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FOREWORD 
I • 

This Annual Report contains an account of research and other technical 
investigations on subjects connected with irrigation and hydro-electric, carried 
out in India, Burma and Ceylon during the year 1947. It i~ published both for 
the information of irrigation and hydel engineers in India, Burma and Ceylon 
and to make known in other countries the problems of Irrigation and hydro
electric developments in this part of the world and how they are being overcome. 

Summary reports of the work carried out during the year 194 7 at the nine 
research stations, and papers on specific subjects selected by the Board, together 
with the discussions thereon, appear under the respective subject head. The 
discus~ions constitute the technical proceedings of :- ~ 

.. 

( i) The Eighteenth Annual Meeting of the Researcli Conimittee, August 
1948, 

(ii) The Nineteenth Annual Meeting of the Central Board of Irrigation 
December,l948, 

n addition to which an informal meeting of the Research Committee was bel~ i 
Aprill948. 

The Preliminary Notes were written by the Secretary for the information 
of those attending the Research Committee and Board Meet.ings. 

' 
It is regretted that due to lack of space, it' has not been possible to include 

in full all articles contributed to the Research Committee Meeting. Abstracts 
or abridgements of articles not included in full are, however, provided. In other 
cases where abstracts or explanatory introductions were not supplied by authors, 
the Secretary has provided introductory abstracts. 

The undersigned would repeat the reque_st, containe~ in 'previous repol'lis, 
for the supply of information relating to any of the problems mentioned in the 
publication. He will gladly furnish further details of any of the experiments, 
investigations, or other information relating thereto. 

SIMLA. 

Dated, ,lanuary, 1949. 
N. D. GULILI\TI, 

Secretary, 

0 ->nt·nl Board of 1 rrigation. 
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Hon'ble Pandit Jawahar Lal Nehru, Prime Min1"ster of India delit'ering 
his address at the Nineteenth, Annual Meeting of the Central Board of Irrigation. 



11ARD LABOUR TO SOLVE ACCUiliULATED PROBLE:rt1S 
EN'GIUEERS EFFECTIVE AND I:r.lPORTANT ROLE 

(Address by the Honb'le Pandit J'z.w&har Lal Nehru to the Nineteenth Annual 
r/!eeting of the Central Board of L.--rigation held in Ccnztituticn Club, New 
Delhi on Dewmber 5, 1948] 

l\Ir. Khosla, Members of the Central Board of Irrigaticm, Your Excellen-
cies and Gentlemen, · 

I am happy to associate myself '1\ ith this meeting of yours and I a.Ifl thank
ful to you for having invited me on this occasion. I have been intere~ted 
in many type~ of acti vi tie~ during the past few years and in the position I occupy 
now, I have to cultivate a man] sidecl-interest in many things. I.Jife itself is 
rather. an intricate_ and complicated affair for the individual and for the Nation 
and it is some times difficult to say whic1 of any two .things is more important, 
for each deperds upon the other. Nevertheless it is true, as I have said many 
times hefore and as you, Bir, have said in the course of your address, that the 
development of river valleys in I:r.rlia is of the mu~t basic and fundamental 
importance. For a numher of years past, I have been very greatly interested 
in tbis matter nc.t as an engineer, because I am not an engineer but in its wider 
public aspect of being, in a sense, the foundation of very large scale planning 
in India. I bave hcen interested in planning because it seems such an extra
ordinary and such as unfortunate fact that with the potential resources avail
able in India, and in a way it applies to tb<:' whole world, that all these enor
mous resources have not been utilised to Taise the stannard of living of our 
people and our N"ation. 

There was a time in the past-in the long past-when it might. have been 
said with som~ correctness that the world's resources were not really enough to 
raisa stanchud of living of the poptllation of the world to the extent desired. 
Now I suppose it must he clear to the meanest. intelligence that with the proper 
utilisation cf the preser1t resources of the world, leaving out further develop
ment, or leave out. the world, uf Inilia if you like, we can raise the standard very 
grca,tJy. That can be shown with a pencil and paper. Nevertheless the fact 
remains not only that we did not utilise them to the best advantage but we 
wasted these resources in destructive activities. That is the tragedy of the pre
sent generation, even more so than it hat~ been of past generatiGns. 

Ahva_ys found in history, we ;find to an acute degree today this conflict 
het·ween the forces of constructive effort and of destruction. vVe find this 
conflict. in the attitude of nations to one another, of groups and ultimatelv per
ha p.s i~ the_ spirit of rr:..an him~elf. Now no rr:..an can be prophet enough to say 
what Is gomg to happen. :r,evertheless any man can work effectively, with 
the faith in hin', that the forces of constructive and creative effort shall win. 
I base no doubt that they will win, but I do not know what damage the other 
forces might bring. about by delaying tl:e process of planning and raising the 
ftlnclard of hnmamty. 
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'Yell, we have to convert this vast potential into actuallity. Look at the 
map ~f Asia and of India. It stares me in my room and in my office and when
ever I look at it, all kinds of pictures come int(} my mind ; pictures of the long 
past of our history, of the gradual development of men from the earliest stages, 
of great caravan routes, of the early beginning of culture, civilization and agri
culture, and of the early days when perhaps the first canals and irrigation works 
were rr..ade and all that flows from them. Then I think of the future. My at
tention is concentrated on that huge block of massive mountains called the 
Himalayas which guard our north-eastern frontier. Look at them. Think of 
them. Can you think of any other part of the world similar to it in extent, 
which is as great a rec;;ervcir of power, of potential strength ar.d power; I know 
no other place in the wcrld which has as much tremend.:ms power locked up as 
in the tlimalayas and the water which comes to the rivers froiL them. How 
are w_e to utilise it 1 There are many ways. Essentially it is the jeb of 
the engineer~ to tap this tremendous reserve of power for the benefit of the 
people. It falls to the lot of you engineers tiJ. paly a very affective and vitally 
important role in this work. I.Jooked at from that point of view the profession 
and work of an engineer in India is of the highest importance and significance. 

You can judge the growth of a Nation by finding out which class of that 
Nation, in a particular period of histroy, is held in honour and repute more than 
the others. At one time you may find that landholder, the proprietor of the 
land, is a noble man and he is held in greatest esteem. From that you can judge 
the nature of the society of that period. So you will find various occupations 
occupying the forefront at different pericds and yoa can come tc s<'me con
clusion as to the nature of social background of the society of the time ; whe
ther it is <~tatic, whether it is creativ~ or whether its growth is dynamically cons
tructive. 

A short while ago, net to go back to the long past .)f history, it is very in
teresting to consider that a short while ago, in the last generation or two in 
India, there were two avenues to which Indians looked forward to. One ?.as 
Government service, more especially administrative Government service. Of 
course, a state should have good administration. It is important. But the 
administrative service in India was rather of an unusual variety. It was good 
in so far as it went, in fl3 far as it served the purpose for which it was meant. 
It was not meant for other purpo~es. It was not really meant to cultivate a 
social outlook in the Governn...ent or the people but in so far as it went it did 
its work well. Perhaps it may have been said so 30, 40 or 50 years ago, that the 
ambition of an Indian "a~ to belot~.g to that adn..inistrative service in India 
because that. brought respect and a certain measure of power, considerable emo
luments in office and pre~tige. About the same time was another branch. To 
those people wh9 did uot take up Govern:rr:.ental service, the law provided the 
greatest opportunities of distincti('n, of money making ancl the like. So we 
find that in the past two or three generations in India there were two peaks of 
ambition of Indian young men ~o rise in the superior adminis~rative <~ervice .or 
to ri~e in the profession of law. That d couiBe, has happened m .:>ther countr1es 
too. Now both these, the profession of law and atlmini~trative service, use
ful I suppose they are in their rwn way (though I have rather some doubts 
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about the profer:sion of the law), but both of them represented what might be 
called a static view of society, not essentially changing nor dynamic. The 
l·1wyer always talk. about precedents. The administrator carries on wit? the 
aid of conventional practice. Of cour~e, there may have b.een a dyn~rmc ~d
ministrator and a dyarurJ.c lawyer but they represented a static uncha~gmg v1ew 
of the society. No country can, however,,be complete!y uncha~gmg. You 
find that the same lawyer played a very important part m the nat1cnal mov~
ments. That again might be the same in other countries too. At ~ certam 
stage in national movements the lawyer has played a great part In other 
countries also. To-day you will find that the lawyer has progressively not play
ed that part in the nationa.l movement or {.ther varieties of national endeavour.· 
He i'i stilJ important in his own particular field of activity but that impc~tance,~ 
looking at from a wider viewpoint, i~ infinitely less than it used to be. The 
civil administrator in India is still important as an administrator always is. 
But his importance is much less than it used to be. 

'Vhat is a young man's ambition today 1 There may be varieties of am
bitions but I rather doubt if there are quite so many people who think in terms 
of law or a.dministrative service. They think in other terms. They t.hink of 
the poiit.ician's life or goivg to these ~ssemblies and then becoming Ministers, 
Secretaries, etc. ·Not a very happy training f<Jr anybody but still people do 
look that way. They think of joining our Defence Services, the Army, t~e 
Airforce and the N a.vy. They think of becoming economists because an eco
nomist plays a big part in modern world. They think of becoming engineers, 
because engineers are playing and will play an important part. You see the static 
nature of our society gradually changing into something dynamic and that will 
reflect in the peoples' and individua-ls urge as to what profession he should take 
up. 

The world as it is con~tituted today i~ tremendously dynamic. That is 
tight of course and that is inevitable even if s.omehow we have been failing in 
that because the world as it is constituted today is in a stage of revolutionary 
change of the time that you just cannot help except to try to change yourself; 
otherwise, you get into trouble.- Apart from that, coming back to India, we 
passed thr0ugh a period, a fairly long one though it was very short in term of 
India's long history, a period.which though changing undoubtedly it was, never
theless in another sense unchanging-this British period in our history. 
Ch~mges worked consciously and unconsciously but when the superior outs"de 
power dominates a certain situation, the various forces that are working 
inside the country are curbed by that power and they cannot easily find balance 
und adjustment between themselves. That finding of bal:mce is achieved by 
the evoluticnary process or by a revolutionary process or by peaceful or violent 
means. Always in any human society there is ~n attempt to find balance 
and so long as it does not succeed there is trouble. Now when some outside 
agency prevents that balance the result, for the moment may he even good 1f 
you like, but the result is that pr~blems accumulate-problems which history 
solves in its own way, sometime peacefully sometime in a bloody way. If you 
do not solve it, you solve the problem by killing it. So al~u na~wns, an,d com
munities but when this extraordinary agency prevents that solution, p!'ob)ems 
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accumulate. So in Inrlia problems accumulated. The problPm of the Indian 
StateR have nr doubt been sdved. Our agrarian prcblems which ought to 
have been solved long ago dragged on and on till we have to face them and to 
so]ye them in a hurry, wl}.en this should have been solved gradually and in a 
much better way. Now because problems have accumulated we have today to 
face not 011e problem but a multitude of problems and it is very difficult to say 
that you set aside all those problems or take up one or two first. ·we just can
not, because if we slacken our attempt to solve some problems and merely con
centrate on one or another, the other problems tend to overwhelm us. Let us 
t~ke the problem of refugees, millions of them. It is not a fundamental problem 
a,"' problems go. It is a temporary problem but it is of exceeding importance. 
It is important because a large nurr.Lber .of human beings and their lives are 
involved and where human lives in large numbers are involved it is of vital 
signitiC:.nce to the Nation. \Ve cannot allow that human material to deterio
rate and to simply go to pieces but apart from that, apart from the human 
aspect of it, if we try to ignore it, the problem becomes worse anrl comes in the 
way of other problems. 

These accumulated problems have to be faced to some extent together. 
One has to pro-::eed on various frCJnts and one has to see that .the progress is more 
or less co-ordinated on each front or else you go ahead in one front and there is 
a bottleneck and you have to stop. That is where planning cernes in, plan
ning becomes essential. 

We have talked abc~ut planning bra considerable time in India. I myself 
have 'been associated with the planning scheme and the like. I must confess 
a feeling of exceeding disappointment that all our effort has not yielded better 
results~~ I expected and as results should have been. ·when you know what has 
heppened in the past and our difficulties and our failings in the matter, it is 
well, if I may say so, for each one of m "\\hether he happens to occupy a very 
responsible position as a Prime l\IiniEter or other Minister or any other import
ant officer of the St&.te, it is well always to think in terms of any problem that 
we are entrusted with, .not as if failure was somebody else's responsibility or 
somebodv else's fault but that we are ollrselves responsible for any failure 
that may occur. There is too much of a tendency for each one of us and again 
I say-I include the Prime Minister and other Ministers in this category, al
ways to think in terms of sorr..ebody else having faikd. If each person thought 
of his own job and that he has failed in it we will get on better with the pro
blem. The fact is that each major job requires the co-operation and the good 
work of a large number of persons from the top to the bottom and if that co
operation is lacking, this ~pirit of working together is lacking-then that job 
is not done properly or is delayed and then it does not sarve much useful pur
pose for us to go on finding fault with each other though some times that may 
be necessary. We have various j')bs t) do in this country in every field, Some
body said once that we have beEn born in a period of world history which is 
both changing and revolutionary and very inconceivable things happening. 
Now it is no goo-~ complaining of t~lO<:!O inconceivable happenings. Since WE) 
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are bern we have to face them. 'Ve cannot escape. Not being able to esca1·e 
we have to face them hke men and c< nquer these difficulties. I am afraid in 
our generation (I do not lmow about succeeding gener.;tions) there is going to 
be little rest or real peace. There are going to be no dividends of leisure and 
repose brought ab·mt fer our generation. The prospect before us is work, 
hard labour. This generation is sentenced to ha.rd labour. That hard labour 
can be of the type c f con&tructive activity which however hard- is something 
that raise the ccllllliunity and the Nation, or it may be in fruitless ways, or even 
in evil ways, but hard labour ycu cannot escape. Therefore let us divert that 
hard labour into constructive and creative channels sc that at least it may be 
said of this generation that we helped to build up our country to the extent 
possible so that the next generation and succeeding generations may have 
leisure--f,rreater leisure, though I am not ILyself keen on too much leisure for 
any individual but some leisure there ought to be. Perhaps it is not leisure 
that is so much required. It is the type of work that itself is better than the 
leisure. Ho'\\ever, I am afraid I am just. meandering in my thoughts and ideas. 

I listened to l\Ir. Khosla's address with interest. I might say that I ilgree 
with almost everyth.irlg _that he ha" said in hi3 address. I like the approach 
and :t hope it js going to be the approach of this Board and of engineers as a 
whole in India and of the Government. I do wish you to realise the engineers 
who are present here, that the burden on the engineers today and the r~spon
sibility for constructive effort is tren_endous and a great deal depends on how 
they discharge, and iu what spirit they discharge it. 'Ve want you to be :first 
rate and competent in your jobs, because second-rate-ness is n-ever good. It 
is bad for the Nation. But in addition to that, we als0 want you to infuse your 
work with something, some higher spirit on doing a fuie creative job with some 
fulfilment of certain objectives and idealf.l, that immediately infuses into your 
work something which is biger than you. Tc go back to the ILiddle ages or to 
even older times you see still the remai11s cf ancient buildings, ancient structures, 
temples, cathedrals, mcsques and the like. No one knows who built them but 
any man w h~es them knowB that the people who lmilt -them were not only 
fu1e builders, fine engineers, but they were men of faith in their "\Vork. No man 
can build or co:rstruct anything just heautiful unless he has full fajth in him. 
See the magnificent cathedrals of Eurcpe. People seldom know who were 
their builders but we do know, because the eYidence is tl1ere for our eves to see, 
that the embodiment of the faith of the buil(ler i~ the engineer. s~ also our 
great temples and mosques and other buildings. Now we live in a different 
age. 'Ve do not spend much time and energies so much on mosques, cathe
drals and temples but in other types of public works. But those public 
works should also be nne and beautiful bes::ause there is that faith. So I would 
like you to work in that faith and you will and t1a.t. if you work with that faith, 
and that spirit, that will itself be jo_v to you. 

On a smaller matter l\Ir. Khcsla mentioned something about the dic
tionary in Hindi cf tecln:oic~J terms. I am gl~Hl t0 hear -that. But-may I 
warn you that ir: cvolviDg terrnf!, technic a 1 h·nt1'~ you do not evolve sometbin(J' 
which the common mau doe~ net UI;df'ntan·L 1 b~· e iF~ too much of a tendency 
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today for that. For my part I thjnk that W()rd:3 from foreign languages which 
have become current coins in this country should be retained, retained partly 
bccamm they are current coins, partly because the more common words you 
have with the rest of the world the better in scientific and technical subjPcts. 
Science anil technology know no frontiers. No bcdy talks or ought to talk 
about English Science, French Science, American Science, Chinese Science. 
Science is something bigger than the countries. There ought to be no such 
thing as Indian Scie._nce. ~o also technology. This great business of looking at 
these questions in a narrow nationalist way will ultimately lead to tb_e nar:row
jiJg of your science and the narrowing of your technology and your wor~ itseif. 
This business of evdviLg special term~ which are neither known by the general 
rublic nor by anybody else in the wide world really means that you are iso· 
lating yourself from the general drift of knowledge and at the same time dis· 
nssociating yourself from your own people who do not understand ycur technj
ca] terms and you convert yourself into something which no body understands 
and no body cares for. 

Gentlemen, I haYc great pleasure in declaring open the annual meeting of 
the Centra.] Board of Irrigation. 



Shri A. N. Khosla 



THE PRESIDENTIAL ADDRESS 
Delivered by Shri A. N. Khosla, I.S.E., Presid6nt, Central Board of Irri

gation 2-t the 18th Annual meding of the Ct-ntral Board of Irrigation held at 
New Delhi on December 6, 194.8. 

Honourable Prime .Minister, Ladies and Gt>ntlemen, 

On behalf of myself and the members of the Cent al Board of Irrigation, 
it is my proud privilege to welcome you Sir, our beloved Leader to this, the 
Nineteenth Annual Meeting of the Board. 

The dawn of freedom has brought with it a new outlook, new sense of value-s 
and a new purpose in life-an all-round urge for creative effort and an over
mastering desire to get things done. vVe welcome you, Sir, as the embodi
ment of this progressive spirit of the times. 

I also extend a hearty welcome to other distinguished guests. 

I feel deeply grateful to the members of the Central Board of Irrigation. 
for having done me the honour of electing me President of the Board for the 
third time in succession. It has, no doubt, meant a substantial addition to my 
already heavy burden of responsibilities in the Government of India, but I 
feel happy to note that during this period of three years, there has been a 
definite move forward and some concrete achievement. 

'l.HE BOARD 

The Central Board of Irrigation was constituted in its present form in 1.930. 
It originally comprised all the Irrigation Chief Engineers from Provinces. Jn 
1940 the membership was thrown open to the Chief Engineers of some selected 
States and in 1945 to the Chief Engineers Electricity in the Provinces and senior 
officers of the newly formed Central Waterpower, Irrigation and Navigation 
Commission and later to the Central Techn cal Power Board. The Chief En
gineers of Burma and Ceylon are also members of he Board. The Railway 
Board, individual Railways, Port Trusts and smaller States in India and the 
Sudan in Africa subscribe to the Board. · 

\Vith the setting up of the Central \Vaterpower, Irrigation and Naviga
tion Commission, the functions of the Board have been readjusted. The 
Library has been taken over by the Central \Vaterpower, Irrigation and Navi
gation Commission and the Board's principal responsibility now is to hold the 
annual meetings and six-monthly research meetings for the co-ordination of· 
allied research activities. 

The Board is the National Committee for India for the International 
Commission on Large Dams and the proposed International Commission on Irri
gation and Canals. It has organised a National Committee in India for the 
International Society on Soil Mechanics and Foundat:on Engineering. It 
provides liaison with the International Association of llydraulic Structures 
Research and other International Scientific Organisations. The Board is re
presented on several technical committees such as the Indian Standards Insti_ 
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tution, the Indian Roads Congress, the Council of Technical Education, the 
Crops and Soils 'Ving of the Indian Council of Agricultural Research and the 
Geophysics planning Committee. It has set up a number of ad-/we and per
manent committees to deal with specific techmcal subjects. 

The Board publishes a quarterly journal dealing generally with Irriaation 
and hydro-electric problems and has put out ~me popular leafleti-1 Thes~ have 
been well received in India and abroad. The Board is endeavourina to brinO' 
out~ dicti?nary of technical terms i~ Hindi an~ to translate. the popul~r pam ph~ 
lets m Indian languages. It has bwlt up a umque and effiCient mformation ser
vice for the engineering profession, particularly, the Irrigation and Hydro-
electric branches. _ 

The Board has put forward several constructive suggestions a:ffectinO' all
India problems. Some of these have been wholly or in part accepted by the 
Central and Provincial Governments ; the two outstanding examples being the 
setting up of the Central -waterpower, Irrigation and Navigation Commission 
and the proposed legislation regarding Inter-state rivers and waterways for 
purposes of development, which is understood to be under active consideration 
of the Government of India. 

For the great progress made during the last three years, the bulk of the 
credit goes to our most energetic Secretary, Shri N. D. Gulhati, I.S.E. This 
is the last meeting of the Board which he will attend as its Secretary. I have 
no doubt that the members of the Board would wish me to place on record 
the Board's appreciation of the outstanding service rendered by him and the 
other officers associated with him in his work. I have also to thank Shri S.A. 
Gadkary for his inspection of the office of the Board. 

I like to take this opportunity of making an announcement on behalf of 
the Board. 

The Executive Committee has decided yesterday to institute a medal to 
be called the "Central Board of Irrigation Medal" to be awarded every year 
to the best published research or other original contribution to the develop-
ment of the water resources of the country. -

tHE TWO FUNDAMENTAL NEEDS 
_ Our two fundamental needs today are food r,nd cheap hydro-electric power 

with which to maintain national health, well-being integrity during peace and 
war. Water is the key to the fulfilment of these fundamental needs. The 
progressive conservation and optimum utilisation of our immense water resour
ces should, therefore, be our first task and given the highest priority. As I 
have Eaid many a times before, we are uti4_sing not more than 6 per cent. CJf 
the total water wealth of the country, the balance 94 pe cent. being allow,_'d to 
run to waste and do untold damage to life and property in its passage to the '>ea. 

There are vast areas of good culturable but arid lands spread over th~ length 
and breadth of this vast country, which are lying unproductive for want 
of irrigation facilities. These facilities are in most cases both technically and 
economically feasible and if made available, even in part, would not only make 
the country self-sufficient but 3t surplus area for food production. Our deve
lopment of these facilities has, however, far various re:tsons, lagged far behind 
the needs of our growing population, with the result that today w~ ?.re i,n·· 
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porting food-stuffs to the value of 100 crores of rupees each year, the equiva
lent of the total cost of any one of the mamoth schemes, such a<s the Kosi the 
Bhak:ra or the Ramapadasagar. 

Our industrial development has progressed at a snails' pace, one important 
reason being the lack of cheap power. The result is that we have to depend 
almost exclusively on foreign machinery and foreign manufacture'S for most of 
our development plans. The total installed capacity of hydro-electric power 
in India with a population of ovJr 300 millions is barely half a million k,V. 
which in terms of population represents a.. negligible fraction of that installed in 
the more developed regions of the world. Power from ·water is a perpetual 
asset and does not involve the use of coal which is a diminishing asset and the 
high grade quality of which is badly needed for metallurgical and other purposes. 
The extent of water-power development in India will be a measure of the pros
perity of her people and their importance in world affairs. 

RIVER VALLEY DEVELOPMENT PROJECTS 
The necessity for the conservation and utilisation of the water resources 

of the country for purposes of flood control, irrigation, power generation, 
navigation and allied facilities, on a regional basis, has now been definitely ac
cepted. The completion of any one of our major river valley scheme3 will pro
vide enough additional food to almost wipe out the country's entire deficit and 
enough power to start several heavy industries of economic and strategic im
portance. Some brge river valley development schemes such as the Tunga
bhadra in Madras, the Bhakra dam in East Punjab, the Damodar Valley Pro
ject in Bihar ~nd Bengal, the Hirakud Dam in Orissa are under actual cons
truction. Some other projects are ready for sanction and execution. Others 
still are in various stages of investigation and preparation. There are several 
areas of potential development particularly, in the acceding States, to which, 
it has not been possible so far to give even preliminary consideration. 

Some of these mamoth schemes, like the Bhakra, Kosi and Ramapada
sagar are likely to cost over one hundred rrores each. In view of collosal 
expenditure involved, the _immensity of the field to be covered by these schemes 
and their intimate bearing on the agricultural and industrial development of 
the country and on the everyday life of the people, it is possible that in the not 
distant future there may be need for a separate portfolio in the Government of 
India to deal exc:usively with river Valley Developments. 

In the past progress in river valley develo:Pments has been held up, in some 
cases for as long a<s 40 to 50 years because of interminable water disputes bet
ween the Provinces and States concerned with a river. While the powers that 
be continued to disagree, no constructive work could be done, the region con
cerned remained undeveloped and the common man continued to groan in po"' 
verty and semi-starvation. The proposal in the New Constitution of India 
to bring the subjects of "Development of Inter-state rivers and waterways for 
:flood control, irrigation, power, navigation and other purposes" in list I of 
Schedule VII will be the biggest step forward in the integrated development 
of river valleys, which will also be considerably facilitated by the integration 
and merger of Indian States which _has been so ably and thoroughly brought 
about by your e!teemed colleague the Hon'ble Sardar Patel. 
11JN21CBI 
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DIFFICUL1IES AND EOT'ILE~:£CKS 

But there are serious difficulties in the \Yay of rap1d realisation of our 
plans. These are inflation, the ascendmg spiral of }ugh pnces, shortage of 
steel, cement and other essential matenals of construction, bottlenecks of 
transport and inadequacy of technical manpower of the requisite qualifications. 
Added to these there is, a fair amount of red tape and in certain quarters a. 
lack of sense of responsibility and an absence of pioneer zeal. 

PRIORlTIES AND PHASING OF PROJECTS . 
For balanced and sustained development, we have to take stock of our 

resources in men, money and materials and phase our activities in such-a way 
that the overall advance towards the objective is uninterrupted and progressive 
and at no stage out of joint with the other phases of national activity. But 
despite inflation we cannot afford to be static, and permit our resources to re
main in disuse. The antidote to inflation does not lie in a stoppage of prod uc
tive effort, nor in permitting human material to stagnate through lack of op
portunity and incentive. It lies in the freezing of surplus purchasing power 
and canalising it into means of production. 

If we take up first thlngs first and adjust priorities in that spirit, the 
question of inflation will not enter into the picture. 'Ve want more fa.od. 
We want cheap power for industry and agriculture. 'Ve want to be, as far as 
possibl~, self-sufficient in our basic tools of production, such as heavy ~achinery 
for essential industries; and in the production of essential materials, like steel, 
eement, oils _etc. Then we want adequate means of transport for raw mate
rials as well as finished products. 

The first place, in order' of priority, would naturally go to the conserva
tion and utilisation of water resources, through rive!" valley development, thus 
providing the basic tools for national advance and self-suffici~ncy; that is 
flood control to release more lands for productive cultivation, irrigation faci
lities to grow more food, large scale generation of hydro-electric power to turn 
the wheels of industry andnavigationfacilities for the transport of the products 
of agriculture and industry. The next in order of priority, should come the 
manufacture of hydro-electric machinery, setting up of iron and steel fac
tories, cement mills, and the manufacture of synthetic petrol, fuel-oils, ferti
lisers and other es~ential commodities. At par with the above will be the land 
transport facilities, particularly the extension of railways to sources of raw 
materials and manufacturing centres. 

Priorities and phasing must be taken up together so that the overall de
mand in men, money and materials in a region or the country as a whole, does 
not materially exceed the available or potentially available resources of the 
area concerned. Further, development must be integrated so that all related 
phases may advance in step. For instance it will not do to generate a millicn 
kW. of power without at the same time setting up the necessary industries and 
other rural and urban undertakings to utilise that pmver. In order to make 
the best use of our human and material resources, the ideal arrangement will 
be to have the various projects staggered in point of execution so that ~hile 
peak constructio,n activity is proceeding on one or two projects, there w1ll be 
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only preparatory work and lesser constr~ction activity on the others. Simi
larly as the peak activity starts tailing off on the former, tl?-e .work on ~he latter 
should get into peak stride. But this process .must b~ cont1n~ou~ so that the 
ever increasing knowlP-dge and experience gamed on successive _Jobs. may be 
passed on from project..to project thus ensuring that each succe~ding JOb s~a}t 
be done better and cheaper, than the one done before. F<fr this purpose, It Is· 
necessary that while one project is under construction, there should be at least 
three or four projects under surveys and investigation. The sta'ff, money and 
material requirements for sm'Veys and investigations will be relatively small. 

" Normally two to three years will be required for such investigations in the
case of large projects and it will be fatal to proceed to construction without car .. 
tying out ftdl investigations and preparatory project studies. In this way, a5~ 
soen as the construction activities on any project or set of pro~ts get on to 
the concluding stages, it will be possible, as a re~mlt of detailed investigatio:us 
carried out in t~ meallwhile on several other projects, to decide as to which pro
ject or projecls should be taken up next in order of priority and which kept back 
or altogether rejected from consideration of engineering and economic feasibi
lity, direct and indirect benefits and special needs of the region or the nation. 

The decisions abouif.relative priorities will obviously be taken by the Prio
rities Committee of the Cabinet. The phasing of projects and the allocation of 
esseatial_ materials between such proj.ects should be similarly controlled, with a 
view to obtain the best overall results. 

PLA!Dl.ING 
-....- ---

Planning should be regional and total so as to cover all related purposes 
in any particular region. Planning should not be confined merely to one or twe 
five-year periods. It must extend much farther ahead. The work of develop
me:at of rive"f valleys in India will~ a continuous process. It will not end in 
20, 30 or even 40 years. Ours is a vast country and there are numerous virgin 
regions to be served. Our first aim should be to provide each region as quickly 
as possible with one completed.p~:oject or part of a project adequate to its im
mediate need, and then build up in course of time to total development. Total 
planning does not preclude partial or stage developmimi. It will be desirable 
to undertake construction of a part of the total plan to achieve quick results 
and at small expense of available resources but with the clear understand
ing that such partial development will be an integral part of the total develop
aent and in no way and at no stage in conflict "with it. In this way it will ba 
possible to serve several areas simultaneo11sly, expeditiously and without 
straining, beyond limit, our available resources in.men, ~oney and material~ • 

• , 0 

NEED FOR QUICK ACTION 

.AJJ.y at-tempt to unduly delay devfillopment schemes for any reason what
soever, will seriously affect the morale of the people. The c~mm.on man has 
been given hopes. He has been looking forward to the fulfilnient of these hop~s. 
If he now finds lrimself faced with mere long range promises without any im
mediaiJe tangible steps towards achievement, he will start losing faith in his 
own future and relapse into the despondency of pre-freedom days. 
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You, Sir, by your unerring judgment have led the country through many 
crises and by your great leadership enhanced the prestige of India. Your 
contempt for the in-efficient, your impatience with red tape and your over
riding desire to get things done, are a sure guarantee of ever-increasing progress 
on all fronts of our national activity .. 

The economic future of the country lies in the rapid and sustained deve
lopment of our river valleys and their great water resources. 'Vith your guid
ance and support, Sir, we trust that this development will soon take place on 
sound and sure lines, and the common man will see the fulfilment of his hopes 
and desires and look forward with confidence to an era of full employment and 
ever-increasing prosperity. 

To you, ~y fellow engineers, I would like to make an earnest appeal to 
put your heart and soul in the service of the Nation. You may not rise to 
positions of power and prestige, but something greater than these will be yours
the satisfaction that you have contributed your mite to the building up of a 
glorious new chapter in the history of our motherland. -

JAT HIND. 
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1-· Meetings uf the Board and Committees 
, I , 

ELEVF..N·rH INFORMAL WINTER MEETING OF THE RESEAR(JH 
COMMITTEE 

The informal winter meeting of the Research Committee was held at the 
Thomason College, Roorkee on April 12 to 14,. ,1948. ~ 

-On the afternoon of April 13, the Research Committee held. an informal 
discussion in whicn the fo ~owing officers took part :- -

Rai Bahadur S. K. Guha, I.S.E., Chief Engineer, Bengal; Kanwar Balbir 
Singh, I.S.E., Chief Engineer for Irrigation, United Provinces; Dr. N. K., 
Bose, M. Sc., Ph. D., Director, River Resea:rch Institute, Bengal; Shri S. L. 
Malhotra, I.S.E., Director, Irrigation Research, East Punjab ; Shri B.N. 
Khatri, I.S.E., Superintending Engineer, Irrigation Department, United 
Provinces; Shri D. N. Khurana, I.S.E., Superintending Engineer, Central 
P1·ovinres, Berar; Shri R. S. Chaturvedi, Executive Engineer, United 
Provinces Irrigation Research Division; Shri NaegamYala, Executive Engineer, 
Irrigation and Research Division, Poona (Bombay); Shri N.D. Gulhati, -I.S.E. 
M.I.E., (India),. Secretary, Central Board of Irrigation ; Shri P. R. Ahuja_, 
P.S.E.,-1, ~eputy Secretary, Central Board of Irrigation; ana Dr. N. N.' 
Bhandari, B.A., D.I.C., Ph.D., Assistant Secretary, Central Board -of Irrigation. 

Rai S. K. Guha Bahadur, took the chair. ' · 
1 

Dr. Bose opened the discussion and said that he had felt considerable 
difficulty in the selection of bed material f9r models in connection with.· 
experiments on silt exclusion. He explained that Hooghly sanrl was very fine 
and the micaceous part floated on the top. He understood that Shri K. K. 
Framji had asked for a supply of 1,000 tons of Hooghly sand from the Port 
Commissioners for use in the Hooghly model at Poona. This would cost 
about Rs. 40,000 as fteight. 

1\Ir. Chatu:rvedi said that he had never been faced by this difficulty. 
During rains he might encounter .it. ,. -

Dr. Bost: said that after considerable investigation he had found mustard 
seed as a suitable bed material. 

Dr. Bhandari enquired whether the seeds di:l not.float up. 
Dr. Bose answered that they did not float but settled down and rolled· 

along the bed. • 
:Mr. Malhorta referred to the use of plastic for preparing mode,s, and 

enquired if a suitable material could be P,ad in India. It was decided that the 
Secretary should obtain the necessary information. 

Mr. Chaturvedi pointed out the difficulties being experiencei for want of 
dollars for the purchase ~f essential equipment for Research Stations. _ 

It was agreed that the Central Board of Irrigation should request the 
Government of India, that high priority be given to such req11iremAnts.· 

15 
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The party was taken round for inspection of the Mohammadpur Power 

House (under construction) on the morning of April 13, and the Dhananri 
Drilling School, Bahadarabad Irrigation Research Station and the Bhimgoda 
Weir on April 14, by ·K~nwar Balbir Singh, Chief Eng!_neer for Irrigation., 
United Provinces:!:and h1s staff. • 

THE EIGHTEENTH ANNUAL MEETING OF TH3 "RESEARCB COMMITTEE 
. 

The Eighteenth Annual Meeting of the Research Committee of the 
Central Board ofJrrigation was held at the Orand Hotel, Simla, from the 2nd 
to the 7th August, 1948. It was inaugurated by Rai Buh:dur A. N. Khosla, 

. I. S. E., President of the Central Board of Irrigation. The following other 
Members of the Board were present :-

1 Mr. A. R. Venk&.tachari, .. I.S.E., (Vice President}, Chief Engineer 
Irrigation, Madras. 

Mr. S. A. Gadkary, B.E., M.I.E.E. (London), A.A.I.E., C.P.E., Tech., 
M.I.E. (Ind.), Member, Central 'Vaterpower, Irrigation and 
Navigation Commission, New Delhi (Member of the Executive 
Commitbee). - . 

Lala Gita Ram Garg, I.S.E., Chief Engineer and Secretary, East 
Punjab. 

Sardar Sarup Singh, J.S.E., Chief Engineer and Secretary, East 
Punjab. 

Mr.- G.· B. Mondal, I.S.E., Ch£ef Engineer, Irrigation, P.W.D., 'Vest 
Bengal, Calcutta. -

Mr. R. Chandra, I.S.E., Chief Engineer and Secretary, P.,V.D., Assam. 

Mr. S. D. Khangar, I.S.E., Chief Engineer and Secretary Bihar, 
Patn~. 

Sardar Man Singh, J.S.E., Memb~r, Central.Waterpower, Irrigation 
and Navigation- Commission, :tfew Delhi. 

Mr. Kanwar S.1in, I.S.E., Chief Engineer, Bikaner State. 

Mr. R. R. Handa, i.S.E., Chief Engineer and Secretary, P ':.,V.D., Orissa, 
Cuttack. 

Mr. M. L. Bahl, I.S.E., Chief Engineer and Secretary, Bihar, Patna. 
Sarda.r Raghbir Singh, Chief Engineer, ~atiala. 

The permanent members of the Research Committee present were :

Dr. N. K. Bose, M.Sc.,l Ph.D., Director, R:ver Research Institute, 
West Bengal, Calcutta. 

Mr. S. L. Malhotra,_ I.S.E., Director, Irrigation Research Ipstitute, 
East Punjab, Amritsar. 

Mr. D.· V. Joglekar, Director, Central 'Vaterpower, Irrigation and 
Navigation Research Station, Poona. 
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T.P. Kuttiammu, Esquire B.E., A.M. I.E., Executive 'Engineer, P.W .~, 
Madras. 

Mr. J:P. Naegamvala, B.S.E.(I), Executive Engineer, _Poona lrrigatioJ 
Research Division, Poona. 

1\Ir. N. S. Govinda Rao, AEsistant Director, Mywre-, and 
. \ 

Mr. S. N. Gupta; Assistant Engineer, United Provinces. 

They were assisted by their Research Officers, Mr. T .N. Seshadri, (Madras), 
Mr. S. K. Banerji, :Mr. G. Sinha and Mr. P. B. Ray, (West Bengal) ; Dr. V. K. 
Gokhale and Dr. D. G. Kulkarni, (Bombay) ; Dr. H.L. Uppal, Dt. Jai Krishan 
1\lalhotra and Dr. C. L. Dhawan, (East Punjab); Mr. A. P. Bhattacharya and. 
Mr. L. K. ~lital, (United Provinces) i Mr. V. N. Nagaraja, (Mysore); and Mr .. 
S.T. Ghotankar and M.r. G. V. Gole of the Central Waterpower, Irrigation and 
Navigation Research Station, l?oona. · • · . . . -

The other officers present included Mr. H. L. Vadera, I.S.E., Mr. 'M.L .. 
Sood, I.S.E., 1\Ir. M. L. Aggarwal, I.S.E., Dr. R. C. Hoon and Mr. G. M .. 
Panchang, (C.,V.I.N.C.); Mr. H. G. Cocksedge;(AsEam); Mr. D. 1\Iehta, I.S.E.,. 
(Bihar) ; Mr. C. L. Handa, I.S.E., (East- Punjab) ; Shri T. S. Venkatarama. 
Iyer and Dr. K. L. Rao, (Madra3); Sardar Bahadur Sardar ~ S. Ka.hai,. 
(Orissa); Mr. B. P. Saxena, I.S.E., ·Mr. B. N. K.hattri, I.S.E., Mr. J. N. Mitra,._ 
Mr. Radfey Shiam, and Mr. K. P. Shukla~ (United P.rovinc·es). 

_ , Officers of other DepartmeLts present included Mr. Brij Narayan, A,d<lj
tional Consulting Engineer (RoadG), l.\fr. K. ~- Raghavachary, Assistant
Standardization Casting Officer, Mr. S. L. Bazaz, 13ridge Specialist Officer,. 
and Mr. H. Sunder Rao, Secretary, Indian Road~ Congress; Mr. R. L·. Sethi,. 
Agricultural · Commissioner, Indian Council of Agricultural Research ; 
Mr. :M. C. Bijawat, Chairman, Central Ground Water OrganizatiOii and 
Dr. V. I. Vaidhianathan, Deputy Director ; Dr. L.A. RaiD;das, Director,. 
Agricultural Meteorology of the Meteorological Department ; Mr. K. F .. 
Antia and Mr. H. H. Banerjee of the Central Standards Office, (Railway ;Board); 
Brigadier R. E. Aserappa of the Engineer-in-Chief's Branch ; Mr. M. P .. 
1\lathrani, I.S.E., and Mr. H.J. Ajwani, (Damodar Valley Corporation); Mr. J. N .. 
1\Iookerjee, Director, Indian Agricultural Research Institute; Mr. J.P. Mehrotra,. 
Deputy Ditector, Engineering, Indian Standards Institution ; Mr. G. C. Mitter, 
Chief Technical Adviser (Mints), Bombay, on behalf of the· Council ~or 
Scientific and Industrial Research ; and Dr. I. M. Puri, Deputy Director, 
:Malaria Institute of India. 1\lr. H. S. Kulkarni and many other oflicers of th6 
Central Electrical Commission and East Ptmjab Gov~rnment attended pa.tt 
of the meeting. 

. ' 

The following officers of the Centrd Board of Jrrigat~on w~re present:-. 

S~i N. D."Gulhati, I.S.E., M.I.E. (India), Secretary aD:d.Capt. P.R. Ahuja,. 
Deputy Secretary ; Dr. N. N. Bhandari, Shri R. C. Shcnoy, Shri D!· D. Soni 
and Shri M. S. Khanna, Assistant Secretaries. 
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Opening the proceedings Shri A. N. Khos~a said:

Gentlemen, 
It is my pleasant duty to welcome you all to the 18th Annual Meeting 

of the Research Committee of t.he Central Board of Irrigation. I feel greatly 
honoured ih being called upon to preside over its deliberation<J for the third 
time in succession. ' 

~ 

It is a unique gathering this year. We have represe::~.tative3 from all
over the country and from all departments and organisations whose activities .. 
are allied with ours. This year we have an attendance of atbout 75-while last 
year and in the year~ before the attendance was_below 30. Thie large increase 
indicates a welcome recognition by all the governments of the valuable work 
done by this Board and of the great importance of research in relation to the 
multiple-purpcse development ~f river valleys. . . 

I welcome the new members of the Research Committee, 1\lessrc;. S. L. 
Malhotra and J. P. Naegamvala. I C')ngratulate Mr. D. V. Joglekar on his 
promotion as Director of the Central . 'Vaterpower, Irrigation and Navi~ 
gation Research Station. 

In particular, I wo~ld like to extend, on behalf of the Central Board of 
Irrigation, a hearty welcome to officers of the Indian Army, the Ministries of 
Agriculture- and Transport, the Indian Roads Congress, the Council of 
Scientific and Industrial Research, the India Meteorological Depart.ment and 
the Indian Standards Institution, who are with u8 today. I and the Board are 
indeed grateful to all of them for their response and co-operation in planning for 
the conservation and optimum utilisation of the vast water resources of this 
oountry. 

- . 
I take this opportunity to express ~egret that our colleagues from Pakistan 

have not found it possible to attend. It is my sincere hope that in the very 
near future we shal1 again sit together and co-operate in solviiLg the problems 
of common interest. 

Gentlemen, since we met here in July last year there have b'een momen
tous ~hanges in the country. We are now a. free people. Mahatma. Gandhi, 
the Father of the Nation and our Sayjour: with his band of devoted workers, won 
ns. this freedom. This was followed by an unfortunate upheaval in the country. 
Soon after, the cruel hand of an assassin removed from our midst that -greatest 
man of all times . 

• I had the honour and privilege of sitting at the feet of l\Iahatma Ji OL more 
than one occasion and vividly reco11ect the keen and realistic interest he had 
in our schemes of development. He had recognis€d that in the conaervation 
and utili ;ation of our \later resources Jay the keytoth6 future greatness of India 
and the welfare of our _people. 

The extent of developrr..ent of_ the material resources of a country is a n...ea
'Sure of its strength and greatnesE and of the standard and status of its 
people. India has vast resources in water, land and minerals. But only a. 
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negligible fraction of these resources have so far been harnessed for beneficial 
use. That accounts for the low standard of living of her 300 ~llion people 
and their backward.ness in education and opporturiitie~. For a contrast, look 
at the. many nations of Europe, Sweden, Norway, Switzerland and Czechoslo
vakia with populations of 6!, 3l, 4 and 11 millions·respectively, have attained a 
high degree of industrialisation a~ a result of their resource development. The 
case of Switzerland is of particular interest. She ha ~ no mineral wealth worth 
the name and relatively small area of culturable land. Her greatness as a 
nation, her prosperity and the high standard of living of her people have been 
secured by the brains, initiative, industry and perseverance of her manpower. 
They export the products of her technological skill and labour. This leaves 
them rich dividends and giveq this nation of four million people an importance 
and status far abov~ that of countries with many times that_ population. 
Why cannot India., with her vast ma!lpower and_ almr·st unllmited natural 
resources, rise to unparalleled heights of greatness and material prosperity 
Undoubtedly sha can, but that will need, on the part of all her people, un
precedented and sustained effort, a living faith in her great degtiny and an 
unshakeable determination to reach goal. · 

; 

The future of the country lies in the hands of engineers, scientists and 
technologists.~ They have to plan and cons.trurt. -They have to create the 
works from which will flow wc'l.lth and prosperity. They ha7c to conserve the 
natural resources of the country and utilise them for the service of the nation. 
The water wealth of the country which at prePent is running waste to the sea, 
mostly in the form of .devastating flood~, ca:d be conserved for purposes of 
irrigation to provide other amenities and for improving, by regulated flow, the 
wide network of our navigable waterways to help in the better distribution of 
the products of agriculture and industry .. 

I 

'Ve must, however, recognise that the task ahead of us is stupendous
s~mething enormo'1sly ~ig in relation to our present capacity and creative 
genious. \Ve, of the technical services, must put our shoulders to the wheel 
and work with fajth, courage and determinlltion in a spirit of hUm.ility, sacrifice 
and service so that through supreme and steady joint effort and in the course 
of the next decade or so, we may create wealth and lasting prosperity for the 
nation. The fulfilment of our task will be our reward. · · 

I 

Gentlemen, in making this appeal to you, I am painfully conscious of the 
many obstacles and limitations which stand in the way of the fiill exercise of 
your initiative, organising capacity and technical skill. Wherever I have gone 
in the Provinces or the State!1, I have noticed the utmoCJt keenness and a burning 

, desire· among engineers and techni_cians to do something constructive and to 
achieve resl1lts without delay. But I have also noticed among them a painful 
sense of fruf)tration, which has manifested itself before the opp0rtunity for 
achievement has materialir.ed. They want to advance, put they cannot, because 
of an unfortuuate system in which red t~e has priority over achievement 
and which threatenn to strangle all creative effort. 'Vhile, there
fore, I make an earnest appeal to you, technical officers, to put in your 
very best nnd to make evt>ry possible sacrifice in the service of our people, for 
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the maintenance of our freedom and to raist> our great country to its rightful 
high position among the nations of the world. I would als,> appeal to the powers 
that be to trust their technical services and spare them the unnecessary 
handicaps, harassments and delays of red tape. They are to be the creators 
cf w:eaJth and prosperity and must be given the necessary atmosphere and the 
opportunities to make it possible for them to achieve the best results in the 
shortest space of time unfettered by the bonds of a system which is an 
fortunate legacy of the past .• 

Gentlemen-before I start referring to the achievements of the .various 
research stations in the com£try, their future programme and objectives, I 
would like to mention some of the important things that s~ruck me during my 

_visit in ~urope in the last two months. A number of us-went to Sweden to 
attend the sessions of the World Power Conference, the International 
Commission on La_!ge Dams and the International Association of-Hydraulic 
Structure& Research. For the first time we appeared in the international 
picture. The many nations of the wcrld that attended these conferences were 
deeply interested in the vast potentialities of this country and its -present 
achievements .. ,Vc have invited these Commissionn to hold their next seosions 
in India early in 1951. Our representatives also attended tbe International 
Conference on Soil Mechanics and Foundation Engineering. In Sweden, Norway, 
Switzerland, France, Czechoslovakia, Scotland and England we took note of the 
enormous development they have made in manufactures of every descriptiCln. 
We saw the great work they are doing in the research_ laboratorie, attached to 
the major institutions and industry. _ Research is paying them large dividends 
in the shape of improved outturn and quality and lower costs d production. 
During these. visito I was,_ in particular, anxio!.ls to find the best way of making 
quick advance in the manufacture of allhydraulicandelectricalplants required 
for the many river valley development projects in our own country. Also I 
wanted to ascertain the position regarding specialised foreign technical personnel 
and the training of Indian technical personnel. You wiJI recall that this Board 
recently passed a resolution to the effect that we should taketh~ earliest possible 
steps to start manufacture in our own country of all heavy machinery reqmred 
for hydroelectric projects, that we should start intensive research and model 
studies with a view to keep our achievements in the con~truction and 
manufacturing fields, abreast of other natioL.S. As a result of my exploratory 
investigations, J have come to the conclusion that in co-operation with some of 
the foreign mam:facturing concerns, we can start manufactures in many fields in 
India. We should take immediate steps in this respect. In this way we will be 
progressively working towards self-sufficiency and succeed in preparing our 
engineers, scienti::;ts and technicians for present and future needs by givi~g 
them actual training and responsibilities of the job. Tl;te type of superfiCial 
tr2.ining that OU1' men are receiving at present in foreign countries will not 
fit them for the task of undertaking manufactures in our own. It is only 
through int:mate touch With actual work and necessary responsibility that our 
men will get tl.e inside knowledge, so necessary for independent manufactures. 
Otherwise, thry will continue to rlay the roll of observers, the actual work of 
m.anufactures being left to- otherc. · 
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l\lr. Gulhati, -the Secratary of the· Board, who was also the s~~rctary _of 
the Delegation that went abroad will soon give you a brief account of the 
meetings we attended and the impressions we gathered t~era. 

'Vith the extensive field laboratorie~Cat Malikpore in East Punjab and a 
newlv establis-hed rese2,rch station at Amritsar, the East Punjab has organised 

·a ne~ research institute and I am glad to see that inspite of numerous diffi
culties, they have been ab]e to send to us their annual report for the work done 
during the year ending December 1947 .. I also understand- that Assam is 
contemplating the establishment of an Irrigation and Soil Mechanics Laboratory 
and I have no doubt that they can depend on the existing research laboratories 
in lndia to assist them in this task. · .... - -

Gentlemtn, I do not propose to dwell on any particular subject during my 
address to you this morning. We have before us a very heavy task for the week 
as you can see from the annual reports of the Research Stations. I thank those 
who have been able to give us printed reports inspite of the many difficulties 
that now prevail. Those, who have not been fortunate in gettiJ!g their report 
printed this time, will, I hope, be able to do so next year. - I am also_glad to 
note that the recommendations of the Central Board of Irrigation regarding the 
form and arrangement of the report have bee~ followed by most of the Research 
.Stations and I hope that others will also bring their reports to these lines by 
next year. On account of my absence from India, I have 'not been able to 
study these reports, but I find that continued progress has been made in many 
of the spheres of your activities. Considerable work has been dorie on the 
-development of the design of the volute spillway siphon, both on experimental 
lines and in mathematical-studies. _ Many local problems of river control and in 
connection with the design of individual works, have been tackled by you all, 
some new studies have been initiated on the conditions of sub-soil water table 
in certain areas and an increasing use of soil mechanics and soil stabilization is 
in evidence. I have great pleasure in congratulating the Directors of Research 
Stations and their staff for the work ~hey have put in during the last year and 
I hope the discussions that we shall have during this week will be of mutual 
benefit to all of us. - · · 

Before I conclude, I like to say a few words regard~g the procedure at this 
meeting. We have a- very heavy agenda. The list of subjects, the progress 
{)n whic"h we review at this meeting, has increased considerab]y of late. You 
have been supplied with a classified list of items under different subjects that 
are cont3ined in the Annual ReportJ of the Research Stations or in individual 
conttibutjons .. May I reques( the Research Officers taking. part- in the 
-discussions to be brief and to the point. In pro~eeding with tho di.Ecussions on 
various subject I shall ask the authors of the papers or the Directors of Stations 
tointroduce these items; The Directors may, if they so desire, ask the Research 
()fficers concerned to introduce any item. , The latter should be brief in their. 
remarks and if there is_ nothing fresh to mention or no important point to 
bring out, they may merely say that there is nothing to add as introduction. 

In accordance with the Constitution, the Executive Comm· ttee is to dec:de 
-who should be co-opted as ~embers of the Research Committee. Some 
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resolutions may have to put to vote. In order to make it clear as to who is 
entitled to vote, the names of the permanent members of the research com

,mittee and those co-opted as members for the current meetings are as follows:-

Permanent members 
The President 

Mr. A. R. Ven.katachari 

Mr. S. A. Gadk~ry 
· ·Dr. N. K. Bose 

Mr. S. L. Malhotra 

Mr. D. V. J oglekar 

Mi. T. P. Kuttiammu 

• Mr. Govinda Rao 

Mr. J. P. Naegamvala, and 
I 

Mr. S. N. Gupta. 

~o-opted for this meeting 

Mr. B. N. Kha~ri 
' 

Mr. Kanwar Sain 
-.._ 

Dr. R. C. Hoon -

Dr. J. K. Malhotra 
' 

I have also to request that any one desiring to speak will kindly stand up ... 
This will lead to a better appreciation of the sFeaker's remarks. TJ:e Secretary 
will w~lcome written notes from speakers of what they have said. This v.·iii 
assist him in the preparation of the minutes. Stenographers can be provided 
during this meeting to those who may-need their Eerv~ces. 

Gentlem~·n, I declare open the }8th Research Committee Meeting of the-
Central Board of Irrigation. -

Shri N. D. Gulhati, Secretary, Ce~tral Board of Irrigation gave a brief 
account of the meetings of the International Association of Hydraulic Struc
tures, Research, and of the International Conference on Large Dams that he
and other Indian delegates attended in June 1948 in Sweden. 

Shr.i A. N. Khosla then gave further impress:on of his recent visit t<>' 
Europe and urged on all to contribute some very good papers for the meetings of 
the International Conference on Large Dams and the International Ass~iation 
of Hydraulic Structures Research to be held in India in 1951 • .. 
FORMAL CONFIRMATION OF THE MINUTES OF THE PROCEEDlNGS OF 

THE SEVENTEENTH RESEARCH COMMITTEE MEETJNGS 

The minutes- which had been ~irculated at the _previous meeting of th~ 
Board were confirmed. 
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NINE'l:t..El\.'lH Al~UAL !mE.'lll\.G OF 'l·H~ BOARD .... ' 

, Tl:e ~incteenth (1948) .Annual Meeting of the Board was held from Decem
ber 6 to 11, 1948 at the Constitution Club, ·New Delhi, under the Ch~irmanship 
of M. 1 A. N. Khosla, I.S.E., President of the Board . 

. 
The distinguished visitors present at -the opening session includ~d the. 

Hon'ble Shri N. V. Gadgil, Minister for 'Vorks, Mines and Power, Government. 
of India, representatives of Embassies 'in New Deihl, members of the Consti
tuent Assembly, officers of the Government of India Secretariat and h~ads of 
several aepartments. The following members were present :-_ 

Mr. A. N. Khosla, Mr. N. N. Iyengar, Sardar Man Singh and S. A. 
Gadkary, Esqr.· (Government of India); ~- R. Chandra (Assam); Mr. 
D. Mehta (Bihar); Mr. Kanwar Sain (Bikaner); Mr. N. P. Gurjar and Mr. P. B. 
Advani {Bombay); L. Gita Ram Garg and Mr. S. S. Kumar (East Punjab); 
Major N. K. Bhonsle (Gwalior); :rtir. A. R. Venkatachari, Mr. N. Govindaraja 
Ayyangar and Mr. G. Sundram .(Madras); Mr. R. R. Handa and Mr. R. L. 
Narayanan (Orissa); Sar(ar Raghbir Singh{Patiala); Mr. Balbir Singh (United 
Provinces); and Mr: S. K. Guha (West Bengal). 

Mr. A. N. Khosla, I.S.E., President of the Board welcomed the Hon'ble 
Pandit Jawahar ~al Nehru, the Prime Minister of India, ~ther distinguished 
guests and the members of the Board. The Hon'ble Pandit J awahar 
Lal Nehru, then addressed the gathering and declared the meeting open* 

In the technical discussions, the members _of the Board were assisted by:
Dr. R. C. Boon, 1\fr. D. V. Joglekar, Mr. S. T. Ghotankar, Mr. J. p .. 
Naegaruvala, B.S.E.(I), Mr. T. J. Mirchandani, Mr. S. N. Gupta, Mr. A. P .. 
Bhatacharya, Mr. J. N. Mitra, Mr. K. N. Kathpa]ia, Mr. S. R. Aggarwal, 
Mr. A. C. Mitra, Mr. B. N. Khatri, Mr. D. P. Ro.htagi, Mr. Moti Ram, 
Mr. C. L. Handa, I.S.E.; Mr. B.S. Talwani, ~Ir. H. R. Bhatia, Dr. H. L. 
Uppal, Dr. J."K. Malhotra, Dr. C. L. Dhawan, Dr. N. K. Bose, :rtir. N. Pad
manabha Iyer, Mr. Narasimham, :rtir. T. ~Iylvagana:m, Mr. E. V. S. Iyer, Mr. 
P. C. Das and Mr. K. G. Mazumdar . 
. ---

• Messrs. M.D. Mithal, T. M. Oag, R. D. Dhir, M. L. Sood, H. L. Vadhera,. 
K. L. Vij, B.S. Nag and A. R. Khanna of the Central 'Vaterpower, Irrigation 
and Navigation Commission, Mr. Brij Narain and Mr. S. L. Bazaz of the 
Ministry of Transport, Mr. K. P. P. ~Ienon and Mr. H. S. Kulkarni of the 
Central Electricity Commission attended part of the proceedings. 

