  WITNESS WHEREOF the pnrticv horcto have hereunto 
net their hand8 the day and year abovo writtcn 
Signed by 

Secretary to  the. . . . . . . . . . . . .for and on behalf of thc. . . . . . . . 
acting iu d ~ o  premises for a u ~ l  on l~el~alf ot tllc Sccretnry of ~ ~ , ~ t ~ ~ .  
Stnto for Indin in C!ounoil in tho prcscncc of 

WiLoeea 
Witness 

Signed by 
Wituess 
Witnens 

Grantees. 
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Draft egreement. 

Supplementary clauses. 

Navigation rigl~la lo be maintained in rivers. 

XXVII1.-The grantees shall so construct their work that the 
navigation in the River.. ...... .may be carried on as 
heretofore, or by means of locks lifts or other devices, a t  the 
sole cost of tho grantees, and no toll or other charge whatso- 
ever shall be levied upon any peraon navigating the said river. 
The plans of all works to be erected on navigable rivers shall 
be subject to approvnl by the local Government. 

Timber lransporfalion by other parties. 

XXIX.-Tho grantors hereby agree with the said grantees 
that the grantors, when entering into oontract deeds for 
forest produce transported by the River.. ... .and pass- 
ing the grantees' works, nil1 insert in all such contract 
deeds that if the party or parties to  whom such contract deed 
may ~ L J  given transports his or their produce so that such 
produce wiU or mny reach the bead worka of and belonging 
to the said grantees on or between the.. .. .and the.. ... 
in each and every year during the existence of the said con- 
tract such transportatidu will be a t  his or their own risk and 
neither the granton nor the grantees will be responsible 
for any delay that may occur. 

Facililiea lo be provided Jw limber tmnapwlalion. 

XXX.-Subject as is hereinafter mentioned the grantees 
shall a t  all times take such steps as may be necessary to ensure 

....................... that all sawn or marked tilnbcr 
procccding by flotation down tho said lliver. ..... .shall 
pass without avoidable let hindranoe or detriment over 
that portion of the river affected by thc grantees' works and 
more particularly- 

(a) shall makc all possiblo arraugcnlcnts xvilhin reason to 
dofino and kcop clear the main strcam of t.he river 
................. within their limits by blasting 
rooks and by confining tho water to ono cllnnncl: 

( b )  shall n~nkr  and ~nnintnin a riparian pat.l~~vny \vhcro 
....... required by t.110 Divisional Forest Officcr 

Divinion, to facilitate the movements of thc gangs 
employed on flotation within t,l~ose limits: 

(c) shall at. all ti111c.l allow a minimum quantity of wnter of 
. . . . .  .cusccs to pass through or over t,heir weirs : 

..... ..... (d) on or bclween tbr . .  and the.. . t h y  mill 
give f l~~shrs  of tvatcr in ordcr lo assist floating within 
thoir limits when rcquired by the Divisional Forest 
Officcr. ..... .Division ' (or tbe Conservator of 

. . . . . . .  Foresta. .), provided t.bat t . 1 ~  quantity of 
water in t l~o  river permits this to bc done nit,hout 
cnrtailh~g the qunnbity rrqoircd by t,l~eir works : 

(e) aftcr the.. .... .nnil up till t l ~ r  commcncm~cnt of the 
rainy season they will givr cxtra flusl~cs of water 
\vhenover required by t.he Divisionnl Forest Officer 
.... .Division (or t,bc Con~crvator of Forrstn ..... ) 

(J) t,llat they will provide boats xvheu rcql~irerl to do so by 
tho nivisionnl Forest Olljcer. ..... .Division (or 
tho Conservator of Forests.. .... .; to ansint in 
tho pnssnge of timber through thou reservoir : 

Notea on the Draft. 

B. The follolving clauses, dealing with navigation righta in 
rivers. flotation of timber, and the jurisdiction of the grantor 
second party, will not generally be required and are therefore 
kept separate. 

Clause XXVIII.-This clause will only be required for 

I navigable rivers. It is not based on any exiating agree- 
>B. ment, and is inserted as a reminder to meet cases as they 
1 arise. 