Dr. S: ~· Ba~erji, D~ecto~-General of t~e India Meteorological Depart
ment participated In the discus~10n o~ the subJects connected with Hydrology .. 
Col. J aswant Singh of the ~Ialaria Institute addressed the Board on the " Anti-
malarial aspects of water-utilisation projects , . - -_ 

• Printed elslwhere in this R~port. 
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. . . 
Various items on the administrative and technical agenda. were discussed 

from Monday to Saturday. In addition, meetings of Executive Committee 
of the Board, of the Advisory Committee of the International Congress on 
Large Dams, Executive Committee of the ~ational Society of Soil Mechanics 
and Foundation Engineering and the sub-committee to examine the draft 
of the revised edition of Central Board· of Irrigatiob. Publication No. 7 
'Hydraulic Jump or Standing 'Vave 'were also held. Cine films of engineer
ing interest were also shown to the offioors attending the Board meeting in the 
Intelligence Administrative Room, Queensway, New Delhi. The Board 
-visited the soil mechanics Laboratory of the East Punjab, Public 'Vorks De-
-partment, Buildings· and Roads Branch, at Karnal, some of the houses built-
-of stabilised soil by the same department and some works on the 'Vestern 
Yamuna Canal on December 12. 

His· Excellency Shri Chakarvarty Rajagopalacharya, Governor-General of 
India was at home to the members _of the Board and other officers attending 
the meeting and their wives on December 6. · · . · 

The Annual Board Dinner was held on December 1: at ·the Constitution 
House, New Delhi. 

BAO BABADUR SHRI A. R. VENKATACBARI, I.S.E., ELECTED PRESIDENT 

. Rao Bahadur Shri ~ R. Venkatachar1, I.S.E., Chief Engineer for Irri
_gation, Madras was elected President of ~he Board for 1949. 

OTHER MEMBERS OF THE EXECUTIVE COMMI'ITEE 

Kanwar Balbir Singh, I.S.E., Chief Engine~r, United Provinces, Public 
Works Department, Irrigation Branch, was elected Vice-President. 
Shri A. N. Khosla, I. S. E., Consulting Engineer to the Government 
-of In<fia, Ministry of 'Vorks, Mines and Power and Shri P. B. Advani, Electrical 
Commissioner to the Government of Bombay were elected as members of the 
Executive Committee. · 

The meeting closed with a hearty vote of thanks to the outgoing President 
~f the Board Shri A.. N. Khosla, I.S.E. , 

.FOURTH MEETING OF THE SUB-COMMITtEE ON WA'lER BALANCE 
INVESTIGATIONS OF THE DAMODAR VALLEY 

The fourth meeting ~f the sub-committee was held on 15th April 1948 
jn room No. 158C North Block, Central Secretariat, New Delhi. 

The following were present :-
. (1) Dr. S.K. Banerji (Meteorological Department). 

(2) Dr. N. K. Bose (West Bengal). 
(3) Mr. H. J. Ajwani (C. T. P. B. for D. V. C.) 
(4) Mr. N.D. Gulhati (C. B. I.) 
·Mr. S. K. Guha, Chief Engineer, 'Vest Bengal, Mr. R. K. Misra of 

the Meteorological Department and Mr. P. R. Ahuja, Deputy 
Secretary, Central Board of Irrigatio~ were present by invita· 
tion. -

j)r. Bannerji was voted to the chair. 
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lteferriBg to the minutes of the 3rd meeting, Dr. Bannerii reported tb.&t 
the officer deputed for the purpose, l\Ir. R. K. 'Misra had submitted his report 
on a general reconnaissance of the transpiration and evaporation losses in the 
Damodar Catchment. ~Ir. Misra, who was present,_was reques~ed to describe 
briefly the result of.his investigation. ~ ' 

.Mr.l\lisra said that his report* was the outcome of a very rapid .four week.s 
survey· of the Damodar Catchment, undertaken during last Th-Iarch. The idea., . 
underlying this undertaking, was to assess the problems connected with· the 
siudy of water losses by transpiration from the vegetative cover and .evap9ra- • 
tton from the bare soil over the Damodar Catchment area. He said' that in · 
the "past transpiration had mos~ly been studied with refer~nce to isolated plants_ . 
under unnatural conditions~ . Little w~s known of transpiration from a com· 
munity of plants when considered on a large ·scale: · Hohnel in Austria. had. 
experimented between 1878 and 1880 with 5 to 6 years old seedling of forest : 
plants transplanted in potometers. Horton (America, 1923) tried to make use 
of Hohnel's data by collecting some more inform~ tim~. His (Horton's) ·main 
object was to establish som"e k'ind of relationship between the height. ~nd dia
meter of trees on the one hand a.nd the amount of water transpired through 
those on the other. On the basis of his conclusions Horton worked out an 
empirical formula whereby the transpiration from any forest could be <;alc~a
ted, if the height, diameter and number of trees over an area and its" evapora-: 
tion were known. · 

Transpiration loss from crop-plants (in particular) .had invariably beeri _ 
expressed in terms of the amount of w"c.tter lost per unit of dry weight of 
pants excluding the roots and had been variously termed coefficient of transpi
ration, transpiration ratio and water requirement of plants etc. Of course, 
the work was restricted to potted plants only. ' ( 

Mr. Misra further said that the methods of estimation. of transpiration from 
forests or crops was most unsatisfactory. However, in order to form a rough 
idea of the magnitude of the loss involved in case of the Damodar Catchment 
area an attempt was made by him to calculate the transpiration loss with the 
help of the existing knowledge. The tour of the Damorrar Catchment was 
accordingly utilized by him to collect certain information which would help 
him to evaluate this loss. The information collected was : -

• 
(i) the distribution of the area under various categories, like for~sts 

crops, fallow, not available for Cllltivation and w.aste. 

(ii) the various crops of the catchment ·and area under each. 
0 

(iii) the total number of trees in the whole catchment and their average 
size. This was done by sampling of the vegetation at many 
points within the catchment, and on the basis of such information 
the total transpiration loss was worked out by him to be of the 
order of 12 inches if spread over the whole ca~chment of 7,200 
sauare miles. · .. . . 

• Ao extract printed as Appendi~ I. 

l\t/N21CBI 
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EVAPORATION FROM THE BARE SOIL 

Regarding Evapor.tt.ion from the baN soil Mr. MiHa said " the problem 
of evaporation from soil surface has been engaging attention of the Agricultural 
l\Ieteoro1ogical Secti( nat Poona for a number of years. Besides many publi· 
cations on the subje~t: Dr. Ramdas has,recently tried to summarise the main 

. re~ults in a report on " Soil Moist_ure and Evaporation Investigation " presen
ted to the Central Board of Irrigation in July 1947. He has worked out a· 
formula whereby evaporation from any soil can be caicu.lated provided certain 
factors are known. • . 

Samples of soil from thre~ different stations of the Damodar Catchment 
were corected and sent to P9onaforanalysis during the tour under review. 
The mechanical and chemical analyses of these samples are being done at the 
Laboratories of t~e Agricultural"Chemist to the Government of Bombay. The 
Centra.I .Agricultural Meteorological Observatory at Poona :is undertaking to 
determine . certain factors which are necessary to determine evaporation. 
However, on the basis of some assumptions, the ~vaporation }las been worked 
out: for the time being, to be of the order of 10 inches if spread over the whole 
catchment." · 

-Mr. Mtsra· concluded by saying that the total ioss of water from the catch
ment on· acco~nt· of tianspitation and evaporatic~m worked out to be of the 
order of 22 inches or 40 per cent. of the annual precipitation of 55 inches. He 
emphasized once again that above derivation should be regarded as a. mere guess 
as precise information can only be given after investigations are carried out 
on s~ientific lines. .Mr. :Misra's report forms an appendix to the proceedings. 

Dt. Bannerji then explained various figures and tables incorporated 
-in 1\Ir. Misra's report. A short discussion followed and the following resolu-
tion was then adopted : -

''Resolved that the sub-committee thanks Mr. Misra for the excellent study 
he has made in such a shon time and further requested Dr. Ba.n<!tii to prepare a 
plan of work, togethe.r with an estimate of the cost spread ·over a number of 
yEars,_ required to carry out the inveEtigations in details. 

That the estimate whf'n r~a.dy should be forwarded to the Damoda.r valley 
corporation with a request to m~~t the cost of the investigations. • 

Resolved f~thu that the sub-committee is of the considered opinion tb d 
the results .obtained from such investigations, a}.'art from their acadfmic v?.lue 
would be of immediate use to tta Damcdar valley corporation for : · 

(a) Determining the availability of the water supplies in the Damoda.r 
valley _catchment area: · 

(b) For dGtermining watet requirements of crops taking into consideration 
loss due to transpiration, 

(c) For detr·rmining the optimum utilization of stored waters, and 
(d) For knowing the effect of afforestation of the water b~ce, 
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_:·nr-."~ th~P. J'~P.Qrtoed t~at ~ ~~e 8?~-Co~tt~~._ha.d .~eyi~asi:r ~e.cDlll:
roended ~nstalla.tiOp of s. gaage and.~ Q.Is{1harge SJte~ lp. th~ Da:r;nodflF. c~~<!lf

-ment area but that Yr. Mattson, Spe.ci"al Officer, Da.moda.i: _Valley. Co~por~tioa 
had now asked him (Dr. Bose) to install 41 gauge and 12 c;llicharge sitas·and 

· that these proposals_ had been submitied to tl-..e Chief Enginee;ra Irrigation 
Bengal by him. This was noted. 1 , , ... 

The Sub-Committee was further informed by Dr. Bose that the esti.tn.a.t~ 
for sub-soil flow observations had not been sanctioned vet. It wa.~ decided 
to request Chief Engineer _,Vest Bengal to expedite the sanction· of the esti~\e 
so that the work could be carried out before the Monsoons. AlSo that the 
Secretary should ask the Administrator Damodar Valley Corporation to i:rlti
m.ate to the Chief Engineer Irrigation Bengal, as early as po&sible, his (adminis-' 
trator Damodar Valley's) willingness tQ accept the liabilities involved~ about· 
Rs. 24,000 (Cost of installation of pipes ~bout Rs. 18,000 and. of establishment 
for one year Rs. 6,000). . ' 

' . 
FIFrll· MEETING OF TH1!l SUB-COMMI·rrEB ON .WATEB BALANCE 

. INVES'IIGATIONS OFT~ DAMODAR VAI-LEY 
· The fifth meeting of the sub-committee· was INld on Augll!t 1, 194:8. at · 

2-30 P.M. in Kennedy House, Siml~. - · 

.. The fo~owing -were ·presen~ :. ,· . ·. ·: -

!Ir. A. N. Khosla · , · · 

-

Pr~aident, C. B. I. 
('Jest Bengal). 

(Meteorological Departm~D.~~ 
· (D. V. C.) 

Dr. N. K: Bose 

Dr. L. A. Ramdas 

Mr. H. J. Ajwani 

Mr. N. D. Gulhati . . Secretary, C. B. I .. · 

Dr. Bose reported the progreiB made on different aspects of th~ l.nvesti ... 
gations. He intimated that the Meteorological Department had establjshed 
the observatories and rain-gauge stations. ·Observations at some of theae 
observatories and rain-gauge· ~tations were being carried out by the sta:tr 
of Dr'. Bose, but so fa-r no definite arr_angementa had been made by the Damodar 
Valley Corporation with the West Bengal Government in this connection. 
He also said that some instruments had been stolen or damaged .and that 
proper supen~siJ:>n and watch was called for. Some arrangement-s in. this 
connectiQn between the 1\:Ieteorological Department and the Damodar V aliGy 
C'J()rpora.tion or the 'Ves~ Bengal Government were necessary. 

Dr. Bose also intimated that the river discharge data was bsi~ coUect~d 
by him at a number of sites .. He· pointed out that the rainfall run off and 59il 
erosion experiments that were being carried out in the Damodar Valley be.fqr:e 
the D. V. C. came into being shol!ld be continued. He suggested that ~his 
would be of great interest to the D. V. C. He said that he had submitted an 
csti~ate for the work~ to the 'Vest Bengal (}overnm.ent for transuiissioit to 
D. V. C. for a.llotment of frinds, , . · 
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\Yith. regard t~ tlie studies of the sub-soil flow in the Damodar Valley, 
Dr. Bose sai~ that he had forwarded an estimate to ~he 'Vest Bengal Govern
ment which had presumably been forw~rded to D. Y. C. for meeting the cost 
of the work. · - . . . 

Mr. Gulhati said that the scheme of field laboratory in the Da.modar Valley 
to investigate the factor of water losses by transpiration and evaporation ha.d 
be~n received from th~ Meteorological Department and forwarded to D.V.C. 
fot: iJ.CCording sc.nction to the expenditure. Some -correspondence on the sub- ... 
ject had pass~d between the D. V. C. and the Meteorological Department. 
Fina! deci_sion had not yet·been taken. 'l'he main reasons appeared to be that 
the D .. V. C~ had just come into being. Dr. Ramdas gave some, further details· 
of the wo~~ ths. t wa~ being organised by the Meteorological Department in 
-this ·connection. Mr. ~hosla· referred to the investigations he had been 
carrying on 'for some time past which revealed that temperature was an 
all in(11usive factor in determining the losses on account of evaporation, and 
tran.spiration etc. . It was decide~ that this fact be borne in mind when analy-· 
sing the results.. · 

I o 

The progress made with regard ~o these investigations was noted by the 
Com:qllttee and Mr. Ajwani was requested to see to early decisions being taken 
by the D. V. C. in connection with these investigations. The Secretary was 
also instructed to write to the Chairman,-D. V. C., explaining the progress on 
the investigations and the difficulties that were being experienced and request 
for early s~nction to the expen4iture required for these investig~tions.-
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· Central Waterways, Irrigation and Navigation
Research Station, Poona· 

SECTION A-HYDROLOGY 

(i) Total Volume of Runoff including the Standardi&ation of Hydrographs and 
their Analysis · 

' ' 

(a) Some features- of precipitational variations in the Upper Ind~s 
Catchment-a probf!bility method of approach. 

An attempt has been ~ade to study the recorded data of 75 years (1865-
1940) of all the standard raingauge stations in the Upper Indus Catclmient to' 
be able to answer some important questions for example : whether rainfall 

·phenomena are_subject to any long term or short" term cyclic law and, if so2 

what is the most probable period of the cycle ; if not, what is-the least number 
of years (35 years) for which the mean value is sensibly the sa;me as of_ longer 
average; what are the limits within which year to year variationalie1 and what 
is the probability of the worst year, the worst 3 and· the worst 4 in~- 10-year 
period. · / ' 

" The findings Jn brief a_re : 

(i) The data were insufficient to establish any plausible periodogram. 
. . 

(ii) The relative despersion measures about the mean rainfalls were 
appreciably large and did not admit of the long term average annual rainfall 
being accepted' as the reliable measure of precipitation to be expected in any 
random year. 

(iii) The rainfall in a flood year could be several time the mean annual 
rainfall which that in a dry year could at the worst be in_deficit byoverthe. 
nean rainfall. 

(iv) Flood years (including among them all years with rainfall excee~ding 
the mean fall) were 'relatively of rare occurrence than years with rainfall in 
deficit from the mean. ' 

(v) Dive~gence from normal rainfall were greater for stations in relati~ely. 
dry zone than in zones susceptible to high intensity of rainfall • 

. The method of estimating the probability of the rainfall in a sequence o£ 
years fall short every time of any specified 1 ow rainfall has also been: disn 
9~~ . -

31 
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(ii) Maximum Runo.tf -Discharge 

(a) l.Jaximum runoff farrnulae and their application. 
See page 112 of this report. 

3A. :rri.EASUREMENT OF FLOWING WATER 

Coefficient of dif:Jclwrge in Notch-type and Weir-type falls on the JJ!aluuw.di 
.Main Canal, Central Provinces . 
.Advice of station was solicited regarding the correctness of the coefficient 

of discharge in falld on the l\Iahanadi Canal data of which were analy~:~cd using 
the Notch (Punjab type) fall formula. It was reco~ended that it was 
better either to estimate ' C' by current meter observation or by model test~ 
instead of estimating the discharges from the Punjab Notch formula. (for 

·details see page 138). , 
4A. 'IHE SAMPLING OF BID .AND ~USPENDED LOADS 

Comparat1't•e analysis of sand by Puri Sand-meter and Air Sand-meter. 
Experiments were carried out to see if a similar distribution was obtained 

when the same sample was analysed by the two sand-meters. It has been 
found that in the Air Sand-meter there is little chance of any personal error and 
any variations in the distribution are due to air eddies which can be minimised, 
if not altogether eliminated. Analysis by Puri Sand-meter is subject to three 

, sources of error viz. (1) the whole sample taken for analysis is dropped alto
gether from the top with the result that theromay be collision of particles and 
some coarse particles may drag. along with them some fine particles lessening 
the!r velocity, (2) the time of interval of collection of particles in the troughs 
down to 0·24 mm. diameter is very email so that some error is inevitable in 
bringing the collecting trough below tl:e vertical brass tube within such short 
intervals and (3) the distribution percentage of the particles at a d~ameter 
interval of (2)! is obtained after drawing the mean summation curve, which 
may itself involve same personal error (for details see page n9;·. 

--- I 
SECTION C.-HYDRAULIC WORKS. 

lC-Lmn:TATlON OF MODEL EXFERlltiE~'lS AND COMPARISON OF 
MODELS A}4D PE.O'IO'll:l'ES 

(a) Protecting the nght bank of th~ Luni rit,er at Balotra by means of a repelling 
spur; 

In conseque:ii'ce of the abnormal rainfall in the .Aravali Ranges, the main 
line of the Jodhpur Railway between Parlu and Gole was severely damaged. 
'l'he river spilled over the banks between Balotra and Ti1wara causing ex
tensive breaches. In addition to other recommendations for the protection of 
the railway embankment to prevent attack at- Balotra a repelling spur was 
recoinmended in 1944. Since then, the floods in the river were very low and 
the spur has not been tested under high flood conditions; but even under con
tinued low f!.oods the spur, in the opinion of the local officers: has served its 
purpose satisfactorily. The main channel of the river which, even when the 
rainfall was normal, used to run along the side of the spur, has been repelled 
bJ the spur a.!ld now flow.; at a distance of 300 feet from it. 
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(b) Scour below the Cent-ral Sluices of the Maltanadi Anicut at Guttack-Orissa. 

Comparison of the scour patterns below the Central_Sluices of the 1\Jaha
nadi Anicut, respectively before and after the modifications suggested by the 
Station were carried out at site reveals that, while under the old conditions, 
the deep scour-hole (down to R. L. 25) was almost abutting the pavement,· 
after the modifications there has been silting at this point to the extent of 
20 feet. -

The deepest bed contour, 260 feet away from the dwarf wall No. 4, was 
previous\y R. L. 15 : while after the modification it ,has accreted to 20 fe~t or 
more. 

Further, at the left_ corner between walls 3 and 4 the apron had collapsed 
leaving deep scour-hole, but after the modifications at this point the b~d has 
silted by more than five feet. . · 

It is clear that tl}e conditions have markedly improved since the construc
tion ofthe energy dissipating device. 

20-BIVER CONfROL 
(i) Flood protection,works 

(a) Re-distribution of sand load between the-Mahanadi and Katjuri systemtL. 
at Outtack, ~Orissa~..., 

' ' 

Experiments were done during the year in continuation· of. last year's 
expe:dments to improve the distribution of sand load between the Mahanadi 
and Katjuri River. . . 

\Vith Banki Spill discharge reduced to 50,000 cusecs, Birnasi gap ,em
bankment having high level openings and Naraj waterway reduced by 20 
per cent. the correct distribution of sand between the Mahanadi, Katjuri, and 
its branches was obtained. 

A short embankment without obstru~ting the Birnasi gap channels ; would 
possibly give the optimum solution provided the Banki Spill discharge is 
reduced to 50,000 cusecs and Niraj weir waterway reduced by 15·5 per cent; 
b~cause it would, without materially vitiating the results obtained above, give 
a water front to Cuttack for which the embankment ia primarily intended. 

\Vhile these experiments were being carried out, a point arose for consi
deration whether the Khannagar Spur would still be necessary to protect the 
Khanna gar bank in view of the Katjuri embankment developing a channel along 
the Cuttack bank. These experiments are i~ progress. 

(ii) River Training Works· ·l 

{a) Protecting the Right Bank of the Kuakhai River q,bove the Bengal Nagpur: 
JlailU'ay .Bridge near Outtack (Orissa). 

The Katjuri river spill~ over its right bank, upstream of the Kuakhai 
head, the major portion of this Banki Road spill discharge finding i.ts way into 
the Kua.khai above the railway bridge. 

There has been erosion of the right bank above-the bridge and the railway 
authorities pitched the right bank probably to meet the emergency as it arose; 
the pitched right bank above the bridge now consists of tw:o discontinuous 
portions with a gap in-between for a drain channel formed by ·the Banki 
Road spill waters. 
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It was feared that continued erosion would be a serious threat to the Rail
• way embankment and the case was referred to this Station. 

After experiment it was seen that the erosion was due to curved and 
diving flow, accentuated by the second i.e. upstream pitched bank protruding 

· mor~ into the. river than it should with a proper alignment of the guide bank. 
This protrusion, therefore, acted like an attracting spur pulling the flow to it 
and causing erosion along side. 

A 1,270_feet pitched guide bank normal to the bridge and joined to the 
Railway emba~ent by a 1,000 feet radius curve gave satisfactory cqnditions 
of flow at the bridge. _ 

, (b) Protecting of tlte left bank of the Ka{iuri River at Khan,nagar upstream 
of the Katjuri Railway Bridge (Orissa). · , 

During the 1946 ·floods, chiefly owing to the.. sustained flood of about 
12l4khs cusecs flowing for five days, the attack on the right bank of the Katjuri 
upstream of the Kuakhai head moved downstream causing scour of the right 
bank at Kazipatana ; just downstream of the Kuakhai head, the flow was pulled 
by the Khannagar revetment sharply from the right bank at Kazipatana to 
the left 'bank near the Burning Ghat downstream of Cuttack causing severe 
d~mage.- To prevent further damage to the embankment, extensive emergent 
protection works with sand bags, brush wood, temporary piles etc., were done. 

. - ~ ~ . , 

Suggestion was made for the modification of the alignment proposed for 
the. retired embankment and the construction of a repelling spur near the 
Burning Ghat, the suggested length and alignment of the spur being subject 
to' confirmation by model tests. 

_·Experiments were carried o~t in the 1/400 : 1/66, vertically-exaggerated 
Mahanadi model. Various lengths and positions of the spur were tested and 
a 1,200 feet long spur pointing 60 feet upstream at the Burning Ghat-almost 
the.same.as suggested at site-was found to give optimum results. 

(c) Training of the (}anga River at Kanpur. 
/ - . 

·- Since 1900, the Municipal Board had been drawing water from the Ganga 
for the un.filtered .. water supply of Kanpur, situated on the south bank of the 
river. Up to 19121 the river course used to hug the south bank ; but since then 
it has been shifting northwards, necessitating the dredging of a channel to 
feed the pumps. During the last few years, the main current o_f the river has 
been flowing It miles to the north of the Municipal Board's PJIID.P nouse. 

On his inspection of the river in 1941, Sir Claude Inglis had stated that the 
un{a vonrabl~ meander conditions of the river indicated that no permanent 
remedy could be evolved. Mter the 1944 floods the river conditions appear 
to have improved and, accordingly, the measures suggested by this station, 
without model experiments, consist of a pitched " attracting " island about 
1-f miles upstream in the river and a pitched curved bank at the Pump House, 
provided with an adequate· launching apron. 
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- ' 

The island was suggested. b~cause a part island-called bund when cons• 
tructed in 1\Iay 1947 by the Kanpur ·~Iunicipal Board-had shown signs of 
improving the river curvature ; and the pjtched _embankment follo)Ved ·from 
the analogy of the Yamuna at Delhi where a ~iiirimlar design. was sho;vn by . 
model tests to be effective in " capturing" ~he river near the Delhi Gate Pum. ' 
ping StatioB. · · 

(d) Kshipra River at Ujja·in-Gwalior. State Preliminary Note and · 
Design '4 Model Scalet. · _ . · ~ 

The infiltration gallery fo~ the water supply of .Ujjain is ~ituated in the 
Led of the Kshipra River. In order to have an assured depth of water over 
this infiltration gallery, throughout' the year, a barrage was con~tructed in 
1931, half milgdownstream of the gallery. The Barrage impounds water to a 
maximum depth uf 14 feet above its-sill and has only two scou~ing sluices. at 
present. During the fibods only the top 3 feet of kurries which _bridge the~· 
piers of the BarrHge, can be removed, thus haviPg a per~anent ponding of ~1 
feet of water over the barrage sill. This, however, has created a seriou.~ problem 
of accretion of fine silt and clay occurring upst.ream of the Barrage on falling 
floods, as a)Ro clogging~ of the in:filtratioi.l gallery. ~ " 

· :Moreover, the 1nfiltra.tio~ gvJle1·y is Rit.u,ated on t.he convex siqe at the a.pt'x · 
or the meander and the river has been gradually receding aw~y from~it ancl 
eroding its concave right bank. This necessitates protection of the right bank, 
particula.rly of the histoJ:ical obsen;atory kno'Yll as ' ;rantar Jlfp~tar ' and the_ 
proposed_ pumping site. To achieve this, a series of spurs on ~lie right bank 
wen~ proposed by the lqcal officers and advice regarding their u~efuln:e~s was 
sought froni this Station in 1943. . -~ , 

.. The Station recommended construction of a single ' attracting ' spur· on 
the· left bank immediatcly downf'ltrf'nm of the infiltration galle1y. .1hie 
together with two repelling spurs on the right bank were constructed ; bu_t 
before allowing 'sufficient time for the attmcting spur to come into n,ction the 
attracting spur proposeu by this Station was demolish€d. Later, 4 additional 
small spurs were constructed on the right ban~ by the local authorities. 

lJydraulic ilata : As in the majority of cases, the avai1ablf' hydraulic data 
are verymengre.- Samples of bed ~and near the infiltration gallery and a 'quarter 
of a mile upstream of the Barrage gave~ · 3·8 and 5. 75 mm. respectively 
tl1e river bed slope in the reach under invest.igation is 1 in ~,500 approximately; 
and the surface slope 1 in 4,400. There are no records of velocity and dis~ 
charge ob~crvations. The maximum flood velocity, as estimated by eye by 
a~ o!ficcr, IS report~d to be 15 fe~t per second which appf'ars muoh ~xaggerate.d. · 
Simllarly, the maxnnum flood dtscharge iR reported to £e 2 • 98 lakl:ts cusecs
prermmably based on the overe&timated :flood ye}ocity. -The station estimate 
by various m~thods is :-

r 
(i) Frvru tLe me'lnder length Jll, tho maximum discha,Tg~ works. out 

to 1 • 0~ lakhs cusecs, according to the Stati()n formula- -. 

Mt = 30'\/Qmax. 
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(ii) Qmax. ·according to Lacey's general flow formula 
' 1 V = 16 R 3 8 3

, V = 5·95 feet per second anJ from the cross 
Section ofthe river- 1,000 feet downstream of the railway bridge, 
Qrnax. works out to 1 · 39 lakhs cusecs ; , 

(iii) Velocity with the 1\:flBsissippi formula 

V = [(3·0966 Rvs> !- 0·0388]2 = 5·10 feet per Becond. 

and Qmax =A V 
= 2·34 X 104 X 5·10 = 1·19laklts cusecs. 

Dominant or ban1cful stage discharge. \Vith the area of oction up to 
R. L. 1575 • 5 i.e. bankful.stage, Qdom. = 0 · 70 laklt cusecs, as compared with 
0· 61 lakh cusecs according to the Station formula · 

Ml = 40y Qdom. 

IJ!odel experiments.-With the twofold object in view, (a) of pro.tecting 
the right bank and (b) of preventing fine silt deposition on the infiltration gal
ery, a model of the Kshipra river with horizontal scale = _! and depth 

' 1111 170 
scale = /o is constructed. 

According to Lacey formulae, vertical exaggeration = 7 · 76 and slope 
exaggeration= 1·027 with m = 0·5 mm. and mp = 3·78 mm.; when the 
model was run for proving it, it was noted that it did not reproduce prototype 
conditions of flow till the vertical exaggeration was 5 · 67 and bed slope ex
aggeration = 2·0. 

' 
Apart from the opinions of experienced local officers (the Sanitary En

gineer ,and the Executive Engineer) who have satisfied themselves that the 
!.model reproduction of existing conditions is in close confirmi ty with the pro· 

totype, there is factual evidence of the regions of attack and high velocities 
and the flow pattern being the same in the model as in the river. 

Experiments for training measures are in hand. 

(e) Measures for arresting bank erosion near Bhadeli and Bltagda villages 
on Aurf!nga River • _ . 

With ·a view to ·provide local protection to the properties on the banks of 
the Auranga River, near Bhagda and Bhadeli villages, groynes were cons
tructed on both the banks from time to time. These behaved satisfactorily 
but tile erosion, as usual, moved downstream ; and to prevent consequent 
damage, ne,\r groynes -were proposed to be constructed on both the banks J:>y 
local officers. 

It was recommended by the Station that one 60 feet and two 100 feet 
long groynes, 330 feet, 440 fee.t and 440 feet apart respectively and pointing 
45°, 60° and 60° upstream should be constructed on the left bank and their 
·positions were indicated. All these groynes were provided with flat nose~ 
. and adequate apron protl'ction. 
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On the riO'ht side two groyncs similar io those on the ythc~r bank but 
oriented norm~l to the bank were proposed. In addition· to these, a third 
groyne inclined at 60°, pointing upstream was considered necessary to " throw -
off " the. flood water away from the bank. 

(j) Protective measures for several Railwa_y Bridges on J!adras-Bombay 
Line of Madras and South Marhatlla Ra~lway, ~tween m~le~ 82 and 113 . 

• 
- A number of bridges between Pudi and Urampad.u on the Madras,--
Bombay line of Madras and South -Marhatha Railway were severely~ damaged 
in be0ember floods of 1946. Advice of -the Director was _sought on. the re-

, modelling proposed~ to,be done. The.recoml?enda.tions on points common to 
the design of several stru:}tures are summarised below : 

(1) In absence of observed flood discharge data and in view of the un-· 
reliability of the empirical fon;nu~ae like Rrves', wherein much depends ori the 
correct assumption of the coeffiCient, station recommendations ·were based on 
discharges computed by the P!oven statiori formula ofnormal.floods. · 

(2) For the necessary bridge widths, natural stab_le widt~s of the waterway 
for the conditions obtaining on the particular rivers were estimated. 

(3~ Most of _the bridges hav~ ~pen fou~d~tions ,carried to depths which 
have little relatiOn to the conditiOns obtatrung at the bridge. Maximum 
scour round piers in. the station proposals was estimated at 2R, where R = 
0·47(Q/4)l and a further grip of R 'Qelow this anticipated scour was sugges-· 
ted. 

' . 
(4} High level pavements and pitching were suggested tQ be avoided. 

. ' -
(5) All piers to be newly constructed were recommended to be built with 

right-angled curved noses, being economical and easier to construct and not 
significantly less efficient than the design with ' equilateral arcs of a circle'. 
where flow was expected to be axial ;· and ,where flew might be skew, semi~ 

. circ_ular cut-and ease-waters were suggested. 

. (6) A minimum fr~e board of two ·feet above the maximum anticipated 
H. F. L. was recommended. , · 

(7) All borrow pits on the downstream side, and within 200 feet of the 
embankment on the upstream stde were suggestecJ to be avoided . . 

In addition to these general observations, specific advice· was given in 
p~rticular cases. In. some cases, ~'iver training measures were suggested 
w1thout model experiments ,; and -m one case model experiment~ were re-
commended. · 

(g) Training of the Tapti River at Surat (Bom~ay) . , · 

A brief history of the damage caused by the Tapti river in the vicinity of 
S~rat _since 1937 a~d t~e re~edial me~sures tri~d by the p, W. D. Officers 
mth little success, 1s given m the Report, ' 
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. ThE> Station wa~' ultimately approached. far_ advice regarding the appro
priate mea::mres._ for arresting th~ bank erost~m tit Rander and 'Bhatpur~ the 
undermining of foundatidnM of buildinga ·on the Surat bank below the Hope 
bridge and the suitability oft ht> rlite proposed for the Pump House of the pro-
_pused thermal electric power station. - • 

- . . 
A river modetof the reach from Kathor to the sea ii constructed at the 

Poona Station to evolve and test the necessary meam.ues. 'The scales finally 
adopted are : 

• 

Jlorizontal scale L 1 
- --. 330 

Vertical scale D 1 = 72 
Vertical exaggeration, Y.E. = 4·58 

Slope exaggeration, · S.B. = 2·5 

Discharge scale = LD VD !!E 202,~ 
Time scale = I hour in river = 3 • 22 seconds in the model. ... -

Sand charge = 0·04 part per 1,000 by wei~ht at the doxrunant diR
charge Q.f 2 · 98 cusecs .:::- 500,000 cusecs. 

There was satisfactory bed movement in the mode] and flow line.~ ob
served in the· river, when compared with those in the model, showed close 
conformity between the model and prototype. 

" The model indicated that the bank_ erosion at Rander and Bhatpur i~ 
due to high ve-locity flow hugging the bank ; while undermining on Surat 
bank below the bridge is due mainly to a direct attack by the main flow diving 
at the bank. The propose4 location of·the pump house near Umra was found 
to be in the transition reach where the main flow crosses over from the left 
to the right hank and-thus som~what downstream of the suitable position. 

- ~ - . 
Exploratory tests indicated the folloWing tentative training works : 

(1) A repelling gr~ynt>~· at Rander. -

'-
(2) A similar groyne or an island in mid river somewhere l,etween 

- Makhi Khadi and the District Judge's BliDgalow, below the Hope 
Bndge. 

(3) A pitched island or other training works for protecting BMtpur 
bank. 

Detailed experiments ~rc in pr9gress, 
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(iii f Scour and Erosion 

(a} Jlid~scason scouring opetations of Right pocket of Bukkur Ba'N'age-Si'f!-d . . . . ' . 
· The Sukkur Barrage authorities have had under consiaeration the proposal· 

of Additional scouring operations of the Right poc~et of Sukkur Barrage in the 
months of June, July and August without closing the canals, in the hope that 
these flushin~s would keep the pocket clear and thus continuously provide a. silt 
trap where silt may deposit instead of being carried into ~he canals. . 

• 
. Waterway areas in the Right.pocket, a:t various cross-sections at :Right 

angles to the lines of flow, as observed in model before and after scouring opera
tions similar to those done at the Barrage in September in the years 1945 and 
1946 showed that considerable silting took place up to about 900 feet upstream of 
Barrv,ge; beyond 900 feet there was little change in bed levels. The analyRis, 
however, showed that the stable section finally attained i.e.., before annual scour
ing operations, still provided su~cient cross-sectional area ~equired according 
to Lacey's formulae. 

Also, there was no such progressive reduction of area in the poc~et as to 
threaten the working of the right bank canals. Original bed levels restored 
a~er tl1e September scouring. -

Flushings in June to August are, therefore, riot necessary nor would they 
materially affect the sand charge in the canals, as the additional cross-sectional 
area obtained in the pocket after Fcouring will be quickly filled up. -Moreover, 
the suggestion that the scouring should. be done with canals open !s demons
trably undesirable-as the Model clearly showed-becau~e heavy eand charge i1=1 
th~reby drawn into the pocket, a large part of which entera the canals . 

. 
(b) A prcn~ design for the South guide Ba'(lk of the Alexandra Bridge on the· 
' Ohenab, (N. W. Railw~y). , - . 

The cold weather survey o(I947 of the Che:trab river at Alexandra Bridge 
rPv<'aled tl1at the apron of the left guide. bankbetween chainages 6 to 9 and ·a 
chainage 12 had launched to a slope eteeper than 2:1 for which it was q,riginal1y 
designed. The Director'R opinion regarding the necessity of_ providing addi
tional stone to ensure _adequate protection to t~e guide bank was, therefore, 
sought.· ·· : ·. ' 

_ ""ith parallel flow corclitions, the stone pitching is expected generalJy, to .. · 
asRume a sule slope of2:1. In the present case; however, the main current af..er 
leavi11g the Pindi Spur ncx~e on right bank about one mile upstream of the bridl!<" 
flows across towards the left bank upstream of the left guide bank,~ creatinu . 
severe curved flow conditions. The profile of the guide bank generatly associa~ 
ted with such conditions is curved in cross section, as in the present caEe .. This . 
in itself, shm.~.ld no~ ?e a source.of an~ety unless accompanied byothe~ signs of ') 
weakn<'s~ or mstab1hty such as msu:ffimenc;r of stone thickness of the l11Mc}leg 
apron · · 
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. -. . . 
With curved flow, conditions similar to those at the bead of a long-nuhus 

guide bank a.r~ obt.ained and aR maximum scour in Ruch a c:;~,se is observed to be 
of the order of2R L1.cey the apron should be designed for scour below H.F.L.-
2 R, R being the Lacey normal depth-and which in this case=45 feet below 
low water level. -

It was. therefore, recommended that :-- . 
(1) provided there are no sjgns of weakness, it il') not c:;sential to e_m1eavour , 

to maintain the launched apron to the unnatural P-lope of 2:1 in continuation d 
the _permanent slope ; but -

(2) additional stone apron shculd be provided up to a Ji-,tance o{ 
(a) 68 feet (1·.5x 45) from the present toe of the launched apron. 

or 
' 

(b) to'the bottom of the ~cour if it be deeper than 26 feet-8 inc~hes 
below low watf'r Jevel-1· 5 R Lact>y-whichever is more. 

(c) Scour below weirs by N. K. Framji. 

(Not included in this Report). 

(vi) Tidal action including that in estuaries 

(a} Measures adopted to reduce turbulence in the Hooghly Tiver downstTeam ,J_ 
..._ the Knuckle at the Titagarh Jutz Mills. 

Thb pa1,er describes the experiment~ carried out with 1/300 : 1/60 
scale ILOdel and the 1/150 : 1/80 part-length model of the Hooghly to test 
the effects on the flow conditions at the knuckle at the Titaga.rh Jute Mills of (a) 
a series of isl.tnds and (b) a continuous separating wall. The ·experiments 
sho'V\ed that the conditions are so set that no practical solution at reasonable 
cost appears feasible. 

(b) PreliminaTy Note on the Cochin HaTbour }!odel. 
Describes the problem and the method of Re lection of scales for the mode]. 

- . 
4c--bAMS AND WEIRS . 

(ii) Design 

(a) PTopose<l des1:gn of wwer Sind Barrage at Kotri fo-r effecti-ve sand 
exclusion from canals. 

Model experiments were carried out for determining the salient features in 
th~ de:;ign of the barrage such as (q) sills of head re~ators, (b) design ofleft and 
nght pocket and the optimum number of spans, .(c) long pocket versu~ short 
pocket, (d) design of guide banks, (e) location of the left abutment! (f) Jeft and 
rightpock~tdividewall, (g)riverconditionsafter the construction of tl1e bar
rage (h) regulation of th~ barrage and the necessity or otherwise of ket·ping th~ 
pocket gatrs higher than the other barrage gates; and (i) necessity or otlHrwise 
of paving the bed of the pockets. Studies made on each of these items 
are described it\ detail. 

• 
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(b) Regulation of the Kotri Barrage-'still pond' or 'semi-open flow ' and 
consequen~ keig_ht of pocket gates 

. The design of the Kotri Barrage was for 'Still pond' regulatio~ up to the 
normal highest river discharge of 565,000 cusecs, requiring the pocket· g~tes to· 
be four feet higher than, the other Barrage gates. · 

A. few quick tests indicated that " semi-open" flow regulation was quite as 
good for sand-exclusion as 'St.ill pond' in the Hotri Barrage- design- and was 
recommended as it would cause less·heading up;reduce-the differential head • 
across the divide wall, reduce shoaling·}n and downstream of the pocket and 
keep flow active along the guide bank. 

Further consideration and more detailed model examination we~e, howe~er, 
necessary in•view of the experience at tlJ_e S~r Barrage where it was found 
necessary to raise the right pocket gates by adding pieces at th~ top inspite of the 
pocket gates-being originally three feet higher than ~he river gates. 

Restricted 'semi-open~ flow is possible at Kotri on both'the banks because 
conditions obtaining at Kotri are more favourable owing to (a) the higher 

V R : V Rn ratio ; (b) the curvature . being accentuated by the Central 
VP Vpo . . . 
Dividing Island, and (c) the Iefti pocket- being substantially shorter than 
that of the Sukkur Barrage. 

Before recommending 'semiJopen' flow regulation the proposal was again 
critically examined on the model to an3wer the following questions :-

(i) Should the design -be based on 'Still-pond' regulation for all river 
stages ; if not, up to what riv~r stage will Still p~nd regulation be 

necessary 1· • · . · - - . _ . ' 
- (ii) 'Is it desirable to~keep the pocket gates 2 feet (or.more) higher than 

the river gate& 1 · _ 
The experiments showed that. conditions at Kotri were better than at 

Sukkur and that restricted 's.emi-open' ,flow is as good as 'Still pond' flow for 
sand exclusion oa both the banks: Further even with restricted 'semi-open' 
flow, it would be necessary to keep tne po_cket gate_s at least two feet high~r than 
the barrage gates. · . · 

60-SPILLWAYS 
(a) Automatic gat"es on Tansa Waste TVeir, Bombay-Experiments with half-size-

• ·. · model - - - · 
In order to provide partitd relief against the acute water shortage facing 

the Bombay City, it wa& decided to increr..se the storage capacity of t_he Tansa 
Lake by installing autom':l.tic ga.tes on the waste weir. The paper describes the 
£xperiments C[l.rried· out for the design vf the automatic gates. 
(b) Preventing scour below v~lute si'phnn spillways biJ fanning OU! jets with 

. ~ a~spersers and ledges . 
In the experiments carried out, jet disperser~, 'Yith and without a tilting 

ledge, were fixed at the siphon, 01itl~ts so that the jets were ~pread out evenly, 
and at tlw same time deflected up\vards at various angles, before unpinging. 
This resulted in reducing the intensity of the jet and in lesser scour downstream. 
There was a small reductiQn in the coefficient of difcharge~ 
M21CBI 
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SC-CANAL FALLS 
Basic experiments were started with a view to ( i) study the effec~ of ex

panding the hyper-critical jet above a fall, (ii) devise means of preventmg the 
tendency to erode the banks which cause embayments downstream of :B.umed 
vertical falls and (iii) evolve an economical design of a non-:B.umed, baffle type 
fall. 

Experi~ents are yet in progr~ss. 
• 

lOC-SILT EXCLUDERS AND EJECTORS 
(a) Comparative sand-exclusion at the nose and at the raised sill of the Awoach 

Channel under present conditions and with the outer bank extended to fJOSition • 
Q-Experiments in 1/80: 1/40 part-width Sukkur Barrage Model. 

Under existing conditions, at the entrance of the Approach Channel, there 
i,s a scour hole about 75 feet deep at itt: r..1aximum, with high velocity fl. ow in the 
middle of the Approach Channel and return flow r..~ong the nose and the right 
bank. Berms which formed due to the slack return flow along the right bank 
'slipped' into the deep scour hole in 1945 and 1946, and the Bur_der wall a.r.cl 
8ukkur road were consequently damaged. , 

To prevent this, last year's model experiments showed that the extension of 
t.he Outer Bank by about 500 feet ending in a nose with 5 : 1 slope on the 
Appro:tch Channel side would "Qe a satisfactory solution. 

Three experiments were carried out to test the effect of the extended bank 
on sand exclusion. , 

The experiments showed that the extension of th( Outer Bank as- reco
mmended will not only prevent slips in the Right Bank but is expected sub
stantially to improve exclusion at the nose and at the raised' sill. 

(b) Effect of change 'ln regulation operations of the Right pocket on sand exclusion
experiments in 1/80 : 1f40 part-width, Sukkui Barrage Modzl. 

Since the construction of the Approach Channel, the usual practice is to 
carry out the annual scouring operations of the Right pocket with max. pocket 
discharge o£27,000 cusecs and tail channel discharge of 18,000 cusecR: and canals 
closed, in the middle of September. The pocket thus :flush~d remains clear up to 
the next floods when du~ to the excess Pilt charge it gets silted up ,very quickly. 
Even then a stable c~a:fmel sufficient in waterway to carry the pocket discharge 
is maintained ; there is no progressive reduction of area of the pocket and 
original bed lev~ls are restored after the scouring operations. 

The Ba.rrag~ authorities, however, desired additional eccurirg operations of 
short duratiOns m June, July and August, with the implied object of having a 
reserve for silt deposit.ion on tLe bed of the pocket which, in their opinion, would 
be otherwise carried into the c~nals. . 

The conclusions arrived a~. from model studies were (i) Either increase in the 
pocket discharge or the reverE>l of pocket to Tail Channel discharge ratio w<'uld 
lead to deterioratiou in gand-('xclusion from the right pocket, and (ii) scouriPg 
operations with C\1~.115 open were undesirable, · . · 
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(c) Supply of sand1ree water to J amshedpur Power li ouse. 
Water for the Tata Steel works is pumped th1ough 4 feet C. I. Main with its 

open end located midstream, above a weir across the Subarnrekha river near 
Jamshedpur. In floods a heavy charge of bed sand is drawn in, which causes 
severe wear and tear of pump casings and impellers, necessitating restricted 
pumping and prompt removal of the accumulated sand in the suction chamber. 
The case was referred to the Station for suggestions as to how to' insure relatively 
sand-free supply of water at all river stages. Two alternative designs suggesterl 
without model experiments have been described. 

12 C-OTHER WORKS , 
(a) Experiments to test the suitability of the posit1:on of the Lock-span proposed 

in the Sind design .for the K otr·i Barrage. 
Experiments for testing the practicability of the position of the Lock-span 

proposed by Sind, just outside the left Pocket Divide Wal1, were carried out in 
the 1/250: lf50 V.E. model with t~e length of the FenderWall:::=210 feet. It was 
observed that the Lock-span located outside the Divide Wall could not provide 
workable conditions required for safe approach by vessels owing to the curved, 
diving, persistently turbulent flow at the noses of the left Pocket Dhide Wall 
and the Fender Wall. 

The three following positions were, therefore, next con~idered :-
(i) the Lock to be in the head reach of the Right Bank Feeder-with two 

approach channels connecting to the upstream and the down~tream 
river channels. This position, though sound economically and 
hydraulically, was ruled out owing to tl1e possibl~ interference to the 
working of the canal and the probable silting at the entrance and 
or exit of the approach channels ; · 

(ii) the second position tried was at the extreme right end of the left 
arm barrage; but this was also found unsuitable owing to the turbu
lence along the shanks of the Centr~ 1 Island, the misgivings a bout 
the availability of the draft downstrram and the risks to be encoun
tered in manoeuvring along thP invisible slopes ()f the ~:-hank ; 

(iii) the third and best site was iust inside the left Pocket; its advantage1-1 
being the relatively less tu~bulence, the availability of ample space, 
and the existence of the deep channel along the left guide bank. 

Rigorous model tests wer~ none the Jess made to insure that the requjred 
~raft w~uld be ava.IIau1e, ev~n when the P~cket gPtes silted to the maximum 
h kel y extent. 

Experiments were also carried out for determining the optimum lr·11 gth of 
!·b.e Fe~der Wa!l with the main object of avoiding daPgc-r by suction and provide 
mg sat1sfactory a.ppro.!'!ch conditions by ensuri11~ suffil:'ient draft ~t the rntntnc'~ 
to and in the approach. A length ::::::.230 feet was found srit3ble in t1~eser~specte. 
A length~290 feet waR found suitable for the downstren.n: I. .. ock w; ll f:~~" It"l no:.c 
would then be about 155 feet from the nose of the down:;trenm Divide Wbll o~ 
the left Pocket and so sufficiently r.way from the danger zone of turbulent flow. 
(b) P1oposal for a combined ,~oa£I and rm'l brioQt /Ver tl1e river Gan.Ja at Patna or 

M okameh Ghat. ' • 
(see page 975). 
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SECTION F-WATER UTILISATION pROJECTS 
• 

1 F-STUDY OF INDIVIDUAL PROJECTS 
... 

· (a) The Sal:ri River Project (Bihar). 

An inundation canal of capacity of 1,000 cusecs, with ECopc fo:r modification 
for future increased demands up to 2,000 cusecs, i3 proposed to be taken off from 
the Sakri River in Bihar. Advice vies giv£n by the Station on the various works 
connected with this project.' -

For suitable, effec.tive and permanent :"and exclusion the head ngulator was 
recommended to be positioned towards the lower end of a suitably concave 
bank, the canal being made to take off o.il tangentially to the river as possible, so 
as to draw off only top, sa:r:d-free watf r. 

, The width of the head ngulato~ was de~igt:.ed tc pa:::s proportionate river 
discharges at all flood stages. Tbe sill of the ngulator was kept six inches above 
the bed. - · 

Various _alternative cai?.d dEsigns were m~de; tbe one finally adoptEd being 
chosen in light of the sevtra1 considerations· guiding the canal design. The 

_proposed canal has the following dimensions asrwommended by the Station:-
Bed width-120 f.cet. 
Slope-1 in 2,500 
Depth for 1,000 cus(m=3·2~ feet. 
Velocity with 1,000 cusccs in the can~t = 2·61 feet per second. 

The canal alignment suggestrd by the loca.l officers appeared suitable except 
in one reach where being dangerously near the river, it was proposed to be 
sufficiently retired inland. 

The pucca datam-i.e. a dwarf wall across the river bed-proposed by the 
Project Engineer with a view to maintain the river b( d at the regulator dl11ev( I 
was advised to be provided witlf suitable protection againt scour and und~r-
cutting. -

The right bank above the rEgulator was propos(d to be pitched and provided 
with necessary apron to reaintain the presnt favourable and smoot~ apr roach. 

(b) Indus water to Cutch State-A note on the possibility of bringing. 
(See page 425). 
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Hydraulic Research ~tat~on Krishnarajasagat 

SECTION A-HYDROLOGY 

2A-=RIVER J;JEHA VIOUR 

A.fllux observations of floods of the Cauvery river at its junction with the 
Krishnarajasagar Reservoir. 

Observations had been conducted for_a period of five years and these had
shown that variations of affiux were due to various factors and the maximum 
'possible a.fHux did net exceed six inches. , 

3A-MEASUREMENT OF FLOWING WATER 
' 

(a) Design of a §tanding wave flume for measuring discharge in th6 ~J':I:u, 'lrnw. 
Distributary of the Irwin Canal ~ 

Describes the design of the standing wave flume (for details see page 147). 

5A.-REGEN'ERATION AND LOSSES 
. (i) Seepage Losses 

Sweating from Krishnarajasagar Dam. 
The Data collected during 1947 showed tliat there had not been any appre-

ciable decrea.§e or increaf:e in the .Late of sweatiLg (for dt tails see page 176). • 

(ii) Evaporation Loss~s 

Experiments conducted at Krishnaraja;agar 
Studies were made to find {1) wheth~r the evaporation from the lake was 

the.same as th~t from a pan and (2) whether the size and type of pan.had any 
effect on the result. The observations made revealed that the size of the pan has 
influence on the amount of loss and not the type., The rate of loss as recorded 
between six feet dii1mctcr and tl!rce feet di[ m<:t<.r W::!S 9: 10. lt was settled 
that for calculation of evaporatioli). from a reservoir a correction coefficient of 
0 · 85 ~hould be applied to the re~u)ts obtained from pan experim~nts (for details 
see page 195). 

SECTION c_:_HYDRAULIC WORKS 
I -

50-DAM APPUR'lENANCES .. 
(i) Inlet and Outlet works , 

Bumping of plus 12 gates in Krishnarajasagar Dam. 
(see page 809). 

GO-SPILLWAYS 

(a) Furt~er experiments on the dissipation of enegry of flow from siphon outlets 
Three methods were tried for the dissipation of energy of flow from siphQn 

outlets viz. (1) supporting the jet on an Ogee profile, (2) Formation of a standing 
wave and (3) submersion of out]e~. 'It was found that No. 1 was expensive 
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and the .flow did not fan out well, No. 2 WJ.S satisfactory but costly 
and No. 3 was very effective and in the 1~-inch model tested the priming depth 
was only! inch against the usual three inches, I 

(b) Design of volute etc. in siphons. 

Mathematical solutions have been worked out for (1) the relation between 
the barrel diameter and the head, (2) design of the funnel, (3) volutes etc. 

(c) Experiments on the Mgh-head s~phon at Shimsha. _ 

(see page 892). 

. (d) Fur! her experiments on ;iphons with various funnels and crntlets. 

With a v1ew. to improving the priming depth, investigations made with 
regard to the volutes and outlets were (i) in the light of mathematical solution 
given in (b) above, (ii) external volutes, (iii) turbine siphon, (iv) siphon with 
clockwise volutes and (v) siphon with rectrngular outlet. · 

Experiments for (i) showed that while there was a uniform filament of water 
aJI ro~nd the throat having both twisted motion and creation of water sea), 
eome fuamel\ts of water sticking-the noses of the volutes, were deflected and 
thrown towards the centre, the whole thing q:>pe~ning as a set of petals of a 
flower and behaving as a device to entrap and drive the air out effectively. 

In (ii) the siphon primed early enough for a depth of 1! to 2 inches because 
of the absence of the funneL It was found that the ffft-ct of volute~ before 
priming is very little and after priming they L""~duce teuible vibrations in the 
dome. The coefficient of discharge is low i.e. Q • 65. Raising the dome by two 
inche~, however, decreased the vibrations considerably. 

It was found that (iii) required considerable priming depth and (iv) and (v) 
did not help in improving primillg depth. , 

(e) Design of a high co-ejficient weir and shour preventer for the Tunga A.nicut. 

A number of investigations were made with the help o{ small models in 
order to design a high coefficient weir for the Tunga Anicut, the idea being (i) to 
cut down effectively the length of spillage and hence the area of land to be 
acquired and (ii) to increase the storage in order to supply sugarcane crops with 
dry season. Various experiments conducted showed that (i) a parabolic 
profile at the crest of the·weir gives a higher coefficient than the circular and 
ellipitical one, (ii) rear slope should be 1·5 : 1 and (iii) the protiuding lip at the 
top increases the coefficient of discharge negligibly. Also are deECribed the 
experiments carried out for scour prevention down~tream with uptun:c d buck~t • 

..... 
13C--8TAUNCHING OF CANALS AND EMBANKMENTS 

_E-tperiments continued with staunching of canals with surkhi mortar. 

- The observations show tha.t the seepage losses through the concrete lining 
are practicalJy steady year after yea-r. 

' 
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SECTION E-SOIL SCIENCE 
lE-SOIL MECHANlCS 

(i) Fundamental Research 

.Economical limit of rolling by slteep'sfoot rollers. 
Experiments have been conducted·to find out i}.ow·the compacted ~epth of 

.soil decreases with the number of rollings. It has be_en found that the first 10 
rollings will consolidate the soil 50 per cent~ more than the next eighty -five 
rollings. It has been concluded that jt is desirable to determine the 
economical limit (jf rolling for a moisture content and insist on the same 

·thickness and number of rollings throughout the consolidation. 

lii) Earth dams and emban]on~nts 

Hydraulic gradients through earth bunds. 
Experiments were conducted to determine (a) the effect. of berms,and (b) 

the position and the size of jelly drains on the hydraulic gradient in an earthen . 
bund. It has been found that (1} the effect of adding berms is to depress the 
saturation gradient in a bund and it is better to add a number of berms of small 
widths in preference to a few of larger widths, and (2) the effect of ielly drains is 
to lower the saturation gradient coru;iderably, providing a safe exit for the see
page water. In locating the position, care should be taken that the velocity of · 
the seepage is not too large to carry away particles of bund-earth with it. -

Further experiments conduct( d to d~term.ine whether stone re'Vetment on . 
the front face of the bund creates any loss of head at entry of the seepage water 
into the bund indicates that there is no such appreciable loss. ' 

• 

Hy~erahad Engineering Res~arch Laboratories 
SECTION C-HYDRAULIC WORKS 

2C-RIVER CONTROL 

(ii) River Training works 
Jf usa pet Anicut System. 