J 

Clause XXIX.-Takcn from the Jumna River agreement, 

I clause IV, with " trnnsport " substituted for "export " 
I to make it more gcncral. Where no such transport of 

I timber by the rivcr by outside agenoy is practised the 
>B. clause will not be required. 
I 
i 
I The datcs in the Jumna concession are 1st September 

J and 15th February, but will naturally vary with the 
locality and circulnstancw of each case. 

Clause XXX.-Taken from tho Jumna River agreement, clause 
V. I t  will only be required in the cnse of riven used for the 
transport of timber by the Government or by Native States 
whose territories are above tho works. Particulars or limita- 
tions on size may be inserted here. 

Sub-clause (c) may not always be necessary or desirable. 

The dates here cntercd in the Jumna agreement are the same sa 
t,hose u~entioned in the note to  the preceding Clause XXIX, 
viz., let  September and 16th February. 

Thie phrase in to cover the aase where anothor Adminietration 
or a Native Stnte is involved. 

The data hero entered in the Jumna concession ie the later date 
moutioned in sub-clause (d), viz., 15th Fobn~ary. 

Src note to Sub-olausr (d). 

See nolo to sub-clnnsr ( d ) .  
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Draft application. N o h  on tho Draft. 

2. Tho point of diversion of the rcquircd water will bo 
locatcd.. . . .  .and is shown approximately in tho 

.... map attached by tho letter.. ........ 3. Tho proposed powcr station will be located a t .  
and is shown approximately a t  the point.. ....... 
io the map attached. 

4. 

6. I t  is understood tha t  tho whole of tho water utilized 
shall be rcturned to  ........................ 
a t  the location described in clause 3 above without 
pollution or di~ninution except unavoidable loss from 
absorption or craporation. 

0. The amount of water i t  is proposed to divert in the first 
instancc is (m) Contiuuouslv.. ...... .cusecs, ( b )  
Discontinuously. ....... .for. .................. 

Eventually i t  is proposcd to divert.. ...... .cusecs. 
7. Tlle head t o  ho utilizcd is approximately.. ......... 

feet. 
8. 

9. ( ( L )  Nature of storage works (~nnsonvy dam ; eartben 
........................... bund, etc.). .... ( 6 )  Capacity of storago work.. .million c. it. 

............. (c) Location of slorage work.. .... ( d )  Height of dam mill be. .feet. ....... (e) P. T. L. will be. .  feet abovo bed a t  site of 
dam. .... (J) M. W. L. will be.. .feet. ....... (g) The matorial to  bc used in the dam will bo 

(h) Tho arca submerged a t  F. T. L. will be approximatcly ......... square miles. 
(i) Tho area subn~ergcd a t  N. W. L. will bc approxi- 

mately.. ..... .square miles. 

(a) Diversion work 
(b) Opon obanncl 
(c) Porobay 
(A)  Pipo linc 
(e) Generating station 

12. 

Horo give particulars 01 any observations with result,s on dis- 
chnrge of the strcam or sourcc of which i t  is proposcd to utilize 
tho water. 

Namo of strcaw. 

Here state maxim~~ln  and minimum discharges rcquired and 
periods (yearly and daily) for which they ore required. 

State whethcr tho unutiliscd flow of the streamwill be stored if 
necessnry and if so, whethcr iL will bo impounded by the diver- 
sion dam or by a scparato work. 

If i t  is proposcd to construct a main storage work particulars 
should be giveu. 

Dcpth aucl height to be tbosc sbovo dcep bed a t  site of dam. 

State whether the nrcas given above have been obtained from 
a n  aotual survey or from a Survey of India Atlas or Standard 
sheet. 

State omorship of land ( G o v e m c n t ,  Zaruin or private) sub- 
merged a t  P. T. L. giving approximate areas. 

State o~vnorship of land submerged (Government, Zamin or 
private) a t  If. W. L. giving approximate area. ........... State if i t  is desired that  the Government of.. 
shall acquiro under t l ~ e  Land Acq~~isition Aot, 1884, any of the 
arena enurneratrd in (7) and ( k )  above, giving reasone for this 
request. 

If i t  is proposed to construct regulating storage works (not 
included under bead 9 and other than a forebey) s t a h  their 
position, nature and capacity approxiu~ately. 