Two seasonal and flashy rive~s, Kapeta Vagoo and PalkampaJi Vagoo 
separate immediately after meeting to join again a few roiles downstream. 
About half a mile downstream of the separation, an anicut has been constructed 
across the right stream to supply water to a series of eight tapkS in Musapeh 
village of Mahbhubnagar district and a weir was const:qicted across the left 
stream just below the point of separation to assure adequate supplies of water 
reaching the anicut. During floo.ds t!tJs latter weir: has been outflanked and as a 
result the bed of the left stream has eroded and the bed of the right stream silted 
up so that every little water finds its way to the anicut and that only in high 
floods, and most of the water flows along the left ~tream.~ Describes the small 
pilot model experiments carried out to 4evi.Se ~eans to ~ncourage the silting up 
of the left stream so that more water can ,be ~r'awn from the anicut on the rigbt 
stream. · 
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4C-DAMS AND WEmS 

(ii) Design 

Jpillway dam of Mandir Irrigat£on ProJect 

\Vhile the foundations -of the spillway dam were being excavated, it was 
found that for a length of nearly 250feet a horizontal fissure with a morrum 
seam occurred in the sheet rock foundation. "It was considered inadvisable to 
construct the spi11way dam on such a poor foundation and it was decided to 
ttlter the profile to give a higher coefficient so that the length of the spill
way dam may be reduced. Experiment.s carried out. on models regardiiig 
the variation of the coefficient of discharge with different profiles and heights 
1 ,f the dams are described. 

6C-SPILLWAYS 

High coefficient weirs for irrigation tan~s. 

D~scribes the experiments conducted to evolve q, type of weir that will give 
a coefficient of discharge of 4 · 64 under a head of 2 · 5 feet. 

7C-HYDRAULIC STRUCTURES ON PERMEABLE 
FOUNDATIONS 

. 
The lines of flow under causewa?JS on sand foundations 

The 8im of the investigations was to determine the lines of sub-_soil flow of 
watE:'r under masonry structures founded on permeable fon;dation3 like sand by. 
ntilizing the analogy betw,een.electric flow and hydraulic flow. Describes the 
:lrrange~ent of the apparatus used and gives the results. · 

SECTION D-WATER POWER WORKs· 

2D--pOWER HOUSE AND EQUIPMENT 

(iv) Turbines 

A. simple turbine for small canal drops. 

Investigations were unqertaken to evolve a smtab]e type of turbine that 
could be used on small drops and at the same time be simple and _capable of being : 
repaired and maintained by clever artisans of the rural areas. On account of 
simplicity impulse type of turbine was selected. Experiments were conducted 
with a six-inch runner working under a head of nearly 2 · 5 feet. The number of 
blades was varied from 32, 24 and 20 ior finding their optimum number con
sistence with ~fficiency. Experimen_ts arc yet to be continued before a highly 
efficient turbine can be designed (for details see page 296). 



. 
SECTION E-SOIL SCIENCE~ 

• 

IE-SOIL 1\IECHANICS . 

{i) Fundamental Res~a.rch 
\ ' 

· Stabilised soil as a bu£lding material. 
'. 

Three Eoils vi~., (1) gravel1y sandy loam, (2) grave1ly sa~d and- (3) soi~,by 
nixing locallv available morrum and soils (1) and (2) in 2: ( proport~ons, were 
tested for det~rmining the optimum percentage of cement with a'viewto·see the 
suitability of these treated ~oHs as a building material._· It WllS found that the 
: uitable percentage of cement for usc with the above soils was 7 · 5 per cent .. , 8 
per cent. and 9 per cent. respectivEly. The compnssive t~st values of the 
htabilbed Eoil m.oulda indic&ted that they compare well with the loed burnli 
brickR (for details see :eage 321). 

(ii) Earth dams and Embankmerts 

(a) Testing for e~rthen dams. 

(see page 336). 

(b) Experiments w~'th soil samples of ·N elligudda Reservolr. 

(see pa.ge 337). 

(iii) Roads lmd Runways 

Stabilised soil road.~. 

·A prelim1nary experiment for the improvement of road bum was conducted 
on 11 100 feet long and a 10 feet wide strip of a b€rm on a cement concrete road 
iu the Hyderabad City. For det< rmiring the suitab~1ity ar:d grading of soil, 
A S. T .M. spccifica tions were followed. The soil of the base cover was found to 
Lc of A.S.T.l\1. grade C. A soil in thevicinitywithhighpercentage of gravel was 
selected and used with the p~oper percentage of cement stabilizer for wearing -
course. The work was conducted with modern earth moving and other machi
nery as far as possible. After actual use of the stabilised rm~d it has bEen found 
that the use of cement as sta biliser with soil of low plasticity index or "ith low 
clay content disintegrates readily ~nder_traffic forming dust in dry weather. 

-----·-



50 THE CENTRAL BOARD 01<' IRRIGATION ANNUAL RE:t'ORT 194~ 

Irrigation Research Institute East Punjab 
. .. . ~ 

SECTION A-HYDROLOGY 

. 2A-RIVER BEHAVIOUR 
Time lag as a functiQa of discharge 

As a preliminary to detel'IIUning the real genE-ration in the Kalabagh
Ghazi G}J.at rea~h of the river I.adus, the tirr.f1 lag between Kalabagh and Ghazi 
Gha.t was studied for the years I ~31-32 to 1945. It has been found that in this 
reach time lag is a de~te function of mean discharge in thousand cusccs. 

5A-REGENERATION AND LOSSES 
( i) Seepage losses 

Data of .r;eepa!Je losses available in the East Punjab Irrigation Research Institute. 
(See page 174) 

-m) Evaporatio11 lossf's 
Note on investigation on eva pOTation losses. 

Describes the studies made on the folJowing aspects : 
(1) The depth of the water table from which water coulrl be drawn to the 

soil surface by evaporation and how far the quantity of water RO rlrawn could 
meet the requirementR of moisture needed for cultivation. 

(2) The effect of evaporation on the movemen.t of water table in initially 
saturated, stratified and unstratified sf)il columns coiLp.Jsed of various gradeQ. 

(3), The effect of particle -size~ depth and stratification of soil, on the 
intensity of evapor&.tion from initially saturated soil columns. 

(For details see page 185). 

SA-QUALITY OF WA'l'ER IN RELA'l'ION TO 

(a) Crops 

Quality of irrigation water. 
Describes the results of ana.lysis of soils after first, second and third rice 

crops with respect to pH value, exchangeable basi<J, salt index etc. (see page 222) 

SECTION B-THEORY OF FLOW AND DESIGN OF CHANNELS 
lB-FLOW IN RIVERS AND CANALS 

(ii) Flow in channels in incoherent and coh~nt alluvium. 
Estimation of silt particle size fr(Jm settling velodty. 

So far the size of a silt nartic~.:: ha; be0n estimated bv observing its settling 
velocity in a water column: ·apptymg Stok~'s f0rmula :-ti:td then a. ~orrection 
factor which is a function of the Reynold's number for the particle. The 
number is worked out with Stoke's diameter instead \Jf the actual diameter, 
which is known~ thus introducing an approximaLion of which the effect, how~ 
ever, was believed to be small. 

In this paper a new method which gave the exact sizes in a.ll cases has been 
formulated. 
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lltRtOATION RESEARCH INSTITUTE EAST PUNJ-',B 

. ' . 
SECTION 0-HYDRAULIC WORKS 

20-RIVER TRAINING 

(iii) Scour and erosion 
Jlodel of the bridge on the river 'Ravi at Madhoput. 

(see page 671 ). 

3C-SILTIN'G OF RESERVOmS. 

(i) Sedimentation of Reservoirs 
Rate of silting of reservoirs. 

The rate of silting of Elephant Butte Reservoir is shown.' to have gradually 
declined during the period 1915-1940. 

4C-DAMS AND WEmS 

( ii) DC)sign 

, (a) Hydraulif} design of the NangaZ Barrage. 
/ 

The design of Nangal weir a~ ntade out by the Central Design Office was 
scnttinized and a SUli1Illary of the review regarding discharge coefficient, energy 
calculations for finding cistern level and glacis profile are given. · 

(b) Jlodel experiments on Nanga~ Weir. 
M()clel experiments to deternrine the suitability of the design in respect of 

(i) the C<'efficient of discharge, (ii) the depth of sour for various rlJ..~;Jcharge inten
siti~s, (iii) preE~sure eli tribution on floor and (iv) regulation of double gates were 
carried out. The paper describes the experiments and tabulates the results. 

6C--8PlLLWAYS 

Siphon Spillways Formulae. 
Formulae have been derived for the maxilium range of the fet and the 

corresponding elevation of the nozzle, and are reduced to simple geometrical 
constructions. 

80-CAN'AL FALLS 

·Mathematically it has· been worked out that all elements of a standing 
wave can be expreesed in terms cf single parameter. 

lOC-EXCLUDERS AND EJECTORS 

Model of N angal Canal Excluder. 

Experiments were carried cut on a complete model of the Nanga} Barrage 
~o find out curreLt direction, movement of bed rrLaterial and ramp formation 
ag~inst the canal regulator, as a prerequisite to the design of the exclu.d:er. 
Experiments show that to have the desired curvature of flow in the pocket, the 
gates on the right should be given greater open!ngs. 
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13C-STAUNCHING OF CANALS AND E-MBANKMENTS 

(i) Materials 

' ' 

Tests on mat.erials for staunching of canals anrl embankments. 

The fcllowing materials were tested. 

{i) Bitumen and Tar-impregnated fabrics. 

(ii) Soil-cum-shell rta.bilizer. 

( i!_i) Soil-cement mix. 

(iv) Soil sand-cement mix. 

- The tests perf~rmed to examiLe their suitability as canal lining materials 
were (a) Determination-of seepage los~es tmdE"r different heads of water and 
varying conditions cf temperature ; (b) Det.erit.ration teEts under wet and dry 
conditioni; and (c) C\)e:fficient of expansion with respect to moisture. 

The device used for determination cf ~eepage losses was so improved as to 
eliminate the sources of error inherent in the previous arrangement. 

Nore of the Burmah Shell fabrics gave satisfactory results while six out of 
~leven Shalimar specimens gaYe no seepage upto 20 feet head of water. These 
latter Ramples"showed no signs of deterioration after prolonged immersion but 
softened at high temperature on exposure to atmosphere. 

The soil-shell stabilizer rr..ix gave low ~f'epage values and ~oftened after 
continuous im.mersion in water. 

The soil-cement (lOQ: 5) type of lining was found to be quite impervious up 
to 20 feet bead of water and did not deteriorate on iirimersion in water. Cracks, 
hpwever., developed in it (penetrating down to a depth of two inches) on drying 

·in summer. These tE"sts rE"main to·be carried out in the field • . 
In order to reduce the tendency of cracking in soil-cement mix,. a third cons

tituent, namely s~nd, was added to it. Different proportions of soil and sand 
with 5 pE'r cent. cement were tried with some success. Further experiments 
are to be continued. 

(ii) Economics 
-

"blosf economical section for a lined canal. 

'Jihe most e~onomical section for a lined canal has been studied. The 
thec.ry- for the 'Haigh-type.lined section has been worked out and its short-
comings located. · 
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SECTION E-.. SOIL SCIENCE 
IE -SOIL, MECHANICS 

- - -
(i) Fundamental Research 

. II ardness of tlte sm1 crust .. 

53 

4 
The experimPnts ~howed that there was a,~ignificant and positive c~:>rE'la

ticn between the dry bulk density, sticky point and cohesion. 0~ t~e de
-termi~ation of partial coefficiE-nt it was conclude.? that thP. dry bu1k density was
independent of the sticky . .Point and_depende~ tlpC!_n·coh~dion only. 

. · (iii) Roads aJJd Runways , 

Standardization of specifications of earth roads under Punjab vondition.~ .. 

. The study COI1cerned itsf>lf with the inve~tigations of the soil ~pecifi.catioD.s _ 
for surface cc•ur::m < f the earth roads under Punjab conditionr. The most 
important conclusion was that all soils could not be classifi.~d adequately for 
road building purpoees by physical tests at:me and that the chemistry of soils 
should be- considt>red in such cases. 

-
2E-MOVEMFjN'l OF MOI~'lUR-E U4. SA~URA1ED A.ND UNSATUR.A'IED 

SOILS 
Effect of various soil factors on the field capacity in soils. 

. ' . 
The E-ffect vf varioue salines and hnruus- was determint}d. The results show-

ed that there was an appreciable ~ecrease in the field capacity of soils by the 
addition of sodium chloride, w},it~odium sulphate did not affect it ve:ry.muc:ti-..: 
Calcium sulphate increased the field capacity to a very small_ degree: : TJ!ere 
was gradual increa.Re in the field capacity with the increase in the hum:us. 

~E-LAND RECLAMATION -

( i) Saline lands 

(a) The occurrence ond signifif!Jnce of Boron ·in Punjab soils. 

Soil samples bearing different types 1Jf natural veg('tation were analysed : 
and the main ccnclu~ions were: (1) Boron wag present ~{l the Punjab.soils as a .. -
trace elemPnt even tc a depth of 4·0 feet, (2) the calcium· boron ratio.· of the 
deteriorated sGils was coiJsiderablv lower than that of the fertile soils. · -

"' " - \ 

(b) How fur a leguminous crop could restore the n~tritive elements· in a soil depl~ted-
of its nutritive elements by the process of reclamat'i(m. - : 

It was concluded that the J{.• ~m crcp proved _great ameborative and the · 
nitrates and the available phosphates were ~u:fficient1y restored. For any suc
cessful reclamation, the inc1llsion of leguminous C!OP in the usual rotation is 
thus very essentiaL · · 

(c) Correlation nf the yield of gram with, soil factors. . . _ , . 
There was no relation between the ~ield of gram and the percentage of solu--

ble salt-content of soils, pH and ca.Icmm, carbonate. · · 
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lrr~gation Research ?t~tion Madras 
SECTION A-· HYDROLOGY 

3A-MEASUREMENT OF FLOWIKG WA'l.ER 

(a) Of)e.fficient o/ discharge over anicuts-Shiriya Anicut . . 
Experiment~ were ~rritd out on models of the proposf'd Shiriya anicut""t,, 

find (1) the affiux for various discharges oV"er a bread-crested weir and over a 
high-coefficient weir for free over fall conrliticns and (2) the effect 1f submergcmnu 
on the ~oeffi.cient of di.,charge. It was concluded that with ogec profile a hioh 
.coefficient of discharge was obtained which remained unaffected for ~mall rate~ 
of snhmergence (fer deta.ils see pagP 139). 

SECTION C-HYDRAULIC WORKS 

40-DAMS AND WEmS 

(i) Investigation 

Whirlpools over tlte Sangarn Am:cut acr'>fl.'~ PenPar. 

-For studying th~ formaticn of whirlpo )Is dar the left abutment of the 
Sangam Anicut and its effect on the stability of the anicut, a full IUcdel and 
a part model with rigid beds were constniCted and prototype conditions were 
nproduced on them. The performa11ce of the model is described. 

(ii) Design 
- ' 

(a) Uttiramarur A m'cut across. the Cheyyar-downstream protect~·ve works. 

Model experiments were' carried out to examine the adequacy, or otherwise 
of the protrrtive works downFttrearr. of the a.nicut and to reduce thf" cost of 
coDstruction as murh as possible. A revised design wa? evolved as a result of 
these e.xperjments which consi~ted <.f 1\ucket ann c::tilliPg pool. 

(b) Stilling brtsin for Malapuzha overflow dam.. 

A series of expeiments were carried cut. for <:'btaining an efficient de"ign for 
a' stilling basin for the 'Malapuzha overflow dam. This was a typical case of a 

.dam with a small overflow depth. ThE' obse!v2.tion~ made in the several ex
perimentg showed that a vertical- sill induced a high standing '\\ave accom
panied _by a divt> at;d ser<:'nilary wave.s that a sloping sill or a shall ower cistern 
resulted in the bfJdi1y deflertion d th~ shvotir-g jet for certain di~charge con
ditions. A stilling basin having a lmtket on it upstream and a stepp~d sill at 
il•e bid followed by an apron was found to be satisfartory. 
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(iv) Investigaticns 

(a) Cofferdam for the Rn;m;apadr:sagar Project. 
-

Experiments carried out on a 1/150 scalf. geometrically similar mode! of 
the God~vari river to test the debign of the 'Vest Channel Co:ff~r Dam fot the 
Ramapadasagar Project are de~cribed. This model h3tve a. bet.t~r perfor
mance than the smaller 1/300 scale model tested iri 194:6 and confirmed quali
tatively that tho alignment wa~ all right. For getting more reliable va.Iue,, of. 
affiux, depth of scour ere. the studie" were·propm:ed to be repeated ,with simu1a
tion of bed movement effected by tilting the model. These studies are in prog- · 
ress. 

(b) Ramapadasagar Dam-Seepage into tlte e:_~.vation pit. 

A three dimem~:onal seepgge model of the Ramapa~a~aga-r ,FoundatioJ?. · 
Trench v.aR constructed. Rock, clay and sand contours as surveyed by the:. 
penetf<"meter te.;:ts w~re reproduced to scale, coffer dams w~re fitted and excava
tion ar.d pUlL ping sin:u1ated. The observatioLLs showed that toe protection and 
pumping underneath the slope were both Ilecessary for maintaining the slopes 
of excavation stahl('. The model al~o indicated the economics of pumping jn 
variouR combjnations, · 

I 

5C-DAM APPUR'l.ENANCES 

(i) Inlet aud Outlet wo1ks 

Rarrulpadasagar Dam-River outlets and density current. 

Experiments were taken up <'n a model of the fina1 design cf the dam con
Ftisting ~f 16 vents <'f epillways (each 135 feet by 28 feet) ~nd 160 sand sluices 
(each 1 0 feet by 20 feet) With a view to tel~t its performance in the eeveral aspects 
of de~ign and specially in the dispo~1 fJf density c11rrents. A n1ethod was 
eyclved after a series of trails of prc.ducing den~ity currents whose characteris-
tics could be m~a~ured and reccrded. : · . 

· (v) Other works 

(a) Ramapadasagar dam sand sluices. 

The ·tentJ3.tive design of the Ramapadas2gar provided. for- ~and sluices 
'0 feet by 20 feet iu the body o~ the £"pill way. It was proposed tr1 },ave one . 
uch sluice und~r every fourth ~pan of t.he spillway.· Tlte working of the 
luice with different leveh of Eand bed up~tream and downstrejlm and under 
lifferent conditions of Ppillway and eand sluice discharges was ~tudied on a. 
•art model of the dam. The observations showed that· the design of the 
hape and dhne11SiOJI of th~ sl\lices were satisfactory. # ._: ••• :. 
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-
Sand sluices were seen not to be effective in scouring out sand and si1t 

depcsited upstream except to a limitecl extent. Their effectiveness lay in the 
disposal of rolling silt and density currents a~ t1ey approached the sluice. 
This of course would he governE>d by~ the discharge passing through the sluices 
and as t:he silt entry in to the Ramapadasagar Reservoir would be sub'5tantia1, 
thefina1 design of the dam had a verylarg·e number of !3luic!'~ introduced in it. 

~(b) Ramapadasagar Dam-shooting bucket and high level .'land sluices . 

.;The design was te~ted on a model tc see the functioning of the bucket 
and sand sluices under various conditions_ or flow and develcpment. of Ecour 
downstream. Studie~ are del'.cribed. It has been found that the de·sign tes-
ted was satisfact<.ry. , · 

6C--SPILLWAYS 

(a} Scour downstream of a five-vented spillway dam. 

_ It has been found by experiments that seour was definitely reduced by the 
use of staggered blocks. Further the importaPce of working the shutt.er 
carefully with a vie'\\•to preventing I?ed scc.ur and erosion has been indicated. 
In operat,ing the sh11tters care should be taken to eliminate or mitigate as far ~s 

- possible the formation cf lateral eddies. 

(b! Pressure distribution on ogee sp{llways-Lower Bhawani Spillway Dam. 

The pressures on the profile of the spillway dam were tested on l /36 section
al models operated under n.aximum. ~ oYerflow conditions. It was found that 
the pressur~ exerted on the crest anrl near about were nearly zero. 

{c) Co-efficient of discharge on ogee sp~?lways-Lmver Bhavan'i Spillway Dam. 

The tests made on coefficient of discharge of the final profile which fPllows . 
Creager's design showed that the coefficient of discharge increased from 3·6 for a 

- head of 7 · 5 feet tc 3 · 93 fer the ful1 designed head of 15 feet. 

(d) Co-efficient.()! discharge for Tungabhadra Spillway Dam: 

Experiments wE>rt> carried out to see the ~cale effE'ct on the co-efficient of 
discha.ige. _ It has hE'en concluded .that results obtained from one model of 

. ~ 1 1 ' 
moderate size (say 36 to 60 for ..thes~ dams of heights of about 100 feet and 
overflow depth of about 20 feet, could beretled upoD for design purp.2,ses. 

(e) Ramapadasagar spillway dam-e,ffect of pin:s .on ca-qficient (If dischar~e. 

TI'Vo designs of pier!!. for the Ramapadasagar Spillway Dam were tested on 
models to find out the effect of having the pier-cut waters projecting ~pstream 
of dam face and supported by cGrbelling en the coefficient of spillway discharge. 
The design~ are shown in Figure 6C. 13. _In one design the cutwater edge w:a.~ 
flush with the up~ tream vertical f2ce of the dam, while in th~ uther the entire 
cutwater wa~ projecting upstream of the dam face. It_ was found that by_ ex
tending the pier cutwaters·upfltream the co-effi.ciPnt of discharge rm~ld be slight 
ly increased because of the improvement in tlte approach stream _Jmr:>s.. The 
increase, however, was very small and could not he taken into cons1derat1on for 
design purposes. 
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(/) Spillway training ivall s for the Ramapadasa!J.ar Dam. 
' ' i r 

Spillway. t;aining walls for ·the Rama_padasaga~, D~m ,were tested on a 
amaH model. Pressure observationfoJ indicated pcssibilities of economising iu 
the design by getting m0re accurate' valu~s ()f pre~sures from a bigger modd. 

(g) Stilling basin jtJr Lou'e'i' B}lvavan i Spillway Dam. 
~ .... , .. • 'I • t l ' "l 

'~ . 
l_1he experiments carried out showed that a stilling ba~in consisting o l a 

aimplo bucket and sill and a row of Tee-shaped blocks was the most, efficient. ', 
' ' t J •' ;. 

(h) Tungabhadia sptllway dam-thre-V-dimensional models. ', 
11 ~' J i r • \ ~ ' ~· ~ : 1 ti 

Two sets of designs evolved from the· studies on sectfcnal models wt"re 
inally tested on full three-dimen~ional models. Describes the details of the 
experiments and results <.thta.ined. · 

12C-OTBER WOR.KS 

'.fM. Hagari Aqued~ct for the. Tung~bhadra (]aftal~ ~ · 
i, ''fl 

1 
• ., • ~ , • t I I ~ ~' ~. , ' f , -

:pescr~befl the model e:xperim~nt conducted to study the·srour !'>uBd. piersi 
J "' .. " ... ~ • j. • :.. . .~ • 

SECTION E-SOIL SCIENCE 
~ ; \ ;- 1 i I : ' > 

5E-SOIL SURVEYS 

&i'l inve1tigation jO'f Lower Bhavani Dam .Art'.£1~ 

(see page 409) 
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Poona Irrigation and Research Division 
SBCTIOll A-HYDROLOGY 

4A-'I·BE SAMPl·ING OF THE ~ED A.ND SUSFDlJED LOAD 

· Silt Load ,·n Flood ~ ater Samples 

· · ·The amount of silt in fioJd v.atets from several rivers in the Bombay P:ro
rince-was estimated. Excepting the :Manyad and the Ghodnadi, there .was 
practically no silt and the flood waters were clear. The waters of the Yerla, 
the Manyad and the. Tapti rivers were occasionally saline, · "Silt in the flood 
waters entering the Ekruk and tht' Hotgi tank"l in the Sholapur District wa1 
alS'O negligible: (For details see page 161). 

~ - - I ! L. 

7A-SUB-'l·ERRANEA.N WAtERS 

(ii) .Eftect of pumping 
-

Cone of depression in deep soil areas. 

Water levels in wells in deep soil areas with sub-~trata of pervious massive 
.kankar (1) at Jinti, Nira Right Bank Canal and (2) distributary 5 Pravara Left 
:Sa~ were kept nine feet below general sub-sQil water table by continuous , 
pumping. The cone of depression and the circle of influence were deten:rJned 
by observing water levels in bores. The circle of influence as a result of pump. 
ing maintaining the said depression head was limited to a radius of 200 to 300 
feet. The effect was slight beyo:rid thia., This experiment showed the impro
~ability 'Jf lowering the-sub-soil wat~r t.able in deep soil area by pumping. 

•., I\ r•• 

(iii) Recharging the undergroul!.d basin 

Effect of cane irrigation on the sub-.~oil yJater table in a ifeep sm'l area. 

Oh~ervations n the Jinti area (Distributary 18 Nira R.ight Bank Canal) 
wPre continued during the year. It was found that the t?ub~soil water levt-1 did 
not fall after the discontinuarce of cane as rapidly as it rflse when t.he area 
was brought originally under cane. The deep soil is thus not very E~afe for heo.avy 
cane irrigation. 

SA-QUALITY OF ntRIGA'IION WA'lERS IN R£LA'IIOll ~0 

(a.} Crops 

(o) Sugarcane under varying doses of' N ' in the form nf sewage irrtgation witl 
specia7 TPference fO quality of gur JYrO(btcerJ. 

SGgarcane was grown under varying doses of Nitrogen contained ~ the 
Hwage P-ffiuent. 350 lbs of ' N ' per acre was fou..:d to be the best dose. Higher 
doses decreased the yield slightly, and gur from sewage irrigation-absorved . 

_liK're wat.er during the monscon as 'N ' increased. 
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{b) SUf}arcane experiments under se'wage 't"rrig~tion. 
00 475 and 00 413 gave good yield. The fo~er was found_ to be a g~od 

r.tQoner. 00 423 ,and QO 475 although they contained a high perce:r:-tag~ of 
1Jncose (8 • 5 to 11· 5) were not responsible for the sweating of g'ur during monsoon. 

I (ii) Soils 
Effect of sewage irrigation o~ . soil prnji.lf,s. · : 

(a' Se\\ age irrigated soils CC'ntained higher amount of soluble_ ruatt~r •. •, 
(b) Mechanical analysi& of the soil showed that soil disintegrated undel' 

sewage and became finer and more s1,1itable for_ c;rop~. -, . 
(c). ~20,1 P205 and ~epla<fab~e. Ca ,i_iicr.eased i~- ~.ewag~T':irrig~te~, ~oih~ 
(d) pH was lowered by sewage irrigation i.e. soils became less alkaline. 

I ~ W '"' - ... \ < ~ ~~ - f 

SECTION C-HYDBAULIC WORKS . . . - · .. 
• ~ .. ' ~ ... .. , • f r.. ~ /' 

130-STAUNCBING OF CANALS AND EMB.Al\"EMEN'IS 
.. ! :;. I I .. I I ~ ~ - , .. '-... I~ ... ~ : t' . ;,.." ., : A .. j • 

Rui Deogaon Area.-A large area was damaged by canal ~e~page near.~~ 
Godavari Left Bank. It .wa~ believed that seepage :will reduce when canal 
1ets flilted up, but there was no improyem.ent in -~amaged acres nor the water 
level did get lowered. Lining the canal by (~odium) clay was colli'idered cheap 
and advisable. . · -

: t .~here.were no s~lt encrustatiol¥Javaiiable.for:useinprepa:~g sodi~ .clay 
An .impervious. s.odium clay occurs .naturally i!l th~ a,.rea. , It does not allow.· 
water to permeate through a thickness. of eight inches. It is :proposed to use 
ibis e1ay for lining. . · '- ' -

( . -

SECTION E~60IL SCIENCE 
t • t ~ 

lE -SOIL 1\IECBANlCS 
' l t·~ .. l...... .. • , .... (" • i ... • 

ti) F~dama~ta.I. Re.s~ch , 
A «YmparaMve study of sm·z samples from (i) Santa· Cruz Airfield cmd Ganga~ .. ? 

· Storage. 
1 ' t t " ~ " 1 .. .. • "' ~ • .... ... 

The properties of the soils from the two ~ites we!e examined and compared. 

!D-UOVEM'ENT OF MOISTURE ni SA.iURAiED AND UNSATURATFD 
. · -' SOD..S 

- (a) Hydraulic Gradients in soils (ltJodel Experiment). . 
~ '" 0 ~ .r ... ~ ~ .... J ... ""! .. • ~ " ~ 4 \. • - ~ - • t i • ~ '~''-'" ~ ' 

... M~rl:~l ~cal~ exper1m~pts ~ondu~~e~ in~~- ~~sonry ch~mber .at, ~ha~a:'k-~ 
~asia are_ describe~; ~~ I,s s4ow}l that. al~hough th.e w~t.~t; ~adient adJ~sts' 
itself .between the upstrea111 and the downstr.eam. water levels; the nature ofthe' 
gra,q.ient yarie3 with tli~ ~a.t~ri~1 depending, upon whe~he:r jt is san.dy, ~ilty· 0~ 
clayey. Gradients in the black cotton soil . are compareq with those tha• 
were obtained in the Solani (United Province) silt, the previous year. : 

I' • J .l ' i ' • - .. ~ ~ ... _, ~ t 

(b)' Hydraulic Gradi~nts i'n sofls' (L~b;;,{f-~~'!1 E~feri"!':~~t)~ : . '." 
~ la~oratory exper1men~ ~onfirmed the nature of hydraulic gradi~ntc~vea 

ebtamed m the case of so1aru sdt (convex curve) and the black cotton soil leon-
cave curya). _ · · . · -
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(c) Hydraulic Gradients in canal banks. 

These were observed at thtee sites in black (Ohopan) soil embankments on 
the Nira Left Bank Canal. The gr,tiliel!t:::! were steep (1 in u) as in the model 
experiments at Khadak.wasla and there was no possibility of canal bank 
becoming un.3lfe as it app trently J.ppnn1 fr,Jm the liq·1id mud fo~med at 
the toe of the embankm:mts. Thh li1J.uLl m·1l wa3 form3.i by water flowin(J' 
through a pervious stratum of murrutn cutting- higher up to a depre~ion at 
the toe, where it c~UecteJ. ani st:l.gnat~d .. 

(f) :fl.Io-cement of sub-soil water table and flow Gradient. 
Two cases (1) Distributary 6 Godavari Left Bank (2)-Distributaxy 5 

Pravara Left Bank area were investigated. Water levels in pits penetrating 
into the same sub-strata were observed. 'Yater contours were found to be · 
almost normal to the ground fall (from Distributary to Nala). In other words 
water collected in the valley before it flowed rn m,asse through it. The lines 
of flow were almost parallel to drainage. ·water gradients were characteristic 
of the sub-strata. 

3E--L~"'D RECLA.l'f~'IION 

(i) Saline lands 
(a) Damaged areas in the Deccan Canal Tract. 

Damaged l;>y salt anq water-logging wa<J closely related wit)l cane. The 
:ratio of cane to damage was, however, found to be the least on the Nira Right 
Bank Canal where principles of soil selection were introduced from the' very 
beginning (1933). 

(b) Improvement of soil tilth in drained lands. 
Results of small scale experiments llflder pot and plot scale are given. 
Various g organic, and mineral soil improvers were tried. Farm yard 

manure gave good results: Molasses in combination with Farm yard manure or 
with irrigation water gave better results. Farm vard manure being cheapest 
or ·au the treatments is recommended " · ' 

SECTION F-WATER UfiLISATION PROJECTS 
· lF-S'IUDY OF INDIVIDUAL PROJECTS . . 

Don river I "igation Project in the Bijapur District. 
The water of this river eve'n during floods is saline and the salinity is 10 

parts per 100,000. ~ence it is desirable to use this water immediately which is 
not possible. , If the water is stored, the salinity is likely to incre~se to 140 ~ue 
to·the continual addition to the storage of non-fJood water, which keeps on 
floWing in between two successive floods and as .a P?s~-m~nso?n flow and wh!ch 
has· salinity from 500 to over 1,000. Perenmal ungat10n 1s out of question 
and even rabi irrigation is not likely to; be successful. . 

'Ihe lands over which this water has to be utilised are retentive and at some 
places highly so (Karl soil.) This is due to.salinity. in ~he ~oil itself a~d the sub
soil water as well. The catchment of the proJect agamlies m a scarcity tract of 
uncertain rainfall. · _. 

This project has thus several limitations and cannot be recommended. 
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'SECTIOll A-HYDR9LOGY 

lA-.RAINFALL RUNOFF 
•' 

(i). Total volcmo of mnoff including standardization of hydrographs au\1 
· their analysiS . 

(a) Unit hydrograpk of the catchment of the river Teesta above the Teuta 
Bridge. (sre rage f'2 of this report). . ,. 

" I • J " ~)>• ' ~ 

(b)· Unit hydrograph of the catchment of the river Mor above Khatanga. 
... ' 1 ! ' .. .. ~ '- .. ';! 

. A unit hydrograph for the catchment has been'prep:;tred.by ~~r~ng _ ~ut 
~verage_ distribution from the percentage distribution of the seven floods 
picke~ up from t~e data for the years 1936,to .19~1,~ , ... ··. · 

(c) Average montly runoff percentage pf ~he river Baralcar. 
(see page 86 of this report); ; . . . , · 

(d) Average monthly runoff percentage of the river Mor. 
(see page 90 of this report). . 

(e) Jfonthly ~isckarge volume of the river Mor ~t Khata;,ga~ · 
(see page 90 of this report). 

(f) Discharge 'mlume oftheDamodar and Barakar rivers during thehighu' 
. . . jlo_od of1947. ' ' 

(see page 90 of this report). . 
~ ' ~ . 

' jo 1< i -

(ii} Maximum Runoff Di~harge 

(a) Maxt·mum discharge from a runoff plot in Midnapu.r. 
(see page 112 of this report). 

' . 
2A-RIVER.BEHAVIOUR 

, (i) Floods . r 

(a) Highest flood in the Damodar_ an~ its tributaries in 194'1. 
(see page 118 of this report).- , ~ , . 

(b) Highestjlpods in 1947 in the_ rivers Mor, Dwarka ~~d Bra:km~ni. 
\ (see page 118 of this report}. · · · · 

(c) Highest floods of the river Teesta and its tr1:butari~s during 1941. 
(see page 119 of this report). · · 

. . (ii) Stage-discharge relations . __ r. , • 

(a) Rating c~rves of the T'iver 1Jamodar and its tributarieafor id47. 
(see page of 122 this report). , 

(b) Rating curves oftherivers JJfor, DwarkaandBrahmanifor 1941. 
(see page 122 of this report)~ -

' 51 
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(c) Rating curves of the river Teesta and its tributaries for 1941. 
(see p~ge 122 of this report). · · 

(d) Rating curves of the river Ganga at Paksey and Rajmahal for the year~ 1936-41. 
(see page 123 of this rep;rt). 

3A-MEASURE.MEN"T OF FLOWIKG WA'lER 

(a) Discharge obsert•ations of the Jaldak~ river. 

Discharge observations in the Jaldaka river in connection with the Jal
daka hydro-electric scheme were started from January 1947. As the river is 

, full of rapi~ and projected ,bou,lders, velocities observations by current meter 
, were not possible. The span was divided into five compartments and velocity · 

opsei'\Tations made by droJ!t':~g floats in each compartment. To calculate the 
average velocity~ a factor of 0· 75 has been applied. The analysis of the data 
shows that the average minimum value of the discharge obtained is abou\ 
265 cusecs. It has' been foUn.d that the value of the discharge has been signi
ficantly lowered by calculating it with more cross sections with the reach of tha 
river over which veloctiy has been observed by floats. Also a significant fluc
tuation has been noticed in the sampling of the velocity in the different reaches 
of the river at the same time. ' 

4A-THE SAMPLING OF BED AND SUSFENDED LOAD 
(a) Silt behaviour and silt analysis of the Damodar and the Mor rivers. 

Sampling of water and analysis of suspended silt were carried out at 
eight different sites in the Damodar Valley and at four different sites in the 
Mor Valley. Describes the analysis and gives the results. 

. -
SECTIONB-THEORY OF FLOW AND DESIGN OF CHANNELS 

2B-HYDRAULIC DATA OF 'lORRE:r\'IS J:N. IOULLER RIVERS ABD 
-STREA.MS --

(a) Hydrological data of the river Damodar and its tributaries in the hill catchment 
· ' · ' ' for 1947. · - _ ' 

(see page 260). 
4 -( ~- ~ t ~ ' t 

(b) Hydrological data ofth.e rivers };lor, Dwarka and Brahmanifor 194'1. 
(see page 2l·l). - - · - · 

(~) Hydrol~gical. data of the river Teesta and its tributaries in the kill catchmem. 
(see page 261) ... 

4B-D.f'SIGN C F DRAINS IN IRRIGATED AND 'IIDAL AREAS 
• - ' I ., .; ~ ) 

Model Experiments for the revival of the Jladaripur Bill Route and tu 
Lou·er K umdri1:er 

Mter giving the history of the problem, descr:~es the model constructed. 
The expetiments are stiJl being continued. 
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. 
SECTIO;N 0-HYDRAULIC WORKS .. .. "" ... . ~ . ~ 

2C-RIVER CONTROL 
l ~ • .. ~ .. ~ ) 

(i) Flood rrote-ction works 
IJituminous reinforced hotm/.r; 'revetment for river bank protectior,. - , 

,rhe paper describes the eXperilflents undertaken for the preparation o~ 
b~tum.inous"reinforced hotm.ix canal tilling for 'river bank protec~ion. -.~his 
typ~ of revetment consi.~ta of two inches thick reinforced bitumiD:ous .hotm.ix Of 
fine asphaltic concrete or sheet asphalt type laid on a properly graded and com .. 
pacted slope of natural soil. After the pre1iminary investigations in the labora
tory, field work was carried out on the bed and side of the Damodar Canal
downstream of the fR.Jl at Gatsi. The wotk has beeri completed and results are 
being watched with interest. .. . 

(ii)_ Rivet training works 

Jf.odel investigations f0'1' the proposed Mor Barrage. 
In the Mor Project, a·barrage is proposedatsite call~d(rilpraghat near 

Buri in -the district of Birbhum. The design prepared for the structure of the 
barrage and its tentative site was investigated by means of model studies. The 
paper describes the details and findings of these model studies. 

.. ~ . ' .. 
~ 4 ~ ~' I ~ • _. ' '<. 

(iii) Scour and erosion· 

(a) Prevention of erosion a(the upstream nose oft~e.rig~t.ban!C.IJelZBundforthi 
•• • 

4
- • • • Anderson Weir' on the Damodar. · · ~ · · 

The data has so far been cqllected. _:.Model experiments are yet _to be start-
ed.. _. ~ ~ ~ ~ '( ~ ~• 

I " ~~ 

'(b) Model experiments for the prevention of erosion at Kurigra~ ~n the river J!at:la. 
t 'lo ' \I ~ ':_ ~ • .... J0 "" • e 1 I I _I ' l ... • j ;!' ... 1'., ... 

Th.es~ experiments were started for deVIsing measures to prevent erosion 
. of ~he town of Kurigram by the river Darla. , It.has.been found that .by ere~tin:g 
thi-~e suitably placed spurs' it will be possible to avoid all erosion by. the river 
,D,arla at' Kurigram. · · ' · · 

(iv) Spill 

(a) ~l odel experiments .far the revival of the riv'er Ohandana. 
(see page 676).' · · · ·· 

r 

(b) Model exper·iments ~n connection with t~e revival of Peali rivw. 
(see! page 683). · · 

· (c) Malta-Peali Tidal Mode1,-Analysis of Data. 
(see page 691). ' · - -

JC-EYDRAU:UC S~UCTpRES ~N .FE;R~E~~L,~ ,F~~DA.~IONS 
w - • .. ' 1 I, ~ ~ 

:Jlodel investigation' for the proposed MO'I' Barrage Sectional Model. 
• Describes the experiments o~ sect.ional models carried out to test the 

design of the Mor Barrage for (1) its stability against-uplift pressure and (2) 
determination of necessary protec-tion like friction blockR to be constructed on 
the downstream :floor. · 
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ICC-EXCLUDERS AND EJEC'IORS 
(a) Damodar River J!odel. 

(b) Bilt-exclusioo experiments at the H eadworks of the Damodar Canal at Rhondi:J 
A series of observations were carried out at the head-works of the Damodar 

Canal at Rhondia to find the effect of <Y:fferent methods of undersulice gate 
operation 'on the entry of silt into the canal. The analysis has shown that the 
entry of silt is the least, if the undersluice gates are opened more and more anfi 
f~om the left to the right, that is, away from the canal regulator. -

SECTION E-SOIL SCIENCE 
1E-80IL MECHANICS 

~ii) Ea~th dams and tmbankments _ 
(a) Testing of •oil samples froM Jfessenjore Dam s1'te. 

, (see- page 336). -

(b) '[esting of 1oil samples jO'f ajjlux bund at Tilpara Ghat. 
(see page 336). 

I ' 

, till) Roads and runways 
SoilstabilisatiMt of proposed sec011d runU'ay at Calcutta Air Port • 

. -: (se~ page 343). _ . 
J ,. ' .. ~ ' ', I 

2E- MC.VEM'ENT (\F MOIS'Iti~ E IN SA'IURA'l ED AND UNSATURATED 
SOILS 

LOcomotive Proj !Ct Surv~'• , 
, It is propos-ed by the Railway Board of the Indian Union to put up a Locq
m.otive Workshop and shed for the East Indian Railway. A site near Rupnara
yanpur was tentatively selected for locating the workshop. Laboratory te'3t3 
were carried out to find out if a minimum supply of six to seven cusec~ could be 
assured from the river Adj ai for theW orkshop colony area. Bed samples of th a 
river near the site were tested for mechanical analysis and transmission contents. 
A number of borings, was also carrie-d out at the cross sections for finding out 
the depth of superincumbent sand on the rocky bed. Assuming that the sand 
all through the cross section was of the same texture and water was :flowing 
through the whole section, the average discharge was found t<? be 16·35 cusecs 
and the minimum discharge 10 · 76 cusecs. These discharges were calculated on 
the assumption that the whole volume of sand on ,the r~ver bed, was tapped. 
But as this was not possible, it was not expected to get more than five to si% 
cusecs during the dry part of the year. 

, 5 E-SOIL SURVEYS 
Survey and analysis_ -of the Suri ( Tilp~a Ghat) sfn·l for the purp~s• of lmd 

acqv:t"sitioo ~ 
(see page 407). · . , 

6 E-MISCELLANEOUS 
Routine analysis. 

aee page ~15). 
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SECTION G-GENERAL , . ' "--

lG- RIVER POLLUTION 

Efficiency of the sedirnentation tanks at Bantala 

• The sewage and storm water of Calcutta used to be thrown intO- the river 
Bidyadhari bE-fore it deteriorated. During 1937-38 a channel was constncted 
by the Calcutta Corporation_ to carry the sewage and strom water' to a distant 
tidal river Kultigong. It was apprehended that this raw sewage, if <l.ropped in 
water of Kultigong, might deteriorate that· river. It was arranged that the 
·sewage water be pumped into a high level channel and passed through sedi
'mentation tanks constructed specially for that purpose at Bantala bef~re 
Jlassing the water to channel leading to Kultigong. To test tb; ~fficiency Qf 
the tank samples of sewage water were collected fro~ inlet and outJet to the tank 
and analyred. The analysis shows a sign.~cant amnunt.~f the solid content& 
drops down as the water enters the sedimentation tank but as the water come• 
out via. the exit channel some amount of solid particles are again taken up in 
the suspended state, so that the decrease in the solid content of the water after 
passing through the sediment~tio~ channel is not signiAcant. 

' 1 ~ ... " " • $ p 

7G-SOIL CONSERVATION 

(a) Runoff and erosion experiments in trays. · 

. . . 
. Studies on relation between rainfali, runoff and erosion from experimeJlt'S 
in trays were continued at the three sites, viz. Ramgarh and Suaamdih.on t;he. 
Damodar and Barakar (Giridih) on the Barakar. It has been found tha~ the 
vegetation plays a more important part than variation in slope both for runofr 
and erosion. 

(b) Analysis of rainfall at the ru'n ~if experiments sites. 
(see page ). 

' \ • - f 

, (c) Runoff and soil erosion experiments with 'the help of ~rtificiaz'shawersa . 
._ "" - ~ ~ - ~ - ~ _. -- ., '\, J ., ~ r ,. • ' ~ ~.._ 

• To study the phenomenon of runoff and soil-erosion in experiments ._wit1r 
the help of natural rainfall, it is very difficult to control the intensity, duration 
and the quantity o~ shower ; consequently, the relationship between runoff and 
the soil erosion cannot be determined accurately. 

· · Experiments were carried out at Barakar-Girdih to study the phenomenoD 
of s~face runoff a?d soil erosion with the help of artificial showers. The papet 
descr~bes the detmls of the experiments and the analysis of the data collected. 
Further investigations are in progress. 
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United Provinces Irrigation Research Station 
-Roorkee 

SECTION A-HYDROLOGY 
!A-RAINFALL RUNOFF 

.{i) Total v~lume of runoff including standardization of hydrogra.phs an• 
tbeir analysis · 

(a) Relationship between rainfall and runofffor Bundelkhand Oatchrr&ef&U. 
Relationship between monsoon rainfall and runoff has been worked out 

for t4ree categories of Bundelkhand catchment viz. steep bare catchments with 
hills, hilly catchments covered with forest and plain catchments. (For deta.n. 
_see page 82). 

(b) Relationship between maximum flood discharge and catchment area for 
' the United Provinces Oatchm~mts. · · t ' 

(see page 84 of this report). 

5A-REGEN.ERA'I·ION ABD LOSSES 
(iii) Regeneration 

Study of regeneration on the Hindan River. 
Regeneration of the river Hindan passing through a tract subjected to 

intense tuhewell pumping was worked out for a length of about 130 miles from 
its source near Dehra Dun to the head of Hindan Cut near Delhi. Mean annual 
regeneration per day for the fair weather months of November to May during 
pre tubewell period, 1916-17 to 1935-36, was found to be 558 cusecs, while the 
tOOrresponding figure for the tubewell period, 1936-37 to 1945-46, was 493 
.cusecs. 

Though there are some indications regarding a slight decrease in regenera ... 
:tion during the tubewell period, the data is not yet sufficient to establish 
~ignificantly that the regeneration is being affected by tubewell pumping in ~b:e 
vicinity of river Hindan. 

7A-SUB-TER~"'E.AN WA'IERS 

(ii) Effects of Pumping 

A &tatistical study of tke behav·iour of water table in Doabs 1 and 2 of til 
Meerut Tubewell Division. 

A study of the behaviour of the water table as a result oftubewell pumping 
was carried out Rtiltistioally for tubewell Division Meerut confining our attention 
to Doabs between Eastern Yamuna Canal and Krishni and between Krishni and 
.Hindan rivers, where the most intense tubewell irrigation is done. 

The following conclusions were arrived at :-
(1) Puniping iR not signifif1aptly a,ffccting sub-soil water table for Doab 

between Eastern Y .::ur&una Canal and Krish~. 
{2) Pumping has significantly affected the wa#r table for Krishni· 

Hinda.n Doab wheH'l over purr. ping is clearly eastablished, as· a 
result of which watf'r table will continue to recede at the present 
rate of pumping. (Fo .... dt>tails see page 214). : 
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SECTION B-'IHEORY OF FLOW AND DESIGN OF CHANNELS 

2B---BYDRAULIC DATA OF 'IORRE:N'TS IN BOULDER B.I\iERS A!lD 
STREAMS 

(a) Analysis of hydraulic data of the Nayar River. 
An analysis of the data collected at the site of Nayar Dam for the year• 

1946 and 1947 had been made. The channel at the site of observation has 
unev~n rocky sides with the bed consisting of shingle and smaller boulders with 
occasional small rocky cliffs jutting out of the bed. . 

The conclusions arrived at were the following :-

{1) Rugosity coefficient by Kutter's may be taken to be the following for 
the Nayar :-

(a) 0·1 for discharges below 100 cusecs. 
(b) 0 ·057 for discharges between 100 and 500 cusecs. 
(c) 0·039 for discharges between 500 and 3,000 cusecs. 
(d) 0 · 037 for discharges between 3,000 and 3,500 cusecs. 

(b) Analysis of Hydraulic Data for the River Ganga at Hardwar. 

An analysis of a number of observations on the river Ganga at Spur No.1 
(Dudbia Bund) above Laljeewala and on Kankhal Channel at chainage 1980 
along Kankhal Bund was carried out with a view to forming an idea of the 
rugosity coefficient. 

It was found that :---

(1) The l{alue of the rugosity co-efficient (Kutter's} for the Tiver Ganga for 
discharge of the order of 75,000 cusecs is 0·04206. 

(2) The rugosity codficient (Kutter's) for the Kankhal channel for a dis
charge of the order of21,.000 cusecs is 0·03124, thus indicat.ing that 
the rugosity even in boulder channels if straight and regular in section 
i~ fairly small. 

(3) For this hydrological data Borne's formula for rugosity coeffi.eien' 
agrees most closely with Kutter's which was also established in 
1942-43 for K. ~p. Channel. 

SECTION C-HYDRAULIC WORKS 

( ii) River traiDing works 
(a) Protect,ion of Kankhal town against floods in the Ganga at Hardwar. 

Below Hardwar, the main Ganga, commonly known as Bijnor Channel, 
'takes a turn towards left leaving an opening on its oute1~ curve near Mayapu.r 
towards Kankl1al. Owj-r:g to the unfavourable position of this spill, it has 
continued to develop durin.g the past 25 years till it.s increasing di~charge haa 
now endangerc>d the saf:;i y of IV> .. nkhal town. From time to time in the past, 
flood 1~rotection works in the form of buncls anrl spurs were trkd but no perm~
nent relief was bronght about. 
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Model experiments wer~ carried out to find out a solution to the problem. 

1 Various devices such as restoration of old alignment of Kankha.l bund and 
.extension of the existing Kankha.l bund were tried. But none was found 
effective. The whole trick lay in developing Bijnor Channel which was shoaling 
year after year being at the inside of t~e curve. A 96) feet long spur construc
ted at an angle of 120° from chainage 1,400 of the existing Kankhal bund and 
ending at the point of contraflexture produced more favourable curvature of 
How at the junctio~ofBijnor and Kankhal channels with the result that Kankhal 
channel now started shoaling up. The head of water that the spur shall be 
required to withstand is of the order of 16·5 feet. It is expected that the 
intensity of spill towards Kankhal is not likely to be more than 5 to 10 per cent. 
of the total discharge of the river with this device as against 75 per cent. with
out it, obtained at present. 

(b) To tra'in the river Ganga upstream of Bhimgoda Weir for equalisin,q the 
fl?w on weir crest and preventing retrogress!on downstream. 

Bhimgoda weir consists of six sluices each 50 feet long and six bays of open 
crest each 300 feet long. - The natural course of the G[l,nga. river was along its 
left 'bank, while the canal head and sluices were sitlljlted on the right. In 
order to feed the old and new supply channnls, a cut known as BB cut was made 
along the right afflux bund and it was developed by raising the extreme left 
bays Nos. 3, 4, 5 and 6 of tlie open crest. This ultimately brought the 
entire river .to the sluices, along the right afflux bund, which naturally resulted 
in creating excessive velocities at the sluices and which in turn started retrogres 
ssion downstream. The distribution of supplies at a flood of 150,000 cusecs 
was found. to be 53 per cent. at the sluices (6 X 50 feet) and 47 per cent. at the 
open crest (6 X 300 feet), at the model. The prototype gauges also indicated 
similar distribution. 

To relieve the sluices of this disproportionate shg.re of flood discharge the 
open weir crest was lowered to R.L. 948·30 against R.L. 952·0 in futys 5 and 6 
(lnd to R.L. 945·3 against R.L. 948·30 in bays 3 and 4. This improved flow 
~onditions considerably, the supplies now passing at sluices being 33 per cent. 
and at the open crest 67 per cent. as experienced at a flood of 153,000 cusecs in 
the model. It is also expected that this will not disturb the regime of the river 
upstream. 

(iii) Scour and erosion-

~o study the possibility of reducing scour below the sluices at Bhimgoda Weir. 
,-

Thi! problem was once studied on a geometrically similar part model with 
two dimensional flow at the Indian \Vaterways Experimental Station, Poona in 
1937. It was then recommended that a 2·0 feet baffle 10·5 feet downstream o! 
the 1 in 20 sloping glacis, and 2 · 0 feet deflector sloping up 1 in 5 at the end of the 
granite floor would pull np the standing wave at low :floods which are more 
damaging than the hjgher floods. 
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A three dim~nsional st~dy on a geometric:1.l1y similar JLodel to scale~ -lo 
of the sluices and bay;; No. 1 and 2 of open crest when run with discharges 
between GO,OOO to 150,00~ cu-;~c·3 flood showed t.hat th~ above propo~ls,were 
fairly satisf~ctory even f'or the present conditions obta.jned at the prototype' 
However, in view of the proposals for silt exclucler to be constructed at ,the lead. 
of the new supply channel, these devices, when worked in conjunction with ari 
excluder, proved undesirable in as much as excessive piling of shingle and 
boulders was noticed on downstream floor of the under sluices especially before 
sluice No. 1. · ' , . 

. 
It has been rccomn;tended that this study should be taken up after the 

.shingle excluder hr.s been tried at site and the c1I.arinels downstream of the ·weir 
have stabilised after low~ring the crests in bays·No. 4 to 6. · · l 

4 C-DAMS AND WEIRS . ' 

(ii) Design 

ltfodel investigations regarding the design of,Nagwa Dam. 
• • f \ 

The deep channel of Karmnas3; river at t.he site of Na.gwa Dam is 300 fee1 
only while the weir is 600 feet long. 1tlodel .experiments were .carried. out to 
~tudy the effed o~ flow on high banks· on. either side end· to centralise the 
fl.O\v into the deep channel by suitable devices. · • ' ' · ·, · · > ··~-: 

• , 'I , . . , ~ 

. The combinations of different positions and heights of baffles were tried b~th 
in the central deep channe~ and on the sideb~nkS'and tlle most suitable arrange-' 
H1Cllt which wilt give the min.iillum action' dow.a3t.rea.m of the 'weir reco:uimended: 

lo. 
1 

;. i I ~ _ f f t ~ ~• , :J " I 

(a) Battery of volute siphbns. 
J ~ { ; ' ' ~ '\ • ~ 

Basic experiments were conducted upon a battery of volute siphons lrith 3 
t::ommon outlet tunnel to perfect the design for escaping the flood discharge at 
Lalitpur Dam in Bundelkhand. 1;he points studied were (1) best shape and 
design of the outlet. tunnel ; (2) optimum spacing o{ volute siphons ; and (3) 
,optimum number of volute siphons. ·. . . . 

' ' \. ' \ ~ 

· Three different designs were tested on models to, scale _I • Each con 
. ' - .. ' .24 ..• "- -

.shted of four volute siphons of 12 · 0 feet diameter and · , . . · · : 
' !" t • \ 

(a) a gradually expanding el~ptical t~el having at th,e )unction of each 
. of the -siphons the area 'eqUivalent to the numbe~ o(yolu~e ~}phon~. 

up to that point; · , , ' ' 
~ . . ' . 

(b) a rectangular tunnel in which sudd€n e:qar ~ns were ;provided u, 
' increase the' cross sectio~larea t!qu!valent~.Jtlie l:nimb~r ofvoiute 

siphons upto th~t point. -- - _ · ·. ~ ' ~ . · , '. ·~ 
. t • 

' ' 
(c) same as (b) except that the Eections were" elliptical instead· bl 

rectangular. · ' ' · · ' · · · 1 i 
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It was fO'Urtd that-

(1) where as thE' priming depth was,minimum for the zectangular tunnel 
battery the co-effici~nt of discharge was maximum for the gradually expanding 
.,liptical tunnel ;the co-efficient of discharge of the former being 85 per cent. to 
!X) per cent. of the latter. 

(2) 48 feet (four times the dia1peter) spacing between volute siphons gave 
the maximum co-efficient of discharge though minimum priming depth was 
obtained with nearer spacing. 

1 (3) opti~umnumber of yolutes was found to be four, as the coefficient of 
ii.scharge was affected only slightly upto the addition of foUrth volute. 

A single elliptical siphon,with area of.cross section 4 times the area of one 
yo}ute siphon of 12 • 0 feet diameter 4id ~ot prime independently. A little 
•bstruction on the top of its outlet primed it, the co-efficient of discharge was 
•bserved to be 0·63. -

(b). Saddle sip'Aons for Lalitpur_ Re1ervoi~. 

, A 15 feet by 10 feet saddle siphon for La.litpur r~servoir similar to one for 
Pahuj weir, was deRi~ed and tested in a model to scale :

8
• The head available

i!4 20·0 feet. Different shapes of crest with and without lip were tried, 
and it was found that a crest of 10 feet radius with'll inches lip gave a co-e:fij.cent 
t>f 0 • 61 a:p.d priming depth of a bout 9 inches. The discharge throuh one ~dlet 
worked out to be 3,300 cusecs. 

Pressure observation indicated a little cavitation at the creat of the siphorL. 

(c) Basic stUdy of volute siphon. 

Basic work was continued this year to' study the eff~ct o~ coefficient of 
di!cha~g~ and primi~g depth in a 3•0 feet diameter baiTel sjphon built _!of 

- 8 
artual size when (a}-the diametet of the covering hood wa8 vaned, (b) thtt 
1)Vork;ng head waP varied, &I•d (c)- hew the max:irr.um negative pressures 
devt>loped and varied with the variation of the wo:rking head. ,It was found 

'that (a) maximum ccefficient of discharge and m:iillmum priJL.ing depth Wal

obtained when the'diameter of the covering hood was 3·33 tin..es the barrel 
diameter; (b) both :t}l~priming depth and coefficient of discharge decrease as 
thf' working head in~ 0a~es_. The maximum head tried was 22·5 feet only and 
lc )' the correspondinltriegative pressure increased as the working hea.d increas
ed, though tbe increase in the value of the ff'rmer is bigger at higher heads and 

. tmaller at lower heads, thus indicating that Ganesh Iyer's volute siphon is more: 
eui~ f(.lr higher heads. . 
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I 

SC -CANAL FALLS 

Basic study on Sarda Type Fall. 

. The above study was contin~ed this year to determine the optillium dimea., 
riopa ~(the cistern below the falL -The discharges. tested on: a number of ge()so< 
metrically similar models varien from 50 to 8,000 cusecs and drops 2 fe~t to-
10 feet. · 

! 

It was ~ecomm~nded ~h~; the cistern of the f~llo~~~ di~ensi~~~ ~bould. b;. 
m~~ an integral part of the design or' Sarda type fall for ensurin:g minimum 
action downstream :- . 

-Length of c~tern = Lc = 5(Hc X H~ )I .. 

\' .. ' '•'' ' •' . ' 
• I ' .,' \ 

where H, = depth ,.,f water over C1'~t 
b • 

H., = drop in water surf~ce. 
< .J' o 4 ~ 1 J 0 ill I ~ , ., 1,. 1 } \ j.- ( ')' ) 1 .. "' ,.. 

100-EXCLUDERS AND ElECTORS 
'I ( 1 

'¥4 • l ~ l 4 ~ " ;. l - 1.. ... ~ '..... ~ • ' 

T~ desifl~ a suitable typ~ of shingle excluder jQr the new supplg'cka'lt/~ttl fit:· 
Bhimgoda Weir, Hardwar. • . · · . . ·· . ' ' 

'. 

The Ganga canal is fed by tw:> supply channels known as old and neVi 

~'lPP)Y ,cha~n~l~ taiB~g cff.l}t:.~P~ 11V~~feQm and ~!l~tr~a~\-of~]:le_ .B.:ai cut 
abnv~ the weir. J~oth the: J~epe~ ~~):mnp.e~s. draw ,i~ h.,.-.ge qu~ntities pf ~bingle, 
owing -to which heavy expenditure is incurred every year in sheal clear~n-ce f~, 
feeding the canal. · " · 

'. 
- ~<o~; .. •f -~- l'lS. 1 

~ ~... .r .-. .1; ' -"' 

The straight approach in front of the sluices; a regulating-gate in bav N~ .. i 
for creating difference of head at the entrance of tunnels, plenty of drop avail-:--_ 
able at sluices at all fl~oda and above all any amount of escapage possible for 
ex.~lusion went to sngge~t a shi1;1gle excluder ~t this ~ite:- A part model of the 

,Juices and ba~~ No. I ,an? 2 o~.~he .'Yei~. ~~ ~~ai~ , ir;~or~ ~nt~~, a~~ ; 4 .~~rtic~!.· 
was constructed. The nver bed was laid In·Ranipnr sand with a mixture oi 
10 percent. ofshinglevaryingfrom ! inch to : inch. . 

1 

' . 
. On running the" model w~th different ,arrang~ment.a of ~~els: ~t was found' 

that three tunnel excluders (size 1!> feet J:>y 5 .feettwith the flaired m.(·uths of the 
tnnneJ.s·start.ng from bays No.8, ~.an4 4_respectively_oft.~ehead regulato~ inr 
f~nt of bay No. 1 of the underslUJces proved v~ry effect1ve in e:x:cl~~ ~JJ."' 
ehmgle. · ~ 
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15 C-TUBE\VELLS 

(i) Types 

Radial Tubewdl. 

Basic-Electrical analogy experiments on radial tub<"v.ell were conducted 
'On a model to study the effect of E taggering the radials in two planes within th; 
•trata of varying depthq. It has been found that Ettaggering, while introducing 
many constructional difficultieEt, does not add to discharge ~aterially. -

Specific-A proposal, of adding a vertical tube to four radial~ in one hori
.wr.tal plane, was tested in the laboratory on the same apparatus. 

The radials we-re 200 feet each and the strata 100 feet deep. It ~as found 
that the increase in the discharge of the tubewell was insignificant, as it waa 
.aurrounded all round by the cone of depression created by the radials. 

• ~ i 

{b) Feeder Tubeuel~s. 
\ 1 T \ J ":.... \ ~ 

·controversy has been rife as to- the real utility of the 30 feeder wells of 
three cusecs each constructed at distances varying from 450 feet to 1,200 feet 
from the bank of the Upper Ganga Canal fer adding to the discharge <·fthecanal 

' 

In order to ettudy the prc.blcm field experiments were launrhed on some of 
ihese wells in 1937 but no quanti+.ative idea was obtained. The cnJy conclusion 
arrived at was that the. recoupment from the canal side was greater than that 
from other directions because of the steeper gradients observed on the canal 
side. 

The results of the field experimPnts have been studied once again and ana-
.... lysed in conjunction with' laboratory experiments made to obtain some quan

titative idea. In the case of the-three wells Nc.p, 16 and 29located at distancea 
of 54:4:, 660, and 1,14:3 feet respectively, the increase in the losse3 o! the canal in 
the reach under influence oft he tubewell w~s coiLputed to be of the order of0·21, 
01.1 and 0·04 cusec for tubewelldischargesof 2·63, 3·0 and 2·63 cusecs rea
pecti~ely. 

< ' 

A$ the field <.. bservations were insufficient the above results had to be 
based on bertain agsumptions and approximatbn~. IJaboratory ex:perimenta 
were, t.herefore, conducted t.o study the problem ruore completely. · 

t 1 1' 

It has been observed both by the analysis of the field observations and the 
laboratory observations that the optimum distance betv. een the canal and the 
~u.bewell can be considered as ahout 1,000 feet. The increase- in canal seepage 
with 'the well at this dist.arc€' is insignificant and the tube well virtually salvages 
all the natural seepage only passing down towards thE' drainage. Also the 
.optimum spacing of such wells for the conditions as obtained at the 30 feeder 
wells of the Upper Gaoga Canal can be taken as about four furlongs. ' · · 
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SECTION D-WATER POWER:WORKS 

2D-POWER HOUSE AND EQUIPMENT 

(iii) Hydraulic Works 
I 

(a) Model investigations regarding the design of Sarda Power House. 

The Sarda Power House is under construction at rr..ile 7-6-60 of the Sarda 
Canal.- The tctal drop availablP is 59 ·1. The design of the power hov.se was 
tested at the etation with a view to studying its hydraulic aspects. As a result 
of model experiment improvements for stream line flow, tlie minimum ~iltin~ 
npRtream of the power hmtse and maximum dissipation of energy downstream 
of it were suggested. · . ' 

For dewatPring the foundation pit, an arrangement: of 14 well~ with 70 
feet of six-inch strainers was recomroended (for detailS' see pa.Ile 285). 

(b) },Jodel inrestigation:s regard·ing the project of Moham,madpur Power House. 

(i) Power H nuse l!orebay 

1 
On studying the design en a geometrically similar mod~l to scale25' i~ 

was noticed that there was likelihood of some hunting in the_ three machine~ 
owing to _unsatisfactory vort5x formation. This wa~ likely to affect the 
efficiency of the rr.nclliD('f .. 

CurTed vanes in the turbine chan:.ber of various shapeR a~d radii we~e 
tried to improve vortex formation. The best vane for e3rch of the three 
machines gave a total affiux of 1·5 feet in the model. These vanes may be 
tried cne by one after the efficiency of the- machines ~as been tesred in the 
prototype. 

(ii) J.llohanunadpur Power House Subsid£ary Fall. 

There. are two drops in this fall and the floor of the first fall has been 
strengthened, Fmbsequep.tly, against uplift pressure, by the addition of masonry 
On testiug in the model this waR found to result in severe bed scour and side 
erosiun downstreanl on the right. Addition of a sloping crest one foot}ligh on 
the right and at existing crest level in the centre prevented all action in the bed 
and the sides, as this provided the required depth for the formation of the 
tanding wave upstream of the crest en the right. 
ltr2ICBI 
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SECTION E-SOIL ECIENCE 
1 E-SOIL MECHANICS 

(i) FUlldamenhl Research 

(o) V ari.ation of Dry Bulk de:nsity of sfJil with differe:nt amounts of cement 

mixed wltk it. 
Densities of the soil were measured '\\·it.h different amounts of.cement mixed 

:with it.. It has been found that in the case of the particular soil under· test the 
dry bulk density decreases with increase in the amount of eement. 

I 

.~b) Comparison of the different deflocculating agents added to disperse tile soil in the 

mechanical analysis of 10'11.'~. 

Five defl.occulating agents namely, (1) sodiu.a:.. silicate, (2) sodium carbo
.;nate, (3) sodium hydroxide, (4) sodium oxalate, (5) sodium borate, whieh are 
-commonly used to disperRe the soil have been studied and compared. 

It has been found that (1) the efficiency of the chemicals_is as follows:-. 
Sodium- cat bonate-Sodium Silicate Sodium oxb late- Sodium hydroxide, 

'Sodium borate. 
~ 

(2) Sodium carbOnate is the best chemical to be used because ; 

(a) smaller quantities are needed and 

fb) it permits greater latitude in the allowable concentration of the 
salt. 

(ii) Earth dams and embankments 

(a) Tlte Usekal Bund. 

The experiruentalslabs of stablised scil (Mixture 1 : 10) that were designed 
-in the laboratory and placed below a d.istributory fall have now been exposed to 
wave action for more than a year without bhowing any signs of deterioration. 

-
,(b) The effect of changes in JYIOfile of darns founded on pervious foundations. · 

Experiments on models wer~ conducted to study the effPct of -

1. (a) Flattening downstream slope_; 

{b) Flattening upstream slope ; 

(c) Increasing top width; 
-

· _ (d) I ncre?~ing tbe number of berms on downstream slope ; on the position 
•.of the line of ~aturation inside an earth dam founded on pervious base. It has 
been found that the most economical devices for lowering the saturation line is' 
.again the addition of berms to the downstrr.am slope, and flattening of down
:stream slope is the next most economical device, as obtained in the case of earth 
dams on imnem1eable base. -... 
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. 
II. Relation between the size of the gravel toe and elements of the profile. 

In order to find a suitable size of the filter toe which will prevent the line of 
saturation from appearing on the downstream slope of an earth .dam· founded 
()n impermeable base experiments were conducted with-

( i) Different downstream slopes : , 

( ii) Di:ffP.rent upstream slopes ; 

(iii) Differer..t top widths. · 

It has be~n found that the requirements of the_gravel toe is guide by the 
downstream of the dam only and its size can be known from a curve prepared oa 
the basis of the laboratory re~ults. 

4E-WATER REQUml-ME5iS OF CROPS 

Water requirements for Sugarcane, Wheat ancl Paddy crop1. 
Agricultural experiments were continued at Bulandshahr, Atarra (Banda) 

Tisuhi (Mirzapur) and Nagina Farms, and also initiated at Bahadrabad for 
the first time, to determine the water requirements for paddy and wheat crops 
for the maximum yield with the most economical use of water using rando· 
mized block system with various depths of irrigation and frequencies. 

(a) Paddy 
'' 

These were conducted at Mirzapur, Nagina, Atta.rra and Bahadrabad. A 
MatiBtical analysis of the data did not bring out significant results except for 
Attarra where depth effect was found to he highly significant, 9-inch depth a• 
two weeks interval giving the ma~mum yield. - . 

(b) lVheat 

These were continued at Barabanki and Bulandshahx farms with the object 
0~- ' ' ,, 

( i) studying the effect of a single watering of varying depths of zero inch, 
two inches,_ three inches, four inches, five inches and six inches 
applied in the middle of the 'Kor' period. 

( i·i) finding the optimum time of irrigating wheat with two irrigations oi 
two inches, three inches and four inches at varying intervals, with 
respect to the date of sowing. -

Experiment No. 1 may be said to be finalised this year, as it was brought 
out significantly that three inches depth gives the maximum yield both at 
Bulandshahr and Barabanki. 

For experiment No. 2 (with two irrigations), no statistically significa.nt. 
'l'esults were obtained at either place. For Barabanki, two inches irrigation a\ 
four weeks interval and for Bulandshahr, three inches irrigation at four weeb 
interval gave the maximum yield. 

76 
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1 A. Rainfall Runoff 

PRELIMINARY NOTE 
-

This subject has been on the agenda of the Board since 1942. As decideu 
by the Board at its 1944 annual meetiPg, a form* was circulated to various.. 
provinces and States in India for the collection cf data on the volume of rain
fall runoff from catchrr.entQ of variou~ types as a check on existing formulas 
such as Barlow's and to serve as a guide, pos~ibly in the form of formula, fo:r 
estimation of yield from catchn~ents ill future projects in various parts of India. 
In response to this, data. for 31 catchments in all have been received from Bombay 
(16), Bihar (1), Baluchistan (1), Baroda (1), Central Provinces and Berar (5), 
Ceylon (4), Punjab (1) and Orissa (2)._ Mysore, Madras , :United Provinces. 
and West Bengal have promised to supply data which they are at p:.:esent 
collecting. The data for 31 catchments already received will be put up to th6 
Research Committee at the time of the meeting. 

In 1945 the Board passed a resolution on the subject- which waJ. 
amplified further at 1946 meeting so as to include collection of all kinds of 
basic hydrologic data necessary for the optimum development of water re· 
sources of the country. The resolutions were passed en to the Government of 
India and Provincial and State Goverl.'ments f<.r implementation and necessary 
action. Consequently a meeting between the Central Waterpower, IrrigatioD· 
and Navigation Con1mission and the India Meteorological Department WM· 
held in August 194-6 to (1) consider and lay down a general policy for the-· 
collection of hydrologic de.ta i.e., rainfall, sn•;wfall, temperature, humidity~. 
evaporation, wind velocity etc. by catchments all over India and (2) consider 
the extent of facilities in respect of item (1) that exist at present and to suggest 
further faciliti~s i.e., setting up 'of raingauge, sncwgauge, temperature, humi
dity etc. stations which are necessary to be provided by. catchments ~nd 
to fix the order of priority of these. The decisi(lnB reached at the meeting were
circulated to the members of the Board with a vi('W to eliciting their opinion 
and seeking thE-ir co-operation. , There was ready response for co-operatioru_ 
from Ba.hawalpur, United Provinces, Baluchistan, Bombay, Orissa, Bengal,. 
Bihar and Madras. 

As regards.. the implementation of the resolution of the Board~ the replies 
receivE-d indicate that (1) West Bengal is taking action tr) implE-ment the
recommendations, (2) Bombay d<?es nDt contemplate rr:aking any change in 
the present practice of collecting and compiling r:1infall data until illiltructions 
were received from the Government of India, (3) N."\V.F.P. contemplate& 
inFta.llation of a few r-aingauges in some districts and flood gau~es on certain. 
nalas in the province and (4) the matt.er was under consideration of tl1e 
Government of Madras and (5)-Bihar contemplate& constit;Iting a Provincial 

-"rater Board whose first concern will be t{'. collect hydrologic data. 

•Proposed by a sub-committee appointed by the Board in 1943 and comprising Ra.i 
:Bahadur A. N. Khosla, llr. C. C. Inglis and l!r. Thomas, the then Secretary of the Board. 
" Central Board "Oflrrigation Journal, April 194:7, page 119. " 

" - 79 
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The Board's resolution was also supplied to the Pbnning Committee for 
Geophysics set up by the Government of India, and was accepted by them. 
Item VII of the resolution relatPd t.J the study of 'Vater Balance of Cntchmfnts 
wherein it was recommended that to start with the Damodar Catchment be 
selected for the study and a sub-committee comprising Dewan Bahadur 
Ramanathan, Dr. Rose and Rai Bahadur A. N. Khosla was forn..ed to work 
out details. The sub-committee has met so far four times. The investigation.:i 
have been divided into the following sub-heads:-

(i) Rainfall and evapc.rati:m 
(ii) Sub-f!oil flow and rE>generation 
(iii) Runoff and erosion experiments and discharge observations 
(iv) '\Vater requirements of crops and vegetation 

Necessary estimates for items (i), (ii) and (iv) have been submitted to the 
authorities ooncemed for sanction. A~ regards (iii) it has been decided that 
as the River Research Institute, 'Vest Bengal is at present carrying on the 
work, the 'Vest Bengal may allow her to carry on with tke same. 

In 1947 the Board pas;:~ed the fdlowirig resolution. 

"ResolvEd that the Reseatch Committee recommends to the Boatd that 
the India Meteorological Department be requested to t:xamina the conclusions 
draw by Mr. Baker from theoretical considerations regarding the variat.:on of 
rainfall on the windward and lebward sides of a hilly catchment. It is sugges
ted that among othilr met "lois that the Meteoro!ogical Depa.rtment may adopt 
for this purpo.3e simu~taneous observations be made on directional and standarcl 
raingau1es installed at suc3 plac3.s in som3 cabhment. 

'' Resulved that the Board notel with gratification that measures are being 
taze:1 by the India Mrteoro~ogical Departm~nt and Central WtHen;ower, Irriga .. 
tion anrl Navigation CiClmission to implement tbe recommendations of the 
Board regarding rainfall and other Meteoro!ogical measurements made in 
the resolution on the subject 1~assed at the Board's 1916 annual meeting. 
Further that the aHention of all Provincid and Statt: administrations be 
drawn to the x=o:tion of Bo:uds resolution relating to stream-gauging and 
ground water supplies and they be requested to take steps to implement tha 
Board's recommendations in this respect. 

"Resolved ~farther that India Metoorological Department te requPste1 to 
organize exptriments on artificial rainfall in co-oPeration with other au~horitit:s. 
Cloud cont:ol w lS a s:itjo :t wort!!y of st~JJ and considuation. 

" It was also decided. to include Artificial Rainfall on t~e agenda of the 
Research Committee under section A-Hytro!ogy. 

The subject Rainfall Runoff is considered under the following tv.-o 3Ub
},eads: 

,(i) Total volume of runoff including the standardization of hydrograrh.s 
and their analysis. , · 

(ii) l\Iax:imum runoff discharge. 
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· (i) Total Volume of Runoff, including the Standardization of 
Hydrograph~ and their At1.al~sis 

PRFJLIMINARY liO'IE 
I 

The following item~ were discusse~ at the 1947 Research Committee 
}feeting :-

(1) Unit hydro-graph of the Br(l.hmani Catchment above Nalhati. 

{2) Rainfall runoff exferlments in trays 

(3) Unit hydro-graph of the Damodar Catchment above Chas Road 
Bridge site. 

(4) Runoff from catchment round Kr~hnarajasagar. 

Recent Literature 

(1} KrimgJld, D. B .. :-Runoff as a phase of agricultural hydrology, 
AgriG!,lltural Engineering, Vol. 28, No. 2,1January 1947~ 

(2} Kinnison, H.B. :-Flccd flow formulas.. Journal of Boston Society 
of Civil Engineers, Vol. 33, No. 1, January 1946. 

(3) Statement of the actual rainfall in the Monsoon season, Jun~ to 
Septembe-r 1946, 1947 (stencilled). • 

( 4} :Malurkar, S.L. :-AbnoflD.ally heavy rainfall in India-temperatllr& 
inversiQns in tropical air masses. Current &ience, Vol. 16, No. 
8, August 1947. / 

' 

(5) Hydrologic and hydraulic analysis flood-hydrograph analyses and 
computations. · Engineering Ma~mal f0r civil works, Pt. III; 
Chapter V, \Vater Department, office of ,the Chief of, Engineers 
\Vashington, April 1946. . : ~: ,.. ', 

' - -
(6) Shands, A.I .·and Ammorman, D. :-Maximum recorded tJnited 

State3 point rainfalL U. S. Department of Commerce, Weather 
FurcaL., Division of Climatological a.nd Hydrokgic Services, 
Technical Paper No. 1, SepteiL.ber 1946. · · 

(7) Seshachar, C. :-A discussion of hourly rainfall -and associated wind 
direction at Bangalore. India Meteorological Department, Scientific 
notes, yoi. IX, No. 102, 1946. 

(8) Glasst-oolo, J. :-'I.he reliability of rainfall t.ver the Btiti~h Isles.· 
Water and \Vater Engineering, Vol. 50, No. 617, July 1947. 



82 THE CE~"'TRAL BOABD OF IRRIGATION .ANNUAL REPORT 1\J.!~ 
' 

'(9) Narsimhan, V. N. and Mohd. Zafar :-An analysi3 of the hot1rly 
rainfa 11 recorda of Poena. India Meteorological Department~ 
Scientific Notes, Vol. IV, No. 110, 1947. 

(10) 0' Kelly, J. J. :-Rainfall and runoff in relation to arterial uraina.ge. 
Transaction Institution of Civil Engineers of I rP.l~nd, VoJ. 72, 
1946. 

(11) Adams, K. T. :--Hydrographic Manual. United States Depart
ment of Commerce, Special Publication No. 143, 1946. 

THE YEAR'S WORK 

The following items were discussed at the 194:8 meeting of the Resea. rch 
Committee :-

{1) Relationship bet~een rainfall and runoff for Bundelkhand Catch
ments. 

- (2) Relationship between ma.ximnm flood discharge and catchm~at 
area for the United Provinces Catchments. . -

(3) Unit hydrograph of the catchment of the river Teesta above the 
Teesta Bridge. 

( 4) Unit hydrograpb of the catchment of the river "Mor above Kha tanga. 
"' 

(5) Average monthl1 runoff percentage of the river Barakar. 

(6) Averag·e monthly runoff percentage of the river :Mor. 

(7) Monthly discharge volume of the river Mor at 1\hatanga. 

(8) Discharge volume of the Damodar and Barakar rivers during the 
highest flood of 1947 •. 

(9) Some features of precipitational variations in the Upper Indu:s 
Catchment-a probability method of approach. 

(1) REL~TIONSHIP BE'lWEEN :RAINFALL AND RUNOFF FOR 
BUNDELKB.AND CATCBMEN'l'S (1) 

This investigation ~as carried out during 1943-44. The catc'bmenu wera 
divided into· three categories as follows :-

(1) Steep bare catrhmen~ wit.h hills. 

(2) Hilly ca.tchmen,ts covered w:th fore!7ts. 

(3) Plain catchments. 

(1) Abr.id ~ d from the United Provinces Irrigation Re-::search Station Annual Report on 
Rese'trch Progre-ss dur~ng the year 1947, page.s 3-5. 
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This y~"ar, the re1ationsl:llp bet~een rainfall and run-off has again been 
wr·rked out in the Jight of furtlwr more rigorously classified and up-to-d?ote 
data for Bundelkhand catchmentq. The larger catchments comprise, however' 
an the three classifications mixed up in one. ~ioreover, mon3oon rainfall has 
been considered this year instead of annual rainfall. Opinion had been expre3Sed 
by local officers tluit monsoon rainfall is alone responsible for the run-off. 

-
Monsoon rainfall in inches haq been plotted against run-off in millioncubio, 

feet per 8q uare inile of catchments in respect of all the three categories in 
Figur~ lA.l wherein a straight line fit ha~ been attempted. The formulae now 

I 
'ti 

40 

35~---------~------~ 

C8J. 

~15~------~~----~~~~~G-----~L+--------~------~ 

• 

P.cferences-:. 
Steep baJ:e catc:hments wtth hllll-- •u 0 
HIRy catchmenp covered with forests-· --a---
Plain catchmenta-------------··-·-ll.-·-

10~-----------~--------~------~--------~------~------~ 0 5 10 15 10 1 )0 
P.vn-off ln million cubic feet per square mJie ---

~ 

Figure IA.l : Showing relat1'1Jn he~ ween monsoon rainfall and runoff /Of' 
(1) Steep bare catchments Wl~lt Jjlls; (2} hiUy catihrtte11ls covered tcith 
forest-8 anil (.1) plain catclrmenr,s. 
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worked out are given below along with those worked out previously wherein the 
annual rainfall was taken instead of the monsoon rainfall :-

,:., 

Serial 
Xo. 

1 

2 

3 

Type of catchment 

Steep bare catchment with 
hills. 

Hilly catchment~ ~overed 
with forests. 

Plain catchments 
• 

:Formula as previously 
worked out 

Run-off=l·71 (Rainfall 
-17·5 in.). 

Run-off= 1·098 (Rainfall 
-15 in.). 

Run-off=2·5 (Rainfall 
-22 in.) . 

Formula now worked out 
with more rigorously 
()lassified data and using 

only monsoon 
rainfall 

Run-off=l·2074 (Rainfall 
-12·95 in.). 

Run-of£=1·012 (Rainfall 
-13·35 in.). 

Run -of£=0·5818 (Rainfall 
-14·23 in.). 

(2) RELATIONSIDP BE'IWE.EN MAXJMUM FLGOD DISCHA.l\GE AlfD 
CATCHMENT AREA FOR THE UNI'l.ED PROVINCES CA'ICBME~t"'S (2) 

ABSTRACT 

For computing maximum flood discharge of any catchment in the United 
Provinces, three graphs were deduced for catchments from 0 to 100 square miles, 
;100 to I,ooo- square miles and from 1,000 to 10,000 f'lquare miles . 

• 
(3) ~"'T H!JJROGRAPH OF THE CA'ICBMENT OF 'l'BE RIVF;R 'J.·FESTA 
- ABOVE THE TEESTA BRIDGE (3) 

ABSTRACT 

A storm of heavy magnitude occurred in the Tee'"ta Valley from October 
20 to 24, 1945. The magnitude of minfaJI was very high oa October 20, 21 and 
comparatively low on October 22 aL.d 23 y;-hile it was very small on October 2!. 
Describes the attempts 1.uaae to get a unit hydgorgaph from this storm by 
separuting vut th~ effec,ts of_the rainfall on different days. 

------
(2} The United Provinces Irrigation Research Station Annual Report on Research Progress 

during the year 19!7, pages 5-6. 
( 8 ) Annual Report of the River Research Institute West Benga.ll947, pages 11-15. 
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\4) UNIT HYDROGRAPH OF THE CATCHMENT QF THE RIVER MOR' 
ABOVE KHA.TANGA (4) 

-ABSTRACT 
A unit hydrograph for the catchment has 't6&n prepared by working out 

average dis~ribution ol net flood runoff {unit 12 hours) from the ~ercentage 
distrEution of the seven floods picked out from the data for the years 1936 
to 19~1. 
.. Observations of daily gauge heights and periodical discharges had 'been 
taken between 1926-41 in the river Mor ~t Khatanga where the bq.rrage in the 
Mor Project was originaHy proposed to be constructed. The site of .the 
barrage has been ultimately shifted a few miles downstream. The data for 
Khatanga show three-hourly readings of the gauge during floods for the 
years 1936-41. These floods have been utilised in an attempt to obtain a 
unit hydrograph for the site. 

The flood hydrographs were generally the synthetic result of· rainfa.ll 
on several days. As such the natures of the hydrographs differed amongst 
themselves. However, it is found that generally the peak is reached on the 

. second day and the runoff flood lasted for five or six days after the peak flow 
unless there was super-imposition of runoff from another rainfall. Seven suit
able floods were picked out during the six years 1936-41, where the rising stage 
was not disturbed by overlapping of another storm and the falling stage was 
disturbed as little as possible. 

:"' ' 

If the flood is caused by rainfall on a single day of whatever amount_, 
a unit hydrograph may be derived from this without any further consideration 
{)f the amount of the rainfall. Here though the runoff is caused by the synthe
sis of the runoff due to rainfall on two or three days-it is assumed that the 
runoff is caused by the rainfall that is of the largest amount, that is, the effect 
of the rainfall on other days has been negleqted. The runoff is thus considered 
to be the result of a rainfall over 24-hours. The precent~ge distribution of the 
runoff on different days as observed here should then give the unit hydrogr~ph 
on this assumption. This would be in error from the actual percentage distri
bution for the unit graph. -But if such distributions from a large number of 
floods be worked out ~nd averaged, these errors would tend to minimise,. This 
is what has been attempted at here. Only seven t}oods could be picked out for 
this purpose and an average distribution has been worked out from these. 

The rainfall has been supposed to have taken place during 24·hours. Th~ 
.flood discharges have been averaged for 12-hourly periods from 6 a.m. to 6 p.m. 
and from 6 p. m. to 6 a. m. These have been p~lled d~y and night respec
tively. The obseryed hydrographs for the~e floods have been shown in Figure 
IA.2. In the case when there has been a rise in the falling stage before the runoff 
from that storm appears to have ended, the graph in the falling stage hits been 
~xtended by the dotted line in accordanc,e with qnqisttJ.rbed falling stages of 
other floods. The base flow, also shown with dotted lines, is the flow as it 
would have been in the absence of the rainfall am~ increases a little to account 
for the addition by ground water flow. ' 

(') Abridged from the Annual Report of the River Research Institute West Bengal 
1947, pages 17-22. 
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Computations were made of th.e net runoff by subtracting the base flow 
from the observed flow f~r the seven floods. ~In case, where there has been a 
rise in the receding stage of the flood and the falling stage has been extended as 
mentioned above, this extended curve has been taken for the.. observed flow). 
Table lA.I gives'the l>~rcentage distributions for all the seven floods and the 
average di<~tribution worked out from these. The individual distributions for 
different floods are shown in Figure 1A.3 with the average curve shown in 
bold line. It is seen that the maximum runoff takes place usually in the fourth 
lUlit of time and cccasionally in the third. For the average curve ~he peak is
in the forurth unit of time. -

Unitt of times in\ 
12hours 

1 I 
2 

3 

4 

5 

6 

7 

8 

9 

IO 

11 

12, 

13 

14 

15 

16 

Total 

TABLE IA.I 

River Mor at Kltatanga 
(Percentage of net runoff in different flocds) 

3rd 4th 5th 1 6th 7th 

9-9-36 7-10..37 26-6-38 9-8-38 26-8-40 2-7-41 8-10-41 
Average flood, I flood, flood, I flood, I- flood, 