Hcrc s t a h  omerahip (Govcrumrnt, Zamin, privata and if private 
nrlretber applicant is o\vucr) of tho land on whioh i t  is propoeed 
to  locate each of tho following works :- 

State for ~ b a t  ppl~rpose or purposes tho power is to  he generated. 

13. I t  in agreed that British Standard prcssures and fro- 
quenoiea will be used oxclusivoly and that, before 
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Draft application. , 

tendera are called for, a description of tho plant 
required will be furnished to  His Afajcsty's Trade 
Commissioner in India, in order to ensure that 
opportunity is given to  British firms to  tender; 
also that the date up to which tenders may bc 
received shall be so fixed as to give firms in the United 
Kingdom time to  submit their tenders. 

14. I t  is understood that I may not sell,sub-lease, mortgagc, 
transfer or assign in any way, any rights or obliga- 
tiona that may be granted to or incurred by me cxcopt 

... with the written consent of the Government of. 
16. The following periods from the date of the grant of the 

concession are required for the following purposes:- 
(a) To form a company.. ........................ ........... (b)  To oommencc construction of works.. 

.................. (c) To generate electrical energy 
( d )  Free water.. ................................ 

Signature of applicant. 

Date of applioation. 

................. Application received by Government on..  
Note.-It is not casential that every item in this form shall bo 

fully and complekly IUed in. Where oxnct dctails are 
wanting the fact may be stated. 

Notes on the Dmfk 



I N D E X  . 
The moro important entries aro printed in small CAPIT&@ . 

A A.-oo~lold . 
PACE 

Alhi fall . . . . . . . . .  137 Arcns 01 India . . . .  
Ahbottabnd . . . . . . . .  156 Arnndi . . . . .  
Al~broviations . . . . . . . .  2 A r n a R  . . . . . .  
Abong R . . . . . . . . . .  140 Arni R . . . . . .  
Ahu &It . . . . . . . .  161 Artificial water lalls . . .  
A ~ C ~ ~ N T S ~ R S T A T E ~ E R T A K M B S  . 51 Arupaliternplc . . . .  
Acrc.foot . . . . . . . .  170 Amvnnkad~r . . . .  
Adh . . . . . . .  117 A ~ v i  OdniR . . . . .  
Admissible cost of hydro-eleotric sohemes . 39 Askot . . . . . .  
Agnr N . . . . . . . .  138 ASSAM ; 
Aghnoashini R . .  123 Arcas no t  examined . . .  
AC~EBLIENTS AND LEASES : see GRANTS . Bcngal railway . . .  
Ahmcdnagar . .  83. 150 Rurmn roilway . . .  
Ahn~cdahad . . . . . . . .  121 Cenpua of power in . . .  
Al~wn . . . . . . . . . .  lfi4 Porccnat of water power in . 
Air Valvee . . .  12 " Granta " in . . . .  
Airtomperetorecorreotion . 36 Siteninvestigated . . .  
Akola . . .  164 . 166 .. worth investigation . .  
Akot . . . . . . . . .  183 Useleas sites . . . .  
Akyab . 88, 151. 160 Attock . . . . .  . . . . . .  ALARNANDA R . . . . . . .  101.104, 112. 162 Audit 
Alarpuram . . . . . . . . .  143 Aunratand . . . . .  
Aligarh D . canals . . . . . . . .  113 Automatic rain gauges . . .  
Aliyar R . . . . . . . . . .  156 Awah . . . . . .  
Allahabad . . . . . . . . .  102.111 Awkali . . . . .  
Almora . . . . . . . . .  110. 112 Ayyar R . . . . .  
Alwsr . . . . . . . . . .  114. 144 
Amarkantak . 154 
Ambala 99 

B . . . . . . . . .  
Ambasam~~drnm . 144 Bsdnur . . . . .  . . . . .  . . . . . . . . .  Ambhara R lti9 Bedon . . . . .  . . . . . . . . .  Ambl~ora 154 Dadrinath . . . . .  Ambika R . . . . . . . . .  185 Ba~eswar  . . . .  Ambol i~ha t  . .  119. 120 Baonr (or Daghah)  N 

. . . . .  . . . . . . . . . .  Amdahn N 111 Dogkhali R . . . . .  . Amraoti . 120, 130 107. 168, 189 Bagl~mati R . . .  . . . . . . . . .  Amritanr 09. 100 Bapmora Sipi Rnilway . . . . .  . . . . . . .  .. hydro plant 59 Bagra fall . . .  . . . . . . . .  Annlnnlni llilla 58. 155 Bnbndurabnd falla . . . . .  . . . . . . . .  A n c l ~ o r i n ~  12 Daibcr . . . . .  . . . . . . . .  Axnllnj  VALLEY 66. 57 Baijnnth 
. . . .  . . . . . . . .  Ancroid levelling 36 BAKHER NADI . . . . .  . . . . . .  . .  note-book 30 Balngllnt 

. . . . . .  . . .  .. tempernturo and diurnal oorreotion 96 Dnlan R 
. . . . . .  Angnra . . . . . . . .  72 Balnsinor 

. . . . . .  Ani . . . . . . . . . .  1GO Unlnaln R 
. . . . .  . . . . . . . .  Aniaaknn Ialla 86. H7 nnlnkop 
. . . . .  Anjnnpaon . . . . . . . . .  160 Dnl~~nhns I~  H 
. . . . .  Anjlinl N . . .  : 109 Dnl~~chistnn 

. . . .  Ankhi . . . . . .  169 DALU C H A ~ I N O  
. . .  Anklcsl~war . . . . . . .  78 Bnmnnwad Khnlnspur 

. . . . . .  Annnlloy scheme . . .  68 Rnn R 
. . . . . .  Anu Khnd . . . . . . . . .  07 Unnda D . . . . .  . . . . . .  Anupshnhr branch canal 113 Bnncll~an 

. . . . .  . . . . . .  Al~plicntion fonn for grant 183 Rnndr~ . . . . .  A ~ ~ > c n d i x  I . . . . . . . . .  170 BangnhnI . . . . . .  . . . . . . . .  .. I1 171 Bnngnli R 
. . . .  A r ~ k n n  . . . . . . . .  163 Rnnki tnrbinc 

Arnn R . . . . . . .  167. lfi9 Dannn N . . . . . .  
. . . . .  . . . . .  Arhail . . . .  122 Rnnsiwarn 

Arent . . . . . . . .  16fl Rnnnloc 11 . . . . . .  
Ardnln Nmla . . . . . . . .  83 Rnrn . . . . . .  

.. Arcas pcr kilowatt . . . . . .  37 Bnraknr R . . .  
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Bnrcpole R . . . . . . .  
BARORA . . . . . .  
Bnrin St . . . . . . .  
Bariarpur . . . . . .  
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BARODA . . . . . .  
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Barrnges . . . . . .  
Bashahr . . . . . .  
Basis of water power . . . .  
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Benn R . . . . . . .  
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BEAS R . . . . . . .  
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BEND N u  . . . . . . .  
B E N ~ A L  ; 

Areas not examined . . . .  
Censua of power in . . . .  
Porecnst of wator power in . . 
Bites doveloped . . . . .  .. inrestigated . . . .  .. worth investigation . . .  
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. 93. 04. 164 Bhugai R . . . . . . .  
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. . 159. 100. 168 BIEAR AND OBISSA ; 
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Forecash of water power in . . 
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. 1.7 BOMBAY ; 
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. . . .  Cenmis of power in 
. .  . 146. 146 Forecast of water power in 

. . . . .  . 37 " Orants " in 
. 54.55 Sites developed . . . . .  

. . . .  .. . .  60 investigated 
. 01. 70 .. under construction . . .  . . .  .. . 114 worth investigation 
. 163 U~elcsa sites . . . . .  

123 Bonni . . . . . . .  
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154 Borkhct N . . . .  
. 142 RothiSehnr . . . .  

124 126. 161 Brnhmangnon . . . .  . . . . . . .  131 . 136. I67 168. l(iD BrnhrnnplltrnR 
. .  128 . 129. 164 Brnhmini R . . .  
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. . .  . .  73. 83 B~llnntlshnhr District Cannla 
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. . . . . .  . 70. 154 Burhnnpi~r 
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