1------~------:------~------1----
1·12 2·50 1·96 1 1·82 2·64 

~~~~ 
0·77 2·47 

8·92 8·49 

20·63 22·76 

20·46 

12·36 

9·32 

7·35 

5·75 

4·29 

28·861 
15·64 

7·61 1 

4·95 

3·04 

2·17 

4·17 8·73 5·80 

30·35 14·91 22·50 

32·18 25·91 : 29·81 

17·n I 16·09 

11·06 I 11·08 

6·21 \ 5·80 

16·98 

7·15 

3·17 

1·74 

1·23 

I 

4·4o 1 2·83 
I 

3·19! '1•77 

3·15' 1·09-1 0·92 

2·35 0·80 l 0·68 

2·071 
1·.55 

1·12 

0·63 

1·80 

1·27 

0·71 I 0·31 _ 1·03 

0•53 1 0•00 0·60 

0·37 

0·24 

20·99 

32·66 

18·70 

9·84 

5·11 

4·32 

2·54 

1·79 

1·19 

0·75 

0·30 

0·00 

16·4:7 I 
19·81 

15•10 

9·41 

9·08 

7·48 

6·09 

6·04 

2·31 ! 
1·33 

0·70 

1·9 

10·5 

23·! 

24·4 

14:·0 

8·6 
' 

5·6 

3·8 

2·9 

1·8 

1·3 

0·8 

0·5 
I 

o·83 0·53 1 o·oo o-43 o-oo o-oo o·I9-t o·3! 
0·53 - .0·351 0·00 ~-oo 0·00 0·00 0·00 1 0·2 

0·22 0·00 I 0·00 0·00 0·00 0·00 0·00 I 0·0 

1100-oo [100-oo l1oo .oo / 100· oo.f1oo· oo [1oo-oo 1100-oo !1oo:OO 

_ This average distribution gives a unit graph for rainfall over 24-hours expressed 
in 12-hourly intervals. To obtain the distribution in 24-hourly intervals, that 
is, in days, it is only required to sum up ~hese distribution percentages by two's. 
These daily percentage distributions are given in Table IA.II. It is found 
that on the second day there is a high peak of 48 percent., of the total runoff. 
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Figure I A. 2 ;- Showing observed hydrographs of the River Mor 
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Figure I A. 3 :-Showing distribution of surface runoff for different floods of River Mor 
at Khatanga 
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TABLE IA.II 
Unit ltydrograph of river Mor at Khatanga.. 

- I Ordinates of Unit 
Days Percentage I hydrograph · 

1 I 12·4 13,894 
2 47·8 15,012 -
3 22·6 '' 7,098. ' 
4 9·4: 2,952 . 
5 4:·7 1,476 I 

6 2·1 660 . . 7 o·s 251· 
~ 

' 
' 8 0·2 63 

Total 100·00 31,406 

The total catchment area ofthe.Mor above Khatanga is 1,168 square m.ileCJ. 
One inch of rainfall over this whole catchment running off totally in 24-hours 
would lead to a discharge rate of 31,406 cusecs. This, then, would be the sum of 
the ordinates of the unit hydrograph and should be distributed on the different . 
days according to the percentages obtained above. The ordinates of the unit 
hydrogra.ph arc- also given in Table IA.II while the unit graph is. shown in 
P.iguxe A.4. 

I 
t 's.ooo r---r--.-.... --.r---r---,.---r---,.---r----r----, 

• 
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n 
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.c 
u 6.COO .!!• 
a . ' 
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0 
.. 

·S I l 4 5 6 7 8 9 
Day•-

Figure IA. 4: Um:t ltydroJraph of tl¥?- river Mor at Khatanga. _ 
_ It has been found that the rainfall, though not taken into consideration 

for working out the unit graph here, usually takes place· over three -days,. , 
the amount on all these df.tys being of fairly high order. Attempts are being 
made to separate out the unit hydrographs separately from each of the' storms. 
These when averaged would give a distribution for the unit graph and would · 
serve as a c~eck on the average distribution obtained he!e· 
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(5) AVERAGE MONTHLY RUNOFF FERCENTAGE OF 'l'HE RIVER 
BARAKAR(5) 

ABSTRACT _ 

Hydrc;,logical observations of the rivzrs Damodar and Barakar were statted 
1n the year 1944. Du,.ing the flood season of 1944 observations were taken on the 
Barakar at only one station viz., Bara.kar-Giridih while the site on the G.T. 
Road near Barhi was opened in November 1944. In 1945 another stream .. 
gauging station at the Barakar-Asansol Railway bridge site was opened. Th~ 
monthly volumes of runoff have been calculated in acre-feet for the monsoon 
mo~ths (J'une to October) of 1944,1945 and 1946. 

The monthly volumes of runoff for the monsoon months (June to October) 
of 1944, 1945 and 1946 were calculated and are given in Table IA.III. 

t No.I 
I 

TABLE IA.III 
Discharge volume of river Barakar 

Catchment 
Name of the site area in 

square 
miles 

Month 
t
l 1944 

discharge 
volume 

I. in acre 
feet 

1945 1946 
discharge discharge 

volume '!olume I 
in acre m acre 
feet 

1-------:----:-------1----:----·1---
3251 June 

fe~t 

2 Barakar-Girdih 

3 Barakar-A.sansol •• 

July 
August 
September 
October 

1,S50 Ju._ne 
July 
August 
September 
October 

2,500 June 

. 

July 
August 
September 
October 

. . I 

. . ' 

565,900 
155,200 

75,600 

.. 
37,600 
81,900 
18,100 

105,200 
239,100 
235,200 
307,400 
184,500 

342,400 
359,500 
593,300 
358,000 

56,500 
180,800 
118,000 

.. 
248,500 
489,100 
518,000 
608,600. 
256,300 
360,50!) 
704,600 
761,300 
885,500 
315,000 
• 

The monthly rainfall data in the Barakar catchment are given in Table 
IA.IV. In the Barhee catchment which is about 325 square miles there is 
only one rain-gauge station at Barbee, while another one at Kodarma falls 
outside the catchment a little downwards. The average of these two have 
been taken as representative of the rainfall in the catchment. 'Vithin the 
catchment above Barakar-Giridih (which is about 1,550 square miles) there are 
only six rain-gauge stations. The plain average of these have been taken for 
the average r.ainfall in the catchm~nt. For the catchment area between 
Barakar-Giridih and Barakar-Asansol which is about 950 square miles there are 
six more rain-gauge stations. To get the average rainfall in the catchment 
area above Barakar-Asansol the rainfall in the six stations in the upper catch
ment have been given weights double of that in the six stations in the lower 
catchment., The average rainfall thus worked out is given at the bottom of 
Table IA.IV. . 

(5) Annual Report of the River Research Institute West Bengall947, pages 22 to 2.5. 



R:loin-~:1uge 
stations .. • 1944 

TABLE IA.IV 
Monthly rq-jrifall statement in the Barakar Oatchment 

. 1" ~. . 1945 l. 
' 

1946 

.June --~y- I.Auqu;;t !stlpt.f'm- I 0-!'toh-~rt -:;:::·-~- ;tul;~-~~·-u-gu_8_t-,1-S-t·-r,.t-;·-m--j--o-,-.t.()-b-Pr June July Augu14t 1 Soptem-lO~toher 
. ' her . . . I 1 1 b. 1 . , • ber · . 

. Barl;l-·------I--6--G-6-l--1-2-·-23-·i 13·14 3·0,J 3.07 2--::J ~:J-~0~-~ 9·3Q 7·-,6~--5-~4-2-l--11-.-2-2-l----l-'----- ---

- Kodarma' 7·87 ll•57j 14·76 7·16 2·77 ·3·5:J 13·,4-;> I 8·79 6·6:J . 3·87 4·90 
f4·69 11·02 l7·1H 6·46 

!.•·"~ .... 

Bagodar l·30 8·92 13·01 4·70 3·0a 4·31 .7·88 ' 4·03 8·03 

Dhanwar 

.Giddih 

· Dunui 

Tundi ·· 

Tope-cf~anchi •• 

Dhd.nbad 

Govi!ldapur · ,·. 

Pandra 

... ,I ...... 

'7·25 . 12·97 12-10. 2-a1 .4·78 2· 72 19·26 

5·67 15·54 

5·41 16:72 

6·98 12·05 

7·91 16·48 

12·09 

16·78 

2J·l2 

l4·4S 

4·88 . 15·64 16·7:l 

1- 12·62 ·, 1~l27 
! 

•• I 

6·36. 2~89 4·44 

~·89 1•37. 4·89 

:5'- so 1 rjo ,7, 46 

4•52 

7·03 

8·56. 
.. 

2·27. 

2·47 

1·73. 
c' 

••' 

.,10·'/.7 

' 6·16 

7·23 

9·86 
' S:H' 

~' ~ 

16·39 .. 
ll·05 
' 
10-45 

10~99 

8·23 

13·27 

9-a8· 

7;65 
i 

s-o~ 

S·07 
'I 1'2~4 

7~93 

13·91 

9·27 

13·.4."; 

. 7·88 

10·93 

13-:U 

1·92 9·37 

8·21 

7·03 VI·12 

5·71 7·89 

7·20 7·75, 

' 

15·1l. 13·76 8·72 3·7:Z 

4·38 5·6:J o-ao 2·59 

8'·88 5·53 ·t·63 3·:19 
' 

7·16 8-25 10·37 "7· I7 

10·63 9·67 . 3·62 8·34 

14·17 15·li0 9·06 5·45 

15·80. ll·J9 ~-17 7·1R 

. 10·17 ' . . 9·90 3•M:3 

'17~03. 15·70 s-s1. 1 

Jam tara. · .. ,... 7·75 16·8$_ 13·81 ~~:Jo I 
.• • .1 . . ' 

~ 

:·10:68 . 9•61. f;6t) 4·p7 . ' 

13..54 

.. ' ~ . ·r 
12·4? .... :'l5·48 8•74 ' ~~~6S I 6·95 

Avern,gt' mont.hhrrainf~tll' · 7·27 ll·90 13·95 5<U 2·92 3·.26 13·27 9·05 7·.o:'}· 4·65 8·06 : 14·90 · 12·39 lll·;J2 I .5·09 

.. -. . ..... 
7·47 

for thP Barhi .'atch- 1 • 1 . 

A!:::;~onthly-rainL1ll 6·19 \2·99 L J3·65 4·59 2·~9 .3·81 ·.· 11.·99

1
_ 9·7.·9···1 .. 9·0-' 4·60 g;·81· .10:1·~· :.8·96 7·93, .• ·3·6~ · for the lhrakat-Girl- - ' I .. . • · . 

. . dih Cat~•hment. · · · . l . 

,.berar~~ (wei~hted) fll-in~--. . 6·87_ 13·50 . 14·25 5·13 2·6~ 4'·79. 11·91 ,. 9·481 9•97 4·85 8·93 ll;73 9·92 . s-m) 1·. 5·67 
' f1ll for ·Baril.~tl.~AM11Bol. ·

1 
I I. . ·. · .t . • 

f Ca.tohmant. . ,_.. 1 '· . • • ..:...~-~------------.;...---..;.,--------------
(The hinfa.ll in the upper catchmeut being _given twice tlte weigbt of tlw•e itt the lower eatc.ha•at.) . 

• / . I - . . ,..-
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Table IA.V gives the rainfall in inches, average depth of runoff in inches 
and the runoff percentage for each of the three sites month by month. It 
is found that the runoff percentages as worked out for Barakar-Giridih and 
Barakar-Asansol for the month of September, 1946, are very high. It is 
seen from Table IA.V that at one of the stations in the upper catchment viz. 
Dhanwar, the monthly rainfall magnitude for this month is very smail and 
this has been given a doubl~ weightage. A rainfall contour map has been 
prepared on the basis of the monthly rainfall figures for this month at the 
different sites of the Damodar catchment, Figure 1A.5, and it is found from this 
map that only a very small area comes within the contour line of 2 inches
rainfall, in which the Dhanwar site is situated. The average rainfall for the 
catchment worked out from this contour map would thus increase average 
figures as o?tained here so that the runoff percentages would be lower. 
·. 

c.IJ. 

Figure 1A.5: Rainfall contour map of the Damodar hill catchment for the month 
of September 1946. 

Another fr~ture noticeable in Table IA.V is that for all the months 
of 1946 the runoff percentages at Barakar-Asansol are systematically lower 
than the corresponding figures for Baraka:r-Giridih. Thus the upper catch
ment gives more runoff than the lower catchment. This might be due to 
forestation and other topographical- features of the_ upper and lower catch. 
menta. Further investigations are being done on this point. 



TABLE IA.V 
Runoff percentages 

1 ~----~---------·----------------------------_.-------------------------------------------------~--------------

Si~e 
Catchment 

a.rea in 
square 
miles 

1944 

Month 

' 1945 1946 

------~----- ---- - - __;._..,._. __ 
I. . I :· ' ' . t •. 

, Discharge Runoff Rainfall . Discharge . Runoff R&infall •l Discharge • Rm\nif 
·:ttainfall volume in percentage in inches volume in perct'ntage in inches volum~in percenta.ge 

, ! • I in inches ivche'f , inches i inches r.,...._, ________ ,, _____________ 
1
:..:._ ___ . l...;.. ___ , ____ J_..:.._-.;.., __ , _____ , ____ ,_......., __ •;. ----....-1----..:.._-

(:r ' ~ ~ I , ~ . - -, 
{J3.~ln;::~~ ,, .. 320 ;:; :: , ·· I · ,:::; .. ; -:: , :: ,::: :: :: ',::: ,:::: .• ::;~ 

i .. 

Barakar· Gfridih 

Barakar-!sanso}· · ' ·• 

''August •. ·13·95 " .• •. .. 9·0$ 2·17 23·98 12·39 :6:81 
~ '~ ._,. 

September· • .• ; :5·11 "" • • • • 7·05. 4·"73 87·09 p·32 

October· 

.June 

July 

AU:gWJt 

September 

October . 
. , 

2,500 June ~ · 

. 1·. 

' 

'~ A ' ,,. ~; 

6·191 ~ • .• 

'2·99o 
;',"-• 

13·65 

1·89 : ~i·18 

0·92 
.. 

... 
~ 

13•Q0 
• J ' 

4·65 1·05 : 22·58 5·09 

3·81 1·28 3:1;60 8:81 • 

·ll·99 '2·91 24·27 Hh14. 

2·86 29·2i 8·96 

3·74 41·37 7·93 

2·25. 48·9(' 5·61 

. 2·57. 

2·70, 

'21·58. 

28·48 

44·tl3 

8·93 

'11·73 

~·\}2! 

~Hi3 

3:03 . 

5·96 

6:31 

7·41-

3·12. 

2·70, 

' 5·28 

"5· 71 1 

6·64 

\ 

54·96-

. . / 

34·39 

70·42 

93:44 

55·61 

. .39·.24 

45·01 

:57·56 

76·94, 

41·62 

I· 
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(8) AVERAGE MONTHLY RUNOFF PERCENTAGE OF THE PJ:VER MOR (
9
) 

ABSTRACT 

Discharge observations of the river Mor at l\Iessenjore was started from 
the beginning of the year' 1946. The monthly discharge volumes as also tht> 
averaae monthly rainfall in the catchment have l)ecn worked out. The a_veracre 
monthly runoff rafio has been calculated from these for the _monsoon months 
(June to October) of the year 1946. 

• ('i) MONTHLY DISCHARGE VOLUME OF THE RIVER MOR AT 
- KBATANGA (6) 

ABSTRACT 

Observations of gauge heights and periodical discharges of the l\'Ior at 
Khatanga were taken during the mon<;oori months between the years 1926 and 
1941. Records of gauge heights contain two gr three readings a day upto 
1935. From 1936 to 1941, the records .:.how readings of gauge heightc~ e~·ery 
three hours from 6 a.m. during to 6 p.m. floods, and two or three read;ngs 
a day at other times, during the monsoon months (June to Oct.ober'}. The 

-readings in June begin from about the middle of the month. The discharge 
corresponding to each gauge reading had been computed from the periodical 
observations. 

The discharge volume has been calculated month by month from J ~y 
to October for the years 1936 to 1941. 

(8) DISCHARGE VOLUME OF THE DAMODAR AND BARAKAR RIVERS 
DURING THE HIGHEST FLOCD C F H'47 {'; 

. The high~st flood in the Upper D2modar during 1947 was recorded in the 
first week of September, while its main tributary, viz., the Barakar registered 
the maximum flood in the first week of August. 

The total volume of water that passed through the Damodar and the 
Barakar rivers when these rivers were at their highest stages are given in Table 
IA.VI 

TABLE IA.VI 

River Name of site 
.. 

Period 

1--~------:------,..-:---,---·---------

Damodar 
Dam.odar 
Barakar 
Bara.kar 
Bokha.ro 
Damoda.r 

I 

Chas Road 
Sudamdih .. 
Barakar (Giridih) 
Barakar ( \.n.Hsol) 
Dania 
Ramgarh 

""t ~ ~ 

.. I 3rd September to 7th September 

. . i 1st September to 14th September 
• 1 30th Julv to 5th August 1947 
I lst Al_$Ust to 8th A•1gust Hl!i 

.. j 2nd September to 4th September 

. . '3rd September to 6th September I 1947. 

l Volume I i of water 
, in million 
· acre feet 

0·686 
0•700 
0•443 
0'54~ 
0·028 
0·231 

(')Annual Report of the River Research Institute West Bengall947, page 26. 
(') l.nnua.l Report of the RiT:I-~uarch Institute West Benga.ll947, page 27. 

:,; -... -~~' 
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t9) SOME FEATURES -oF FRECIFITA'IIONAL VARIATIONS IN 'IHE · 
UPEER I.NDUS CATCHMENT-A PROBABILITY ME'IE:O~ OF 

APPROACH (8) 

ABSTRACT 

An attempt h2.s be(·n m2.de in this l)t:.r~~r to study the recorded data of 75 years •. 
(1885-7940) of all the st~ndard raingauge stations in the upp~r Indus catchment 
tote 2.1 b tq P-nsw(r imrortlint qt:0stions relatil'g to yc·?.r to year variation of rain
fall ttrnomena. For simplicity allte.:ngaugc stations have been given equal 
weightagc in the analysis. 

'I he rl!stribution liiw govc,rning tho v&riati.Qn, for both the Kbarif as w~ll as 
R1bi -s€2son·s rainfall .. in th~se catchments, have been found out to subscribt' · 
gcnr':'~.lly tc ine I of t:tc P,e·s.rscnil'..n system ci frequency. curves, the skeWDess 
bf·i.ug- r.ositi-ro. By_ intc·grating tt.c~fc tUiv?s, trota.bility uuvu for directly 
rc.i'-ding off the r·robability of a. rcaoon 's ra.iLfall not falling short of any specified 
mm,rurc, h:no teen prepved. Together, these curves I•reividc the answers to 
various questions on a statistical basis. 

DOES THE YEAR TO YEAR RAINFALL PHENOMENA OBEY ANY lONG-TERM OR SHORT
TERMCYCLICLAW? IFSO, WHATISTHEMOSTPROBABLEPERIOD OF THECYCLE? 

Temperature, humidity, hours of sunshine and other natural phenomena 
ar<', generally, governed by a periodogram law-sometimes subject to a combi
nation of more than one periodic variation·; for example, temperature is subject 
to the solar year as we]] as tlw solar day cycles. Is rainfall a similar cyclic 
phenomenon 1 

Rainfall is apparently irregular in freq;ency, duration a~d m~.gnitud~ : 
rains are often early or late, it is either a ~y year or a wet yea:t:, and so OI,l, 

Lut, nevertheless, there is a current belief that rainfall v'ariations repeat 
thcm.sclyes after a period of 35 years. A successful estimate of the period. T, 
if rainfall is cyclic, would be of great value for predictio~ of the normal expecta
t~on from the recorded data for any T successiv~ years. For example, if R 1 
am.l R 2 are the highest and lowest annual falls in a region subject to cyclic 
rainfall with period of cycle 35 years, rainfall would be a continuous functi<;>n 
of time t with any year',t; fall very nearly express~d by . · • 

! (Rt+R2)+2!(R1-· R2) Sin 2 
Td 

35 -.. -.......... ;: .••••••••••• (IA.l) 
35 / . 

where t assumes all integral values from I to 35. -
' . .. ~ 

.A.ssuming that precipitational variatiozis are governed by a perioaogram 
law expressed by Equation (IA.l) above, all intensities of rainfall between: R1 
and R2 would ordinarily occur with the same frequency in a long series of years. 
Previous recorded data for several rainguage stations, however, disprove the 

( 1) Centr.tl Waterways, Irrigation and Navigation Resf:a.r<:h_ Station Poona; Annu&l 
Report (Technical) 1947, Pages 7-18. 
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expectation anJ incidentally rule- out the hypothe~i~ of -such periodicity. 
Ne·,:erthcle:->&1 75 yea.~.R, (1865-1940) actual recOI'f~eJ data of rainfall-Kharif 
and Rabi l1ata com~idered &eparately-observed at seven raingauge stations in 
the Sutlej Catchment, where analysed for periodicities to see if there is any 
such indication in theiile data. 

The method adopted was the usual one of calculating the mean pha~e 
values at each stage for all probab1e values ofT, the length of a. complete cyciA. 
Taking all the alternative integral values of T=2 to T=37 years, the meagre 
data of 75 years permitted only two repetitions of the- individual phase values 
for calculating their means at each stage. A comparison between the 36 
ranges of variation of these mean phase values (for what they are worth) seemed 
to indicate a.. period of 22 years as more likely than any of the other 35 alte~na~ 
tive values examined. [This finding is based on the analysis of the data for 
Khar~f rainfall at one raingauge station, namely Kasauli ; but it is sufficiently 
indicative of the trends of other stations]. 

Values ofT from 19 to 23 were next examined in greater detail, so as to 
produce at least one more repetition of the cycle from which to calculate the 
mean phase values. The ranges· of variation between the mean phase values 
at Ka.sauli thus obtain were :-

T (Years): 19·0 20·0 21·0 21·5 22·0 23·0 

Range: 30·0 33·9 40·2 46·2 41·3 31·9 

The peak value of 46 · 2 indicates a precipitation cycle, if one exists, of about 
21} years duration. In view of the very scanty data and the marked lack of 
any uniformity in the four repetitions little weight can be attached to the 
reality of any long-term period (such as 22 years) as this could be due to purely 
fortuitous causes alone. 

A 'search for lower pQriodicities-2 to 15 years-according to the more 
exact method of the variations of the correlation ratio, based_ unifonr\ly on five 
repetitions of the eycle, did not yield more fruitful results for· any of the seven 
stations in the Sutlej Catchment, for either the Kharif season's or the Rabi 
sea.son's rainfall. · -

IF RAINFALL IS NOT A PERIODIC FUNCTION OF TIME, WB-4\T IS THE SHORTEST 
PERIOD OF RAINFALL FROM WHICll THE MEAN NORMAL RAINFALL OF ANY PLACE 
CAN BE REASONABLY ESTIMATED-i.e. WHAT IS THE LEAST NUMB!.R OF YEARS FOR 
WHICH THE MEAN VALUE OF ANNUAL RAINFALL DOES NOT VARY APPRECIABLY 
FROM THAT OVER A LONGER PERIOD OF YEAR? 

'Vhile the investigation of periodicity must need be postponed until more 
date of rainfall becomes availab1e, it is important to know the minimum number 
of years over which the c·R}culatecl average yearly rainfall at any locality 
remains sonsihly constmt. 
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For this purpose, partial means for all possible 35-years and, 45-years · 
continuous periods were computed in the first instance. The 75 years data 
(for six raingauge statio~ in the Sutlej Catchment) provided, for each station, 
41 successive mean values for 35-years periods, and 31 mean values for 45-years' 
periods. The 75 years' average being taken as the" normal", it was used as 
the yard stick with which to compare the serveral partial means and their 
percentage deviations from the" normal ,; . The values of the largest percentage 
differences of such p,a~ial means from the "norma} " are given in Table IA. VII 
for each of the six raingauge stations. 

. . 
TABLE 1 A. VII 

-
I Percentage Deviation from 
I Raingaugj "Nor- Stan- Percen- 75 years' mean 

Station mal" dard tage 
Season ., i.e. 75 De via- coe:f6.-

I years' tion cient of of35 of45 
mean - varia- . 

I rainfall tion 
years p1ean years mean 

-

·--- I . Lowest.. 'Highest Lowest Highest 

1 2 3 4 5 6 6A 7 7A 

I 
I -
I . 

Kasa.uli .. 56·02 '16·14 28·8 - 8·9 ,+ 2·3 - 5•5 + 1·1 . - Barauli 41·38 13·67 33·0 -10·1 + 5·4 - 8·4 -+ 2·3 .. 
Simla .. 52·51 12·02 22·9 - 4·9 + 2·9 

Khari/ •• Kot Khai .. 31·86 12·48 39·2 -18·6 

'+ 4·6 j- 5·9 

+19·2 -17·9 + 9·6 

Kot Garh .. 34·86- 13·66 39·2 -19·3 +17·2 -18·0 +-8·9 . 
. Una .. 31·51 10·14 32·2 -3·2 + 6·0 -1·4 + 5·6 

- . i 
I : 

Kasauli .. 10·32 5·18 
I 

50·2 -14·8 + 9·4 -9·4 + 7·0 . 
Barauli 

~· 
9·61 4·80 49·9 -11·7 + 8·8 -10·5 + 4·5 

Simla .. 10·65 5·12 48·0 _;_ 1·4 +13·1 - 1·5 ·+11·tJ 

Rabi .. Kot Khai . . 10·51 5·75 49·9 - 9·4 + 9·2 - 7·1 ·+ 5·9 

Kot Garh 11·57, 6•18 53·4 ' .. - 9·7 + 8·0 - 7·1 + 3·9 . . . ' ';!! .... ~ • 

,.., Una 7·19 5·02 ! 69·8 - 3·6 +16·3 - 4·1 +12•0 .. 
I 
I . 
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. The 35~years' means do not generally deviate from the 75-yP-ars' mea.n 
J.Y more than about ±10 per cent for Kharif and ±15 per cent for Rabi season'! 

·rainfalL The two exceptions, Kot Khai and Kot Garh in Khanf, do not show 
any material improvement even by including 45 years' data for calculating the 
partial means. On the 6ther hand, the very large values of the coefficients of 

. variation (in column 5 of Table I A. VII) for the stations registering big percent· 
age deviations pcrha.ps indicate that dispersion is rather inherent in the 
stations th('mselves. In a simila:r: manner, the sam..:> explanation answers why 
a wider measure of_ latitude is necessary in the Rabi season's rainf~ll. 

It was. _therefore, consider.ed more appropriate to attempt to fit frequency 
curves to the rainfall data with a view to obtaining the extent of the probable 

' >ievia~ions of the fall above and below the normal: their long-range frequencies, 
e~. • 

Starting with the Kharifrainfall at Kasauli a skew distribution of Pearson 
type I for the percentage probability of rainfall in any one year being equal to 
R was obtained as-

\ ' 

R-56·36 
y- ll· 68 (l+ 46·638 

4:·002 
) 

(l-R-56·36 
l 84·389 

(IA.2; 

with skewness equal to 9·19. The curve is, therefore, not very far from being 
symmetrical with the total probability of rainfall exceeding the mean being 48 
per cent~ -

Other general indications are also t:Vldent from this curve~ such as : (a} 
years of scanty raib.faU occur more frequently than very wet years; and (b) the 
extent of the departures of .rainfall in above-normal years is larger than in below 
normal years. 

This method being tlms evidently promising, it was applied to study the 
frequency features ofpn·cipitation in whole catchments rather than at individual 
stations, since it is the former that are more jmportant in irrigation engineering_. 

The catchments considered' in this study cover the four principal rivers of 
the Punjab, viz., the Indus (15 stations), Sutlej (7 stations), Chenab (12 stations) 
and the Beas (1(} stations). The units offrequencvconsidered are station-years, 
the total rainfall recorded-at any raingauge station during each season being 
taken to conetitute one statimHtear. The names of the raingauge stations in 
each catchment and the numbe; of vears for which the records were available 
for each station are sho-wn in T~ble ~IA.VIII . The data for the total number 
of station-years in each catchment were then analysed for the probability that 
the average rainfall in the catchment does not exceed any specified value during 
a •ea.so!l. This was do.r..e by the method of fitting appropriate Pear~n typ& 



Sf<'l>ti f)IUI . 

/· I 

lCasauli 
Bara.uli 

· .. Simla. 
; Kot Khai .• 

Kot Garh 
Kilbe .. 
Una 
Bw&bJ .. 
Abbott.a.bad · 
Kolia.t 
M'am~ehra. · 

KasS:u1i 
ara.uli B 

s imla. . . 
Kot Kl;ai· 
Xot Garb 
Kilbe ~-- . 
Una .. 
Swa.bi .. 
.Abbottabe.d 
Kohat ..•. 

lfansehra. 

• 
-

.. 

... 
... 
... .. .. 
. . .. .. 

,., ... .. .. 
•. 

' . 

No .. of 
lears Norm~l or 
Data mean 

a nila. ble rainfall in 
for inches 

2 :~ 
I 

75 56·02 .. 75 41·38 , 
75 52·51 
75 31·86 
75 34·86 
58 17·19 
75 31·51 

. . 69 1.5· 43 
81 31·00 
79 ll·30 
75 23·64 

-

! 75 10·32 
75 9·61 
75 10;65 
75 11·51 
75 11•57 
55 13~15 
75 ' 7·19 \ 

.. 69 8·06 
81 . •''"!"J5·81 
78 . 6•33 
741 13·12 

TABLE lA. VIIJ 

Analy::,is of ra£nfall data of Sutl~j Catchmenl . 
• 

Perrl:'ntag;e lklnu norro;~.l AL·wo normal 
of vcars . .Pl'r<'entngE' ------------ ---------------

aJ:.,;ve faiL! in 
normal MPan fall Ran•;e :Mt'an fall · Ran~(' :wetteRt ..., 

;\'ear --
4 5 {} 7 8 9 

; 

· Kharif Rewwn. 

._. 

46·6 . 43·72 :{!1·57 70·0(1 44·511 179·9 
44·0 :32·40 m-44 52·81 43·l!l 204·6 
.f.S·O. 4~·40. 21·90 '62·3~ ·. 38·77 174·3 
37·3 2<1··21 16·94- 44-·70 38·9!1 22:1·5 

'38·6· '26;69 18·28 47·81 53·00 252·5 
32·3' ll·28 13·32 29·31 ' %·25 315·7 

' 44·0 24·02 17·70 4} ·05 2.'i·3·> 181·5 
·50·7 ' 8·80 14·90 2·1·88 18·83 223·4 
48·1 .. 25·55 12·72 36·87 29·{1~ . 193·9 
44·:! 7·91 8•16 15·56 10·43 192·.5 
44·0 lS·R6 13·86 29·73 2Q·:U .197·.2 . 

· Rabi 

1 .. 
' I 

41·3 6·.71. 7·29 15·45 13·56 232·9 I 

·f.5·3, 6·03 8·75 13·93. .. 13·89 245·3 
I 41;3 7·11 

i 
9·15 15·69 13·.03 '228·8 ., 

44·0 7·35 10·78 16·80 15·80 238~1' 
49·3 6·82 11;50 ]6';46 j 

20·86 281·6 
36--'4 "9.·13 10~35 20·20 16~42 

·' 
229·1. 

38·6 4·35 ·. ti·88 ll·70 29·80 51.5·9 
42·5 4·ll 7·90 1~·15 16 57 310·1 ' 
43:..2 . ... .11·40 ·-;., ·~ . 10·77· -·2l•6l .. 16·44 -··. ~tl4'9 
44·9 ·3·93 ~-60 

.• 9·28 13·90 322·2 I . 
41·9 ... 9·19 ·,_ \ 10·00 \.H~.·56 

' 
30·83 . . ,338:·8. 

. I . .. 
' - . . 

· Pcn•t>ntag~' avar tge fall of th~ dr:f'Rt \ Cn-3ft1cii'U 
----~----~------~~- ~-··-~ .,f 18 . y.,;,o;..i 

·1 3 · 4 . , · . 

year_ ~~ _ _Y~~~J-~ 
. 10 I ll' . ! ' 1il l:l j . 14 

-----
38·2 41·3 . '43·6 46·6 28·8 

-~ 
> 

21· :J 31·2 40·1 
56·4 57' I 50·7 
?ti·.li, 47·0 48·4 
47·5 50·{1 5!l·O 
20·9 22·9 2'i·4 
4.2·2 43·9 \ 4:'.·7 
0·0 0·(} 1·5 

i5~·1 59·4 ' HO·O 

44·8 3:1·0 ..... 
61·9 ' 122·9 z 

~ ~ 49·4 . :19· 2. 
1H·l ·'"' :19·2 

• ~'>. 1:'4' 

:~O· 8 :' ~~t~· 8 
1:'4· 
~ 47·3 32·2 d 5 ,() 54·0 z 

61·5 24·5 0 
27·4 27·7 32·8 
41·0 41·7 I 41-·3 

36·8 42·2 ~ 47·0 29·1 . I .• 

29·1., r~:~ j 
- 31·5 32·3 50·2 

4·2 6·a 12·S 49·9 
.14•1 17·.4. ' 19·] 20·8 48·0 

5·0 7·7 H·l I. 18·5 19•9 
0·0' 6·7. 9·1 10•7 53·4 

18·8 18·9 19·!) I • 2.2·5 51·2 
. 1 ;4 9·8 14·4 . 16·8 6!H<: 

~ ' ·o-o .. o·-o 0·0 ..... i·O ... ,_ .61•4,, 
,,., 

~''~30;4 ~·'-". 3FO '•32;7 34·1 49·4 

21:: 1 
12·6 14·8 16·9 56•5 
26·7 29·5 32·0 48•7 

. . .· .. · 
I 'I 



TABLE lA. VIII-contd. 

Analysis of rainfall.data of Indus Oat.ckment 

No. of Normal or Percentage Below normal Above normal Percentage Percentage aver.ge fall of the driest Co-efficient ' .. 
years mean of years falls in - of 

Stations ·data rainfall in above· w·ettest 

~ 
Variation · 

available inches normal M'Qanfall Range Mean fall Range, year 1 2 4 
for year years years _ .... _ - I 

1 2 3 4 5 6 7 8 '' ·9 I 10 ' 11 13 14 2 

K.harif 
• 

Haripur .. 75 20·27 461 7 15·93 12·1~ 25·23 16·77 183·6 I 39·0. 45·2 48-o I 50•1 29·1 
Cherat .. 42 16·49 38·1 11·50 11·51 .24·60 19·55 231·9 30·0 35·4 40·2 40·5 47·3 
Malakand .. 38 . 19·17 47·4 13·08. 10·94 25·93 22·19 217·9 38·3 38·6 39·4 40·3 43·0 
Oghi .. .. 39 26·95 53·8 21·58 19·08 31·56 9·24 134·8 28·5 4:H 51·6 55·9 23·5 
Leh .. .. 63 . 2·11 41·3 1·27 1·70 3·32 9·18 538·3 18·5 18·9 19·6 20·7 74·4 
Ka.rgil .. 46 4·10 43·5 2·60 3·46 6·05 5·94 248·0 15·1 20·4 25·9 30·7 51·9 
Dras .. 46 9·11 43·5 6·36 5·61 12·67 8·42 195·1 38·2 38·5 42·9 45·6 40·9 
Ska.rdn . .. 49 3·67 30·6 2·28 3·13 6·83 21·50 690·3 14·2 14·6 . 17·3 18·8 99·2 
Gilgit •• .. 48 3;39 47·9 2·45 2·07 4·41 3·41 203·4 37·2 37·8 41·4 43·8 37·2 
Murree 73 41·77 42·5 33·86 23·80 52·48 34·34 182·6 43·0 

.. 
48·9 51·1 ' 52•4 27·4 .. 

Kahute .. 59 29·491 49·2 21·70 16·33 37·56 28·95 198·4 44·2 47·4 50·2 52·3 33·6 

Rabi 

Hariphr .. 74 9·84 45·9 I 6~16 7·18 14·17 13·71 240·6 26·4 26·9 28·5 29·3 50·2 
Cherat .. 40 11·58 50·0 7·10 10·11 16·05 12·10 205·3 6•2 17·4 22·8 25·5 47·9 
Malakand .. 37 14·99 54·1 ·10·19 9·76 19·06 11·47 182·1 26·9 30·6 36·6 41·3 36·0 
Oghi .. .. 38 21•96 44·7 16·76 12·34 28·38 19·54 191·0 40·9 43·4 45·7 47·4 33·6 
Leh 

. 
62 1·34 35·5 0·82 1·23 2·29 3·22 340·0 8·2 9·3 9·7 17·6 68·3 .. 

Kargil .• .. 46 5·87 39·1 3·80 5·07 9·08 15·78 371·9 9·9 18·5 23·0 26·5 62·3 
Dra11 .. 46 15·99 39·1 11·07 10·05 23·65 23·59 ' 255·4 34·9 36·6 37·9 39·4 50·1 
Skardu .. 48 3·30 39·6 2·04 2·94 5·23 12·52 482·9 7·3 14·4 17·4 19•6 72·7 
Gilgit .• 47 1·82 34·0 1~02 1·62 3·39 5·17 384·0 8·2 11·5 ' 12·6 14·8 81·1 .. 
Murree .. 72 16·04 45·8 9·92 14·82 23~29 32·69 303·9 6·3 9·5 12·6 14·4 57··6 
Kahute .. 58 9·95 48·3 6·17 8·99 J4;00 14·18 246·3 7·9 14·7 18·9 23·4 48·4 



TABLE IA. VIII-contd. 
Analysis of rainfall data of Ohanab Oatchm£nt 

Below normal Above normal Percentage average fall of the drit·~t 
I 

No- of Normal Percentage Percentage Co-efficient 
years or mean of years fa.lls in • of 

Stations data rainfall in above 
. 

wette~t Variation l I . available inches normal MP-an Range Mean Range year 1 2 3 4 
·for fall fall · . year- years years years 

1 2 I 3 4: 5 6 7 8 9 10 -:---}1-J 12 18 14 --- - -

Jamm~1 50 32·97 l 25·01 17·41 43·95 37·93 216·2 45·3 48·6 51·0 53·1 36·1 .. 42·0 I 
Kisht.a.wa.r .. 50 16·91 46·0 12·85 7·53 21·67 18·30 210·9 54:·3 55·5 . 56·0 56:8 32·2 
U.a.mban .. 50 22·23 44·0 I 16·90 13·46 29·02 17·12 178·4 39·3 41·3 4-1·3 46·1 33·7 
Akhmur .. 41 34·70 46."3 25·33 18·08 45·54 51·93 249·7' 45·9 46·8 48·3 49·3 40·4: 
Ra.mpur Ra.ja.ni 41 39·46 43·9 32·21 20·12 48·73 23·96 162·9 47·8 48·8 53·2 55·4 ~5·8 
Ra.mnaga.r •• I . 40 49·75 42·5 39·21 21·82 64·00 50·98 202·7 55·2 56·2 i 59·2 62·0 . 33•3. 

iGula.bgarh .. 37 48·60 29·7 32·83 30·36 85·87 134·31 380·6 I 36·1 37·7 I 41·8 44·2 67·4 
1Sa.mbeh .. 40 32·94 42·5 24·93 16·22 43·78 39·27 220·9 48·2 48·5 51·0 52·9 ~8·1 
:J:tiasi •• 40 49•20 45·0 37·76; '· 25·26 63·17 41·40 185·1. 47·1 51·3 : M·1 57·6 :n·6 .. 
Uda.mpur •• 40 42·71 45·0 33·98 22·80 53·38 28·81 167·6 46·3 52·1 I 54·2 58·1 27·7 
Sri Ra.nbir Singh 40 27·50 42·5 19·93 13·83 37·74 30·45 215·3 48·8 49·8 50;1 50·4 41·9 

Pore 
s:i I 

I . . 
Ka.ilang • • J , 11·04 1· 39·6 8·90 7·44 14·29 10·68' 197·5 I 32·5 . 41·5 i 45·7 49·7 31·1 

Rabi 

Jammu .. 49 9·05 51·0 5·ts4 6·63 12·33 12·64 . 240·4 21·1 ! 21.·2 21•4' 2a·1 I 49'4 
Kishta.war .. 49 19·31 51·0 13·31 12·80 25·07 19·f5 200·8 28·5: 31·6 33·7 36·7 37•8 
Ram ban .. 49 23·71 ,55·1 15·87 17·88 30•11 23· 4 197·8 20·3! 24~9 28·3 31·0 38·1 
Akhmur .. I 40 9·35 4:2·5 6'27 7•87 13·53 8.40 195.1 13.2 l 18•1 21•7 28.4 46.2 
Rampur Raja.ni 40 16·UO 52·5 ll·20 12·92 20·35 15·07 195·0 17·9 1 19·3 26·2 30·4 37·1 
Ramnagar .. 39 16·51 43·6 ll·90 14·09 22·49 21·92 238·4 12•4 I 28·8 35·5 39·2 41·H 

· Gulabgarh .. 37 25·43 35·1 16·87 19;72 41·23 74;29 393·2 21·21 23·9 25·4 26·5 69•g 
Sambeh ... 40 8·35 47·5 5·21 7·15 ll·82 . 11·52 241·4 11·0 1 20·8 26·7 29•8 50·4 
Riasi .. .. 40 15·21 45·0 11~24 12·60 20·05 18·23 223·3 16·8 I 21·0 26·6 30·8 39·2 
Udampur .. 39 15·14 I 48•7 10·98 14•90 19·51 18·21 [c 222·0 0·0 16·5 24·0 31·5. 40·5 
Sri Ranbir Singh 40 7·50 42·5 4·85 6·77 11·09 15·75 "31.2·0 6:1 14·4 18·8 22·0 55· 

Pore -. 
.Kailang .. 53 11·31 50·9 . 8·00 6·58 . 14·50 1Q·55 193·9 40·1 42·0 44·0 46·3 35·4 

I • 



TABLE IA. VIII--contd . 
• 

Analysis ofra.infall data of Be£M Oatclnnent 

. Below normal ·• Above normal Percentage averugt- f<>H nf tht' . 
No. of 
year~ 

Data 

Normal Peroent.age 
of IDI.'an of yearll 

-~--~-------
PHc•entagt' i ·-------·-··-·· ~-···--- .:._ _______ _ 

falJij in · ; I __ ,_ l'n·effieient 
ttf 

available 
_for 

rainfall in above 
inches . normal 

.Mt>::tn 

. fa.ll 

! 
l 

Range· Mean· 
fall 

Range 

-------·------·-----.~.-t--------l-----~-l---------------~-----7---l·------1 2·. 3 ·4 5 0 8, 

Klumf 

. 
7:1 48·0 24·-01 24·40 36·:15 20·45 Banjttr .. . . 29·93 

Kulu .. .. 7:1 22·57 41·1 16·96 18·06 :10·62 74·12 
Nag1.r .. .. 57 38·08 50·9 22·36 12·14 ~:1·59 16·14 
li'a.la.mpur .. .73 . 85·95 4S·O 61J·24 39·32 104·10 48·78 
Ho.mirpur .. 73 42·66 4:1·2 32·54 27·78 54·9:1 . '4:1·80 
Dt>ra .. .. ·7:1 4:1·38 41·1 34·06 25·73 5i)· 74 33·56 I 

Kangra .. 73 62·98 48·0 ·19·72 46·31 77·37 71·77 1 
Dharam.,.al~~o I .. 74 99·69 47·3 IH•20 53·46 120·29 80·49 . 
Nurpur .. 73 48·65 51)· 1 I 36·4!l· 2-!·73 60·47 47·591 

I 

Rtlbi 

·' 
I 

Ban jar .. I 72 ll·57 5-t-·2 7·74 8·33 15·09 13·29 . . 
Kulu . . .. 72 16•29 55·6 ]0·40 10·95 ·21·01 14·60 
Nagn .. 57 20·55 52·6 13·74 12·16 26·67 18·64 
Palampu:r .. . 72 16•47 47·2 10·82 11·78 22·78 24·94 
Ha.mir·J•ur .. 72 8·74 43·1 5·84. 8·04 12·57 15·00 
Dera . . .. 72 8·.81 44•4 5·47 8•01 12·99 19·23 
Ka.ngra. .. 72 10·31 43·1 7·03 6·64 14·63 12·14 
Dhara.m~H.la. 74 16·38 47·3 11·40 12·76 21·92 ' 15·91 .. 

I Nurpur .. ,2 I 11·57 40·3 7•8.') 9·88 11·09 17·10 

I . .. .. 

wettest I · . 2 3 .f. Variation 
year ye·~r yeo .. n year.'! Jfl'.lr 

9 10 ° ' J1 ~---1-2---~----~-3--~~ 
• 

168·7 18·4 2:l·l :12·1 39·1 27·0 
429·3 18·2 2!:1·7 :14·4 :18·7. 51·2 
158·0 56·6 iiS·l 58·7 ·u9·9 24·1 
157·6 ;33·5 ;j:J·5 53·H 54·4 2.'H) 
2U:HI :14·7 :lM· (1 tt·2 44·2 3:1· 7 
182·7 40·6 40·6 4:1·6 46·4 :.10·5 
214·5 24·3· :W· 4 42·6 45·6 29·6 
181·5 45·7 4tH I 46·7 49·9 !!J·!)o 
Hl8·9 4S·:! 4\Hi 4!:1·9 50·3 31·1 

. 
214·1 25·6 29·9 •N ~I 36·3 :l1·i ,)..,.• . 
190·3 :H·9 :1:H! . :13·6 35·0 3.8·6 
191·3 37·7 40·1 41·2 42·9 ;17·8 
252·0 2!i·7 29·4 :10·6 :U·6 45·7 
273:5 4·6 14·7 19·6 23·1 48·4 
:U8·9 8·9 9·5 13·6 16·5 55·7 
219·5 34·0 34·8 . ' :15•6 37·0 44·7 
197·3 2:!·0 

' 
27·1 29·7 31·7 40•7 

249·7 14·5 20·7 22"9 24·4 50•5 

I I 
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frequency curves to the observed tmeyen f!.i.st~il·ut£o~~. The ,cur::es,, Fi~ure 
IA.6, turned out invariably to be of Type I w1th fimte ends on enher s1des, 
their equations being of ~he form- · 

( 
·m 

1-· R- mode} 2
. 

a a 
clR 

The values of the constants for each catchment are as set out in Table I.A., IX. 

. '\ 

Ca.tehment 

TABLE IA.IX. 

~ '~ 

. S ~ . Mea.n fs.JJ in 
.J:J Q) yea.ra 

I • ,~ m a (inc:tJes) .... -e.~ ~ :! ~ ~ ------. ~ I - ' Sk-ew• .eo Q) Q) a·· s 
:§. , / ness ~j. ~~ ~. ~ 

Yo ~ alI a:! ml m2 =g "£= ~ Q) 

• o I cee_ fc$ o 1>-

I . . ~ < 

; 
j ' 

'. 

~ I ~ ~'0 G3 _g 

-·---~-------;----:-;-l--4 -,--fi--f}---7- 8 g' )O . 11 .• -j;-
------1---- ----- -....-,:;.- ---. I . . I .. K.kar~r . • 

1 

1 • , 

'SatJej •. 11·33 30·74 26·872jl07·?79 jl•645 6·608 0·45 .38·65 45·4 25·'76 54·15 

indus .. 1,6·1~· l0·76ji4·065J 97·641 11·051 7·~96 0·61, 18·83 43·8 9_'~~ 30·81 

Cbenab . .. j12·92 23·05121·78:5 j.?r:4·83.'i r:. ·845 2l·f84 0·C4 32·22 , 43·4 20·2~ 4i~'(.9 
Beas .. 19·3:> !8·72 .', 4·1~0 l8~·G24jO·O'i4 _3·340 1·12 ('2·24 41·1· 31·78 81·50 

All.fonrcotn- \11·28 14·64 11·733 427·031 0·521 18·976 0·83. 33·96 40·2 18·53 tG·tl2 
hlud ' 

Ral>i I 
i 

Sut!f'j . : 115·61 7·44 7·6C8 221·470 2·267 1 65·491 0·53 

Indus '_and 116·04 7·36 10·134 156·757 1·8861 2_9·165 
1 

0·55 

!O·w !••·1 7·19 14·87 . 
11·79 4a-:o 6·18 !9·23 

Chenab . 

All foor ~omb- 11·88 S·OI 10·~06 .185· 614 12·212 40·6261 0·52 
inE~d.. • J J I . i 

• ' 
- '' 

... 

11•92 I 42•9 ··~0 r·· 8s I 

' ' " 
The positive signs '-of skewn:!8S-~kewness is a :relative maasure of the 

deviation of the JY1odal1l'.e., the mo-:.~ frcqut-ntly .0c,currj1:g) rain£~n (CoJ. 3. 
Table IA~.IX) ftcm il:~ rncanfall (Cd. 9.'Itp.ble IA.IX) in··t.oms C·f the ~~r.r.dalU 
deviation:--all Fl:ow: that yeanJ 0f ddidEnt rainfan are more frequEnt than 
wetter yeaH" ... 'I he large vz.1ne~. of a2 i~din:.te' that the H !ative f:cquency of yc2.rs 
with rainfall ill ex~ess the of modal tails off very grF.,dually to the limiting··. 
value of the rainfall. -These and other fefltures (e.g. the probab?.'lity of years· ; 
With varying amounts of Rnnual r&irfall) are -evident frQJI1 the .. form of .. thP 
frequency' curves for the~ ·'=arious catchments. The high dr,gr~e of contact'.on.: 
the, right. implieR the dem'B.~,~ingly 'small proba~irities of ve1y ,,-et year_;"J, which

1
. 

however;·. cannot be rulfd out as a1together 'improbable;· .. · 
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An auxiliary. s."t o~ curves are p:eN£'ntrd in Figure 1A.7 for the probability 
that the tot.'l.l ramfall1n a sea~on w1ll not; be less than any specified amount. 
From the cutvf's, which are obtained by plotti_n/1: the ratio of. t1te <lefinitr 

<X> • <X> 

integral _{Prob (R) dR -7-.. /Prob (R) dR, against R, the probability that the 

R ~ ' 

average rainfall will not be less of than a prescribed figure can be directly read 
off; for example, the probability of total, rainfall in any Kharif season being 
not less than 20 in., in the Sutlej catchment, is 85·8 per cznt. 

WHAT IS ·THE EXTENT OF THE YEAR TO YEAR VARIATIONS FROM THE NORMAL? 
DO THESE VARIATIONS FALL WITHIN WELL DEFINED LIMITS? 

It has already been seen above, that the 35 year average provides a reason 
ably good estimate of long term average for any raingauge station; from the 
point of actual fall to be expected during any season, however,· the modal (or 
the most-frequently occurring value) is a better estimate. On the other hand, 
for all the eight cases considered in Table IA.IX the modal figures are seen to 
be less than the mean. Though the fall most often to be expected centres 
somewhere round the mode, any rainfall value lying between motle-a1 and 
mode+ a2 may be equally expected to occur in an individual year with it;:; 
corresponding probability expressed by the right hand side of equation IA.3 
with the appropriate value substituted for R. These probabt.?ities have a 
very steep rise from 0 at R=mode-a1 to Yo at R =mode,+a2 and a slow 
gradual fall again to 0 at R=mode+a2 , depending on the value of ·a2 which 
is relatively large. Nevertheless, there is no year to year continuity- in the 
values of R nor any certainty about the probable values in specific years. 

All that is possible to say is that the variations of a season's .averagP 
·rainfall in the catchments examined are ordinarily confined between two weB
defined but widely different m\nimum and maximum limiting val~es. 

-Figure 1A.7 is very useful for estimating the probability that the a.yerage 
rainfall of the catchment during a. season shall not be less than any dangerously 
low V?olue, say, x in. The probability that the rainfall will a~tnally be in defect 

0 f x in will be simply the com_,?lement probability, or the difference from 100 
percent. ofthe probability thr.t the rainfall shall not be less than x in. Thus, 
for insta:Q.ce, if 15 in. fall is assumed a low Kharif average in the Sutlej Catch
ment, the probability of the fall not exceeding 15 in. during any one se_~sQn 
cSJ.n bE) directly estimated as()· 42 per cent, 
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No. of Mean %Probability 
Catchment rain gauge precipitation of fall exceeding 

stations In Inches . the mean . \ l Sutle) 7 38·65 45·4 : .. 
-Indus. . '\ Indus IS 18·83 43·8 • . 

Chenab 43·4 . 12 32·22 • . 

16 

. . Be as 9 52·2-t .fl•l • . 
I 

• Combined 43 33·96 40·2 . 
• • . . • 

.BJ. 
16~~--~--------------~--------------------~ 

!~. 
I ~ 

l.f t-~·11-11+,--4 
i ~ 

\ . . 
12 I \ 

I r \ \ 

Catchment 

SutleJ 
Indus & 
Chenab 
S,I,C &8 

Combined 

No. of Mean % Probability 
raingauge precipitation of fall exceeding 
stations In Inches the mean 

1 to·so -tl·l 

27 I J ·79 •U·O 

I J ·92 ~·{h...J 
I 

1 
j I \ \ 

12 10 • i 

I : / •h~ ' ' Kharif rainfall J ' 
: 1" \. (April to September) ' \ i I i i' ·~ .\ r;- I . 

10 : --r-j-~-+~ ---=--*---.--Jf------1-----t----+---t 5 8 i \ 

Rabl rainfall 
(October to March l 

~ · 1 • ~ ~.. \ \ ~'\utleJ i" I~ \ ~ / / : 1 '\:,\ \ ..= I ~ ._Indus & Chenab 

~ 8 i i I ~··~ · ~ 6 ~ \ 

~ 
c 
~ 

·U 
Q, 

1 / · \ \ • · .. ~ ~~\!Combined . !r=· \'··'\ . ~ ,, 
I i . \ . ~~. - I 1 

6 • J. ~ ~ .t\. .. \ 
I J II' \ '\·;··~ Sutlej-\ \\ I . : . '\· '. . 

.. d i \ \ ~- 2rt-----t\-\-\+'\o:-----+-----t----+------+-----t 

I 'I : \ '-~ .~ B ·~ f! I \ · .,, ·· <.eas 

2 Jl : \ ~·~~ ··........_ o~ ....... •.u..•~·~~-~~~~~-=---~L...---~---+~-~-

v ~ . \.. ·,.~ ~ombln~y· ~-•• ...._ . . , 0 20 R~~fall in inc~~s 80 100 110 
• I •• ., ~ . •• L-...,.....---,---~!!!!....!!!....!~~===::;=----r-----. 
II '•, ' ....._,,, :.+ 

I I I 
•• .__, .....__ ............ 

0 I I '••···· ---- ••• """"" 

0 20 40 60 80 100 120 J41) 160 180 200 220 l40 260 
Rainfall In inches 

Reg. No. 2737 XDO (C) '50 ·I 210 (P.Z.O.). 

Figure I A. 6:· Showing frequency distribution ofKharif & Rabi rainfall 
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Figure I A. 7:· Curves showing percentage probabilities of rainfall exceeding p inches during any season 
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' . 

But if it is desired to estimate the probability that there shall be 2,3 
or 4 such bad years with falls less than 15 inches say, within a ·specified pe~iod 
of 10 years, these could be further deduced by a simple application of the 
binomial law of probabilities. According to this law, the percentage probability 

of there being r bad yea:s out of 10 ~I he e'lnal to 100( 10 0 r p' i 0
"' ) 

the coefficient of pr in the expansion: of. the pinomial expres~ion 100 ~p+q)1° 
with the value of p=(1-q)=0·0642. Putting r=O, 1, 2, 3, or 4 so that there 
shall be 0, 1, 2, 3 or 4 years with rainfalls le~s than 15 inches· ~thin our 
specified period of 10 years, th~probabilities respectively are: 

, ·o 1 2 a' 4 
p~rcentage 51•5 35·3 10•9 2·0 0•2 
probability 

Multiplier for 
consecutive r • • • • 9 8 7 

bad year 45 120 210 
The corresponding probabilities for a series 'Of r (r712) consecutive bad years 
will be obtained by multiplying the above probabilities by their respective 
multipliers .£.also given above). Thus, the probability for as ma.ny as even 3 
years out of 10 to record average, falls below 15 inches remains very small 
indeed, being only 2 per cent and for 3 consecutive bad years. being 2 X rs\- = 
0•133, therefore, SUch contingencies apparently, need not be CO~l:Sidered 
while designing large storage projects in these catchments. 

By a similar application of the binomial theorem, the probabilities of the 
fall being below normal on r occasions out of 10 are also derivable from the 
successive terms of the same binomial with p = 1-q put equal to 0·5460 
for Kharif and 0 · 5695 for Rabi. These probabilities, along with their expected 
annual average falls, are shown in Table IA.X below. 

TABLE IA. X 
Percentage Proba.- . -

N um.ber of years • bility. ' Multiplier Expeoted a.nnua.l fall under 
with rainfall of rainfal in r years out · of for r lielow the contingencies 

10 being below normal normal years specified (in inches). 
Below Above to come 
normal normal Kharij . Rabi consecu- 111 KhariJ Rabi 
• r 10-r tively. 

1 2 3 4 5 6 7 

0 10 0•037 0.022 
1 

' 14#87 54.15 
1 9 ().45 0•289 51.31 14.10 

"2 8 2.42 1.72 1/5 48.47 13.33 
3 7 7.77 6.07 1/15 45.63 12.57 
4 6 16.34 14.06 1/30 42.79 11.80 
5 5 23.59 

I 

22.32 1/42 39.95 11.03 
6 t' 4 23.64 24.61 1/42 37.11 10.26 
7 3 16.21 18.60 1/30 34.27 9.49 
8 2 7.33 9.23 }/15 31.44 ... 8.73 
9 1 1.96 2.71 1/6 28.60 \ 7.96 

10 0 0.24- 0.36 1 25.76 7.19 

Col~~s ~ and 4 which contain the percentage probability values for a season's 
precipitatwn to be below normal only in 0, 1, 2, ........ : 10 y~ars (and aboye 

I 

; 
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norma] in the ~emaining yl'.U~ O{ ~ntintl.lU:i p~l't,Jtl of 10 year:i) show that the 
probability va{U{''!. a.ttain their maximum for r=6. This brings out that it i!'l 
more likely for pn•cipita.ti•m to Le below norm:ll only in six years OlH of f·verv 
ten than in any alt.l'rna.tive combination. " 

WHAT IS THE PE:lCE~~TAGE OY ALL YtARS AB'JVE AND BELOW THE llEAlf IN 
. EACH. RECORD ? 

For the·eight cases of freque~cy CU:r~s fitted to the data in this paper, 
the proporti?nal frequency 'of years.- with. raij}fall exceeding the normal-in 
o her words, the probability of a sras01~'s rainfall exceeding the normal-can 
be estimated by taking the ra. tio ol the area _Qn the right of the mean line to t1e 
whole area enclosrd under tll_~ fl'~que~cy- ·curves.. 'I'he.st- probab1'11"tie~, which 
are already giv:cn .in .colu.tnn_lO ·of'TaLle IA.IX are all seen to be below 60 
per .cent. Similar figul'~'i for the"perct?lt.tage of years with above norJ!lal rainfall 
have been computed for· e~0h raingauge station on record in the 4 catchments 
considered here (vide column 4 of Ta.bl~ IA. VTII). The~e figures also gen{'rally 
work out to be smaller than 60 per cent. with a few is~lated sta.t~s recording 
higher percentages. 

"" 
· wHAT IS THE ~VERAGE rALt toll DRY·. AND WE'r YEARS (i. ~. THOSE 

BELOW AND ABOVE THE NORMAL) Alit> WHAT ARE THE RESPECTIVE RANGES OF 
. VARIATION? . 

The avc~age rainfall for al_l dry or below-normal years and the range· of 
individual year's variations during such yeers have been computed for each 
raingauge rtation on record (t·1'de coiumns 5 and 6 in Ta olf> IA. VIII). Similar 
figures for wet or above-normal are shown in columns 7 and 8. 

WHAT IS THE RATIO OF THE RAINFALL IN THE DRIEST (AND WETTEST 
YEAR TJ TIE NO~M<\L? Wil'\r B TIS: R<\TIJ Fl'l Til'S: AVE~A'le R_Al'lFALL IN 

3 AND 4 DlUEST YEARS TO THE NORMAL? 

Tlie percentage ratios of each statinn's wettest year's rainfall as weil as 
driest year's rainfall to its nnrrnalf:dl have been given in columns 9 and 10 
resnectively. The percentage 1 Mio~ of the average falls in 2, 3 and 4 driest 
~ve;rs on record to the norm;~ I faU i',Yt', ~-.imilarly, tabulatfd for rach station in 
columns 11, 12 and 13 rt-~"pectiYt1y. .An imp0rtant rainfaH feature shown 
by figures h column 9 is tl::.;.: tt '_; ,-<~Iiat~on of the ma.ximum -r_:ainfall fro~ the 
mean ruinf,J.ll is as hig~ as 690 J>•'rccnt ; whereaR in the drif'st year the ratio of 

minimuw ra.infaJl ·. If 1 · Th' can. at the nv)st. lower nse on y to zero. 1s 
mean minfaU _ . 

shows that Yariations of miu±:'l.H during wet years can bf' exceedingly 
larCYer than simil.u v«riatio!.: during learr years, which fact is also evident 
fro~ the eight clong;1ted posith ~ skew-typ~ freque-ncy curyes fitted to the 
c~tchments' data, · · -
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The percentage coefficient of variation ~hich is defined as 

. . 
lOOx BesL ave~a~~ measure of disperuion =-IOOX Sta:rid~rd Devi3tion 

- · Mean rainfall ·- · - l\fean rainf3ll 

sugges~s- itself as the most a pproP.r~te m~~ns of testing this_ hypothe~is. These 
coe_ffi.ments were, a<;cor~ingly, calculatedio.r th'e several stations (vide colunin i4 
in Table lA. Vlll) an,d plotted agains~ the niean·rainfall of each station, -Figu:te. 
1A.8. The evidence is only.: q_uag~a~~~e ~'!1~·-snbstantiate~\tne ·hypothesis. 
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Figure 1A.8 : Dispersion of rainfall .~t'l.tdy-Percent.q,ge co-efficient of t;ariaticm 
agai-nst mean rainfall in-the four Punjab river catchmer.U. : . 

' . 
DlSCUSSION BY THE RESEARCH COMMITTEE , :- ~ . 

~ l "' t ... _ 

THE P.aE3IDENT ca!Ied upon Dr. Bose t~ report "o11- th~ progresEt. ¢ade ~y 
~he Sub-Committee on the Damodar Water Balance Investiga\ o:ns. • ~ ·; 1 r 1~ ol 

I -· t -' 

DR. BosE explained the work done to date and said th:at cettain investi,. 
gations could not be proceeded with for wal\t of financial ~ancfon which· had 
b~en asked for f~o~ the Ch~an; Damodar V:~ll~v. C~rporalto~. -. ~~ :ptdia. 
lljN21CBI · ' ~ T 1 ·, ' · t · · · 
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Yeteorological Department had carried out a rough es£'mation of tho evapo
ration losses from the catchment. Mr. Misra had presented a report on the 
subject and :t was the intention to carry out detailed in-vestigations on the 
Jines recommended by the Director, Ind=a Meteorological Department on the 
basis of Mr. Misra's work*. · 

THJ .PRESIDENT asked Dr. Ramdas to state what had been done by the 
India Meteorological Department rag&.~ding the resolution passed by the Board 

. last year. · 

DR. RAMDAS said that the India Meteorological Department had been 
putting in additional raingauges in order to fill in gaps. The study of rainfall 
on windward a.nd leeward sides was still in the plan~ng ~tage. This was being 
tliseuseed in· ~epartmental meetings. They had not yet actually started th& 
work. 

DR. N. K. BosE said that India Meteorological Department had set up ill 
the Damodar Valley one B c\ass observatory, two C class observatories and 1a 
raingauges ov1r and above '21 raingauges that already existed. This would 
enable .to make the distribution uniform. , 

MR. A. P. BHATACHARYA in1roduced item (1) and said that the catchments' 
lying in Bundelkhand, Southern United Provinces were dividtd in accordance 
with the nature of the. country in which thEi catchments were situated. 'Ihua,. 
three classifications were made as :- ' 

(a) St~p bare catchments with hills ··-
(b) Hilly catchments covered with forests 
(c) Plain catchments 

I 

Linear equations connect:ng runoff with rainfall were next evolved for the
above types of catchments and graphs were drawn based O"l .these equations. 
(see Figure IA 1). . , 

Their importance lay in the fact that runoff could be p~edict~ fairly 
accurately for any rainfall, knowing the type of the catchment. 

' . 
Referring to item (2}, he said that the investigat:on consisted of the

preparation of a number of curves giving the maximum flood discharge for a 
given catchment area, based on which, draft instructions for the guidance of 
officers in the United Pro.vinces hzd been prepared regarding the safe maximum 
flischarge which could be taken for designjng a river work. Ca.tclpnents were 
~onsidered under three classifics.tions in accordance. with their size:-

(a) From 0 to 100 square miles 
(b) From 100 to 1,000 square miles 
(c) From 1,000 to 10,000 square miles 

n was obae1 ved from the gr{tplta drawn that the}. feU above tho Inglis curve 
for_ eatc~ents from 0 to 100 square miles and below for 100 to 1,000 and 1,00V· 
to 10,000 squa~ mil?s, showmg thereby that Inglis fo1mula gave a higher figure 
of maximum flood ~harge for catchments up to 100 square miles, and lowe: 
Ior catc~ents ranging from 100 to 10,000 square milEs. _ 

.• Pr;nted en pr ge 571 of this Report. 
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In introducing item (3), MR. G. SINHA said that !1. storm of lieavy 
lll.P..gnitude isolated either ways, in respect of time, occurred in th13 Teesta 
Valley from October 20~ 1945 to October 24, 1945. The magnitude of r~infall 
was very high on October 21, 22 and comparatively low on October 20 and 23 
while it was very small on October 24. Attempts were made to get a unit hy· 
drograph from this storm by b6parating out the effects of the rainfall on different 
days, that is, by breaking up the net resultant hydrograph into component parts. 
The effect of the ratnfall on October 24 was neglected as it was v~ry small. The 
breaking up was sought to be effected in two ways-(i) neglecting the e1Tect of 
ihe rainfall on the lirst _and fourth days ; and (ii) by taking the same into 
atcoount, but ,making the unit of tim~ as 48 hours. 

Referring to item ·(4), MR. SINHA said that for getting a unit hydrog .. aph 
ihey required rainfall on a single day which was difficult to get. Another 
11impler method of arriving at a unit hydrogra:ph ws.s to ts.ke the hydrograph 

• of differen~ floods resulting from rai11falls which might be composite (that is 
with a durs.tion .of more than one day) but centred more or less round one day.· 
Of course, this composite rainfall should be avoided as far as possible. In 
uses where the effect of the rainfall on other days could be neglected, the 
hydrograph might be considered to b'e proportional to the unit hydrograph. 
The departures, if any, from the unit hydrographs would tend to minimise 
by superimposition and averaging of these individual curves. This was whati 
had been attempted for the catchment of the river Mor above Khatanga. 
Yor convenience, the hydrograph had been taken in 12 hourly~periods of 
time and later after averaging converted to 24 hourly units. Attempts 
were also being made to get the unit graphs separately from each flood. 'These 
would then be compared with the graph obtained here. 

- . 
Referring to items (5) and (6), MR. SINHA said that str&m gauging of the 

river Ban,kar was staited at one site in 1944 and s.t two more sites in 1945 while 
eauging of the river Mor at Messenjore was started in necemb~r 1945. The 
monthly discharge volumes and runoff percenta gea for the catchments above 
different sites for the monsoon months (that is June to October) of- the years 
19! 4~194p and 1946 h&d been worked out. , 

liR. SINHA had nothing to say about items (7) u:.d (8). 

liB. G. M. PANCHANG introduced item (9) and said that it was a well known 
fact that rainfall was a very vigorous natural phenomenon. It was next to 
impossible to forecast exactly the year to year. or place to place, variations. 
He said that it might be interesting in thisrt!Bpect ~o call attention to the 
degree of accuracy which normally accompanied tht. daily weather · forecasts 
iSBU.ed by thEfindia Meteorological Department.- While ?>good many of them 
might prove nearly correct, yet one' could never' swear by the forecasts coming 
eut 100 per cent. true or even 20 per cent. true for that matter. Natural weather · 
phenomena were not known to be governed by any precise set of rules. All 
one had to le content with, was their probable measure of variation. 

Continuing MR. PANCHANG said that this note might be·accepted ·as a 
model for the analysis of similar rainfall data for all imFortant river catch· 
mentes in the coun~ry. ; , 
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Tht findings in brief ~re :--...· 
', _', ,. ' -, l I ! :, j ,.. J J \_ 

(l )''Tile data were not'sufficient to'est...blish'any'plausible pcr.iodogram. 
\,~ .. 1 ,J,t~~ .. q .. -~;~ ~~~ ~ ~-- j,M, 'j ,._.. 1. .... ~ .~ 

-(2) iThe 'relative ·dispersion 1nicasures r abont- the -me2.n•rainfalls j were 
•.· · • ' 1 hp.preci~bt;v Ja~ge ;::nd 1d.id. ~ot a~~t. of thelon~ te~ a ve~a*e' a:nnual 

I :rainfall-betng a.ecepied ·ad the reliable ~tn.easure :of :preCipitation to 
'l .-- be. expected in any- tandoni t:year. i () 'r '\ , . ' ' -

l !... ~ ! i ~ t ·~ ~ f { \ J ., J l , \ ' 1 ( f ; : \ } t ) . f 

.:(3) ·The-rainfall in a'flo~d yeat: could be~ several timesith~ mean annual 
rainfall while that in ~dry year could ·at the worst be·m deficit by 
once· the mean raiifall. · · · 

! I I .. ~ ~ 0 ' if < -I. : t 1 ~ :. ' 1 .., r -' < 

' ~ 4 )-; 11o,~a Y,e~r~ ,(iric~~<?~i: ~m?~g. ~h~iri.' aJI ye~~.~ ~~t¥ _ rfliDf~~ .e~ce_~~~g 
' ' the· mean fall) were relatively or rarer nccurrenc~ than years With 

} : • 1-aiitfaJl :i'n :defidt fro~ the mean.' ' I ; I ' :- : ' t [ ' \ , I I I • 

: , ~ I r r ~I 1 I ) u I I \ ~ \ ( J ~ ' ' i ~ \ I ' : •I { ~ 1 ' I i • ' ' , j ; ' r.. ! ' ' 

· '(5) ·Diver~h,ces :fron/:Qor~al'~ai~ah we~~ gieater1for ~~iions 'in 1r~i~-
'' :1-tively clry·ion'es1han:in zones suscep' tible 'to high intensity of rain-
', r 'r· ll' - t • r. , , r . ' , - , r , , • • . . }~j ~ _u,

1
a ;' I -* l .._ ':_ 1l l J !•, • I _ _,) 1 ; I~ I ...,.A-~'-"'~ 1., ~ r _ I 

'1 ~ ~ .t J ~ I ; ~ ~ J r r • - , .. ... r .._ r" ~ ~ f' • p ., r--1' """ I ;..,~ · 11~ ll,.I._.lfr ~~J : l ,.) • ~ J J'' .. 1 i *l r;,,,1 ~ ... l~~r I,, .. ,ft, ... ~. !J .. r 11 

, • 1 ·1 [·.r Yet' anbther·poirtt of hlteresV whl6h 'bad :been disettssed in the ·~per was 
·tbe·m.ethbd·.·ofestini'ating the •probabllityr.hfthe ·rainfall in'atsequence of year 
'rfalling eho~ every ~~IIi~ of any specified tow tain:fan. ~ ( : ; f ' ' l 't' ' i 

_.,~ ''"·•t/ +;,rJ .,f1 ,t l'" £11 r -•r .. • ,,, ., , " l '/ '•1· . • J' I • . :;., -1_ t.''J .. •"'t~ ,. .... •J,I,.. - ~ 1
) --~-!.. ""1 _ 1 ,, ~ ..__,.,~ ·~ ...1. ,;' '* ,_ 

·,, 'J ·~ TDR~' R.iM:nAs' referting ;to item {9) ·said that iih~ accuracy of,the weather 
-forecasts oL the India) Meteorological iDepaitment· was .notJ a. .relevent' ·issue. 
r,'l'P-?Y. ~~~pare~.fi~g,ra~s.~~o,~g~o,~ly p.ist#~utio';l.-ofp~e~ipita~~?J?}n a sin~le 
: ~~O}Vfr·;iTfr~y.w~~~ .. ;a~~~9+-rra~~g '*r~kly·;a~Jifall P.tagrp-m~.'- to! w~ekly ra~?;
Jap·a ~?~d1~~~~)'~ns ?Jle. !p:'f!llcli}h~~· ~ot~~ ~rt' t~e ~~tual r~nf~-11 ~a~.more 

_ ~~li.~n. t~e. ~?;r¢rl ,rari;4a
1
1l tby ·~ p;t~r~tn gr.e~trl: than' tww~c t~er mea~ ~~v1at10n 

!an~,B: 9rou~~~ .. 1f~~~ )~~~ op~·m ~hiq~ tb~ to~al was iess ~han ~aU: the no~al 
·figure by t~e same margm. Flocqs, wer~ ,al~?-ref~r:ed to m:,th~.~~eklr.r~p<?rts 
of the Agricultural Department ·and flood we~ks were those m ~hiCh crops _ 
had been damaged OI\ account, of :~ins.. ._ "' . ~ _ , .U : ! 1 '- ·- 11 , • ~ ~ 

1 •· (. ~~:Dit.JJ.K: ·MA1LttoT:Ri"referrmgto'ite~s (I} and (2} said tli~t three tJPes o_f 
'catcrunents; steep;ihl11y1'andrp1~in'liad Iieen taken:'It would be intef~sting to 
·~ee'fhciw1"the: fdriniilae 1Worlied"•wlieh1 whble"'~ateliirients were 'conSidered, I :for 
~ilsually th~ tatc:hmJht of h. stream ~otfs!s~~d of' all tlie t~e typesi' H~ suggestea 
cthat'th\ CentraliEoardiof-fhtgatidifhught'~briSiaer b.o#~th~'siope of~ catch:. 
rment, shotild bknxed ahd ''t!orre1ate<f Witt{lt:he \nuioff;··so 'that a.£un.lfonn fset''of 
~!ormwaeocould'be 1d.ev~loped fo:f'llse htth:~''wnole'oountry: '.~~ · r 'r 1 I t.···. 1 r 

·,·,,,:'"",i7fo'fT .... ,;, ''"''t >,...,.., J111:~) t '~q1Jt1''f fJ'~, 'PJ't .. ; ,'J,,-r f[J~) • ' ~ " , .. - ~.. - \. ~ .. ,. .__.. ~.. ---~ t ... -- f i" .{. 

,; ! Referi.ngto item (4) he ·sa.i'd:tha.':' the uriit liydrograph tepresente~ rainfall 
for 24 houts. r , He-' wanted to kno\v :if they were justified m estimating\ rnnoff, 
from t4ese unit hydrographs,. for rainfalls of longe:( du.."'"ation. · The hydro~aph 
could o~' differe;~l Jp-;r· rainfall ori subseo~ent d.avs~ I :Tile ;.pniieabilit-v I of the 
prm~iJ.>le ·should,' therefore, hEdiuthe~' i.D.~estigated. ~ ' ). . . '. + • . . . ' .•• u- ' • 



·_/.l~~4~~ ,' ~~~Ftf;: t- ~~~~J 
f · '~'' r1~ 'SJ: ,;, , • c' ,- ' ~ . , (, I 

• 1 ,R~ferring to item (5) he sald·th~t it ··~qouli b~.n:ot,ic~4t4at.t.4e1m9~~¥1Y
~off'percent~g~: slqwb~ ro~~~-~-~iU;JUi}e, ~.~~P~~~~~; :Pff~1~qo1i~~.;~¥~a~.~ 
the ca~c~ent ~off we~t o~ mcr~~~ng_a~,~~!3ga,s?;o;a~v;a:!1C-e.~ ~na1~~!t~gr9J~l\<\ 
became: ":ette~. .This "}V<;mld se~ t9, ~~Q~ p~a~. ~~e. u~t hyd,r~grf" ~ ~?~~l~j"~I~~> 
ch~:r;tge1 ~th 3: change}.n ~e,a.~qn,: a!f<\ WS:~~ct dfSefV,ftd fptt~~~ ;wy~st1g3:~Wn\f, 1 _!. 

' ' ' r 1 - . l - ~· p f r' 4. ' 
'I J ' I J ~ ( "" ~.j,.( t - ! J ,.. ' r::. t < r") ~' '- > ~ (" 1 ' ; ( ~' 1 ; --~ : r ' f 7 J 0 '- j. ~ r;; .,. ! ! 1 (•, l "'f r.._ 

" ·Refenin~ :qe~ t().i£em. (9) h~s~ted thatrh~;~ad ~I,&?,.cQlle<;t~~~~ucl;l:.~~~ 
under the d.irect10n ol.,;Ra;t Bahadur .Kanwat :Sa1n · dunng, th:e,t$p.Q.~'fH-Pl~t'b-r. 
dispute. ·The ,obj~~t at .thatrti,lle::was tq:~h9w.Jh~t th~p~r,ioq;"Qet~e~~(l~3e't'1 
41 was a period of unusual rainfall year~.;1 ~-~ '.[h~t ;y:eax:s.~ 19;!~~4: 1,; h~g -~ ~h~)V~;'' 
much 'better figures for river supplies, which indicated 'that the rainfall cycle~: 
was now moving away frOm· its·troughJ•;·The'problem was--of~· gte~t impo:r ... 
tance to East Purijab, ·that recently:-! Sarda:t B'alladut Sarupt Si:Q.gh liad.tah!O>' 
asked him to carry out similar·workland~he:was doing·-it!forl·Bhakia.:.,Daini · 

"" -' .. ~ 

·(a) For values ofT above 49::@-:, )1 " 

where 
.. 

-
R=Annual runoff from. a catchment1' i:nj·inph~•I r A 

P=Annual precipitation on the catcli.il{efit ifi biciiesrr 1 cL:-udii ·% " 

T=Mean annual temperature of the catp"hm~nt. i"tt de!r~ees 'R'ahren 
h 

't 1,;'t ... 1."TTJ,fR.ct£dlf.Jl. 
. e1 • . 

x=Constant which may be different for differ.ent'c~tefune!lts;h ~··o:;.·; 

Rm =Monthly runoff in· inches. 

P m =Monthly precipitation in inchec. 
~ '. ~ . - "1 .. ~ 

T m =Mean monthly temperature for the catchinentr in1 .degr~s:J 
Fahrenheit. · · ·:Hb d u nqu't ·,rnu 

• 

. The ~hove monthly formula applies where Tm _is above 40 °F fof1-t~ft1JB of 
f'm .below 40°F, the loss Pm-Rm will be as undiD". . ·.· d~u "{t'lv .t . ....., ;. , ' ,. . ' 

Temperature Loss in inches 

30° 0·7 

20° 0·6 

• 10° O·i 
oo 0·4 
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He had applied the formula in a number of cases and found it to be corree \ ; 
the deviation in any case was almost negligible. He had tried it in the case of 
21 catchments .in America, in Norway, Switzerland, in one catchment in France 
and in Kosi and :Mahanadi in India and found it to hold good. The data, on, 
which· these were based, were meagre but if it could be established to be 
correct, it would be of immense use to the engineers. It was based on the 
fac~ that temperature was related to all factors affecting loss of precipitatio• 
and, therefore temperature could be take!! to represent all those factors. 'Below 
4:0°F. no transpiration takes place and, therefore, the values given ab9ve would 
represent the loss by evaporation only. · _., ........ 
~ 

- He suggested to all present to apply the forumale to various cases that 
came their way and see to what extent they were universally applicable and 
report to him individually or at the Board Meeting. 

' RAo BAHADUR JoGLEK.AB. referring to item~ (1) and (2) asked how many 
years' data were covered by these investigation and, if the shape factor was 
taken into account while comparing the maximum flood discharge with Inglis · 
formula. 

RAI BAHADUR M. C. BIJAWAT referring to item (2) said that they 'should 
ta.ke catchment area and apply Inglis formula. 

RAI BAHADUR S.D. KHANGAR referring to item (1) suggested that it wotlld . 
be better for comparison purposes if the runoff were givenjn inches instead 
of in million cubic feet, and complete information was supplied for the different 
catchpl_ent areas for which discharge had been reported. 

, 

DR. V AIDHIANATHAN referring to the formula presented by Rai Bahadur 
A. N. Khosla enquired as to how tlie value of 'x' was fixed. 

RAI BAHADUR A.N. KHOSLA sugge1ted that this could be done by taking 
the values for 3-4 years. He added that the value ranged from l to 1/3 in the 

. cases analysed by him. 

MR. N. S. GoVINDA RAo referring to items (I) and (2) said that the runoff 
depended not only on the catchment ~uch as its being steep, afforested or plain 
but also on the shape of the catchment, temperature etc. For working out 
any formula the results should be spread over a. number of years. . ' 

Referring to items (a) and (4:) he said that theunithydrograph began with 
a very high ordinate on the very first day of the rainfall, which was unnat~l 
in a catchment of the size of that of river Teesta. above the railway bndge 
(2,800 squar~ miles). The method suggested could be adopted with great 
accuracy in the case of small catchments. In bigger catchments, there would 

. be considerable time lag between the runoff from one valley and another. 
The peak flow of ~off depended on the nearness to the measuring point and 
the size of the valley ov~r whic~ maximum precipitation had taken place . 

• 
" The average rajnfall over a catchment is not the arithmetical mean u 

calculated. It is calculated by .multiplying rainfall by the area. of catchment 
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served by each gauge and dividing the aggregate of the product so obtai&ed 
total area of the catchment. It is not known on what .basis the weightages -
were given. The percentage dislocation has been shown the same both for 24.. 
hours and 48 hours unit of time: This is based on the assumption th~t hall 
the precipitation takes place in 24 hours and the other half in the next 24 hours. 
Such equal· precipitation rarely occurs in ·two successive days. The resul\ 
require further investigation ". 

Referring to item (9) he said that a statement had been made on page 109 
that 75 years' avera;ge was taken as the norinal to compare the duration. Though 
this was mathematically correct, yet in taking the average, extraordinary peak 
years of high and low rainfall should be omitted, as by the very nature of their 
peak appearance thef could not be included in the calculations for the normal. · 
This was a normal practice in analysing rainfall data for reservoir constructibns. 

\ 

-A statement of 70 years rainfall might as well ha've been usefully added. 

It was then decidefl that subje~t should continue to remain on tbe Agendl~ -· 

DISCUSSION BY THE BOARD 
THE SECRETARY described the work done at the Resea:r;ch Committee 

meeting and said that there wBs no resolution on the subject. , 

MR. T. MYLAVAGANAM said that in Ceylon in certain catchments it had 
been observed that nearly .100 per .cent of the ra~all appea~ed as,_runoff. 
In reply to Dr. K. N. Bose, Mr. Mylavaganam .said that the catchment waa 
entirely cultivated by tea. 

THE SECRETARY·pointed out that there must be some loss .. 
• 

MR. T. MALAVAGANAM said that if the storin lasted for a long period, there 
might be some loss for the first few days, but latter 100 per cent. of the rainfall 
appeared as run-off, . 

- RAo BAHADUR G. SUNDARAM said s~me times- 140 per cent. or _even 1~ 
per cent. run-off was obtained. This only showed that the rain ga~ge stations 
were not properly located or representative of tpe actual rainfall. · 

It was decided that subject should remain on the Agenda. 
I 

(ii) Ma:1im um Runoff Discharge 
PRELIMINARY NOTE 

The following items were discussed at the 1947 'Research Committee 
Ueeting. 

· (1) Determination of.the optimum number of rain recording stationB ia 
catchments for estimating runoff by Messrs. V. Satakopan and V.V. 
Sarma of India Meteorological Department. 

(2) MeJ.surement of precipitation in hilly catchments with speci~ referenc-.' 
to problems of runoff and other hydrologic studies by Mr. L.Y. 
B~.ker. 

( 

(3) Maximum flood discharges from small catchments bv Mr. J.. R.' 
Thomas. 



Recent Literature · 
(1) Kinnison, fH.B. :\ Flood flow formulas.~ Journal of the Boston Society 

of Civil Engineers, Vol. 33, No.1, January 1946. • 
(2) An estimate of maximum possible flood produdng conditions in the 

Missouri River Basin between Garrison and Fort RandalL United 
States Department of Commerce, Weather Bureau, Divi~ion of 
Climatologicaiiand Hydrologic Service, June 21, 1946. 

(3) Maximum possible flood producing Meteorological conditionS in the 
East Muddy Creek Basin above Creek Dam site, Gunnison and 
Upper Colorado River Basin sturues. United States Department 
of Commerce, Weather Bureau, Division of Climatological and Hy-

. drologic Services, Report No. 2, August 1946~. 
(j) Maximum possible flood producing Meteorological conditions in the 

"'Taylor River Basin ab(jve Almont Dam site Taylor Park Dam. 
(C<Jlorado), Gunnison and Upper Colorado riv~r Basin studies 
United States DepartmeLt of Commerce, Weatl•er Bureau, Diyjsion 
of Climatological and _Hydrologic Services, Report No.3, February 
1947. ( . 

THE YEAR'S WORK 
The following items were: discussed at the 1948 meeting of the Res~arcb 

· Committee. · 
(1) M~ximum.. discharge;from a runoff plot in Midnapur. 
(2). Maximum runoff formulae and their applications. . . 

(1) MAXIMUM DISCHARG~ FROM A RUN<?FF PLOT IN MIDNAPU~ (9). 

• - ABSTRACT . . . -
Runoff observations were proposEd to be carried out in a plot of land in 

the district of Midnapore. The catchment area of the stream was 1· 6 square 
miles. The maxim~ rainfall recorded near about the place was 12·8 inches 
in a day. It was propos~d to set up necessary flumes in_the exit channel fro~ 
the c;:atchme~ area in order to measure the runoff discharge for different 
intensities of rainfall in the area. It was, therefore, n€cessary to get an idea 

-about the maximum discharge that could ever be expected to _be measured in 
the flume. In the absence of any observed discharge figures, normal distri
bution of rainfall was assumed and discharges in different lours were obtained 
by superimposition of the individual runoff hydrographs for the rainfall in 
different hours. · · - · · · -

(2) ltfAXIrrWl\I RU?lOFF FORi'flULAE AND 'IHEm APPLICATIONS (1°). 
ABSTRACT . 

Various runoff formulae (Ing1is Fan Catchment, whiting curve (Bombay), 
Dickens, Ryves' etc. have been summarised and their applitations have been 
djscussed. 

- (•) .Annual Report of the R.iver }tpsparch Ins!itu~e WPBt Bengal, 1947,. rages 27--29. 
• ( 10}CPn'ral Waterways, Irrigation and Navigation Research Station, Annual Rtpc-rt 

( ft:chnical) 1947, Pag' s 19...:....22. 
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DISCUSSION BY THE RESEARCH COMMITTEE · 

'Mn. SINHA introduced item-{i) a~d said that observations of rnn!J:ff were· 
proposed to be carried out in a small stream with a catchment are~ of 1•.6' 
square miles. It was required to get an idea of the maximum run off d1schacge·. 
ever likely to occur from that plot. The_ only thing known 'was tha~ -~he .. 
maximum rainfall in a day near about the place·was 12·8 _inches. Nothing:. 
was known about the distribution of the rainfall intensity. A normal cm:ve for·· 
the precipitation was assumed and it was alsoasstnned that the rainfallm o~ 
hour would runoff totally in the next seven hours. The maximum dischar~es~ 
according to normal distribution of rainfall over 24 hours, ~ver 12 hou!S· a~d
over 8 hours were worked out. . -

It was found that these figures were very high for the size of th~'cateh
ment. Those, however, had been obtained on the assumption of ~otal ~of!. . 

RAo BAHADUR JOGLEKAR u;trodu~ed ite~ (2land said that the obje~~ of~ 
his note was to summarize the various rimoffformulre. ., 

The maximum runoff had to be corrected f<?r the shape of th~ ·catcltment 
the gEneral formula work£d out at the Station being-"· 

., - . -
7,000 A. . . • 

Q --:- X K" , where K is the shap,.e facto_r..-
•.y A.+4 - - ' 

- •. , ,_..... .. 

Though the fan catchme~t formula1 gave a· good ge~era1 indicatio~ . .ot t~~~ 
maximum runoff, it did not give a~y indicati9n whether a maximum :Hood' 
would occur once, or 50 times, in a thousand years. The only way to d~cide 
this question was by judgment J>ased on past experience and· records. ' -~~ 
should be borne in I¢nd thaJ; maximum storms tended to occ_ur more frequent~y 
in medium sized catchments than in very large or very smaJI catchments .. 
This was brcause in very.smal1 catchments the probabHity of the sto:r;m passing 1 

over the Ema11 catchment was remote ; while in very large catchments, tbe 
storms rr.rely covered the whole of the catchment. - -

The statistical formula for normal floods obtained from ali' the available' 
data at the Central Station was' · - ' 

4,000 A. 
Q = _ ___.__ 

vA+4 
• . I 

If tqo loose a waterway was provided, serious conscquer:ces of shoaling, obliqu" · 
flow, and dischaige concentrations resl,l}ted. Wllile the wate.rway of the~ 

1 

bridge might be designed according to this formula, allowance for a.filux 
should be made and the free board upstream of masonry structures and the 
prot~ctivc measures down-sti€&m slodd be designed for the maximum ever-
discharge. ' - , · •,. 

THE SECRETARY said that a formula which gave diwharges"that ac~urred ,:~ 
once in a 1,000 years- without indicating the frequency of expection was 
not of much practical use. -



. 
114: TBE CENTRAL BOA.BD o:r mRIGATION A.NlreJ.L REPORT 19!8 

RAI B.AHA.DUR BRrJ NARAIN said 1!4at no formula applied to one catchmenl 
(Baitarni) he knew of in Orissa. The area was a few thousand square miles 

. and the dis~harge was of the order of a million cusecs. Heavy rainstol'ID3 
.oocurred in the catchment which was parallel to their passage and that perhaps 
accounted for the heavy discharge. The river had a regular channel, about 20 
feet deep and 700 to 800 feet wide. On the banks themselves also depressions 
existed for a great length and din-ing floods the sub-merged width was great. 
That was a particular problem to which the ordinary formulm did nQt apply. 

The river in question was the Baitarni and the ~ite was about 30 miles 
· west of Ke-onjargarh. The peak discharge was very much in excess of figures 

given by any known formula. · 

·MR. K. F. ANTIA said that he-would like to draw the attention of R. B. 
logle]rar to the necessity of establishing ~nape fa.ctors for all kinds of catchment 
in the country. If that were done, Dicken'"s formula would be of great help 
in all such cases. 

0 

MR. N. S. GoVINDA RAo referring to item (1) enquired if, in fixing the 
percentage distribution of runoff ~charge, any account had been taken of the 
ratio of length to breadth of tl\.e valley fcrming tbP. catchment. 

Referring to item (2) he ~aid that n9 distinction had been made between 
~all and large catchments. He suggested that they should have different 
fonnuJm'for smaU and large catchments. 

MR. R. R. HANnA liked to know as to who observed the discharge of one 
million cusecs for the river about which Rai Bahadur Brij Narain was talking 
and at which site it was obseived, and how it was observed, t·iz., the method 
Qf observati~n. 

MR. B. P. SAXENA said that maximum should-be defined. The Central 
&ard.of Irrigation should supply formu1re applicable to different zones, to 
calculate the discharge on a practical basis and should send directions to 
provinces accordingly. 

- THE PRESIDENT said that for the time being it was not possible to lay 
down hard and fast rules. Each individual case had to be studied on"its merits ... 
Some work had to be designed liberally as big stakes were involved. }lean
while data might be collected and some results got out by analysis. 

THE SECRETARY drew attention to the preliminary note on page 79and 
Ga.ted that 1n accordance mth the resolution of the Board a form for the 
oollection of data for volume of rainfall and runoff was circulated in 1944. In 
response" data had been repeived for 31 catchments and additional data might 
be coming soon. He said that when these data were analysed it might give 
ueful results. He asked if any one would volunteer to do the anairsis. 
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SA.BDAB BA.RADUR SARUI- SIN<lH said that Dr. J. K: Malhotra would take 
up the work. · 

It was also decided that the subjects should remain on the Agenda. 

DISCUSSION BY THE BOARD . . 

- THE SECRETARY said that two items were discussed at 'the Research 
Co~ittee meeting but there was no resolution on the' subject. In accordance 
with the resolution pa'ssed by the Board in 1944; ·data on the voluine of rainfall 
r.moff for 31 different types of catchments had been •eceived. This data 
had been passed on to Dr. J. K. Malhotr'l of the East Punjab Irrigation Research 
institU'te for analysis. The Secretary requested the members to ma];ce available 
any other data that might have ~ince been collected. 

/ . 
' DR. S. K. BANERJI said that he nev~r reaJised, 15 years ago, that rainfall · 

data would be put to so much use .. It had been ~alised that the distriputioD 
of raingauges was not adequate enough to give a correct runoff relationship 
and a decision had been taken to so plan the raingauge stations as to obtaia 
data of precipitation over a catchment within an' accuracy of 10 percent. D~. 
Banerji reported that in this direction a good ·deal of progress had already bee• 
made in different catchments. H9 described the work done reeent]y in the 
Kosi eatchment. It had meant a lot of trouble to set up observatories ia 
mountainous area and a great difficulty was being found in maintaining- them 
in inaccessible and difficult areas.· - · · · 

DR. BANERJI then explained the work done in setting up new raingauge 
stations and observatories in the Mahanadi and Dam,odar basins. He also 
exhibited the new maps prepared by catchments which _showed the rainfall 
&lata so far colJected, both average and maximum. - · 

DR. BANER.TI then reported that at the last meeting of the Board a. resolu
tion had been adopted recommending that the Indian Meteorological Depart
ment should arrange for periodical inspection of rain gauge stations. Tbis 
matter had received adequate attention. · 

I -

THE CHAIRMAN thanked Dr. Banerji for the great interest he was taking iD 
the sqbject. , 

It was decidei that the subject should remain on the agenda. 

1uE PRESIDENT said that he liked to seek a certain amount of .help from 
the members on a particular it£m of investigation. At the l~st Res£-arch 
Committee meeting he mentioned the runoff formula w~ch he had evolved. 
He had calculated discharges in various rivers both ip India and abroad with 
this formula (given on page 109). It had been tried for: 21 catch· 
ments in the United States of America, and for the Mahanadi, the Kosi, 
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the s~all catchment ofDocbi and one other catchment in India. In the mean
time he had a~ked his Director o~ Hydrology to prepare a statement of the 
water resources of India as a whole, divide it into catchments and apply this 
formula and see how jt worked out. He had now got some tentative figures 
which were fairly impressive. , The total Iun-o:ff according to that in the whole 
of India, excluding Pakistan, came to ~ • 9 million cusecs or in terms of acre 
feet it was 1,328,000,000 acre feet out of which roughly one fourth was for the 
J3ra'hma{mtra, a little less for the Ganga, and then the rest for .the. Godavar:\ 
and others. He had .also worked out from considerations of temperature. and 
rainfall, the mean ann~al run-off of Godavari at Ramapadasagar and he got 
a figure of 83·.5 million acre feet as against 85 given by the Madras report. 
He requested aU the ~gineers present to let him have complete data of dis· 
charges at a certain place for as long a period as they -eould get for all theit 
respective rivers. If they could give him some record of actual discharges 

· at one particular point, then he could get the rainfall data from the India 
Meteorological.Department and with the existing data he could check and see 
ho~ the formula worked . 



2A. River Behaviour 
PRELIMINARY NOTE 

. ' 

·. rhis subject:fust appeared on the agenda of the Research.Committee 
:in IJ942 under~ the 'head 'River Behaviour, ·Traini:g.g and Control~. In-1947 
1 ·River 13ehaviohr .; was takeu up as a sepMate subject with (i) Floods (ii) 
-Stage rdiscliarge're1ations·,i as its two sub-heads. · 
1 > ,. ! .... , . I • <I l• 

' 
• 1 (I) Floo(Js 

PRELIMINARY N'OTE 
J>.•J.-1..- .... 

(l)Thfl Cenkal Board of Irrigation jonrnal, Januaty 19i:8, p.1ge 6~·an~C.B.J.PublicationNu 
- 40,-Annual Report~{ Technical) 1947, ___ .:...__..:_:., ___ ~ ... ~- " .. • '-~"' ,.l.u "· •"-"' •• : 

- ·-·---~:.:; , 1 ~ l -··--~ .!l,•li~·J Jll7:":··,: ' 
..- ,~ '} , r l ""' 
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(1) mGHEST FLOOD lN THE DAMODAR AND rrs T:RmUTABIES 
, IN 1947 (2) 

ABSTRACT 

The highest flood recorded during 1947 in the Upper'Damodar {above its 
eon:fluence with Barakar) occurred in the' first week of Sept£mber when how 
ever, the fioo~ in ~e Barakar riv~r, which is t~e main tributary of the Damodar 
was not Eo mtens1ve. The max:unum :flood m the Barakar occurred in the 
first week of August 1947, when the Damodar sites did not show heavy :flood. 
Tab]e 2A.I gives a comparative chart of the peak of the highest floods in 194.6 
and 1947. 

TABLE 2A.I 

·Damodar Site&-Comparative study of high flood level in 1946 and 1947. 
I 

' 194.6 194.7 
BiTer Site 

Date Time 
Highest ApproXJ Highest jApproU-

fk>od mate flood mate 
level dischar- Date Time level dis-

gein 

'· 
charge 

' 
. CWI6C8 in 

Casetl8 

~aaodat •. Ramgarh 17-9-46 12 p.m. 1110·65 77,000 3-9-47 Gp.m. llll·O:J ll4,000 . . 
Ayre 17-9-46 3p.m. 831·92 .. 3-9-47 6p.m. 836·09 .. 

lBokharo 
-

Daneo 17-9-46 8p.m. 949·96 ll,OOO 3-9-47 I p.m; 95.2•15 .2%,000 

~r.modar ChuRoad 18-9-46 3a.m. 520·83 155,000 3-9-47 10p.m. 1522·83 247,000 

Sudamdih 18-9-46 2a.m. 440·08 .. 3-9-47 10p.m. 436·20 241,000 

Sonalapur 18-9-46 8p.m. 357·22 .. 3-9-47 Night 358·32 .. 
~uakar Barakar 18-9-46 11 a.m. 344·70 1.23,000 1-8-47 6p.m. 348·20 220,000 

AsansoL -. Maithon 18-9-46 6a.m. 361·67 .. • 1-8-47 6p.m. 36lH>8 . . 
I . 

Barakar - 18-9-46 IOp.m.' 777·07 141,000 -1-8-47 4p.m. 785·10 259,000 
Giridih. 

. . -
~- Giridih 21-8-46 6p.m. 922·110 29,000 4-8-47 11 a.m. 923·74 32,000 

l&n-kar Bar hi / 18-9-46 .7 a.m. 1211·12 82,000 3-9-47 ...... r ...... 19,000 

Tilaya, .. .. .. .. 3-9-47 9 p.m. 1146·17 .. 

(2) mGBEST FLOODS IN 1947 IN THE :RIVERS MOR, DW ABXA AND
BRAHl\JANI (3) 

ABSTRACT 
· , The stream gauging (discharge) Eites on these. rivers are on the river Mor 
at· ihe Mess•mjore Dam site and the -sainthia Railway Bridge site, on th& 
:Aver Dwarka at Gadadharpln'-and on the river Brahmani at the Na1ha.ti 

. Ra.i.Tway bridge, while at the Til para Ghat. BarrB ge '&ite on the 1\'Ior river only 
gauge readings are taken. The maximum :flood for this year at all these stations 
passed on the July 31, 1947. Table 2A.II presents a comparative chart of 
maximumJloods for 1946 and 1947. -

(') .Annual Report of the River Research ll]sliiliute West Bengal, pages 29-35. 
• ,) Annual Report pf the River Research•Institute, West Bengal, pages 36-38. 
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' 

TABLE 2A. II 

Jfor St'les-Oomparative study of the' h1'gh flood levels· tH.'F.L.)-and disc ... ~arges 
between the years 1946 and-1947: · _ • ' 

-
1946 1947 

Ri-t·er Site 

~.L.I Dis-

.. --, 
' 

Date Time Date Time H.F.L. Dis-
chargo charge -- -- -~ . " . 

' 
Jrlor Messenjore 1-9-46 3 p.m.. 302·28 74,000 31-7-47 3p. m. 301·50 71,000 - ' -

Tilparaghat 1-9-46 .4:p. m. 206·65 .. 31-7-47 Night - 205·04 . . 
-

128,000 Sainthia 1-0-46 8 p.m. 157·47 204,000 31-7-47 10-30 p.m. 155·67 

Dwr.rka Gadadhar- 21-10-46 6-30 a.m. 123·94 5,000 31-7-47 9-30 p.m. 127·36 16,000 
pur. ' 24,000 Brahmani Ne.lhati 115-8-46 5-30 p.m. 106·39 12,000 31-7-47 12 Nigh~ 108·76 

-

{3) HIGHEST FLOODS OF THE RIVER lEESTA .AND I'IS TBmUTA-
RIES DURING 1947 (') .· 

- ABSTRACT _ ~ 

The highest floods during 1947 at most of the sites ,in the Teesta hill 
·,catchment occurred durmg the month of July on,July 25, 194~ ~able'2A.II1 

gives a co;mparative study of the floods for 1946 and 194 7. · ' 

TABLE 2A. III· 

Oomparati'fJe statement of the high flood level (H.F.L.) and dis(iharges of .the Teuta. 
Sites, for the years 1946 and 1947. 

~ 

1946 1947 . 
---. -

River Site Date Time H.F.L. Di.&- Date Time H.F.L. Dis- ~ 
charge • charge "' . in ( in 

-cusecs. ,. cusecs --__._ . - --
Teeata Mamring .. . . . . 

Bridge 
. . 25-7-47 6 a.m. 932·46 76,000 

(Rangpo) 
Melli 2-9-46 6p.m. 696·35 73,000 25-7-47 8a.m.- 700·35 85,000 I 

' 
Tee.9ta. Bridge 4-9-46 12 noon 669·44 146,000 { 25-7-47 10 a.m. 671·44 111,000 

• . 27-7-47 6a.m • 671·94 107,000 
Coronation 2-9-46 4p.m. 501·72 120,000 25-7-47 11 a.m. 505·72 147,000 
B~dW' ' 

. . 
Rangpo Ra.ngpo I j 25-7-47 12 noon 959·39 21,000 .. ·.; .. .. ' 

/ ' 
.. '\. 10-9-47 6a.m. 960·14 19,000 

' 

Rangit Nayabar.ar .. . . . . .. 23-7-47 6 a.m. 1004·41 30,000 . 
Champa. 4-9-46 1 p.m. 694·91 49,000 { 25-7-47 8a..m. 690·66 41,000 

I ' 1-8-47 -6a.m. 691·66 40,000 . ' Ram am Singla I 

1-8-47 6 a.'ll. 1011•88 11,()00 I .. .. - . . .. 
J I ·~ . 

• Annual Report of tha RiV'fr RE'search Institute, West Bengal, pages 38--40.\ 
Ill 1 • 11 4 
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DISCUSSION BY THE RESEARCH COMMITTEE 
' . 

. -J.iR. SINHA introduced.itet? (1) and said that the maximum flood occurring 
~n the Damodar was peculiar m as much as th~ uppu Damodar above the con~ 
:fluence with th-e Barakar recorded the highest flood in the first week of Septem~ 
'ber whereaa the main tributary, Barakar, recorded the highest flood in the first 
•week of August. Details of both these floods and comparison with previous 
.years were given in the report. _ 

MR. SINHA had nothing to say about items (2) and (3), while introducing 
them. . . . 

Da. BosE added that in 1948 the Barakar had a maximum flood, while the 
Damodar kept low. If ~the two were 'in flood .aimultaneously, it might be dis_. 
-astrous. 

' 
It was decided to keep the subject on tl'le Agenda. 

. . 
DISCUSSION BY THE BOARD 

. . 
THE SECRETARY described th~ work done at th~ Research Committee meet~ 

W.g and. £aid that there was no resolution. Regardjng the resolution of the 
13oard- passed last year f01 the collection and record of data, some of the 
·;l'Cplie'l received from the administra.ti:>ns addressed were given on page 
117. Further intimation had been received from Jaipur, Baroda, Bihar 
and East Punjab 'that they ·had taken necessary steps for the collection of 
the data which would be supplie·:l to the Board for information as soon as 
received from their local officers. Travancore had a~pointed a special officer 
-to collect hydra'.llic data: Replies from others were still awa~ted. 

It was decided to keep the subject on the Agenda. 

(ii) Stage-:-Discbar~e Relations 

PRELIMINARY NOTE 

subject has been discussed at difrerent Hmes in the past under :How 
lnd canals. It was introduced as a distinct subject head in 1946. 

aht under" River Behaviour" in 1947. ' 
0 

"Jwing items were discussed at t~ 1947-Research Committee Meet~ 

~1) Co~relation b~tweer.. the gau~e height~ at the Sa~thia Railway Brid~e 
site and the -Tilpara Ghat Barrage site on the nver Mo:r. ' 

(2} Gauge discharge curves ior the river Brahmaputra at Jogigopa. 

{3) Co~relation between gauge ieveJ~ ot the nver Damod~r at Ramgunge 
and Rhondia and the gauge discharge curve at Ram~ge. 

· :t4) High floods in Krishnarajasagar. · 

~5) Hydrology-t~Q p.ew science and its application by Dr. N. K. Bose. 
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Recent Literature 

(1) Kinnison, H. B.-Flood flow formulas. Journal of the Boston Society 
of Civil Engineers, Vol. 33, No. 1, January 1946. 

(2) Statement showing the average, maximum, minimum, gauges and dis
charges of the River Kabbini at for the year 1940-41 or 1945-46 (Typewritten). 
· (3) Statement showing gauges and discharges of Siwat River observed 
from 1935-1946 (Typewritten). . 

( 4) Statement showing the maximum, minimum average discharges of 
the River Hemavath.i at Akkihebba] gauging station, during the years 1940-41 
to 1945-46 (Typewritten). · 

(5) Statement showing the average, maximum and minimum discharge, 
and gauges of the river Lakshmanatirtha at Enduvady during the years 1940-41 
to 1945-46 (Typewritten). , 

(6) Flow of the Rio Grande and Tributary contributions. United States 
International Boundary and Water Commission, United States and Mexico, 
Water Bulletin No. 15, 1945. 

(7) Youngquist, C. V. -Ohio Stream Flow Part II-Summary of steaD} 
flow records, in Ohio 1898-1944. Ohio State University" Studies, Vol. 16, 
No. 1, May 1947. , 

(8) Highest and lowest annual stages Misa:.issippi river and its outlets and 
tributaries to 1945. 'Var Department, Corps of Engineers, U.S. Army, Vicks
burg, 1946. 

(9) StatemeLt showing the average, maximum, minimum discharges of the 
river Cauvery at Chunchinakatte gaugjng station during the years 1940-41 to 
1945-46. ' ' ' ' 

(10) Comprehensive statement of gauging stations of rivers <'f Bengal 
(Typewritten 1947). , 

( 11) An estimate of maximum possible "flood producing between Garrison 
and Fort Randall. United States Department of Commerce, Weather Bureau, 
Division of Climatological and Hydrologic Service, June 21, 1946. 

(12) Bagchi, K.-Hydrology in India. Science and Culture Vol. XIII No.1, 
July 1947. 

THE YEAR'S WORK 

The following items were discussed a.t the 1948 meeting of the Research 
Cpmm.ittee. 

(1) Rating curves of the river Damodar and its tributaries for 1947. 

(2) Rating curves for.the rivers Mor, Dwarka and Bra~ani for 1947. 

(3) Rating curves for the river Teesta and its tributaries for 1947. 

( 4) Rating curves for the river Ganga at Paks&y and Rajmahal for the 
period 1936-41. 

{~) Time lag as a function of discharge. 
(6) A:fRux observations of 1loods of Cauvery river at its juncti~n with 

the Krishnarajasagar reservoir._ · · - , 
:&alCmi 
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(1) RATING CURVES OF THE RIVER D.t\MODAR. A!-"'D ITS TRIBUTARIES 
FOR 1947 (5) 

ABSTRACT 

There are eight discharge sites in the Damodar hill catchment viz (i) Ram· 
garh, (ii) Chas Road and (iii) Sudamdih on the Damodar, (i) Bar hi, (ii) Bamkar· 
Girdih and (iii) Barakar·Asansol on the Barakar, Danea on the Bokharo, and 
Giridih on the U sri aJ!.d four other sites viz. Ayre Dam site and Sonalapore Dam 
site on the Damodar and Tilaiya. Dam site and ~Iaithon Dam site on the Barakar 
where only gauges are observed {gauge·discharge curves for the eight discharge 
sites for the flood season of 1947 were prepared. For the Barhi site due to sub· 
mergence of the gauge at the temporary wooden bridge site where obsen-ation 
had been started since 1946, gauges were observed at the previous site at the 
iron bridge on the Grand Trunk Road. Two rating curves got prepared for 
these two sites. Also rating curves at each of the four gauge sites were obtained 
by correlating the gauge at each site with the gauge of the nearest discharge site 
with allowance for proper time-lag. 

(2) RATING CURVES OF 'IBE RIVERS MOR, DW ABKA AND BRABMANI 
- FOR 1947 (6) 

ABSTRACT 

There are two discharge sites at Messenjore Dam Site and Sainthia Railway 
Bridge site on the river Mor, one at Godadharpur Railway Bridge site on the 
river Dwarka and one at Nalhhati Railway Bridge site on the river Brahmani. 
Also there is one gauge site at Tilpara. Ghat Barrage site on the river Olor. 

· The gauge·discharge curves for the four discharge sites for the flood season of 
1947 were prepared and the rating curve at the Tilpara Ghat Barrage site was 
obtained by correlating with proper time lag its gauge with the gauge at the 
nearest discharge site, at Sainthia which is about lOt miles downstream of the 
barrage site. 

(3) RA1ll\G CUR~ES OF 'JBE .FI\ER 'l!E.L'IA P~D l~S ~FI:EU2.J!EJES 
FOR 1947 (?) -

ABSTRACT 

There are eight discharge sites in the hill catchment of the Teesta river 
viz.-(i) Mumring Bridge (Rungpo), (ii) Melli Bazar, (iii) Teesta Bridge 
(Anderson Bridge), (iv) Coronation Bridge (Sevoke) on the river Teesta; (v) 
Rungpo Bridge on the river Rungpo; (vi) Naya Bazar (Singla), (vii) Champa. 
Bazar on the river Great Rangit; and (viii) Sangla on the river Raman. 

Cross sections could not be taken at any of these sites during the flood 
season. As such, discharges for the flood s~ason of 1947 were calcu,ated on 
the cross sections taken before the commencement of the flood season. It 
jS expected that this would not materially change the value of the discharge 

( 1) Annual ~eport of the River.Resea.roh Institute West Bengall9!7, pages 41-43. 
(') Amiua.l Report of the River Research Institute'West l3enga.ll947. pag s (3-44~ 
('J Annual Report of the Bfver ltu<~nh ]netitut~ W<~t ~ED~all947, ~ages 44-~:S .. 
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very much, as the bed near about the observation sites is of rocky na;ture and 
more or less rigid. These calculations are being repeated. on the basis of the 
cross sections taken at the end of the flood season. Ratmg curves were pre
pared for all the eight sites based on the discharges already calculated.. These 
would be modified after the calculations on the new cross sections are completed. 

(4} RATING CURVES OF THE RIVER GAl\GA AT PAKSEY AND 
RA~:MAHAL FOR iBE 1EARS 1926-41 '(8} , 

ABSTRACT 

In connection with the scheme of improvement of the Bhagirathi and 
other distributaries of the river Ganga in Central Bengal, e. g., Bhairab
Jalangi, Mathabhanga, etc., it was proposed to studythegaugereadings of these 
rivers and their relation with the gauge height and discharge of the river Ganga. 
Records of gauge-heights of these rivers exist for the years 1936 to 1941. Re
cords of gauge readings of the Ganga above the offtake of the Bhagirathi exist 
at Rajmahal. But no discharge observation_was taken at' this site. The only 
site where discharge is observed on the Ganga is at Paksey where observations 
are taken by the B. A. Railway authorities. These observations are taken six 
times a month during the flood season and three times a month at othe;r times. 
The two gauges at Rajmahal and Paksey with proper allowance for ,time-lag 
were correlated and correspondence between the gauge at Rajmahal and 
discharge at Paksey obtained. 

(5) TIME LAG AS A FUNCTION OF DISCHARGE (1) 

ABSTRACT . 
. As a preliminary to delivering the real regE'neraf!on in the Kalabagh-

Ghr zighat roach of the rivt•r Indus, the time lags Tt in days, between Kalab2gb 
and Gh&.zigh11.t has bc<n studied for the year 1931-32 to 1945-46. It has been 
found that in this reach time lag is a deficit f"t:nction of ' the me2JJ discharge,. Q 
(thousands cutecs). The process of enalysis descrited in the' paper can be 
appted to suitable re.acbcs of rivers in India. ' ·-

- -

The evaluation of true gains and losses in any given reach of a river invol-
ves, among other things, the estimation of the time lag and valley storage for 
the reach. The time lag can be estimated either by dividing the length of the 
reach by the observed mean velocity or by finding the interval between the 
passage of a peak or trough from the upstream end of the reS:ch to the down 
stream end. · 

Of these two methods, the first is the more suitable where the time taken 
for water to flow through the reach is short compared to the frequency of dis
charge observations at either end. For example, if the discharges are observ
ed once a day and the reach can be covered by the flowing water in six hours, 
the passage of a peak at the upstream end may not be recorded as such at the 
downstream end. In such a case the average mean sectional ~elocity fo:r the 
reach provides the only index for the correct ev~luation o,f time lag. . , , · 

\, ,- l (•) Annual Report of the Riv~ ;&esearc~ Instibte West Beng8.ll947. pagea4:5-48}, , , , t 
.. <•l Irrige.tion &sea.~~~tt~~~-~~Ue.~{~~ 1~z~~P.~}~'f~l\1 ~~-
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If, however, the length of the reach is large compared to the frequency of 
discharge observations at either end, it may be possible to find the time lag by 
tracing a peak or trough down the reach. Obviously, the lag will be a function 
of the magnitude of the peak or the trough, though it may not always be possible 
to evaluate this function explicitly. 

It is, however, generally easier to trace the peaks than to locate the troughs. 
sudden rises in rivers are usually far more common than sudden falls in level ; 
and the troughs which are too close to peaks on either side are partly affected_ 
by them. · 

Again, a rising river is partly slowed down by the loss of volume due to 
Btorage in river bed between the two sites and the consequent reduction in 
velocity. Similarly, on a falling river, the :flow is accelerated by water being 
~eturned from valley storage. 

Where the difference between the discharges at the two sites is appreciable, 
therefore, the time lag for a peak at the upper site of a given magnitude would 
... e more than if the same discharge were passing steadily. Similarly, the time 
lag with a trough would be less than at an equal discharge running steadily. 

_ The effect of additions to valley storage on a peak and from valley storage 
on a trough is, however, mixed up with the effect of gains and losses between 
the two sites. The gains might be due to the inflow caused by rain, and might 
reinforce a peak. -

In order to find the relation, if any, between the river discharge and time 
lag, it is, therefore; best to take the mean discharge for the upper and lower 
sites as that correspon<ling to the observed lag. 

Further, as the river discharges are usually observed only once a day and 
the time lag might, therefore" be out by i a day, it is advisable to group the dis~ -
charges in different ranges, so as to have a sufficient number of values in each 
group for averaging and thereby reduce the error of variation. 

• In the absence of discharge records for East Punjab rivers, which were not 
received from West Punjab right up to the end of 194~, an investigation for a 
reach in West Punjab might be described. This was undertaken sometime 
before partition and is cited here by way of illustrating the application of the 
method discUEsed above. · 

The reach chosen was ' Kalabagh to Ghazighat ' on the river Indus, and ~nly 
the rabi {October 16-April 15) season was considered. A knowledge. of the time 
lag in this reach during rabi would be usefulfor regulation purposes, 1f and when 
the Punjab inundation canals taking o:ff~he Indus river were linke~ to a barrage. 
It would also be useful, combined with a similar knowledge of the trme lag from 
Panjnad-cum-Ghazighat to Sukkur, for verifying the value of the Kalabagh
Sukkur time lag. The latter had been taken as 13 days-during all the rabi 
months, in the Sind calculations presented to the Indus CoiiUDission; and 15 
days in the proposed Sind-Punjab agreement (194.5) chaft. -
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The time lag from Kalabagh to Ghazighat was determined as follows:~ 
(a) For each year from 1931~32 to 1945-46, the daily discharges at the;t~o 

sites were written down in parallel columns, and the peaks or troughs marked 
separately for each site. \Vhere the peak or trough was not very marked, it 
was rejected outright. · 

(b) All the peaks or troughs at Kalabagh which were followed by similar 
peaks or troughs at Ghazighat were then listed. The interval between the two 
gave the time lag. There were 102 such values. 

The values of the lag were then averaged for different discharge ranges 
and the corresponding discharges were evaluated. The averages are given in 
Table 2A. IV. -

TABLE 2A. IV 

Range of discharges No. of values in the ll!ean discharge 
(1,000 cusecs} range (1,000 cusecs) Q 

Mean time lag 
(days) T 

20·1-30·0 

30•1-40·0 

!0·1--DO·O 

50•1-60·0 

50·1-80·0 

80·1-100·0 
~ 

Above 100 

•• 

•• 

, • I 

18 

20 

19 

us 
12 

11 

7 -

25·5 

35.·t 

«·5 . 
54•9 

65·9 

7·17 

5·70 

4·9.) 

4·43 

3·83 

88·6 3·28 

14t;3 . -I ' ' 2·21 

The plot of time lag ~gainst discharge -indicated a definite relationship.· 
From physical considerations this was taken to be of the form: T .:._Q Qn, n 
being negative. The.values of 0 and n were found by a double log plot, and the 
relation came out as: . , , , 

T=62·4 Q-f . ; (2A.l) 

The values given by Equation (2A.l) compared with the actuals are given in 
Table2A.V . 

TABLE 2A.V , 

Q (1,000 cusecs) T (actual) (days) T (calculated) ' (days) 

25·5 7·17 7•19 . 
35·0 1•70 .5•83 
44·5 4•95 4.•9"1 
54·9 •·4:3 4.•32 
65·9 S·~3 3•83 
88·6 S·!~ 1•14· 

144·3 2•21 J•27 
- .-
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The actuals as well as the values given by the formula are plotted in Figure 
2.A.l. Considering the sort of data analysed the fit was very close .. 
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Figure 2A: 1: Relation between the time-lag from Kalabagh to Ghazighat and 

the average discharge in this reach of the river. 

The values given by Equation (2A.l) for some discharges in the rang a of 
values on which it was base~ were:-

Discharge (1,000 cusecs) 
20 
30 
40 
50 

100 
200 

--

T~m~ lag (days) 
8·47 
6·45 
5·33 
4:·60 
2·90 
1·82 

Thus, in this case at least, the time lag was found to be & definite function 
of the river discharge. - Wheiher this is true in other cases will be verified 
by analysing the data for other reaches in East Punjab. The complexity in
troduced by a variable time-lag in the determination of gains and losses will 
&lao be examined and, if possible, res~lved. -
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(6) AFFLUX OBSERVAtiONS OF FLOOD1. . OF CAUVERY IUVEB AT ITS 
JUNCTION WITH THE KRISHNARA1ASAGAR RE&ERVIOB (1°) 

The Krishnarajasagar reservoir is at the_ confluence of three rivers, the 
Hemavathi, Cauvery and Lakshm.anathirtha. The former two are practically 
equal in-size while the latter is a small river. The points of confluence of !he 
three rivers are practically equidistant being about 27 miles from the dam. 

:: 

Observations were conducted for a period of about four years, 1938-194:1 
and again in 1947'to find out the difference in reservoir level at the dam and at 
a ~point a mile belo'w the river Cauvery was joining the- reservoir when it was 
full. The Cauvery discharges to a peak of about 40,000 cusecs in a normal 
year. 

C.B.I. 

0 4,000 8,000 12,000 16,000 
- I 

14,000 18,000 

Inflow In cusecs ----

Figure 2A2. : Relation between aJ!lux in feet at -¥ edatore· Road Bridge and inflow 
tn ca~e of the river Cauvqry. 

Figure 2A. 2 shows that the maximum possible affiux does not exceed six 
inches. The variations of afflux with reference to intensity of floods are very 
large. These are due to variations in intensities of,floods in the 'other two rivers 
even on days when the intensity of flood in the Cauvery is constant, the varia
tion in reservoir levels when observations are taken for the same flood, and 
also due to variations in the intensity of ~scharges let down fro~ the dam. 

It is, however, possible to conclude' that permanent' acquisition of lands 
coming under submersion m~y be limited to the full reservoir level. Those 
that come temporarily under submersion due to affiux are very small. Any 
damages to the cropg on account of affiux can be compensated by cash 
payments . 

. Hydra.ulic Research< Station Krishna.ra.ja.sa.ga.r. Aunuallteport 1947, paaes T-9. 
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DISCUSSION BY TBE RESEARCH COMMITTEE 

Dn. N. K. Bos:ru introduced items (1), to (4). Referring to item (4) he 
said that the only discharge site in the river Ganga was at Paksey at the Railway 
bridge but gauges were observed both at Paksey and Rajmahal, a distance of 
about 100 river miles. A gauge discharge curve for the Paksey site was first 
of all obtained and afterwards gauges at Paksey and Rajmahal were correlated 
by giving proper time lag. It was found that the correlation was very high: 
99 · 2 per cent. This extremely high correlation was very difficult to explain. 
Between Rajmahal and Paksey the river Ganga received one big tributary on 
the left bank, that is, :Mahanadi and had a number of spill channels both on 
right and left banks. As the correlation was highly significant this meant 
that contribution of the river :Mahanadi to the raising of the gauge at Paksey 
was almost exactly compensated by the lowering of the gauge by other spill 
channels. This appeared to be very unusual. Mter carefully scrutinising 
there did not appear any flaw in the calculations. The gauge readings of the 
river Ganga at the intermediate points were also being correlated with the gauge 
at Rajmahal. 

MR. N. S. GoVINDA RAo asked as to how the river gauges were fixed. 

THE PRESIDENT enquired if the diect of those off-takes had been studied 
if not, it should be done. 

DR. N. K. BosE said that unless the gauges were connected by some other 
relation they must accept that the discharges added by the tributaries in this 
reach, must by chance, be equal to the amounts drawn by the off-takes. 

DR. J. K. MALHOTRA introdu~ed item (5) and said that he had very little 
more to add. For the evaluation of the gains and losses in a reach it ";Vas very 
important to have some idea of the time lag and in this particular case he had 
tried to link the estimated lag with the mean discharge in the reach. The reach 
chosen was Kalabagh to Ghazighat in the river Indus, and only the rabi season 
was considered. A knowledge of the time lag in that reach during Rabi would 
be useful for regulation purposes, if and when the Punjab inundation canals 
taking off the Indus river were linked to a barrage. It would also be useful 
combined with a similar knowledge of the time lag from Panjnad-Cum-Ghazi
ghat to Sukkur, for verifying the value of the Kalabagh Sukkur time lag. Tb.e 
later had been taken as 13 days during all the months in the Sind calculation 
presented to the Indus commission, and 15 days in the proposed Sind-Punjab 
agreement (1945 draft). 

The time lag from Kalabagh to Ghazighat was determined thus for each 
year from ~931-32 to 1945-46, the daily discharges at the two sites were written 
down in parallel columns, and the peaks or troughs marked separately for each 
site. Where the peak or trough was not very marked, it was rejected outright. 
All the peaks or troughs at Kalabagh which were followed by similar peaks or 
troughs at Ghazighat were then listed. The interval between the two gave 
the time lag. There were 102 such values, which were grouped accord
ing to the magnitude of the correspo:cding discharge and then averaged. 



'the averaged lag wa.s then plotted against the average disohar~e and a curve 
drawn through the plotted point. This gave a very close fit With the actuals 
as shown by the table on page 125 of this report. 

" MR. N. 8. GoVINDA RAo introduced item (6) and said that observation had 
been conducted for a period of five years and these had shown that variations 
of affiux were due to various factors. 

-
The Cauvery discharged to a peak of about 40,000 cusecs in a normal 

year at the point of itg junction with the reservoir at Maximum Water Level. 
The maximum affiux·observed was only six inches for the peak discharge. 

MR. S. L. MALHoTRA referring to item (5) regarding time lag said that it 
depended upon several factors e.g. season, pond level, state of the river bed 
de., etc. If the river bed was.saturated,.the peak would pass in a short time 
but if the bed was dry, it would take a Ionge~ time to p~ss as it had to wet and 
fill the dry bed of the river. 

' ltiR. N. S. GovtNDA RAo referring to items (I) to (4) said that the larger 
variations noticed in the disch,~nges at the higher stages in the curve required 
closer investigation. It was better to conduct vertical velocity observations at 
as many points as possible and ensure that the average velocity was the average 
of0·2 d and 0·8 d observations or equal to the 0·6d observation. The dischargEs 
obtained in any year by extending rating curves with very few points required 
confirmation by ~epetition of observations in succeeding years. 

Referring to item (5) he said that the correlation betwet:'n time lag acd 
discharge might not be possible where there were numerous inlets bringing in 
flood discharges' spasmodically between the two points of observation. There 
should also be no change in meander length and slopes. 

DR. N. K. BosE replying to ltfr. Govinda Rao said that vertical velocity 
observations were extremely difficult as current meters could not be used in 
such cases. They had to have recourse to surface floats. 

DR. J. K.l\.Lu.noTRA replying to the same speaker said that time lag, as had 
been proved from analysjs, was a function of discharge, and he was able to 
evolve a formula which fitted the data very well indeed. But he did not think 
that this particular formula would apply everywhere and would, therefore, 
help in calculating time lag in all cases. ' 

DR. N. K. BosE said that he did not think that inflow and seepage between 
the two points of observations had been taken into account in the calculations 
of time lag. 

DR. J. K. ltiA.r.noTRA replied that he had taken the average discharge at 
the two points and correlated this with the time lag. The process of averaging 
automatically took account of inflow and seepage losses. 
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SARDAR BAHADUR SARUP SINGH said that to know about the time lag wa~ 
very u ;;eful. 

THE PRESIDENT suggested to Mr. Govinda Rao to send his data also to 
Dr. J. K. Malhotra who would analyse it and find a rela.tion for determining 
the time lag . 

.JIR. '3. L.l\IALHOTRA said that the method suggested by Dr. J. K.l\Ialhotra 
would prove very useful. They should co-ordinate the data actually for each 
period :::nd each week. 

:t wa(j then decided that the subject should continue to remain on the 
agenda. 

DISCUSSION BY THE BOARD 

THE SECRETARY said tha.t six items were discussed at tbe Research Com
mittee meeting but there was no re.,olution. 

It was decided to keep the subject on the Agenda. 



3A. Measurement 'of Flowing~,Water 

PREI.ll\ff.NARY NOTE 

The subject previously c~lled "Accuracy of different methods of"taking 
discharges" has been on the agenda since 1940, and the main questions under 
investigatioLs have been the comparison of current meter and velocity rod 
methods for observing discharges, the determination of the velocity rod 
method for small. channels, which would give results consistent with current 
meter observations; calibration of 0 · 8 velocity rods against calibrated flumes, 
rating of current meters and correlatjon of surface velocity :with velocity or 
0·6 depth etc. It.. 1945 with a view to issuing a Board publication o:q the sub· 
ject it was decided that the research officers should continue to d(· work on ' 
the various aspects of the problem on the subject and Provinces or ~tates who 
have published or intend to publish instructions on the subject should send 
·copies to all Research Organisations and to. the Secretary, Central Board of 
Irrigation._ · 

In 1946 meeting a committee compri~ing :M:r. Bhatia ; Executive Engineer, 
Discharge Division, Punjab ; 1\fr. Govinda Rao ; Sub Divisional Officer, Cauvery 
Gauging, Madras, and Mr. Framji (Convener ) was formed to draw standards for 
(a) calibration, methods for current' meters, and (b) discharge observati01.1.CJ and 
equipment. 

The Committee as it stands today comprises Shri R;·D. Sondhi ; Shri. 
Govinda Rao ; Sub Divisional Officer, Cauvery Gauging, Madras, and Mr. 
K. K. Framji (Convener). - ' · · -

Shri Go\rinda Rao ha., supplied a note and Shri Sondhi ~as supplemented 
the note supplied by Shri Govind Rao. The final draft has not yet been prepared 
by the· Committee. . 

The following items were discussed at the 1947 Research Committee 
Meeting :-

(1) Comparison of velocity observations by the float method and the 
current meter method. · 

(2) Water surface profiles observed in a five feet wide standing wave 
flume with parallel sides for various stages of flow. , 

(3) Rating of meters. 
(-4:) Co·relation of 0·6 d with surface velocity observation of Hemavathi 

river at Akkjheball. _ 

(5) Short note on experiments conducted to find th~-effect of tempera-
ture on the results of ratings of current meters.. , 

(6) Short note-on some experime~t~ done at Krishnarajasagar to study 
the effect <1f turbulence on the velocity records obtained with cups 
and propeller type of meters. 

. . 
131 . 
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Beoem Literature 
(1) Roberts, E. B.-Robert.' radio current meter operating manual-United 

States Department of Commerce, 'Vashington, D.C. 194 7. 
(2) Automatic Water Level Recorders for river gauging. Commonwealth 

Engineer, Vol. 34, No.5, December 2, 1946. ·-
(3) Green, K.D.-River gaugings. State rivers and Water Supply Com

mission, Victoria, Technical Bulletin No.3, 1947. 
(4) :McAdam, R.-Gauging of streams and pump discharges. Power and 

\Vorks Engineer, Vol. 40, No. 470, August 1945. 
(5) Bailey Open Channel :Meters. Bailey :Meter Co., Ohio, Bulletin No. 62 
(6) Addison, H.-Hydraulic :Measurements, a manual for engineers. Chap-

man and Hall Ltd., London, 1946. *" 

THE YEAR'S WORK 
The following items were discussed at the 1948 meeting of the Research 

Committee :- · 
(1) Discharge observations of the Jaldaka Iiver. 
(2) Co-efficient of discharge in notch type and weir type falls on the 

:Mahanadi main canal (Central Provinces). 
(3) Co-efficient of discharge over anicuts-Shiriya Anicut. 
(4) Design of a standing wave flume for measuring discharge in the 24th 

mile distributary of the Irwin Canal. 
(1) DISCHARGE OBSERVATIONS OF THE lALDAltA RIVER--EFEEtTOF 

INTRODUCING A NUMBER OF CROSS SECTIONS WITHlN THE RUN 
OF THE FLOAT (1) 

ABSTRACT 

The river Jaldaka is a hill stream rising in the glaciers c,f the Himalayas 
In its upper reaches it forms at stretches the boundary line between the D'll'

. jeeling district and Bhutan State. As the river is snow-fed, its minimum 
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Figure 3A.2 ( il ):- Showing cross-sections of Jaldaka River at 
observation site ( Jaldaka hydro-electric scheme) 
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discharge is fairly high while in certain re3ches the fall in the river bed is extremely 
steep (215 feet per mila). Investigations for the hydro-electric development of 
this river were undertaken in 1918 by ~tr. T. L. :Mathews. Of late fresh in· 
vestigations have beou taken up by th0 Electricity Development Department of 
the Government of Bengal and in this connection accurate observation of gauges, 
discharge and silt con~ent of the river wat£·r during the dry season, that is, during · 
th9 months of l an nary to April, was undmaktlll by tha River Research Insti
tute, West Bengal. The site Figure 3A.l chosen for carrying out these obser
vations wa.s immediately below a stream known as Bindukhola and, as such, is 
not very suitable ·for discharge o brervations during high stages of the river but 
as the present investigation was only concerned With the dry season discharge, 
this site was selected because of certain other advantage.s. Attempts were made 
to use a current meter at a lower site but it was not successful. The river is full 
of rapids and projecting boulders and it was not possible to set up arrangements 
for lowering the current meter in the middle of the stream. Between this site 
and the site actually selected below Bindukhola there was a stretch of the river 
which could have been used for velocity obrerv:!.tion by the " Chemical method ", 
but ·as the delicate .apparatus required for this method were not available in the 
nurket at that time, this method was not adopted. 

Discharge ob~ervations in the Jaldaka· river in connection with the Jal
daka hydro-electric scheme were started with effect from January 12, 1947 while 
the reading of gauge height which was started earlier was continued. Silt 
content and pH determinations were taken up with effect from the January, 
17, 1947. . 

. The gauge site was on the right bank of the rive( Jaldaka just below its 
junction with the Bindukhola and stream gauging of the river was don by 
iurface floats along the. stretch just below the junction with the Bindukhola. 
This was at first done for a 100 feet run from this point, but later this run of 100 
feet was broken up into two runs of 50 'feet each, and veloCity was observed for 
each of the runs. The width of waterway was arbitrarily broken up into five 
equal spans and the average surface velocity in each of the spans was observed 
by dropping :Hoa ts in each span and noting the time taken to cover the run of 
50 feet. The factor by which the surface velocity was multiplied to get the 
mean velocity in the vertical was estimated as 0·75 after inspection of the site 
on the Apri115, 1947. 

A point arose in connection with the fixing of this factor for determining 
the average velocity from the surface velocity. In ordinary stream. the factor 
0·89 is being used in the Punjab for arriving at the average velocity but the 
nature ~f :How in this river was entirely different froni a river in the plains and 
as such It was thought that a lower value should be more suitable to the condi
.tion prevailing here. Without carrying out any comparative discharge observa
tions by current meter it was not possible to assess the correct value of this fac· 
tor. As the engineer-in-charge of this project was more anxious to know the 
min_imum p~ssible value of the dry season discharge it was agreed that a low 
value for this factor be used for converting the surface velocity. In consequen
ee, a factor of 0·75 has been taken in the calculations. This factor has been 
fixed after taking into consideration the fact that the flow was very much diJ. 
tubed by boulders on the bed. , ' · 
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The mean velocity of flow thus obtained is to be multipli(d by the cross 
sectional area of waterway to get the rate of discharge. Cross_ sections plotted 

·in Figuns 3A.2 (i) and,3A.2 (ii) were taken at the beginning and end of each 
run and also at three intermediate equidistant points within each run of 50 
feet. The whole stretch of 100 feet of the river was thus broken up by nine 
cross sectional lines at distances of 12! feet. The first run of 50 feet was from 
the 1st (front) to the 5th (mid) section, while the second run was from the 
5th (mid) to the 9th rear section. The idea behind this was to get the 
average cross section for each length of 50 feet run over which velocity_ obser
vation was taken. 

The avgage velocity of flow in each span Las been mu}J;iplied by the area 
of waterway in this span to give the flow in this span. These sumnu d together 
for the five spans give the rate of discha1gc. 

The river in the neighbourhood during dry season generally has rapid~, 
meanders, bifurcations, boulder~ elc., and the length of 100 feet of the 
river chosen for observation was the only stretch not seriously affect(.d by 
these factors. However, even then it was found that there were boulders near 
the left bank of the river where the floats were often hdd up and this dibturb{d 
observations of velocity in the firet epan. Velocity observation in this span 
had ultimately to be stopped oh account of this difficulty. The surface 
velocity in this span was found to be of the order of one foot per second in tle 
low st&ge and this value of the velocity was· assumed for this &pan for the low 
stage when no observations in this Rpan were pos&ible. 

The silt intensity was very low (of the order of 0 · 01 gm. per litre) when 
observation was started, and the value was even lower and came down to 
practically nil (of the order of 0·002 per litre),-only during the freshet in the 
third and fourth weeks of Aprill947 higher values 0·07 gm. per litre of silt in
tensity were recorded. The pH value was generally higher than 8 · 0 and it was 
only rarely (in March or April) that slightly lower values like 7 ·8 were recorded. 

When discharge observations were started (on January. 12, 1947) the 
water level was 1990·60 (R. L.) and the rate of discharge was about 400 cusecs. 
The water level slowly fell and was steady at the minimum level (1990·35) 
during the period from February 19, 1947toMarch 12, 1947. The level then 
gradually rose and discharge increased. · 

As the idea behind these observations was to arrive at a correct estimate 
of the lowest discharge of the river and also to know when it occurs, these ob
o~rvations were continued upto the end of April and then discontinued. 

The observed daily discharges within this period from February 19, 194 7 to 
March 12, 1947 when the water level was steady at the minimum level, have 
been analysed to determine the minimum flow and also to study if there is any 
significant di:fferlmce in the discharges by calculating it with more cross sections 
within the reach where velocity observati_?nS were taken. 

EFFECT OF TAKING MORE CROSS SECTIONS INTO CONSIDERATION FOR DISCHARGE 
CALCULATION 

.As already mentioned1 within the reach of 100 ieet of the observations 
_oross sections have been taken at intervals of 121 feet so that there are nine 
c:oss sections in all. Daily velocity observations ha.v~ been taken _for thew 
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feet run from the first (front) to the :fifth '(mid) cross section lines and,also for 
the 50 feet run from the :fifth (mid) to the ninth (rear) cross section lines. 
Discharges have been calculated for each of the runs by taking the area of 
waterway ( i) as the meal?- of those based on the' first and last cross sections of 
~ach run; and also (ii) as the mean of those given by all the five cross sections 
vithin the run. , . . · . 

' I ~ ) ;( 

- . 
The difference between the pairs of values of the discharge thus obtained 

as been tested by the Student's t-test .. T~e values oft are given in Table 3AI .. 
. . ' 

'. 
TABLE 3A.I 

-- r --

Number Mean o! Standard Stu-dent's ' o per cent./ Allowable 
of pairs of difference error of e. level of difference 

Reach. observa- in dis- the mean signifi. t on the 5 . ' 
tions charge in difference canoe I per cent. 

- cusecs level 

ont to Mid .. 22 -2·325 0·306 -7·606 2·080 0·636 

'd to Rear .. 22 -13·488 0•183 -73·666 2·080 0·381 

I observations .. 24 -7•907 0•869 -9·098 2·018 l 1·753 
I 

I ' 

the above the difference has been taken a~ Q5-Q2 where Q5 = discharge 
ed on five cross sections and' Q2 = discharge based on two cross secti~ns. 

. -

It is found from the above that the difference between Q5 and Q2 is highly 
Lificant in both the cases and the level of significaric~- i~ much higher fcT 
mid-to-rear reach than for 'the front-to-mid reach. Also the difference 
~gative, that is, Q6 is less than Q2• Thus Q5 Is found to be significantly 
than Q1 in all the cases tested. 

- . 
It is noticed that though the difference betw~~n Q2 and. Q~ is less than 
per cent. of the discharges for the front-to-mid reach, arid less than five per 
, for the mid-to-rear reach, that difference of small order is highly significant. 
reason is that this difference though of a small order is being almost con
ily maintained throughout the period2 as would b0 evident f~om the Figu~~ 

This is due to the fact_ that the mean of the area-<>£ waterway for the 
~ections is less than the mean for the two sections in either reach. 

r!:KLY OBSERVATIONS OF DISCHARGE IN EIGHT SMALL REACHES OF 12! FEET 
RUN EACH 

t1 addition to the above, velocity observations were also taken about once 
kin eight stretches, each of 12! feet run within the 100 feet-I"each of the 
N"here observations have been taken. Only two such observations· were 
quring the period under-consideration; viz., on the February 26, 1947 and 
6, 194 7. Discharges have been calculated from these by taking the mean 
f. waterway for the two sections at the beginning and end of the run of 
et. Denoting these dhJcharge~ by Q1 Q' a· .•.•.•.•. Q'8, and taking the 
ge ofQ'l to Q'" and a~,~~.Q',_lo Q'a. we have 

'- ~ :: 
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and. 

where (FM) denotes the average for front-to-mid rach and (RM) the averag1 
for mid-to-rear reach. 

These have been compared with Q2 and Q5 (for front-to-mid and mid-to 
rear portions). The actual values are given below:-

February 26, 1947 

,p.m. 

:February 26, 1947 

10 a.m. 

February 27, 1g47 

10 a.m. 

March 6, 194:";' 

,p.m. 

~ Q'6=266l 
I 

Q',=290 ~, 

Q'7=230 I 
I 

Q'.=250J 

Q2(FM) =306; 

Q2(MR)=284. 

Q2(1"M)=290 j 

Q2(MR) = 272 ; 

0'1=2261 
I 

Q'1=288 1 
Q'.=239 r ; 
Q',=254 J 
Q'.=256l 

Q',=288l; 

I 
Q',=238J 

Q',-w 

Q1 (MB) = 260. 

Q'I(FK) :::305; 

Q5(MB)= I. 

Q6(FV)=289; 

Q 5(Jr1R) = 259. 

Q' -JIS7•1 (:o) 
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., .March 6, 1H7 Q1(1!'M)·==.270; Q6(J'M) -26'1; 

• 4 p.m. Q' '(~) =218 ; Qs (~m}=.264._ 

It would b~ seen from the above that Q' <Q6<.Qs for either-reach but thai: 
while for the front-to-mid reach the difference between Q' a:Q.d Q'5 is greater 
than that between Q5 and Q1 the reverse is the case for the mid-to-rear reach .. 
However, the data for Q' exist only for two days and hence no c~nclasiv&. 
comparison could be made. _ · : ' 
. An analysis of variance had been carried out to test if the variation amongst, . 
Q'~ Q' 2 ete., Q' 8 m significantly large or not. The analysis is giv~n in Table 
3A. II - 'I --.. J. 

TABLE 3A •. II 

ISwno£~ Degreea of Variance 
freedom =f " , ........ ' 

Variation due to 

. ·. -1 
' r ~ f ~ ! 1 : ~ •, l' 

~ 799•61 • Different reaches .. 5,596•59 7 
t• 

.. I 1·34 ' 1 . ·1·34 
'· 

DifJ'erent dates .. 
. . I 541•81 7 77,40 '. 

ErrOl' 

.. , 409•32 
- ' ' 

6,139·74 15 Total .. 
. ' 
Thus it is obvious that the 'variation due to different dates is not significant.. 
a.t all. For the 'variation due to different reaches, the value of Fisher's 13 ~~ 

. ' .. \ \ " \. ~ 

u 1 1 reach variance · · z 2• 2335, LJ=-z oge 
error variance ' ! , 

while the five per cent. and one per cent. significance lev~ls of i3 are 0• 67 a~d 
0 97 respectively. Thus the variation from reach to reach is highly signi
ficant which means that the chance of getting a value of i3 ina random sample 
higher tban that obtained here is not even one per cent., so that this value of 
B is high enough and c,amiot be accounted for by simply _fluctuation due to 
random ~~mpling. . · · 

· This high level is of signific.:'tnce for the difference between Q' 1, Q' 1, etc., and'' 
ehows that there is a good deal of fluctuation amongst'• these discharge ( 
value~ observed ~im~ltaneously: This is probably_ due to a no~-too-small 
samphng fluctuation tn the velocity observed in the dlfierent reaches. 

' ' \ ~ - { ~: 
MINIMUM FLOW , . 

Next , to determine the minimum flow. the trend of the hydrograph has 
been sought . to be ascertained by smoothing the data with some sort of 
an enveloping curve. A cubic parabola has been :fitted on the values of discharges. 
based on five crosB· secticms separately for both the front-to-mid and the mid-~.·. 
rear reaches of the river. These cubic curves have been ~hown in the Figure-· 
3.A.3 by a continuous line. The minimum flow as given by these curves are-

For front-to-mid reach 268 cusecs _ 
For mid-to-rear reach 262 cusecs · 

ll21CBI ' · · !t • 
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.Another curve of the fi.th degree ha.s also been fitted on to all the values of the 
discharges (both Q3 and Q5) obtained for either reaches and also the va.lues 
{j' 1, Q' 1, etc. The curve has been shown with dotted lines in the Figure 3A.3. 
From this curve the minimum diE.charge obtained is 265 cu8ecs. 

SUMMARY 

. Thus from the above analysis the average minimum value of the dischatge 
-obtained is about 265 cusecs. This gives the most probable value for the mini· 
mum discharge that is likely to occur in this period. It has also been found 
"that the 'Value of the discharge has been significantly lowered by calculating it 
with more cross sections within the reach of the river over which velocity has 
·been observed by floats. Also a significant fluctuation has been noticed in the 
sa.m_pli~g of the velocity in _different reaches of the river at the same time. 

(2) CO-EFFICIENT OF DISCHARGE IN NO'ICH TYPE AND WEm TYPE 
FALLS ON THE MAHANADI MAIN CANAL, CENTRAL PROVINCES {2) 

The Mahanadi 1\fain Canal. Crntral Provinces has 5· 25 feet falls at R. D. 
2, 783 and 2,803. The upstream fa l1 consists of three notches similar to the ones 

. described in Buckleys ' Irrigation Pocket Book. The lower fall is a rectangular 
, nolch. It was desired to use one or the other of the falls as a meter. 

- " 

The data of the t\vo falls 'vere analysed by Mr. G. A. D. Cochrane by using 
·. th'e Nort.h (Punjab type) fall, the formula for discharge per notch being 

Q=5·35 C H~ (B + 0·04 nH) 

.:where C= 0·75 for Q>300 cu-iecs, and 

0 · 70 for Q < 300 cusecs, 

. and where H is the head upstream over the sill 

-n=side slope and 

B=width of sill (across the line of flow). . 
·He work~d out values of K1 for the three notches of the fall at R. D. 2;783 for 
·--various depths upstream in the f(lrmula, · 

Q-"J(1BH~ for the corresponding discharges according 
,, 

·-to the Punjab formula.. 

The.rectang"ltiar notch at H. D. 2,803 has a sill width= 30·3 feet (across the 
'line of flow) anti length=3 · 5 feet in line of flow. The sill is horizontal and the 
-eiges are not rounded. Using the discharges worked out above, K2 was found 
-iot this fall in t~e formula Q= K 2BHL It was found that K1~3·75 and Ka 

·:::::3·?. This value of K 2 is much higher than one would expect from such 
~' 'bastard "type notch. 

-------------------------------------------------------n 
(I) Central Waterways, Irrigation and Na.Yiga.tion Research Station. Poona, Annul. 

Beport; Technical, 1947,pag~ 23-25. 
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J.tEASUREllE~T OF FLOWI1\G WATER. 

.\ eomprehensi\·c series of experiments with weir of B=0·48 to 16·30 feet 
aud II up to four feet wa.:; uone at the Cornell University and results are given 
in GibBon's Hydraulics (page 172, 4th edition). Gibson's analysis showed that 
result~:~ were correct within three pl·r (.ent. so long as the length of the weir in 

I ~ - ~ I .> :J'I t 

l·ine of fiuw v:as gre(llcr tlzan twice tlte ltead and that the relative error increase~ 
as the relative depth increased. , 

I 
,; 

In the case of the rectangular notch under reference-, only one case satisfi.e~ -
the above cbndition ~nd hence it was not surprising that t~e co-efficient were 
greater than the value of 3·09 for a broad-crested weir. Every weir with its 
indivisual approach conditions lvould have ,a different value of 0. --In this ..caEe 
ii is,' therefore, better either to estimate ' 0 ' by cu:ge~~ mete~ __ observ:ations br 
mudet tests, rathe'r than 'estimating the uischarges rroin the Punjab' notch rdr
mp.ta. which was perhaps never verified by acdurate modei tests but obtained 
only from rough discharge measurements ·with floats, sine~ it was obtained 
years before the use of models and currbht inet~rs was generally accept~d. 
ne:-~ides, the effect or piers being consid.en1ble the co-emd~nt for three notcli<"s 
of the the first fall will be appreciably lower tlia.n that bf a bingle ntitct, whibh 
ilr.oel£ ar)pears, pn'rna facie, high and needs experimental corroboration. 

Ca) CO-EFFICIENT OF DISCHARGE OVEll dlC\T'IS- SBm~A- .ABlCUT (3) 
' " ) .... 

• ·ljABSTR~CT 

EQerlm.ent were catried out on models of the proposed Shiriya anicut toll:ul 
out (1 l the atliux for various disclia.rg~s· over a broad ct~stM iveir aiic1 tiv~ A 
"high co-efficient" weir for free over fall conditions ancf (2) the efiect of sub
mergence on the co-efficient of dischuge. The studies though made on a parti
cular set of models are generally applicable to all structures designed on tpe ifu.~s 
adopted in the present 'case. 

MOOEL 

Tho two designs tested are shown Figure 3A.4. The profi.te (b) is based on 
the underside of a nappe of nine feet overflow. Model~ to scale 1/48 of these 
were made in teakwood and fitted up within parallel ' walled 'flume 
two feet wide. The models were laid out , one foitowing. the other as 
shown in Figure 3A.4 so that the same water couid be pas~ed 'o~er both ,of thein 
and the afllux at each separately measured. Necessary stilling arrangements 
were provided with a view to ensuring identical approach conditions to hoth. 
models. The discharge was volumetrically measured in the gauging well at 
i he end of the flume. · . ( 

Irrigation Research Station, Madra•, Annual :Report 194:7, paeu 27-34-



}~ TO CENTRAL BOARD O:r lRB.lGATION ANNUAL REPORT 194:8 . . 

EXPERI.MEXTS 

First s~ne.:-The crest levels of both the models were car~ tully recorded 

by admitting some water in the beginning till they remained just at the 

crest. Subsequently the supply was gradually incre~.'3e(l in stages and for e.ach 

discharge when steady, the depth of overflow at each model was separately 
. . 
noted and the corresponding discharge measured in the well. The ref!ult! -

so obtained are furnished in Tab]e 3A. Ill, and plotted in }I igure 3.\J) .. 
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..... .._ cf'ated ....., f .. fee ... rflooll --,. 
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.Figura3A.5 ·: Left ihowing_relu.tiom between co-effie'knt of discharge and kead 
• · ooer weir. · 

]'ignre 3A.6 : Right showing Funetional relationship between.!!!_ and 01 
He 0, 

SECOND SERIES 

Jn this series two seta of experiments were carried out, one with overflow 

corresponding to seven feet (prototype depth over high_coefficient weir) and the 

other with overflow corresponding to 14 feet. In each of these the discha7ge 

.• as maintained constant and was measured in the well. Starting from the 

overfall condition, the tail water was gradually raised in stages and its e:ffeet 

Oll upstream water level noted. The results are furnished in Table 3.A.IV 

and plotted in~ 3.A..6. 



DISCUSSION OF RESULTS 

I. Series of U1Jerintents-(a) From the observations' taken the value or 
co-efficient of discharge was calculated ~airing use of the equation. 

where Q = discharge per foot width in ouseCd. 

TABLE 3A. III 
. -

~~.+A)l r !(~"+')I . I 
. 

'" , ' '1 • 
c 'q' Dis~ II Remarks. 

Item No. nea.dover chargE~ in Head due I c a 
weir in feet cusecsper to velocity ,. -- ' 

foot width of approach 

I - . -1 . 
1 0·061 0·0.542 0·0004:7 O·Olo2ll 3·056 Computa.tiou. · 

' forthe ffigh ' 
2 I 

0·071 o·oo9s I 0·00073 0·01922 :t·<H7 co-etJicJent 

0·08541 

weir. . 

3 0·081 
. 0·00104 0·02330 3·634 

1 I 
l 

• 

0·!6s8l 4 I 0·123 . 0•00313 0·04478 3·725 
' -! 

0 t O·UO '0·2117 0·00461 0•05499 3·850 -
' 

\ 
6 0·1551 

I 
0•00600 ()·06460 . 0·2509 ' 3·886 

' 

7 0·167 I 0·2838 0·00724 .. 0·072691 3·904 

s 0·1771 0·3133 0·00841 0·079M I 3•924 

0·3l31 1 0·00972 9 0·,1851 
0·08592 3•993 

I 
; - t 

I 

1 0·007 0•05'2 0·0006q 0·01758 3·084 Computa.tio~ , 
p$11'!4 1 for tke bread 

.2 0•078 1 0·0695 0·00091 0•02217 3•135 cres~ yeJr. 
• 

0·0891 
'. 

3 0·08M 0·00127 0·0"2712 3·148 
" 

' 0·111 0·1218 0·0022.5 0•03814 3·1G:S ' 

I -
~ 0•131 I 0·1668 0·00374 0·04944 3•374 

-

6 0·168 0·2509 0·006891 
0·07313 3·432 

1 0·180 0·2838 0·00827 0·08174 3·472 

8 0·190 - 0·3133 0·00959, I 0·08919 - 3·514 .. 
9 0·200 0·3131 1 0·01094 I 0·09683 3·543 

I '-
• 
I I 

"' .,. 'l;~ - _ ... 
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TABLE 3A. IV 

. ' •• 
\ 3 

·li 
1 

"· I 
k h(J I k 

-(haj~} 02 Remar\;t.s. : F. (J 

I 

0·069 I -
0·480 7·000 0·195 19·234 1:ooo Computation'! 0·768 7·050 0·109 0·195 19·414 0·991 for the high 

co-.e fficien t 1·728 7·100 0·243 0·194 19·615 0·980 weir for 7 feet 2·784 f 7·144 0·390 0·193 1 9· 7S.j 0·972 overflow con-
d1t10n. 4·272 7·192 0·594 0·192 19·976 0-962 5·328 7·2{0 0·736 0·191 20·176 0·953 -

6·192 7;336 0·844 0·189 20·568 0·9351 6:672 7·816 0·854 0·181 22·533 o·854 I . 
7·392 . 8·296 0·891 0·173 24 578 0·782 I 8·208 8·920 0·920 0·164 27·314 o-704 I 

' I 8·02 13·11. 0·612 0·934 51·70 1·000 ! Computations ...S·-98 13·21 0·680 0·927 .J2·27 0·989 1 for the hif!h 
co-efficient 10·13 13·49 0·751 0·908 .J3·79 0·961 weir for 14 

11·~1 14·02 0·850 0·874 56·66 0·912 fett overflow 
'· l cond1tion. 12·82 14·50 0·884 0·845 59·37 0·87) 
14~07 15•46 0·910 0·791 64·79 0·798 
14·59 15·89 0·918 0·769 67·34 0·768 15·31 16 51 0·927 6--738 71·2.) 0·726 

HJ·51 17·47 0·945 0·693 76·81 0·673 
19·06 19·87 0·959 0 598 92·16 0·561' -23·23 23·76 0·978 0·482 ll8·97 0·435 \ 25·30 25·73 0·983 0·433 113·52 0·387 

27·75 28·13 0·987 0-387 152·06 0·340 
8·79 12·78 0·688 o:so9 49·363 l·GOO Computa tiona . for the broad 
9·42 12·82 0·735 0·806 49•627 q·995 ~rested weir 

-- 9·-80- -- - -13·{}2- . ·- 0·753 () 792 a0·625 0·975 14 feet o~et~ 
flow. 

., I }0•23 . 13·11 0·'780 0·'786 51·164 0·965 . 10.·62 13·16 0·807 0·782 51·368 0·961 
-- f .... ' 

ll·05 13·35 0·828 0·7'71 52·384 0·942 
11•72 14·05 0·835 0·725 56•172 0·879 

I 
).2·20 • < 14·26 . 0~856 0·713 S7·338 0·861 
12•49 14·46 0·86~ 0·701 58·433 0·845 

' ' 

13·11 14•84 1 0·883 0·681 60·568 0·815 
13·64 ~ 15·22 (HK>4 0·660 62·624 0·;94 

14·41 15·75 - 0·912 0·633 '65•776 0·'750 -
14•79 16·08 0·920 0·617 67·736 0·729 

15·41 16·66 .. 0·925 0·590 71·177 0•693 
16•90 17·81 0•949 0·543 78·160 0·631 \ 

I 



MEASUREMENT OF FI~OWING W.ATEP. - ' )' .. . 
l=l foot. 

O=co-efficient of discharge. 

k=head over the crest. 

Ita= head due to velocity of approach. 

Ya 2 , 

=_:_:_where Va = velocity of approach. 
2g. 

The exact equation however is 

Q-:-Ol[ (k+l~a)B_kal) , 

But the error in assuming the simple~ for~ is not c~nsiderable and for 'he pur
pose of study it has the henefit(h+ha) can be taken a~ If= effective head without
velocity of approach and in th~sform the results will have general sig~ifioance·
The values of 0 for different values of 1{ ~l'e plotte<l as shown in Fig1fe 3A.5 
for b:>th the hroJ.d crested weir and the high co-efficient pro&JP The V!'lues of 

B . -
d""""-es~ign--e-d_h_e_a_d are also shown along the x-axis so as to draw inferences of' 

4J~:Q.era1 application frvm the foregoing studies._ It will be clear fr~m t~i~ figure
th~t the broad crested weir has the smallest value ofO d f.of any pa~icq~~! d~pth 
Q£ overflow. The maximum value attained in the experiments w~s 4 • 0~. ~ce 
the value of 0 d is very much influenced by the shape of the lip it_ is di!ficq.lt 
to ascertain the exact value in the absence of model experiments._ Moreover 
there are limitations for drawing inference of the value of Ca., o{ ~1!.~ p~Q~~ype 
~om model experiments in this type of studies. However the curve of FiFe 
3.A.5 will be useful in choosing an appropriate value depen~g <on 'he rat~ of 
depth of overflow to designed head. 

· II. Series of experiments.-(b) in these experiments the basis for the corqpu.,. 
t~tions was the equation fo: the discharge over' a free overfall weir with vel~ity 
of approach. 

fJ= !01 v'[2g~ (kc!ka)l-ha~J. 

\Vhere Q=discharge in etisecs. 

Q 1 =co-efficient of discharge. 

l=length of weir in feet. 

lw=head over the crest in feet. 



TBE CENTRAL BO.ARD OF IRRIGATION ANNUAL REPORT 194:8, 

M=head due to velocity of approach. 
Vta 1 

2g 
where Vta =velocity of approach 

q 

. . (hc+p) 
'1 being diSCharge per foot width and p=height of weir in t'eet. 

C. B. I. 

r , 
1. ____ ~ 

Figure 3A.7 
o When the weir gets submerged, that is when the down&tream level ris68 

~"b ve the crest level of the an;cut the U"!nal methorl of comrJuting discharge 
ia to treat the totnl di~charge as a sum of t'\\o discharges: that through tha 
.submerg<3rl portion which is treated a.<:! a submerged orifice and that through 
tho weir w .i.th a clear o\"erfall. 

C S.'. 
-,-

Qr Weir portion 
---~ ----~----~--~--_. ______________________ _ 
~ Sul:,mergc:d p~itio,\ -....e_._ ___________ ...... _... ___ ..._ _____ __ 

.., 

I L 
Figure 3A.8 



MEASUREMENT OF FLOWING WATER' ·145 
. 

For the purpose of the present analysis a new approach is made by, computing 
the discharge in the submerged condition also precisely in the same way as in 
the free overfall condit-ion, neglecting the tail water e:ffec~, but th~ co-~fficient 
of discharge will of course have a different value; Figure 3A.8. The discharge 
remaining constant, as the submergence increases, the upstream depth over th8 

crest correspondingly increases and therefore effects a diminution of the co-em· 
cient of discharge. If the co-efficient of discharge in the submerged condition 

o P. 
i~ denoted by 0 the ratio a! is a measure of the effect of submergence H;, 

Figure 3A.9.~ 

~ ........... ~._ __ _.:. __ .....__-_--:1~-_H_s __ --_-_-_-_-_-
, 

C.l.l. 

2 . 
Q= ~&'\1'2; l {(hc+h4 )1-. ha )t} .. ·. • • • .(3~,~) 

0~ ·== co-efficient of discb.Jlrge in the free overfall cond!tion. 

" -
A .. == head over crest in free ovorfall condition. 

h:. =head duo to velocity of approach. 

, 
\Vbere Q is the same disclw.rge in both the case~. 
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. 
He= head due to velocit.y of approach. in the submerged condition. 

(V )2 Q 
= 2g Va= Hc+P as Rhown in Figure 3A. 9. From Equations (3A.l) ~~d 

(3A.2) we have 

0~ (He +Ha )~ -(Ha )f c-= -~---- .................... (3As} 
2 (he+ ha)f-((ha-2-

Thus all quantities for computing g: are k~own. These ratios are tabulated 

. H, 
agamst corresponding values of H c in Table 3A.IV. For convenience aU 

observations were converted to protctype values. 

. . II, Ot 
The functional relationship between IJ c and 02 is ~hown 'graphically in 

Figure 3A.6 for the c<tse of 14 feet and 7 feet overflow depths. Considering 
the curve for the 14 feet overflow depth it might be noted that the graph 

H, Ot 
consists of three characteristic regions. Till H is > 0 · 6 the value of 0 c ' • 

lis 
isconstantandtbe graph runs horizontal. In the region He (0·6to0·9the 

l f ol . 
va ues 0 - falls off from 1 · 0 to 0 · 85. 

01 -
Beyond /t' > 0 · 9 the va~ues of~ f~s 

<.ff very rapidly. 

The values are also plotted.}n an abridged tabular form suitable for re
ference in Figure.3A.6. It i~ seen from the table that even when the submer
gence was as grPa t as 0 • 8 the '·a1ue of co-efficient of discharge was not diminished 
by more than four per cent. 

., 

' In Figure 3..\ .6 a curve is also plotted for the obsen-atlons made on the 
broad-crested weir for 14 fert overflow. But the data were subject to much 
~transigence and it was not possible to draw any conclusions from theP:t with 
any preter..ce to generalization. 

The adoption of an ogee profile in places of a broad-crested weir results in 
considerable reduction of amux. The co-efficient of discharge over an ogee 
weir increases wi~h head and takes a value of about 4·0 (in the form~l~ Q= 
OLHf} for the head designed. This co-efficient ~emain:; unaffected for smAll 
ratios of submo;gence or in other words,·a high degree of modularity continues 
even for submergence to a considuahle extent. The curve in Figure 3A.6 will 
serve as a guide in estimating the value of Odin submerged condition. 



a , .. 

Bed width 
Side ~lope 
Fall · 
Kutt!'r's n 
Area 
W ett.ed perimeter 

45 
r=-- = 2 · 223 feet 

20·48 

= 12 feet 
- 1 to 1 
- a feet per mile 
- 0·0225 
- (12+3) 3=4tt sq. feet 
- 12+2x3.y'2 feet 
- 12+6x 1·414=20·484 feet 

4J ·65+ 0·00281 1·811 
3 +0·0~25 . 

5,280 
---·---. ' 

)~0·0225 0·00281 
2·2 . (41.65)+ ~ ' 

5,280 

4;1·65+4·9?+80·{>0 127·1 
=z 0·0225 = --·=74 .. 3 

I+ (41 .. 65+4·95) 1·71 
1·48 . 

(«) l:lydraulic Rt'lsearch Station, Krishnarajasagar, Annual Report, 1~47, pa~ea 86-90. 
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I 2·2X3 
tJ =Ov;;- . = .. 74·3y 5280 

::=74.8x1.48/41.95=2.612 ft. per sec. 
Qt==a.v.=45 x 2· 612=117. 5 rusecs; 

It d=4 feet. 
Area=(12+4)X4=64 sq. feet. 
'Vette:l Perimeter=l2+2x 4y'2 

=12+8x 1·414=23·28 feet 
r=2·74 feet 

41·65+4·95+80·50 
0= ~~~----- 127·1 =78 

1+ 0·0225 (46·6) 1+ 1·048 
·2·74 1·66 

~=78v 2·74X3 7Sx1·66 
---_,..

52
-::-
8
-
0 

= 41 . 95 3 · 07 feet per second 

Q1=64X3·07=196·5 cusecs. 
117 ·5=013n and 196·5=014" 

· & 117·5x4!!=196·5+3~ 
log 117·5+n log 4=log 196·5+n log 3 

2 •07004+n x 0 · 60200 =2 · 29336+n X Q: 4 7712 
'i.e., 0·1249~ n=0·22332. Therefore n=1·8 

'Ve sf:'e that the discharge in t.he channel Q varies generaUy as 0. d l· 11. 

For a bulk proportionality of ito full supply discharge height of hump 

required is 0 ·15 as given by the c qua tion :-
. . 1 1 

' - 1(1- ,,. ~- ) 
Height of hump tlz-Da=a1m

11 
1 -J 
m} 

where d, = Depth of wattr at the toe with free flow. 
m z= Any fraction of full supply diechargp,. 
D2 = Depth. of water above the hump. 
d1 = Mt-an depth of water in the channd upstream. 
n = Exponential of D1 

Value of the lump is taken from the graph printed orfpage 4:5 of thel:Poona 
ResearCh Station Report f.or 1944, Figure 3A10. ___ _ 

- DESIGN .· -

A.pprocu:A cAannel.-Its section may be se.cured by having revetment 
pitching to sides for a short length of 15 feet and then the channel lined both 

'Upstream and downstream·to the required section for a length of 15 feet. 
In this case B=l2 ft. 

Bill-mouth Entrance: Length of bell-mouth entrance L1) from Fig11rc 3A.11 
CE=l2i ft.. -
C 1!.=25/2 sin 60°=12·5x0 566 



" Gauge well 8 square vane 

R.l 1·29 

R L.2387·19 

' I a.n 
M -
II 

fl.: 0 6 

Plan 

oD 
0 Do_,._, 
0 -----L...L-.10 II - -- -----

~,...._.""H-- c = 's._' _ _,Q~o a:r 

Hyperbola begins 

Do oo 

Longitudinal section 

Figure 3AJO:· Showing standing wave flume for 24 ·th Mile Distributary on Irwin Canal 
Rt!6. No. 1737 XOO IC1' SO· 1,210 (P.Z.O.). 

C.B.L 



'KEASURE.MENT. OF .. FLOWING WATER 

------------------------:::c:-:,..::-:1, . .~. 

Centre lin~ of Chann:.1 • __ , --t- --.-..-yo-

I Throat 
. ·vfi3' iG ,, 

Figure 3A. 11 
Lt=l0·82-2·82=8 feet 

and D E=12·5 cos 60"=6·25 feet 
or-.F D=D E =6·25 feet 

1'lt the radius of the side walls (side contractions) · 
, · =2D1·5=2 X 3 · 41·5=12 · 5 feet.· · 1 

Jieight of the hump=0~15Xd =0·15X4=~·6 feet 
. or=D1 - D==4·0- 3·4=0·6. feet 

rrn..- t .d·th 6"' t R ~·+A• (8)•+(0·,6)' ... 
.... ".!ua W1 =:= ~ee A~ 2h = 1•2 

64·6 
1.·2 

149 

And R::6•8 feet - . • 
The gauging well should J>e situated 2 • 5 ])1·6 f~et upstream ·of bell-mouth 
entrance=2·5X3·41·5=15•64 square feet. 

Q=3·06X6X(3·4)f = 115 cusecs measured by the standing waye fiu.me. 

. 1 . !JESIGN OF ~W~ST~E_AM _POR~~~N. , , : 
Glacis: Bed radius of curve=2D=2X3·4=6·8 feet tangential to the sill 

and to a 2 to 1 downstream glacis. Similar bed curve of R=D=3·4 feet, 
tengential to '2 : I glacis and bed at toe. And lengt~ of glacis is 0 · 69D+2 ~~ 

~·69 X 3·4 + 2x I :::a 4·3 (. F=B Bt =~==1 ) , ' 
' 2 '12 . ,, ' t 

The paralle1 sides should extend to the toe of the glacis. 
. ~L .. 

Bquation of a rectangular hyperbola is a B:.= ' ' 

Where 
· • ~Ba-(B8 ~Bo)Z 

L Length of cistern=l5 feet 
B0 Overfall throat width=6 feet 
Ba Bed width of channel downatream==l2 feet 
B.r Width of expanding flume at any distance Z. from the' 
beginning of Expansion. Value of X variea from 0 to 15 feet 

a 
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GX12Xl5 
Bz = ----------

15X12 -\ (12- 6) X 

' 1080, 
= 180--6 X 

Cistern: Len~h=5xd3=5X3=15 feet· 

The depth-: Same as b~d ie;el of channel downstream at the .sides and " bow· 
ed" at the centre=3+!=3! ft. at the centre and 3ft. at sides. 

Controt blocks: Two rows ~f staggered blocks should be spaced close together 
longitudinally at the distance=3 feet from the toe of the glacis, the height of 
each bl~k-c... Depth of w~~er in the cistern midstream. 

9 

or h=-
3 

· ~::-5- 0·42 feet 

Length of £ach block 2lt- 0·42X2=0·84 feet 

a.nd thickness =2J3h=2/3 X 0·42=0·3 feet 

Dejle~tor: At the downstream end of the cistern the deflector, should be fi.ted• 

Height of deflector = Depth of water in the cistern midstream 
12 

3·75 
= -0·31 feet 
- 12 - ' . 

... 

~eflector should have gaps=thc height of deflector=0·31 foot, at intervals of 
1~5 f~et. Thickness of deflector should be=0·25 feet. 

DISCUSSION BY THE RESEARcH COMMI'l"l'EE 
' 

. ' DR. N. K. ~OSE introduced item (1) and said that the site at 'which thes& 
ob3ervatipm were taken 'WaS_ extremely ma.ccessible, about 50 miles from ~~r 
ra.ilway head anJ. 15 miles from any motor head. The site was eo unapproach
able that it was not possible tq equip it properly. , ~. a~t~mpt ~as maq.e to take 
discharge observations by ch'emical method but as no proper equipment was 
a.vailable, this had to be abandoned. The bed of the rivet consists of boulders 
and tho depth of water varied between six inches and a. foot. DR. nosE further 
aaid tli'at a word about the factor to be applied to the su.rface. yelo~ity to 
getting the average velocity- would not be out of place. In the Punjab, the 
usual practice was to apply a consbntfactor of 0·89 to the surface veloci~y t.O 

. get the average velocity. The ,.flow under the present circum::;ta.nces was fairly 
turbulent. The who~ depth ,of water acted ,more or less like a turbulent 
boundaty ,-layer .~nd a factor of .0 ·75 appeared to be suitable for such cases. 
Opinion. ,tm.'jihi.s point from 4ifferent workers was requested. • : 
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ll&. G. SINHA said that the sb.i.tistical analysis regarding itent (1) was divi-1 

ded into three parts :-(i) Studyin~ the effect of introducing more cross sections, 
for tho calculation of sectiomi.l ar~a and discharge. The reach ~vailable for 
velocity observation w~1~~ a length of 100 feet. This wa~ divided into eig~t. small 
reaches of 12~ feet length by means of nine cross section lines. The veldcity 
wa~ observed by floats !rom the first to the fifth section lines and also froni tbe 
:fifth to the ninth section lines, which were called the front to mid reach and mid 
t() rear reach, both of_50 feet length. The discharges were calculated by taking 
the area. of waterway tO be the average of the first and last se6tion o'f each 
reach and also by takiitg the average of all the five sections i?t the re~ch. It wgg 
lounri.that the discharge value based on five cross sections w~s systematically: 
and significantly Jess than the discharge figure calculated on twa cross sections; 
that is, the average area for five sections was less than the average area for the 
two· sections. (ii) 'Veekly observatiom~ wete also taken of velodt~es Mmul
t~neously in each of the eight small teaches of 121 feet. H was foimd that therd 
wa~ a significant variation amongst siffiultaneous observations in different rea!. 

ehes which was something more than the sampling fiuctrlation. (iii) T6 get th~ 
Jnin.imum flow cubic parabolas were fitted to the discharge figur€8 separately 
fvr · the two reaches as also a fifth degree curve to the whble set of discharge 
Tiiilue~. Th~ minimmn discharge obtained was about 265 thsecs. 

~fR. S. T. GHOTANKAR introduced item (2), and concluded that it was l>etter 
~ ! < \ 

either to estimate ,. 0 ' by current meter observations or by model testa in.Stea.d 
of Mtimating the discharges from the Pu:iijab 'notch ~~~m~~~ which was, perhap~ 
nev~r verified by accurate model tests but obtained only ,from rough discharge 
measurements with float~, since it was obtained vearS before the uSe of mod3ts 

w ' 

and current, met~rs were generally accepted. , 

~IR. T. P. KrrrT~A~IMU ia intl:oducing !tern (3) -~aid that the experiment i 

deticribed were carried out on modeh of weirs for de~r~n~ their 'd:':efficieiifl 
.. 0 

of discharge. There was only one im_I>Ortant aspect of these stud!e's . which1 

lte wanted to point out t'fz. the ,·ariati?n of the co-efficient with the d~gree of 
l1thmef8J0n of the weir, '' ' • ' ; I •I, ,,.,, ' 

• r 

The formula used for calculating the discharge over weirs in1 its si~ples 
form was Q=O.L.l/ ~-. For weirs with high co-efficient· p'ioflles, th~ titltte 
of 0 could be as high as 4 · 0 or 4 · 5 or even more. That was for free overfal 
conditions. . \Vhen the· weir was submerged, tHe sa~e forinu\a Cbuid sUn be 
used, but obviously, the co-efficient might not remain the'same •• ~TheSe btldi~s 
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showed that for submersion ratios below 0 · 6 there was no change in the coe.ffi._ 
cient ; for submersion ratios from 0 · 6 to 0 · 9, the fall in coefficient was leSe 
than 15 per cent. and for higher submersion ratios the fall was very consider3b1e •• 

Similar results were not obtained on a broad-crested weir. The values we:re 
erratic and no dependable data could be Qbtained. 

. 
These results showed one ad vantage of the high co-efficient profile over the 

broad crested trapezoidal type. Another advantage was the economy and 
efficiency of downstream protective works possible with ogee profile weirs. The 
present practice in Madras w&.s to prefer this type of design for surplus weirs of 
tanks and for anicuts across streams. 

MR. N. S. GoVINDA RAo introduced item (4) and said that he only wanted 
to point out that the 'design which closely followed the instructions given in the 
Annual Report of the C. W. I. N. R. Station proved to be very costly and som~ 
other ·device had to be thought of. 

RAo BARADUR D. V. JoGLEKAR refemng to item (4) said that if the 
accuracy was to be high, it should be possible to spend more on such a design 
than having a structure with lower accuracy. 

MR. N. s. GoVINDA ruo referred to item ( 1) and said that the discharge 
observations were so conducted as to get as accurate a result as possible, in,.· 
very difficult situation. Further accuracy could have been obtained if instead 
of dividing the width of the waterway into five equal spans, it had been divided 
in such a manner as to get regions of uniform :flow.- The presence of rocky 
boulders just immediately after the rear section must have induced ponding· 
up of the flow in the river in which case it should have been difficult to deter· 
mine the reduction co-efficient to be adopted for multiplying the surface 
velocity to get the average velocity. The co-efficient of 0·75 adopted seems 

I 

to be reasonable in view of the ponding effect referred to. 

Probably if the observations were confined only to the distance between t 
the front and mid section it might hav~ given more accurate results. 

I 

MR. S. L. MALHoTRA said that for a churning section the co-efficient should 
be taken as 0 • 8 o:r eve!l higher. 

DB .. N .. K. BoSE pointed ou~ that ~he selection of the co-efficient de
pended upon o~e's judgroont. 



:MEASUREMENT OJ' FLO WIN~ W A.TmR 

' 

M:a. 8. L. MALHOTRA said that the velocity at the top ,was always more 
uniform than at the bottom. 

MR. R. D. SONDHI said that in turbulent ftow the surface flow was SQ 

irregular that no reliable measurement of linear~ velocity was possible. So 
long voilent turbulence was not there, it was possible to find some correlation 
between the surface velocity and the mean velocity. ' 

MR. N. S. GOVINDA RAo said that as the turbulence was onlv o:e. the 
surface Dr. Bose was· quite right in taking' the co-efiichmt as 0 · 75. . 

D:a~ N. K. BosE said that he took'0·_75 ag the co-efficien~ from the velocity 
in the boundary layer. 

RAO BAH.ADUR D. V. JoGLEKAR described the progress made l;>y the 
sub-committee-to draft instructions on (a) standard methods of rating 
meters and (b) discharge measurements and said that Mr. Framji was going 
to rewrite the draft when. he was transferred. The sub-c_ommittee had- gone 
through the draft and Mr. Govinda. Rao haa imdertaken to revise the Mme. 

MR. S. L. MALHOTRA said that it seemed that in the South a boat was 
never used fur discharge nreasurements. 

MR. T. S. VENKATARAMA IYER said, that boats were being used in Madras. 

RAI BAH.ADUR M. C. BIJAWAT said that discharges observed by mean.s of 
cradles were more accurate than those observ'ed from boats. 

. ~ 

MR. S. L. MALHOTRA said that cradles could be used only for rivers with 
smaller widths and not for rivers , which were miles wide as the Punjab . 
rivers. 

He also suggested that before taking up the writing of the draft Mr. 
Govinda Rao should visit discharge sites in the North and Mr. Sondhi should 
visit discharge sites in the South. ' '"' 

THE PRESIDENT agreed with Mr. S. L. Malhotra's suggestion. 

MR. S. L. MALHOTRA enquired the di:fferen~e between methods of velocity 
observatjon in rigid and non-rigid ,channels. 

MR. R. D. SoNDHI said that the equipmants differed in North and in S~uth 
and that ID('thods should be ~tandardised. · 

It was decided to ;keep the subject on the\ A~en,da; 
M21CBI 
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DISCUSSION BY THE BOARD 

THE SECRETARY described the work done at the Research Committee meet
ing and said that the cost of the current metrr evolved by ~Ir. Govinda Rao 
was about Rs. 350. A request had been made to the Chief Engineers of East 
Punjab, Madras, West Punjab and Central Waterways, Irrigation and Navi
gation Research Station to obtain the instrument and see if it requirEd further 
improvement. The_ Chief Engineers of Bombay, Bihar ar..d Orissa a~o expres
sed a desire to obtain the instrument from Mr. Govinda. Rao and to try it in 
th-eir provinces. 

Ru BAHADUR C. L. HANDA intimated that they had developed an orga
nisation for repairs to current meters and they could assist other provinc£sin 
this respect. Also they were perfecting a new method of taking discharge, 
observation from one bank of a river. He hoped to show photographs etc. 
at the next meeting. _ It would not be difficult to manufacture this instrument 
in India. 

THE SECRETARY intimated that a sub-Committee appointed by the Board 
was working on c'ompiling a draft to draw: standards for (a) calibration methods 
for current meters, and (b) discharge observations and equipment. At the 
Research Committee meeting it was suggested that as practice differed in the 
North and in the South, it would be advantageous that :Mr. Govinda Rao should 
visit discharge site-, in the North and Mr. R. D. Sondhi in the South before they 
finalised the draft. Their resp~ctive Chief Engin:eers were addressed accord
ingly and they had accorded sanction for the visits by their respective officers. 



4 A. Sampling of Bed and· Suspended Load 
PlmLlmNA.BY NOD 

This subject came on the agenda aa a separate item in 1942_. 

· At the 1946 informal winter meeting of the R0sea.rch Committee a s11b· 
Jommittec comprisingl\Ir. K. K. Framji, Mr. K. M. Bhatia and Rai Bahad11r 
B. K. Kapoor was formed to draft standard instruc\ion& on the determination 
•f detritus load in riveri ·and canals. The sub~com~ttee has since cornple~d 
ts work and the draft of the _publicatjon ha~ been cirqulated to all research 
•rganizations, and some individuals. The sub-committee as it now stands 
ompriaes Mr. K. K. Framji, Dr. N, K. Bose and Shri S. L. Malhotra. The 
ommittee will meet just before the forthcoming annual meeting of the Research 
ommittee to consider the comments received from various officers and to 
ring the publication into its final form. · · , 

The followiug items were di~cussed at the 1947 Research Committee 
[eeting. . . _ 

(1) Suspended and bed load characteristics of the river Brahmaputra. 
. at the railway bridge site neat: Jogigopa. -

(2) Experiments on measurement of suspended load. ' ' 

(3) Experiments on measurement of bed load. · 
( 4) Silt survey~. · · · 
(5) Determination of detritus load in rivers and canals~ (Draft of Centra,l 

_Board of Irrigation Publication). 

cent Literature 
(1) GRIFFITH, ,V. M.-Further notes on silt transportation:- ·Journal o! 

stitution of. Civil EngineMs. November 1946. 
(2) AUDEN, J. B.-Silting O!l the Damod~r Basin and Sand-stowing· 

ological Survey of India., November 1946. 
(3) ~GE:rt-BAGNOLD, B. R.-Sand m~vement by waves, some small scale -

lerime:tJ.ts with sand of very low density. Journal of Institution of Civil 
gineers, No.4, February 1947. 

- l 

(4) DENEL P., Director des Recherches Neyrpic, Gren9ble. -Suspen£ion 
:l. The second meeting of the International Association for Hydraulic 
11ctures Research, Stockholm, 1948, Paper No. 30. · · 

' THE YEAR'S WORK 

The fo1lowi.ng items were discussed at the 1948 meeting of the Research 
1mittee :..::._, . ( · 

(1) Sil; behaviour and silt analysis of the Da.modar river and the ~lor , 
river. ' · ' ' · · · 

(2) Comparitive ana1ys1s of oond by Puri So.ud Meter and ... fu Sand 
Meter. · , - · · 

(3) Silt load in flood water samples. ~ 
(4) Investigations of the· suspended sediment load of the M&hl\n&di ' 

3nd the Kosi rivers. 
155 
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(1) SILT BEHAVIOUR AND SILT ANALYSIS OF THE DAMODAR AND MOR 
RIVERS (1) -.. ~ • t 

This year silt analy~is was carried out on the sites as usual and in addition 
some other observations were also undertaken. 

~· ' 

(1) Efforts were made to find the silt distribution at different depths. 
Experiment on this line was carried out at Barakar (Asansol), Ramgarh and 
Barakar (Giridih). There were difficulties in taking samplipg at different 
depths. These are being gradually overcome. 

(2) Water samples were also collected from different spans. of th~ bridge 
to find if there is any difference between them. These experiments were con
ducted at Ramgarh, Barakar (Asansol) and Barakar (Giridih). 

(3) In the Mor Valley analysis were extended to :find the percentage of silt 
within the range below 0·05 mm., lv~tween 0·05 mm. to 0.6 mm., and above. 

The maximum silt intensity observed during the year at the different 
sites in the Damodar Valley are given on Table 4A I. Table 4A II gives the 
average, maximum and minimum silt intensities for each of the monsoon 
months (June to October) for these sites. 

Tables 4A III and 4A IV give the corresponding data for the sites on the 
Mor, Dwarka and Brahmani rivers. 

TABLE 4A. I 

Maximum silt intensities. at dijferent sites at the Damodar Valley for the year 
1947. 

- I ~-um Silt 
Site Date I Time silt in above 

gms.J 0·6mm. 

I litre iD dia. 
t meter 

I 

I 
I -

Bara.ka.r-Giridih .. 4ugust 1, 1947 3-30 p.m • 
I 14·08 0·693 - . . . . 

l 
0·512 Ueri .. . . I June 8, 1947 .. .. 4p.m • 13·08 

I 
0·074 Baraka.r-Asa.ruJol .. I August 1, 1947 .. . . . . 9·81 f 

Ba.rhi .. .. June 9, 1947 . . . . 19 a.m. 6·05 0·178 

Ramgarh .. September 3, 1947 · .. j4p.m. 5·33 0·198 . . 
' 

Suda.mdih . . August 9, 1947 •• . . . . 4·56 0·12 . . 
' ~ 

7'6/i I 0·11 Cha.s Road . . . • July 17, 1947 .. . . .. 
Bokha.ro-Danea •• 

r , 
6 p.m~ 8·31 0·014 . . 

1 

June 24, 1947 . . .. 
I ' I 

(1) River Research Institute, West Bensa.J. Annual Re~ort 1947, ~a;es 51-53, 



TABLE 4A. II 

Average ma~imum and minimum silt intensities at Damodar sites. 

i June July August September - October 
1- -Site 

. 'I Aver- Maxi- Mini- Aver- Maxi- Mini- Aver- Maxi- Mini- Aver- .Maxi- Mini- Aver- .Maxi- Mini-age IQum mum .age mum mum age Dlum mum age~ mum mum age 
' mum mum 

I . 

0·0661. 2·127 

J 

• 
0·071 Baraka.r-Giridih .. 1·147 8·31 0·017 1·869 10·55 14·08 0·971 5·03 0·02 0·954 3·37 .. . ,, 

I . . . . . 
Ussi " . 

2·595 13:os 2·093 11·58 0·02 1•142 5·36 0·04- 0·851 5·11 0·42 0·616 5·38 0·001 
.. .. .. 

. 
.. 

I Braka.r-Asansol .. 1•86 6·09 0·41 1·56 6·60 0·08 1·15 9·31 0·07 0·81 3·53 0·019 0•13 2·48 0·008 . . .. -
' - -

Chas Road .. ... 0·79 . . . . 1•00 7·65 0·11 1·30 6·51 0·06 0·55 1•92 0·013 0•4i 1•79 0·022 ' 
I 

' . .. 
0•100 l 

. 3udamdih .. "I 0·99 . . . . 1·00 3·51 0·17 1·29 4·56 0·12 0·71 3·69 0·62 1•18 0·0015 
' ' .. I . 

I ' ' - . - . . 

I 
... ltamgarh 0•657 1·436 

.. 
l;46 1·085 0·949 

. . .. .. . . .. .. . . .. .. .. . . . . • ' I I . • o-tn llokhare . . .. 1·160 .. . . •357 . . . . 0·570 . . .. . 0·325 . . . . .. . . • 
- . . .. "' ~- ~.., '* ' ' . .. . ' -- -

' 
:Bar hi .. .. 0·99 0•05 . ·' 0·57 2·55 0·09 0·506 2·"99 0·051 0·318 2·28 0·008 0•270 3·57 . 0·002 

\ • . 
' l ! ' • ., I 



TABLE 4A. III . 
Maximum silt ~·ntensities at different sites in the Mor Valley for tlte year 1947. 

' 
Maximum Silt above I 

Site Date Time silt in 0·6mm. in 
' gms.jhtre diameter in 

' iiDS.jlitre 

MelJBenjore .. .. July 22, 1W7 . . . . 12 noon 5·0313 0·001 
' l 

~&inthia. . . July 21, 1947 .. . . 6-30p.m. 3:13131 " 0·010 . . 
Dwa.rka. .. .. July 31, 1947 .. . . op.m. 5·2714 3·25 

:Srahmani, . . .. June 18, 1947 .. I . . 4p.m. 4:•7813! 0·9009 . I -
TABLE 4A. IV 

I ' ' ' 

Average maximum and minimum silt intens-ities (in gms. litre) at Mor Sites. 

• Jul16 July A11'1lllt SeptemhN-
1 

Ooteber 

S1te 
! Ma.xi- I Mini-Avtor. Ma.xi- Mini- Aver- Maxi- I Mlni- Aver. Ma.xi- Mini- J.ver- A"Ver· I Maxi-· :Mi' 1111· 

age mum mulll. age mum mum age lllUDl mum age mum mum age m•111 mutn 

' 
••• 1 

~ . - I --- -
Mossenjere .. .. .. 

I. 
.. .. 0·85 0·09 0·59 2·05 0·09 0·46 ~·53 I 0·22 4•60 8·24: 1·005 

I . I 
\ 

4·•·41 Bra.!Jmani .. .. , 0•68 I 4·78 ·02 0·96 0·048 0·44 lollS 0·03 0·34 1•76 0·11 I 0·68 1•56 0·01 

I ' l I 

8aiRtlun .. .. .. .. .. 0·54 3·13 0·008 0·2J 1·005 9·04 l 0·491 .0·531 O•Gl 0·18 1·65 0·093 
I 

0·13 1 
I 

I ' Dwarka .. .. .. I .. 
.. I I o·oo I 5·27 0 005 0·28 1·15 0·0181 0·23 ! H>6l 0.008 2·08 0·()07 

I ' 
I 
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. 
SAMPLING OF BED AND SUSPENDED I.O.AD . ll>9 

(2) COMPARATIVE .ANALYSIS OF SAND BY PURI SAM>·D'I·ER AND. AIR 
' . SAND-l\IETER(2) 

ABSTRACT 
Experiments described below were carried out to see if a similAr distribution -

was obtained when the same sample was analysed by the two methods -. 
., 

. EXPEBLMENTS 
Two samples of sands-one coarRe and one medium, from the Indus at 

Sukkur and the Yamuna at Delhi rebper.tively-wci e u::;Hl fot'this mialyRiR. · 

The coarse sand had a specific gravity'2·66 and the medium sand had a 
apecific gravity 2 · 62. · Each analysis was repeated three times wi~h the ~me 
aand maintaining all the conditions of air sand-met~r the same {tnz., velocity, 
and sand charge etc.). It was found that, even if the an:alysis was repeated 
aeveral times, the air sand meter (B) gave almost e~ctly the same results.·~- , 11 _., 

The distribution curves of medium· sand and coarse sand show that al
most aU points lie on the same curve and the results in Table 4A~ V show that 
there is only a slight variation between the two results. 

TABLE 4A. V. 

Analysis by .A.ir sand-meter. 

Air speed indicator at 31° Air speed indicator at 32° ' 

- - -
. .. Sukkur coarse Yam una medium Sukkur Coarse' Yamuna Medium 

No. of sand (Specific sand tSpecifio Sand. Diameter Sand~ Diamter 
obaervations Gravity=2·66) · Gravjty=2·62} inmm. inmm. 

Diameter in Diameter in ' 

mm •. mm. 

1- 0•352 0·252 0·341 0·243 
• 

2- 0•353 0·256 0·343 0•246' 

3 0•348 0·253 0•340 0•245 
I ' 

!lean of three •• 0·361 
. . 0•264 O·J41 ) 0·246 

±0·9()20 ±0·0018 ±0·002 ±O:OQ.13 
' '~:':.~''" • t . 

Or± 0·6 per ±0·7per cent. ±0·59 per cent. ±0•53 per cent. 
cent. 

-· 
A similar test with the Puri sand meter was also done with the same .sand 

sa.m:ples. Each analysis was again repeated three times with special care to 
eliminate personal error. It was found that in the case of coarse sand there 
was some variation between the results ; but in the case of medium sand there 
was practically no difference betweeen the first two observations. 

The distribution curves in Figure 4A. I show that all the points overlap 
each other in the case of medium sand, while there is some variation in curves 
and also in ' m ' va]ue in the case of coarse sand. · , · · 

• l . 

(
2
) Cen_tral Waterways, Irrigation and Navigation Research Station_ Poona, Annual Re

port. 'l'echnical, 1947, pages26-27 • 
• (

8
) ~tto, Gauge H. and Rouse, Hunter. Wind tunnel .classifier for iand and silt, Civil 

Engmeermg, July 1939, Vol. 9, No.7, pages .414-415. Apparatus modified at Poona~ 
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No. of observationiol 

• 
1 

2 

3 

Mean of three 

TABLE 4A. VI 

A.nalys·£s by Puri sand meter. 
------~·-···--- ---. ---· -·-~---- ---

8ukknr eoarse sand (Specific 
GraTity 2·66) minimum 

0·3340 

0·3420 

0·3280 

0·3350 

Yamnua at Delhi medium 
sand {Specific Gravity 2· 62) 

minimum 

G·2370 

0·2370 

0·2460 

0·2400 
I 
I ±0·0054 ±0·0042 
1 

or ± 1·6 per cent or ± 1·75 per cent 

-----·-.---
. The summation curves of these two sands show the difference between 

th~ tw0 observations. In case of the Puri sand meter we do not get the dis
tribution curve directly ; but by drawing a mean smooth summB.tion curve we 
can get the distribution perG-entage of sand particles with the diameter inter
val of the multiple of (2)~. 

In the Air sand meter, there is little chance of any personal error and any 
variations in the distribution are due to air eddies which can be minimized, if 
ROt altogether eliminated. -

Analysis by Puri sand meter is subject to the following sources of errors :--

(1) The whole sa1nple taken for analysis is dropped all together from the 
top wh.h the result ·that there n1ay be coilision of particles and some 
coarse particles ma:c Jrag along with them some fine particles Ies
senning their veloei1y: hut in the case of the Air sand meter, the 
partieles on falling through a slit in the funnel (3 mm.) get sepa· 
rated by air and there is no chance of collision. 

(2) The tin1e of interval of collection of particles in the troughs down 
to 0·24 mrr1. diameh·r is very small ( < 4 seconds) so that some 
error is inevitable in bringing tho collecting t.roughs below the 
verf.eal brass tube \vithin such short intervals; on the other hand, 
the salHl in the Air saud rneter, 'vhen once dropped in the funnel 
is antomatieaUy graded in the various cornpartment~. 

(3) The distribution peree11tagP of the particles at a diameter interval 
of (2)1 is obtained after drawing the n1ean summation curve, which 
may itselfinYoJve smne personal hias; in the case of .the Air sand 
me.:h:r, however, we get the distribution curves directly; thus, there 
is no petsowJl bia8) and much time is saved. 
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(3) SILT LOAD IN FLOOD WATER SAMPLES(4
) 

ABSTRACT 

Bombay Government have issued orders for collecting dam regarding silt. 
ing of tanks and reservoirs. Samples were received in the laboratory of this Divi
sion from the Poona River Gauging Sub-Division and the Executive Engineer, 
Sholapur Divisiont for estimating the amount of silt in flood water. The data 
have been considered in this note. 

Table 4A. VII gives the results about gauges, velocity, discharge, silt ~n~ 
conductivity etc. Samples were received from the River Gauging Sub-DIVI
sion on four occasions:-

(i) In November, 1946, when there were floods in the Manyad, the 
Mula and the Ghodnadi, 

(ii) In August and September, 1947, from all the rivers when there 
were floods, 

(iii) In January and February, 1947, when there were no floods. 

Provided there is a large amount of erodable silty material in the catchment 
of a river. silt is expected to vary directly with velocity. In Figure 4A. 2, 
silt (lbs. per 1,000 eft., of water) has been plotted against velocity. It. shows 
that the amount of Rilt increases rapidly with velocity in the case of the Man· 
yad a.nd the Ghod.nadi. It increased in the Mula River but at a very slow 
rate, and the water is mostly clear. 

The Yerla is said to bring abruptly silt floods of short duration and the 
sample tested supports this view. The Krishna passing through rocky bed had 
little silt and the water was clear. Waters of the rest of the rivers viz., the 
Godavari, the Ghataprabha, the Bori and the Tapti were clear even during 
floods. . 

Conductivity figures showing the amount of sQluble salts in waters 
are interesting. The Ghataprabha and the Mula have sweet waters (conduc· 
tivity 50 and 119 respective]y; water upto300 conductivity is considered sweet 
water). The water of the Yerla in the Satara District is saline (700 conduc
tivity). The Manyad (East Khandesh,) and the Tapti (Surat District) give high 
conductivity occasionally (630 and 850 respectively). 

Silt content. in the flood waters of the :Kkruk and the Hotgi tanks (in 
the Sholapur District) is negligible. rrhe water has however a high conducti-
~~~~. . 

-·--····--
(«) Poona Irrigation and Research Division, Poona, Public Works Department Bombay, 

.Aaaual Report, 1947, pages 6-10. 



TABLE 4A. VII 
' . 

Statement showing velocity. Discharge silt content etc., in river waters 1947. 
' 

' I 
' ' a Silt;....:. Weight z ' load of dey -; . 'Veloctt:1 (weight silt por ·;::: 

41 River Date Gauge in feet· D.i&oharge ,. in lb. 1,000 vonduo- Rem arb !1'..l 
' per in ofl 0\l.bio tivity 

second 9useoa oubill feet 
' feet ohilty ; -. . ofailty water 

' I water) 
' 

~~~nyod ru .. ~Saygaon (D;,triot' 

- -- -
I ' Ea.&t Kha.ndesh) .. .. (a) November 19, 1946 7•25 8·00 10,068 62·601 201·450' 2."i0 

(b) January 1, 1947 .. 3·50 1·80 1,850 62·837 437·100 630 , 
(c) September 23, 1947 4·05 5•26 2,632 63·416 1,016·120 340 . 

' (d) September 8, 1947 •• 7·25 7•86 9,8117 64·545 2,145·010 450 

' 
Mula. a.t Cha.a (District: Ahmedna. (a) November 19,1946 9·75 5·98 8,484 62·426 26•980 155 llaximum Jood at 1 p. 

gar) 
\ . -. 011 lt-ll·41 Gauge 

23·4. 
(b) August 24, 1947 .. 8•85 5·91 7,551 62·486 36·130 100 

(c:) August 30,1947 .. 10·30 6•38 11,614 62·403 3·115 100 

' 
'Mula at Chikaltha.n .. ... (a) November 19, 1946 19·50 ' 11•67 34,1311 G3·l96 7118·200 410 H.F.L.·14' 

• . 3 Ghod river at- Kalamb .. (a) Jul117, 1947 .. 18·45 10·39 33,590 66•713 4,313·890 410 Higlt lloed. . 
(Poona DisU. i (b) Aug\lat 30, 1947 .. 13•10 8·46 ' 

111,730 02·794 B74·410 t 

I 
' 
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(i) November 8, 1946 •• 

(ii) ~ugust 17, 1947 .. 
November 13, 1946 

July 16, 194'J I '' .. 
. 

"' 

August 19, 1947 '". 
~ 

(i) November 20, 1946 

(U) February 10, 1941. 

' 

' 

September l947' . . 
' . 

•> -
' . ' -· : 

~ / -
'. 

' ~ . 
-

September ~9d 
-
- .. 
I 

' . 
' 

~· 

' .. ' ·- -::;.. :, * .. . _ _, 

6·15 4•47 1,630 62·408 8•1851 • 230 

u '1·88 8,917 6!·574 170 174·440 . 

3·43 2·82 - 424 62·509 109·02~ .275 

' 
8·15 6·54 3,886 62·408 8·099 110 
3·60 Notob- . . 62·538 137•990 . 300 • served 

Hot .. .. 62·728 377•820 430 weather .. .. . 
~4·089 1.688·517 750 . .. 

5·95 10·00 14,360 64·192 1,791·766 650 

3·75 3·50 2,219 62·493 92·515 • 250 

r 11•3 9·00 33,630 62·451 51•086 oo . 
' • . . 

7·40 5·84 -5,'790 62·464 63·671 200 
~ .. .. 437'" 62·510 109•960 300 . 

' . 
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' . 
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' ' ~ 
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Sil~ load data obtained previously for the Deccan rivers are given in 
Table 4:A. VIII. 

TABLE 4:A. VIII 
--------· -----------------------------

Rivers 1938-39 1939-40 

Mutha. 62·6 62•3 

Nira. 62·95 62•4 

Ka.rha. 63·76 6~·5 

Pra.va.ra .. 62•3 

Godavari .. I , 63·7 62·4 

. These figures have been exceeded by the data obtained this year in res.: 
pect of the Manyad, the Mula (at Chikalthan) the Ghodnadi and the Yera 
Rivers. 

(4) DVESTIGATIOKS OF TBE SUSPDDED SEDliiEBT LOAD OF TBE 
MABAlfADI AID THE KOSI BIVEBB 

ABSTRACT 

Information on the suspended sediment ·load of water of a river ia verr 
helpful in assessing the rate of silting up of the reservoir after the completion 
of the dam. On the basis of that information it also becomes posaible to designate _ 
the extent of dead storage of the pond. 

Investigations of the St18P8Jlded sediment load etc. of the M'abauadi and 
Kosi riven have, therefore, been carried out. 

THE liAHANADI RIVER 

(A) (i)-Suspended Sediment Load 

Water samples were collected daily from tpe Mahanadi river at Sambal
pur discharge site at 0 · 6 depth from a number of points along t:b.e cross section 
£If the river. Sometime later similar work w&S also started at the Kaimandi 
discharge site (proposed Naraj Dam site) on the same river. The usual analysis 
of the suspended sediment load in th~ water samples ; i.e., separating into three 
trades ; coarse (above 0·2 mm), medium (0·2 mm to 0·075 m.m) and fute 
(below 0·075 mm) and separately estimating each fraction was carried after 
he samples were eo11ected. 
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Figure 4A.3 represents the curv~ based qn the daily. discharge figures of.the 
Malumadi river at Samb~lpur durmg 194 7. The estrmated amounts of the 
sediment load of each category and the river discharge along with their res, 
pt>ctive cumulative totals for each month of the year are giv~n in Table 4A.IX: 

TABLE 4A. IX 

Sediment load for the whole I' -
month (acre feet) 

· Total Cumulative 
Month discharge discharge 

(ousecs) (cusecs) Coarse Medium Total Cumulative Fine 

January .. 106,020 . . Nil Nil 49·26 49·26 
/ 

February .. 106,102 212,122 " 0·08 33·9\ 33·99 183·25 

)larch . . I" 78,475 290,597 .. Nil' 19·26 19·26 102·51 

Aprll .. 40,241 330,838 .. "· 6·16 6•16 108·67 

)lay 15,385 346,223 .. .. 0·75 0·75 1011·42 .. 
June 34,674 380,897 0·09 .. 9·89 9·98 119·40 

July .. 4,209,83~ 4,590,729 1,237·00 1,803·24 6,900•19 9,940·43 10,559•83 

.... 
Aug us~ .. 7,135,437 ll,726,166 1,6~2·62 1,631·52 11,183·44 14,497·88 24,557·41 

September •. .. 6,129,403 17,855,569 773·92 924·89 6,295·70 7,994·51 32,51H•92 

October 1,384,535 19,240,104 27·69 23·42 612·93 664·03 33,215·95 

November .• 222,951 19,463,055 Nil 0·21 13·66 13·87 33,229·81 . . 
December .• 126,781 19,589,836 Nil 0·05 5·48 5·53 33,235·31 

---. --
. 3, 721 ~23 t ~,383. 50 25,130·63 

·-· 
The results given by the above Table are diagrammatically represented 

in Figures 4A.4 and 4A.5. Figure 4A.4 gives the cumulative figures of discharge in 
cusecs and the total sediment lQad and also those for each of the three sizes of 
sediment partic1es for each rp.onth of the year. F]gure 4A.5 represents on the 
other h~n.d, .the variation in the total monthly river discharge and the 'suspe:q-
ded sediment load frQm month to mo~th .in the rear~ 
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It was considered of interest to study the rate of variation of the sewment 
load With. varying discharges of the river. Therefore, the value of (i) total 
sediment load (ii) coarse and medium sewment and (iii) fine sediment have been 
plotted against various discharge figure3 in Figures 4A.6-4A.ll respectively. 
For ease in plotting the sediment loa.d carried by the river ,discharges upto and 
below 100 thousand cusecs and those for discharges above 100, thousand cusocti 
have been plotted separately, i.e., Figures, 4A.6, 4A.8 and 4A.10 repre~ent tht> 
former and Figures 4A.7, 4A.9 and 4A.ll the latter. _ 
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(ii) General Conclusions 

(a) As would appear from the above table, an approximate cumulative 
discharge of 19,589,336 cusecs and sediment load of 33,235·35 acre feet were 
obtained for the whole year for Sambalpur site. 

(b) The fine sediment form the main bulk of total sediment recorded. 

(c) The main feature of the sediment load in Mahanadi river has been th~t 
with an increase i11 the discharge due to occasional freshet or dood, there has 
occmred an increase in the suspended. load of sediment of each category. . -

However, some very int~resting exception~ were noticed to the above gene· 
ral behaviour. OIJ.e reason for such iliscrepancies has probably been the vari
able sediment load brought down by the river Ib, a tributary of the Mahanadi. 
It is proposed to take observations on both the rivers, Mahanadi and Ib during. 
the next flood seaso11 to throw some more light on the behaviour of sediment 
during flood period. 

I (B) v etticaZ Distribution of s~'lt 

Experiments were carried out to study the variation in the general distribu
tion of sediment load during the flood period of the yeat under review. On· 
the days when the inve~tigations were carried out the river djscharges varied from 
64525 to 638179 cusecs and the depth of river at experimental section from 8 
to 20 feet. The water samples were collected at 0·1, 0·2, 0·3, 0·9D along the 
vertical section of the river. - The results of the coarse and medium sediment 
in cc. per litre are plotted against the vertjcal section of the river at the expe· 
rimental site in each case in Figure 4A.12. It has been brought out that, in gene
ral, the contents of the coarse and medium Eediment increases from the top 
towards the. bottom of the stream, the increase being more conspicuous in the 
case of the coarse sediment than for the medium sediment. As is clearly in
dicated by the various component iliagrams in Figure 4A.l2, the average con
tents of the coarse and medium sediment corresponded to the depth ranging 
betweerr0·45 to 0·68D (mean=0·55D) for the former and 0·4 to 0·7D (me~·== 
0·58 D)'for the_ latter. Tho-;e experiments corroborate that the collection of 
water samples for tre sediment load at 0 · 6D afford a fair reprH-entation of the 
mean sediment load along the vertical. -
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THS KOSI lUVJR 

Suspended Seilimtnt Load 

The determination of the sediment load in the river Kosi was carried at the 
discharge site near the location of the proposed dam site from May 1947 oft;. 
wards on lines similar to those adopted at the Mahanadi river. In Table 4A~ 
are given the figures for the river discharge from January to December, 194:7. 
and for the sediment load from May to December respectively. 

TABLE 4A. X 

Sediment load for the whole . - month ~acre feet) 
Total Cumulative 

Monti& discharge discharge 
(cusecs) (cusecs) 

• Coa.rse :Medium Fine Tot&I Cumulative 
' • -- I • I 

Janua.q .. . . 484,556 484,556 

Februal'J . . .. 353,632 838,188 

March .. .. 410,595 1,248,783 - .. 
April . . .. 503,316 1,752,099 

llay .. .. 643,550 2,395,649 616·48 858·48' 1,027 ·57 2,502·53 2,502·..53 

June .. .. 1,899,480 4,295,129 1,996·95 3,623·58 3,622·29' 9,242•82 11,745·35 

Jutr .. .. 5,080,065 9,375,194 3,943•61 13,565·5Q 8,113·20 25,622·31 37,367·66 

August .. .. 5,538,418 .14,913,612 12,396•52 29,541·51 10,070•42 52,008•48 89,376·11 

September .... .. 4,120,601 19,034,213 8,327•01 17,367.23 4,828·58 30,522·87 119,898·98 

October .. .. 2,755,796 21,790,009 3,334·36 4,827·01 6,625·63 14,787·00 134,685·98 

NoTetnber •• .. 794,521 22,584,530 219·50 240·31 Negligible 459·81 135,145·79 
, 

Deoember . 57.2,446 23,156,976 107·05 40·_66 56·6& 204·34 135,350·13 .. 

-' 

130,941·48170,064·33 34,344·32 

.. 

' 
' 

It is seen from the above table that an approximate discharge of " 
a,4.04.877 cusecs al}d a sediment load of 135,350 acre feet (May to December,, 
l94 7) was recorded. ' 

It is interesting to note that unlike the Mahanadi which brings larger. quari
~ities of fine silt, the Kosi water brings down a lot of medium size silt. 

A systematic work on the sediment load on the main river (Sapt Kosi) 
~ its three tributaries (Tamur, Arun and Sun Kosi) is being carried bu• 

112ICBI 
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DISCUSSION BY THE RESEARCH COMMI'lTEE 

, MR. S. K. BANERJI introduced item (1) and said that sampling of water 
and analysis of suspended silt were carried out at eight different sites iri. the 
Pam~dar Valley and at four different places in the Mor Valley in connection 
with the Damador and Mor Schemes respectively. At both these place~ the 
tota~ weight of silt in grammes per litre was first found out and thereafter the. 
quantity of silt above and below 0·6 mm. was determined. ' · 

~ In addition to these investigations an attempt was made to find out the
silt content at different depths and at different spans. This was being conti
nued. In the Mor Valley there was another extra item < f work and that was the 
determination of silt below 0·075 mm. 

· -RAo BAHADUR D. Y. JoGLEKAR introduced item (2) and said that ex
periments were carried out to see if a similar distribution wa3 obtained when 
same sample was analysed by the two different instruments-Puri sand meter 
and Air sand meter. • 

MR. J.P. NAEGAMVALA 'introduced item (3). 

DR. R. C. HooN introduced 11em (4) and said that information on the 
suspended sediment load or water of a river was very helpful in assessing the 
rate of silting of a reservoir after the completion of a dam. On the basis of 
that information it also becomes possible to £.stimate the extent of dead storage 
of the pond. 

I 

Water samples were collected daily from the Mahanadi river at Samba.Ipur 
discharge site at 0 · 6 depth from a n.umber of points along the cross section 
of the river, similar work was also don~ at the Kaimnadi discharge_site (pro
posed Naraj Dam s1te) on the-same river. The usual analysi~ of the suspend
ed sediment load in the water samples i.e., separating into c:>arse (above 
0~2 mm) medium (0·02 mm-0·75 mm) and below 0·075 and separately 
estimating each fra.ction was xarried out after the samples were collected. The 
estimated amou:ri.ts of the sediments load cf each category and the river 
discharge along with their respectively cumulative totals for each month of the 
year were given in the note. An 'approximate cumulative discharge of 
19,589,836 cusecs and a Eediment load of 33,235 acre feet were obtained for- the 
whole year for the Sambalpur f!ite. 

•) -

, · l The main feature of the sediment load in :M:ahanadi river was that with 
an'inctease in,the discharge due to occasional freshets, there occurred an increase 
in the suspended load of tediment (.f each category.' 

Unlike the 'Mahanadi which brings large quantities of fine silt, the Ko!i 
water brings down a lot of medium sized silt. 

MR. R. D. SoNDm said that the volume of the suspended load in the Sutlej 
at Bltakra could not be determined. He asked Dr. Hoon how the samples · 
were obtained in the Mahanadi. 

' 
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DR. R. c. HooN said that so far sampling was done~with the help of bottle. 
sampler at a number of verticles in the cross section of the river from a boat., 
.At the Kosi river. which due to the very high velocity the boat could not be
used in the river. 'Sampling was done from a boil as far away from the river . 
bank as possible. .An attempt . was being made to design a water sampl81' 
for usc at high velocity . 

. 
THE PRESIDENT said that a cradle was being :fixed at the Kosi. 

DR. N. K. BosE asked if it was possible .to use a boat on the ~ahana.di. 

DR. R. C. HooN replied that at the_ Mahanadi for a l}lajor part of ,the 
year sampling could be done with the help of one boat. During pe~k d~scharge 
period, however, two boats one at each bank were employed. 

· RAI BAHADUR S. D. KHANGAR asked at how many points samples· ·were 
taken for each cross section. 

' 
DR. R. C. HooN replied that there were eight segme~ts in the Mahan~di 

and five in the Kosi. Eight samples were taken from end to end at 0•6 depth. 
• t - '\. I 

~ DR. R. C. HooN in reply to Dr. Bose said. that the width of the Mahanadi 
was 700 yards in lean period and about 1,600 yar<ht at the peak flood period 
and that of the Kosi was about 330 feet. 

11R. N. S. GoVINDA RAo pointed out that eight segments for 700 yards 
width were too small a number. . ~ 

• , r , ' 
MR. s. L. MALHOTRA said that the classification of observations made on the 

Bhakra Dam showed that 'detritus below 0·005 was all clay. 
I 

DR. R. C. HooN asked how the analysis was carried out and the clay con .. 
tent determined. , In his opinion it was not possible to do this sort of classi
fication from day to day. This may be possible for some particular samples._ 

DR. C. L. DHAWAN said that samples were taken usually in the m~nsoon. 

THE PRESIDENT said that this pojnt regarding classification was an imp~ 
ta.nt one and, therefore, it was very necessary to standardise the cla~sification 
also. 

THE SECRETARY said that the sub-committee to draft standard instruc
tions on the determination of detritus load in rivers and canals should deal with 
the standardisation of classification also. -

RAI BAHADUR S. D. Kru.NGAR .suggested that standard international 
classification should be follow~d. · ___ \ 

DR. R. C. HooN said that a complete analysis into final fraction below 
G • 075 nun was fairly completed and could not be conveniently done for day 
samples. That sort of work could, however, be done with bulk silt 'sample. 
collected occasionally. • , · " 
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D,R. N. K. BosE did not agree with Dr. Hoon that classification should no' 
be done from day to day. The silt varied from day to day and even the tex. 
ture varied from day to, da;y:. Hence day to day classification was essential. 

J?R. R. C. HooN referre~ to some practical difficulties. 

DR. N. K. BosE said that after all the standards of gradation had to b& 
defined. It was better to have two or three groups. It was the 0·002 and 
0•005 sizes that really mattered. 

THE PRESIDENT said that it was adVisable to go down to 0 1007. 

'DR. N. K. BosE said that experiments would have to be carried out to 
determine that. 

Ma. T. N. SESHADRI said that routine experiments were being made in 
Madras for the last three years, on water samples taken at 0 · 6 depth from the 
differeiLt canals of the Cauvery, the Kistna and the Godavari deltas. In these 
experiments the full cumulative curve of particle size distribution in the 
.us~nded load was drawn fvr each sample where the suspended load was found 
to be greater than one part in a thousand. Not much time need be taken 
for these experiments either. The Madras experience was that one assistant 
could easily do the experiments and draw the complete curves for about four 
~amples per day. 

DR. L. R. RAMDAS suggested the use of a centrifuge. 

DR. V. I. V AIDHIANATIIAN suggested the use of an elutriator from which 
aU grades could be obtained. , 

. 
DR. R. C. HooN said he had seen elutriators being used for mechanical 

&Jll!-~.Ysis o~ soil where the finer fraction was obtained by difference. 

DR. V. I. VAIDHIANATHAN said that elutriator was also used for "this sort 
of j~~~~· 

~~E PRESIDENT thought that elutriator should be tried. 

DR. H. L. UPPAL eaid that the sand meter was developed in the Punja~ 
in 1939 independently of the Hunter Rouse classifier. The sand .meter gave 
eon.s~tet?-t results and alw quick results. 

DR. R. C. HooN said the speed of the motor would have to be regnlated 
and the samples would have to be dried before being tested. 

DR. H~ L. UPPAL ir... reply to Dr. Hoon said that it takes just one minute 
lor. the test and five gramm2s of the samples was required. 

' DR. R C. Hoox sail that such samples were convenient for fractionating 
~r grades of silts but not for the finer material usually brought in sus
pellsion l>y the ·river water. 
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MR. S. L. MALHOTRA said that the technique of taking sampler:l iJi high 
velocity currents had not y~t be~n developed. He asked Dr. Hoon if he was 
trying some type of sampler for such conditions. 

In reply to the £I!lery made by l\Ir. S. L. Malhotra, DR. R. C. Hoon said 
that they were trying to evolve a type of weighted sampler for this type ol 

work. 

AIR. T. N. SESHADRI said that weighted streamlined samplers might M 
nied for sv,ch conditions. " 

\ 

Dn.. N. K. BosE said that he had used weights upto one- maund and even 
then the sampler was dragged away. 

RAI BAHADUR S.D. KHANGAR asked if any1bed silt samplerc;; too had bJeU 
designed. , - ·, , 

DR. H. L. UPPAL explained the use of an automatic sampler. 

AIR. R. D. SoNDHI ~aid that this f'ampler did not go down to the bed, it 
only floated. , 

RAo BAHADUR D. V. JoGtEKAR ·~eported the progress made by the 
sub-committee to draft standard instructions on determination of detrittU 
load in rivers and canals and ')aid that th ~ draft would be re-written. 

DISCUSSION BY THE EOARD 

THE SECRETARY said that four items were discussed under, this subjeci 
head by the Research Committee. There was no resolution. - A sub-~ommittee 
was working on preparing a draft on the standard instructions for the determina"' 
tion of detritus load in rivers and canals, The sub-committee met &t the time 
of the Research Committee meeting; and it was decided that the draft prepared 
previously required re-writing. Mr. S. L. M.alhotra undertook to do the work 
but he had since left the Research Institute. . The Secretary understood that. 
Rai Bahadur C. L. Handa had taken the work in hand. 

Dr. R. C. HooN said that something should be done about th.e standardiza• 
tion of Classification of silt. At present different classification systems were 
being followed in different provinces. There ought to be some sort of standardi .. 
aation. 

THE SECRETARY read out the relevant proceedirigs of the Research Com• 
mittee meeting. _.. 

RAI BAHADUR C. L.liANDA suggested the appointment of a sub-committe~ ~ 
to go into this matter. He furnished a note* on the practice in vogue in East 
Punjab. -
---------------------------------------·~---~-------------~---------------------------._ __ _ •Ea.st Punjab Practice, printed on the next page. 
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A Sub-Committee comprising Mr. A. C. Mitra, Dr. N. E. Bose, R. B. C. L. 
· Bancla., Dr. R. C. Boon, and Dr. C. L. Dhawa.n was formed to examine the ques
tion. It was decided that the conclusions of the Sub-Committee should be sent 
to Dewan Bahadur N~ Govindaraja Ayyanga.r, and should be finalised after 
receiving his comments. 

EAST PJJNJAB PRACTICE 

(1) The East Punjab Researc~ station IS determining the following 
iilt-grades. 

(a) Particles less than 0 • 005 mm. 

(b) Particles greater than 0·005 mm. but less than 0·02 mm. 

(c) Particles gteaterthan0·02 mm. but less than 0·2 mm. 

(d) Particles gr~ater than 0·2 mm. 
-

The results are expressed in total silt-load in ounces per cubic foot of water. 
and are finally converted into acre feet.. 

(2) The overseers collecting the silt-water samples collect the followini 
data · 

-. 

(i) Name of the river 

(ii) 'Name of the site 

(iii) Date of sampling 

(iv) Time of samplirig 

· (vj Weather-conditions i.e., rainfall etc. 

(vi) Temperature of the water 

{11ii) Condition of water 

• (vi1'i) 'Width of the river 
- ~ .~ 

(ixrGauge 

{x). Mean-velocity . 
(xi) Discharge 

(xii) Places and depths at which the sample• are taken. 
' -

The advantage of having the classification in sizes given in para 1 above 
lies in the fact that more-detailed information is available to the engineer while 

- forecasting the rate of sedimentation of reservoirs. It also helps in suitable 
location of river outlet works.- Exclusion, through overflow spillways and also 
with th~ help of density currents can also b_e properly visualised. · .. 
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5 A. Regeneration and Losses 

PRELIMINARY NOTE 

, " ' 
This subject was introduced for the first time in 1947, to deal With (i)" 

Seepage losses (ii) Evaporation losses and (iii) Regeneration. ·Sub-heads· ("1 
and (iii) have already been on the agenda .for sev~ral years. Snb-nead (ii) is : 
introduced for"' the first time. · · 

(i) Seepage Losses · -

PRELirtUNARY NOTE 

In 1945 it was decided to issue a Board Publication on the· subject of" 
Staunching of Canals and a request was made to various research organisations 
to review the work done to date at their institutions in their an.I!ual reports 
for the year 1945. 

In response to this request the Irrigation Research Division Sind, gave a 
summary of the work done on the subject. The Central Waterpower, Irrigation 

1 

and Navigation Research Station Poona, Engineering Research .Laboratories, : 
Hyderabad and the River Research Institute, Bengal, reported that they had 
o.othing o Cl)ntribnte. -

-
A request was again made to the rest of the research organization5 to 

~elude all the data available in their institutes in their reports for the year·194:6 
but there was no fresh contribution. It was decided that the compilation of 
llie data (whatever existed) should be taken in hand immediately :by: aU 
~oncemed but thP.re was no contribution on the subject at the 1947 meeting of 
~he Research .Committee. · 

flecent Literature 

(1) Killeen, A.B.-Head Race Canal Embankments. A seepage problem
:zlvestigation and treatment. Transaction, In~titution of Civil. EpginEte;r~i 
[reland, Vol. 71, 1945. 

THE YEAR'S WORK 

The following items were discussed at the 1948 meeting of the Research 
Jommittee :-

(1) Data of. seepa~e losses ~vailable in the East Punjab I~igatiod 
Research Institute. 

(2) Sweating from Krishnarajasagar Dam. 
\ 

175 
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(1) DATA OF SEEPAGE LOSSES AVAILABLE IN THE EAST PUNJAB 
IRRIGA'IION P-.ESEARCH INS'II'.t_U'IE (1) 

. This brief note' is written to comply with the request contained in the 
Central Baard of Irrigation circular No. 1503/J-194 dated 4-2-1948, to the effect 
that all the available data for seepage losses should be incorporatPd in the 
Annual Report of the Research institute for the year 194 7. 

The data obtained from ad hoc experiments by the Punjab Irrigation Re
search Institute, or transmitted to it for analysis by other officers are accord- -
ingly compiled. 'Vhere possible, references to earlier work are also given. 

(2) SWEATmG FROM}OUSHNARAJASAGAR DAM(2) 

The data gathered during the year is printed in Table 5A.I. There haa 
no~ been any appreciable decrease or increaRe in the rate of sweating. 

TABLE 5A.I 

Observatim m t/te sweating of the rear side of K rishnarajasagar Dam. 

(Observations continued from last year) 

Reservoir Leve! Range in feet 

124 to 120 

J!O to l!G 

111 to 110 

·note to$ . . 

105 to 100 

Date 

September 20, 1947 

December 2, 1947 .. 

December 16, 1947 

December 25, 1947 

January 5, 1948 .. 

January 26, 1948 •• 

February 10, 1948 

February 24, 1948 

March 2, 1948 

March 22, 1948 ... , 
I 
I 

Sweating in cuseoe 
per million square 

feet 

O·lOl) 

0·020 

0.·016 

0·016 

0·013 

0·014 

0·007 

0·0069 

0·006:1 

0·001: 

-·-----. -+-· ---- I 

(1) East Punjab Irrigation Research Institute, ~mritsa.r, Annual Report, 1947, Joagt~~J 
69-101. - • 

( 1 ) B:rdraulie Research Station Krishnarajasagar Annual Rtlflort 1947 pagt 7. 
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DISCUSSION BY THE RESEARCH COMMIT'IEE 
THE SECRETARY said that in connection with the proposed Board Pub· 

lication on " Staunching of Canals " so far contributions had been received only 
{rom Sind and East Punjab. If no other station bad any note to send, the 
eompilation of the Bo~ru Publie::!.tion could be taken in hand. 

1\fR. S. ~- GyPTA promised to send a note on the subject. 
. THE PRESIDENT enquired if any body would volunteer to prepare the dra1t 

of the publicatio::t. 
Dn.. J. K • .MA:LHOTRA offaed to take up the work. 
lnuoducing item (1) ~lR. S. L. 1\tlALHOTRA said that this was in .respon!e 

to the reque~t made by the Central Board of Irrigation .. 
Da. MALHOTRA briefly desc.riLed the contents'of the note. 
MR. N. s. GOVINDA RAo introduced item (2) and said that the sweating 

showed a tendency to decrease. ' 
It was decided that the subject should continue on the agenda. 

DISCUSSION BY THE BOARD 
TsrE SECRETARY r:aid that two items were discu'3sed at the Research 

Committee meeting and that there was no resolution. 
DR. J. K. MALHOTRA said t~at at the Research Committee meeting the 

President had af-1ked whf'ther anybody wquld volunteer to prepare a draft of 
publication by the Cen'. -,d Board of Irrigation on this subject. At that time 
he offered to take up thi.; work. He had since obtained a lot of b9oks and help 
from the Central Board of Irrigation and he was getting on with the work. 

References were made to the work done on the Bikaner canal for deter· 
mining seepage JosRes. 

. 
PRELIMINARY ~NOTE 

(ii) Evaporation Lo~ses 
The subject was introduced for the first time in 1947. · In 1946 Research 

Committee meeting the following resolution was passed under_ the subject 
Rainiall-Rtinoff concerning evaporation:- -

., Systematic and extensive observations must be undertaken all ovet 
India. To start with, observations 'sliould be made of evaporation 
from free water surface at 50 per cent., of the rc>gular observatorie.c 
of the Meteorological Department. , 

'• As regards ev~poration from soil and transpiration lmwes, etc., it iS 
- understood tl1at this work is being taken up l!.t t,he f2.tm observa

tories (about 80 in number) recently established hy the Agricultural 
Department in conjunction with the _ India l\'Teteoro1ogical_De
partment. The nature of the work undertaken at thes~ places 
should be ascertained, together with their location, and proposals 
for the extension of the work, particularly to hilly areas, should bo 
(·xamined. Thill investigation can be made appropriately by the 
India Meteorological Department. " · · 
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At the I947 Research Committ~c m1rting th.) following item was tliscus
sed :-

(1) The estimation of evapJration l0s<>es. 

Recent Literature 
(I) Wilm, H. G. and Niederhof, C. H.-Effect of cutting m:tture · 

lodgepole-pine stands on rainfall intcrcrrtion. Journal of Forestry, Vol. 41, 
No. I, Januarv I943. · - ., ... 

THE YEAR'S WORK 
' 

The following items were discussed nt the 19-18 mPeting of the ReReareh 
Committee :- .1 

-(I) Evaporation measurements in Ir:..rlin.. A brief report of the present 
position "with suggestions for future organisation, by Dr. L: A; 

- Ramdas, Director, Agriculturall\lctforology, India. MeteorologiCal 
Department. · 

(2) Investigations on evaporation losses. 

(3) Experiments conducted at Krishnarajasagar. 

(1) EV J\PORA'IION !tiEASUREMENTS IN INDIA 

A BRJEF REPORT OF THE PRESENT POSITION WITII SUGGESTIONf OR 
FUTURE ORGANIZATION 

by 

Dr. L. A. Ramdas 

Direcfhr of Agricultural Jleteorology, Meteorological Office Poona. 

ABSTRACT 

., "- su~y of the e:xperiment_al researchesonevarorationfrom water and , 
soH surfaces and allied phenomena, teing conducted at the Central Agricultural • 
Meteorological Observatory at Poona· was ·presented by the present writer in a 
'' P..eport on Soil Moisture and Evaporation Investigations being conducted by 
the Agricultural Meteorology Section at Poona '', read l:efore the meeting of the 
Research Committee of the Central Board of Irrigation, held at Simla in July 

-,1947. Recently another report on" EvapOration from bare soil in relation to 
the depth of the water table or zone of saturation " was sent through the Central 
Board of Irrigation, for communication to the Inttrnational Union of Hydro-
logy ~hich meets in August 1948 at Oslo, Norway. ' 

On the present occasion a re\iew of the IJresent position regarding the 
esUmation of 'evaperation in India ' is made and suggestions are offered for 

' bringing into existence an adequate net work of st2.tions in India for recording 
evaporation according to a common plan. 
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STATEMENT OF THE PROBLEM 
' . 

There are two distinct problems, v-iz., 

A. Study of the fate of rainfall : the Water Bala~. 

~e controlling factors. are:--

(i) evaporation from the soil surface 

_ ( ii) surface drainage 
' 

.. 
(iii) percolation through the soil 

(iv) retention by the soil and 

(v) underground drainage along the impervious layer of rock ·or othel 
material ~n which the soil layer ,may be resti:ng. . . 

It may be mentioned here that the evaporation fro~ the soil s~face will 
be comparable to that from a free water surface so long as the soil surface is
saturated with moisture. When the soil surface dries up, the evaporati~n 
will decrease, depending on the upward or capillary ascent from the water 
soil below. This supply diminishes as the distance between the soil surface 
and the zone of satu!ation increases; ultimately, the soil surface will begir). 
to exchange water vapour with the air layer~ above, yielding hygroscopic 
moisture to the air during part oi the day and re-absorbing water vapour from 
the air <!uring the test of the day and during night. · •• 

t -

The study of items A-(i) to (v) will need wholetime and intensive re.searcli 
with specially designed instruments. Such work is relevant to Hydrology 
so far as land surfaces are concerned. · ' 

B. Study of the evaporating power of the air layers near t~ ground. 
- • ! r ' " 

The measurement of evaporation from a free water surface is a simple:t 
matter. It is relevant to hydrology in so far as its measurements will give 

• some idea of the evaporation from lakes, -rese!voirs _ etc.~ Actually suclt 
measurements as can be made indicate the "evaporating power of the air ]ayers 
near the ground", but can be correlated with actual losses from 'lakes, large 
reservoirs, etc., if necessary, if comparative obser~ations are recorded for a 
few years~ · 

' . . t 

The measure~ent of evaporation from a free water surface is also useful 
in estimating the possible evaporation E from a &oil when the deptli z of the 
water table or -zone of saturation below the soil surface is known and d. the 
characteristic constant of the particular soil has been determined previously 
from tl1e measurements made with a series of soil eva porimeters: For, our 
work at Poona has sho\Vn that ---d:. z 
, E = E0 Xl0 
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~HARTS SHOWING THE VALUES OF EVAPORATION IN INDIA COMPUTED FROM 
THE METEOROLOGICAL I'ACTOiiS CONTROLLING IT 

Early in 1933 the present writer found that we had practically no 
.evaporation records in India. In order to obtain some idea of the probable 
evaporation in different parts of the country, the values were computed 
According to a modified form of Carl Rowler's formula (U. S. A. DPpartment 
.of Agriculture, Tech. Bull. No. 271, 1931), which is given below :-

E = (1·465-0·0186B) (0·44 + O·ll8JV) ( 1~ -1)e 

where E is the mean daily evaporation in inches corresponding to that measured 
with aU. S. A. type of evaporimeter-, 

B is the barometric pressure in inches at station level, 

W is the mean win~ velocity of the day at four, feet above ground in miles 
per hour; 

h is the mean relative humidity of the day and 
-

e is the mean vapour- pres~:;ure of the day in inches of mercury. 

This calculation of evaporation was made for 80 representative stations 
in India for different months of the year. · -

A discussion ·>f the, r Jsults will 1e found in a paper entitled 
'' Evaporation in India calculated fron.. other meteorolcgical fact(Jrs , by 
Messrs. P. K. Raman and V. Satakopan (Ind. Met. Dept., Scientific Notes, 
Vol. VI, No. 61, Hl35). 

It may be mentioned that the series of 14 charts showing the mean m.:>nthly 
evaporation, the mean annual eyapOiation aL.d the mean " Annual Rain min1'J 
Annual Evaporation " published in the above pape:r pro>ved very useful indeed 
as a provisional basis for all discussions on th~ "Subject. 

, , Actual measurf!ments of evap(Jration made at a ~teadily increasing number 
of stations in J ndia agree very satisfactorily with the charts of computetl eva
poration referred to above. 

TYPES OF EVAPORIMETERS 

The types of evaporimeters recommended for recording the evaporating 
power of the air layers near the ground are :-

(1) Th\j U. S. A. standard EYaporimeter with a reservoir four feet in 
diameter and a hook gauge (in stilling well). 

(2) 'fhe Atl1avle Open Pnn Evaporimeter with a reservoir one foot in 
dia:ru.eter and micron..eter gauge and ·· 

{3) ThP, Piche Evaporimcter. 
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• 
48 Dtameter 

(a) , 
ThlckMU 0·1 

(b) 

f'oloooloo"'"'lk- ~.,. (~) 
• 

._-I·S OJameter 

(c) 

(e) 

Figure I :• The U.S.A. ~tandard Evaporlmeter 
an4 Its Components 

Micrometer screw1auge cu 
~-•ns,uaa1;1n2 material 

Masonry pillar 

Figure 2:- Open pan Evaporlmeter 

Graduations 

·~ cc. 

Filter paper dlst 

" 

Ftgure 3 :- Ptche Eva1-orlm~''' 

Figure 5A.1 :Left. Figure 5A.2: Right top. Figure 5A.3: Right bottom. 
\ 

The above t.hree typf'~ of instruments are sho\vn in'sketch in Figurf's 5A.~,. 
5A.2, and 5A.3respectively. The U.S. A. Standard Evaporimeter is the mos1; 
suitah1e for important. stations where the necessary whole-time staff i& available 
for maintaining the instrument aiid recording the observations. The A thavle
Open Pan Evaporimf'ter is a less eostly instrument but has not got the 
advantage of a large reservoir like the U. S. A. type. The Piche Evaporim~ter 
is very cheap and handy arid, when exposed inside the Standard Stevenson 
Screen, has the advantage of giving the evaporation data even on rainy days,. 
The Piche Evnporimeter, howeve,r, requites ver;y careful calibratio1,1 befor~ · 
issue as wdl as periodically therea?Jter, to verify that changes in corrections are
noted every tirr.e the quality and size of filter disc undergo any alteration • 
.Each instrument has a correction factor by which the data have to be multiplied, 
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EXPERIMENTAL FARMS WHICH_REC0.3D EVAPORATION DATA ' 

In connE'ction with the " Co-ordinated Crop -'Veather Scheme "the Dir~ct· 
'fJr of Agricultural Meteorology has pe.rsuadE>d the co-operating Pr·)\in.ces and 
lndian States to equip NOme of the selected experimental farms with evapori
meters. A list of the iO' and odd station-; indicating the type of evap•Jrimeter 
in use is given in Table 5A. II. 

Mot<> and mere of the experimental fanr.s in India are likely to be equipped 
with evaporimeters in future years. 

TABLE 5A. II 

Selected E.rpe·rirnentat farms and the type of et'aporimeter in use. 

Station evaporimeter 
in use 

Station 
Type of 

evaporimeter 
in use 

fl Type of 

----~~--------------·:-------------:-----------------1----------~ 
21 I Delhi (I.A.R.I.) 1 Dharwa.r • 

2 Sholapur 

3 Ja.lgaon 

4 Karjat 

5 Niphad 

6 Padega.on 

7 Poona •• 

8 Raichur .. 

9 Parbhani 

10 Rudrur 

h ~~ Shakarnagar 

12 Nagpur . ' 

13 t Akola .. 

14 1 Raipur 
l 

15 t Powerkhera 

' 16 Adhartal 

17 Sri Ganganagar •• 

18 Gurdaspur -

'19 Jullundur 

20 Rohtak 
l 

Piche 

Piche, Open Pan 

Piche 

Piche I 
I 

Piche I 
Piche, Open Pan 

1 Piche, Open Pan,
1
. 

U. S. A. Stand
ard and a no. of 1 
other types, all in 
use at the Cen
tral A gri-M et. 
Observatory. 

Piche, Open Pan 

Piche, Open Pan 

Piche, Open Pan 

Piche 

Pich~ 

Piche 

Piche 

22 1\luttra 

23 l Chinsura.h _ 

24 I Pusa .• 

251 Sabonr 

26 I Cutta.ck 

27 f Cawnpore 

28 I Shahjahanpur 

29 1 Muza.ffarna.ga.r 

30 Indore 

31 Irwin Canal Farm 

32 Virajpet 

33 Frazerpet 

34 Coim.ba.tore 

35 _Bijapur 

36 Warangal 

. 37 t Na.gina 

Piche 

Piche 

Piche 

I 38 Aduthurai I 39 Hagari •• 

~- 40 Siruguppa 

Piche 41 Balehonnur 

Picha. 42 01Iykkara 

Piche 431 ~ar~ 

Piche, U.S. A. 

Open, Pan 

Piche 

Piche, <?_pen Pan 

Piche, Open Po 

Piche 

Piche, Open Pan 

Piche 

Piche, Open Pan 

Piche, Open PaD 

Piche 

Piche 

Piche 

Piche, Open Pu. 
I I 

Piche 

Piche 

Piche 

Piche 

Piche 

Piche 

Piche 

Piche 

Piche 
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fr ' ' ' t: .,- ... ~~' ~ f I - ~ II ) 

SUGGESTIONS FOR SETTING UP AN ADEQUATE NET-WORK OF, EVAPORATION 
,.. - RECORDING STATIONS IN INDIA ' , · " 
f' I J ' ~ 1 ; ; 1 I ). .. 

' Now that, besides Agriculture, Hydrology too has entereq into th~ p~cture, ·~· 
it is time to e3tablish an adequate '[let-work of stations in-Inqia makingevapora· 
tion measurements systematically, according tf) a common plan.·. · r 

1 

4 ' ' - , l t .. ( .... 

In the present report one shall confine attention to the· existing' major r 

observat:>ries of the India Meteorological De11artment whic.b. are m.anned by,·· 
whole-time staff of the- department. ~ . ..- · . · · · · ' : 

Table 5.A..III . gives the namfls of such stations which !D-ay be equipped 
with (i) the standarcl U.S. A. type.cvapori~ete.~· in the open and (ii) the Piche 
Evaporimeter ~nside the Stevensv i1 Screen'. · · 

TABLE 5A. III 

Meteorological Observatories of the India Meteorological Department which· may 
be equipped with ( i) the Standard []. S. A. type eva pori meter in the open and 

( ii) the Pic~e E1faporimetcr in~ide the Stevenson Screen. , · , 1 , 

, (' ; ,, 

....;.... __ '"'"'":""_,__~----·----.- --·:·;-
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'fab~e 5A. IV gives the names-of those meteorological observatories which 
may be equipped with the Piche EvaporimetE'r alone in the Steven~on Screen. 
These stations have been selected in order to fill up the vacant spots on the map 
after plotting the stations of Tables 5A. II and 5A. III. 

If the stations indicated in Tables 5A. III and 5A. IV are aU-equipped aa 
Jngg6bted we shall have an excellent net-work of about 80 stations (in additicm ttJ 
the 40 and odd experimental farms) recording evaporation, with the help of the 
wholetime staff which exists already at these stations. , 

TABLE 5A. IV 

Meteorological observatories of the India lJfeteorological Department which mar 
be equipped 'tvith the Piche E1Japorimeter alone in {!i.e Stevenson Screen. 

' 
20 I Amraoti . 1 Roorkee 

2 Hissar 21 Sutna 

3 A.gr• 22 Chanda 

• Kota.h 23 Daltonganj 

6 Jhansi 24 Pendra 

6 Bahra.ich • 25 ; Ka.nk&r 

7 Lucknow 26 I Ratnagiri 1 
\ 

8 Ben ares 27 Miraj 

9 Patna 28 Belga.um 
, 

Dinajpur 10 29 Gulbarga. 

11 Dhubri · 30 Nizamabad 

12 Gauhati 31 Hanamkonda 

13 Naya Du!_Db • 32 Bella.ry 

14 Bardwau. 33 Chitaldrug. 

15 Dwark& 34 Vellore 

16 Rajkot 35 Salem 

11 Do had 36 Cuddalore 

18 Gun& 37 Pam ban 

19 Khandw& 

" 
N.B.-Attempts are being made by the Instruments Section at the Meteorological Office, 

Poona to construct self-recording _,v:aporimeters which will record the hourly nria Woa of 
en.poration. A few selected stations can be equipped with this in due course. 
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EVAPORATION MEASUREMENTS AT FIELD LABORATORmS AND OTHER RESEARCH 
STATIONS SET UP IN THE CATCHMENTS OF THE MAJOR RIVER SYSTEMS OF INDIA 

These statiGn.s will be in add·ition to those indicated abcve. Here the 
whole progr'lm.me will be ~.olely devoted to IIydrology proper and besides 
the bvaporation records, measurementt of evaporation frc·m soil surface 
(with s·•il evaporimeter sets) as well as seasonal variations of the depth of the 
water table, etc., etc., should b~ made. The programme and ~quipment for 
such stations must· be dealt with separately, and in greater- detail than can 
be attempted in the pre"'ent report. 
MAINTENANCE AND COLLECTION OF DATA FROM STATIONS IN TABLES 5A. If, 5A. III 

AND 5A. IV REFERRED TO ABOVE 

Issue of instructions for the ru'1intenancl3 and upkeep of these instruments, 
their periodical overhaul, etc., is an importa.nt item of work. The daily read .. 
ings eho.lld be received at fortnightly vr monthly intervals,,from the 89 stations 
directly under the India Meteorological Department and the · 40 and od<.l 
experimental farm~ ~f the Agricultural Departments. After scrutiny, correcting 
tmd converting the readings to the " U. S. A. ba~is ", the data should be made 
readily available tu those concerned with Hydrology. 

Staff will be required for the above purpose. One 'Professional Assistant 
and three Scientific Assistant<:t may be adequate f9r attending to all the items 
of work enumerated above. 

EQUIPMENT 

The entire equipment can be obtained from Indian firms who are already 
manufacturing them. The U. S. A. Evaporaters cost 'ab')ut Rs. 500 each 
a.t.d the Piche Evaporimeter~ about Rs. 15 each. 

For giving effect to the proposals ma~e in this repc·rt about 45 U. S. A. 
Evaporimeters and about 100 Piche Evaporimeters (making allowance for· 
about 20 to replace breakages) will be required. 

The cost of these will be of the order of Rs. 25,000. 

(2) INVESTIGATIONS ON EVAPORATION LOSSES(l) 

ABSTRACT 

(1) The experimental work on E>vaporation losses in this note comprises a 
study of the following aspects of this problem :-

(i) The depth of the water table from which water could be drawn to the 
soil surface by evaporation and' how for the quantity of water so 
drawn could meet the requirements of moisture needed for cultivation. 

(ii) The effect of evaporation on the movement qf water table in initially 
saturated, sb:atified and unstratified, soil columns composed of 
various grades. 

(iii) The effect of particle size, depth and stratification of soil, on the in
tensity of evaporation from initially saturated soil columns. 

The first investigation on this problem conducted in the field near Lahore 
Cantt., in the m<nth of June 1934, related to the study of evaporation of water 
from a soil surface, with reference to the fluctuation of water table etc. 

(1) East Punjab Irrigation Research Institute, Annual Report 1947 pp. 102-115. 
M21CBI 
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The main object of thi~ inve_tigation was to ascertain 

(a) the depth of the water table from which water could be drawn to 
the soil ~urface 

(b) how far the quantity of water so drawn cc•uld meet the moisture 
·!~quirements of cultivatiC~n, and, 

(c) if, as advocated by S<.me previous investigztors, the variation. in 
barometric pressure was F!Ole}y responsible for causing fluctuations 
in the water table. . ' . 

The problem was studied by taking regular daily observations of the in· 
tensity of ~v~pra~i..:>n frcm the soil surface and of the corresponding positi~na 
of th~ water table. The moisture cont.ent of the soil sample taken at each foo\ 
of ~~e so~l rtrata, lying between the natural soil surface and the water table was 
,aln d.etemdned. Frcm these observation.CI it was concluded that-

(a) Wate~ was- returning to the 51Uface from a depth of 22 feet which was 
the depth of the water tahle in this particulnr case. 

(b) The quantity of water dra"n to the surlace wall·7 X 10·7 gm. per 
square em. per second, on the avera.ge, for the month of June and was too small 

f cr cUltivation purpoees. · 
(c) The fluctuations of the water table were.. dependent not only upon

atmospheric pressure, but also on surface evaporation. It may be pointed ~mt 
he~e that, whereas other conclusions appear t.o be 1=1ound, the first one need3 
amendment. From some laboratory experiments done afterwards, the maxi
mtlQl depth, from which moisture in the liquid phase could be drawn up to the 
surface, was found t.o bE- e bout 7! ft>et in case t:f a sandy loam. 

While a-ttempting to trace the ca\ISe cf the occurrence of the abnormal rise 
in the levels of wells, situated in areas of high watertable, after just a shov.er of 
rain, necessity was felt for detnrr..ining the effect of size of the par~icles composi· 
ing a. soilstrat~ Qn the intenBity of evaporation from tlu~ latt.er. This led 
to the study cf another aspect of this problem. For thig purpose china crucihle~, 
4 em. in diameter and 5 en... in height were taken, filled wJth water and packed 
with soils of different grades. The particle size of the soils covered a wide range, 
varying from l·Omm. to 0·10 rum. in mean diameter. T·Jaccount for the vary· 
ing at~ospheric conditions, evaporation I )Ssesfr<.m the ~urface of water c~ntain
ed in a similar crucible were also noted. The crucibles were placed in an open 
place so that evapnration could take place under similar conditic·ns, and their 
weight~ observed regularly after suitable intervals of time, till no further loss 
in moisture could be detected. The main conclu.eicns drawn frcm these tests 
were:__:: 

(f) When the mnisture content was near the saturation ~al~e the intensitr 
of evaporation, i.e._ the loss in moisture per unit area per urut time ~as practt
oo.flf. the same for all particle sizes and was equal t.Q that occurrmg from a 
pla'ne water surface. _ 

(2) As the moisture content of the soil decreased by ab~ut 10 to 15 % 
,~he intensity of evaporation was still equal for all grades, but It was less tha~ 
•hat from a plane water surface. 
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(3) Even when the ~il-columns got air dried, no discrepancy in ~he res .. 
pootive rates of evaporation could be detected. Of course, the evaporation wall 
m.w.eh less than from a plane water surface . 

• 1 

It is worth me11;tioning here that if the temperature of different soil col~!t 
does not remain constant, either due to variations in the colour of the con tame~ 
~rof the soil, the mtensity of evaporation would vary correspondingly. Mo;~· 
over, during a storm blowing ·at a very high velocity, the rate of evaporat10~ 
from a plane water surface was found to be substantially greater than that from 
a saturated soil column. . . . . . 

From the results of evaporation experiments _conducted by Keen, a w~l4--: 
known soil physicist, at;the Rothamsted Experimental Station in England 
for three years, it was deduced that by ca'pillarity subsoil water can be dra_wn up 
fr~m a depth not exceeding five feet~ As the atmospheric conditions prevailin_g 
in the Punjap differ considerably from those in England, similar e~periments 
.w~re started at Lahore in order to verify if his conclusion was also applicab~ct 
in our climatic conditions. 

The dimensions of the experimental vessel used in the beginning wer~ 
4: feet X 3 feet as Jts height and diameter respectively. A glass tube, ontl 
~ch in diameter and having its lowel;' end. closed with a wire gauze, was 
emb~d:ded in the soil column. 1;he vessel was filled With water and packed with 
~certain type of soil. TQ hasten its settling, water was passed down the soil. 
column till the trans-mission constant showed no reduction in its value~ 
Evaporation was then allowed to proceed from its surface and the po~ition o! 
the watertable, as given by the level of water in the glass tube, noted at 
3Uitable time intervals. On experiencing a difficulty in packing the soil uni
formly throughout the length of the soil column.- a condition quite essential 
for obtaining replica results, an experimental vessel of smaller dimensions 1Yfz-, 
150 em. X • 8 em. was used. . This, necessitated a corresponding reduction in the. 
mano~etrw bore, a~ otherWISe .the manometer, acting as a source of water whet\ 
water IS removed from the soil column and a ·sink in the reverse case takes 
an unnecessarily long time to attain its position of equilibrium. The _glass 
tube meant for reco:ding the watertable was kept outside, for it waa observed 
that so long the ratio between the diameter of the soil column and glass 
tube remai.qed the same, the results were unaffected whether the tube was kept 
in the soil co!umn or outside. A number of vessels containing different grades 
were,placed man open place, so_ that evaporation may occur from all of theiDt 
under similar atmospheric conditions. · • -

Though it was seen that the experiments were perfor~ed under as uniform
oon~tions o~ evaporation as P?ssibl~, yet as shown by the evaporim~ter install
ed m the neighbourhood: the mtens1ty of evaporation did not remam constant 
with lapse of time. Hence the time could not be supposed to serve as a correcif 
basis for quantitative comparison.:_ To account for the varying atmospherio 
elements the loss of moisture occurring from the surface of water contained in a. 
similar vessel, placed beside other vessels, was also measured. This vessel 
was refilled to the same level daily. For each soil type a curve was drawn 
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between the evaporation losses from water surface as abscissa and the corre!
ponding depression in the water table as ordinate. The main conclusions 
deducible from such curves were :-

(1) Starting with saturated soil columns, as evaporation proceeded, the 
water table would depress at an abrupt rate, which during the initial stages of 
evaporation was constant for a given soil type but varied for different gradell, 
though the moisture lost from different soils during this period was practically 
the same for all of them. Generally, the finer the soil, the greater the rate of 
depression. After a few hours' evaporation the depressions caused in the 
watertable in case of very coarse sand, coarse silt and and sand were 6 em., 20 
em., and 80 em. respectively, while for the plane water surface the depression 
was only 0·3 ems. _ · / 

According to the usual method of computatio~s the wa~ertable in the 
soils should depres& by 0·75 em. assuming their pore space as 40%. Moreove% 
the depression for an equal loss of moisture should be independent of the grrae 
provided the pore space does not vary. This observation led to the conclusion 
that the records of spring tevel along, without a knowledge of capillary height 
and moisture content of the soil lying above the watertable could scarcely 
prove of much use in predicting the movements of the watertable especially 
when the latter lies at a depth less than the capillary height of the soil. 

(2) Mter a few hours' evaporation, the respective rates of depression 
went on decreasing continuously, but still remained greater than that from a 
plane water t>urface. Finally, when the )Vater-table had depressed by 11 em., 
40 em, and 200 em. in the respective cases, the rates became extremely slow 
being much less than that from a water surface. The finer the soil, the greater 
the time taken by it to attain the final stage. 

The time interval, after which the rate of evaporation in the respective 
oases assumed a very low valg.e, depended upon the particle size of the varioua 
soils. In case of very coarse, medium and very fine sand it amounted to a 
few days, one week and one and a half months respectively. It was proposed 
to continue these experiments for several years, but unluckily the mbber tubes 
connected to t]le manometers meant for recording the position of the water 
table cracked ih case of fine, medium and coarse sand after two, three and eight 
months respectively and the observations had to be discontinued after these 
periods. The water table in case of the medium sand fell in the ~hird month 
only by one centimeter while for very coarse sand the depression for a period • 
of six months, i.e., frqm the beginning of the third month to the end of the 
eighth month, was not more than four centimetres. 

It may be pointed out that this method of det~rrn~in~ the. depth from 
which water could be d.raw'n to the soil surface by capillarity IS an md1rect one. 
The evaporation occurs at the surface of an initially sa~urated ~stratified soil 
column anq the depth from which water is drawn up IS ascerta~ed from the 
magnitude of fall in the position of the wat~rtable. By evaporat?on the water 
table can be affected, whether the moisture is lost from the soil column by 
capillarity or diffusion. No doubt, for a considerable duration of time, wate~ 
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is drawn by the capillary forces to the surface~ from where it gets lost by eva
poration. During this period, most of the moisture is lost by this process. 
Again. for moisture to be lost mainly by capillaries must extend right up to the 
aurface of the soil column. 'Vhether the menisci of the capillaries still lie at 
the surface or have receded down can be tested as follows. A slight pressure 
applied at the surface, or a slight shower of water sprinkled at it, affects the 
water table, not only immediately, but also considerably, so long as some of the 
menisci lie at. the surface. When however, they get below the surface the 
waterta.ble remains almost unaffected by these factors. It was observed that 
when no capillaries reach the surface the rate of depression could become very 
alow. The watertable did fall even afterwardR, but it was due to diffusion of 
water vapour. During this stage, water is not drawn to the surface. Applying 
the tests narrated above, water was drawn up by capillarity to the surface, 
from a depth of about 200 ems. in case of very fine sand, mean diameter 0•10 • mm. 

Again, if these experiments are conducted with a view to determining the 
moisture requirements of crops, it is not necessary that water be drawn up to the 
soil surface. It would reach the zone up to which the roots oftJ:te crops extend. 
From this stand point water can be drawn up even from greater depths. ' 

As the above pipes use~ for recording watertable are generally fitted with 
Etrainers, it was desired to perform the experiment using a strainer instead of a 
blind pipe .. 

On repeating the experiment with a brass strainer, 2 mm., in ·diameter, 
embedded in an initially saturated Eoil cc.Iumn exactly similar results were 
obtained. 

In order to explain the abrupt rate of fall of the water table and the 
dependence of this rate upon the particle size another set of investigations had 
to be undertaken. It was necessary to determine the weight of the loss in 
moisture, required to produce a given depression in the water table, by actually 
weighing the experimental vessel along with its contents. As it was not 
possible to detect slight variations in moisture from a heavy vessel, so experi
mental vessels, 4 em. in diameter and 20 em. in height were used instead. 
Packing two such tubes, :fitted with manometers of one mm. bore, with saturat
ed silts of different grades, the weight of the moisture lost due to evaporatioz• 
and the corresponding depression in the water table were noted. Using 
the same vessel, experiments were also repeat~ with different bores of the 
manometer. The rr1ain conclusions drawn from these observations were: 

(1) During the initial stages of evapo:ration the loss in moisture required 
to produce a certain depressiop. in the watert able is just a fraction of the value 
usually expected. In the case of the fine silt it was about one hundredth of 
that value. ·· 

(2) Though the rate of loss in moisture was independent of the grade to 
begin with, yet the rate of watertable depression was a function of the particle . 
m~. . 

(3) The intensities of evaporation from different grades did not remain 
equal to each other after a few days. Th.e finer the soil, the greater the evapo· 
ration losses. ~ 
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The final conclusion stated above did not agree with the one deduced p:re
viou31y that intensity of evaporation is independent of the grade of the soil. 
As the previous experiments were done in:china crucibles, 4 em. X 5 em. and the 
recent one with tubes, 4 em. X 20 em., the only cause of discrepancy could ~ 
the difference in the depth of the soil columns used. 

For studying the effect of this factor three sets of exp'eriments were per
formed. For different sets; ~etallic tubes, equal in bore, but varying in height 
t'iz 5 em. X 15 em. and 30 ern. were taken. In each set 12 tubes, equal in bote 
and height were used. Four different grades of silt, varying from 2 · 5 mm. to 
0·10 mm. in mean diameter and one soil having its clay content about 7% were 
packed under water contained in these vessels. For verifying the accuracy 
bf the observations, each soil was packed in two tubes. For eliminating the 
source of error due to the changing atmospheric coditions two tubes were filled 
with water only. They were daily retilled to the same level. Atl the tubes wen 
kept in an open space so that evaporation may occur under similar atmospherie 
conditions. The weights of the tubes were regularly observed, till no reduction 
in their weights could be detected. The following conclusions were drawn from 
these c bservations :-

(1) During the initial stages of evaporation, the intensity of evaporation 
was practically the same in all the cases. It was independent of the grad&, as 
well as of the depth of the soil column and was equal to that from a plan.e 
water surface. 

(2} No difference in the respective rates of evaporation of the four finer 
grades could be detected, in case of-5 em. deep soil columns, even when they 
get air dried. From the coarsest grade viz 2 • 5 mm. the intensity of evaporation 

_ at lower moisture contents became less than that from others. 

(3) In case of 15 em. deep soil columns the intensity of evaporation from. 
the coarsest grade (2·5 mm.) became less than that from the finer ones after a 
few days. For all other grades_ the rates were equal, though somewhat less 
than that from a water surface. Later on 1· 0 m.m. grade began to show signs 
of lesser intensity of evaporation but from the other three grades the rates 
remained practically the same even up to the lowest moisture content. 

(4) The effect of particle size upon the intensity of evaporation was much 
m.ore pronounced for 30 em. soil column. Here withlapse of time, three grades 
showed difference in the respective rates of evaporation, con af ... er another. 
The finest grade of silt, viz 0·10 mm. and the soil did not show any difl'erence iu 
their intensities of evaporation, even up to the loweste moisture content. 

These observations go to show ~hat the inte11sity of evaporation, from a 
moist soil column, does depend upon the grade of the.Poil, prob:ded approprlli\e 
depth of the soil_ column is taken. ' 

As, in nature, the soil cr:ust is generally strat.:fied, th'} pffect of hetero
geneity on the intensity of evaporation from mo;st ~oJ colum s wa~ 3tudied 
llex.t. · 
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. Two sets of experiments were perform~d. Inane, the ml·vements 9f the 

watertable, as evaporation proceeded from s1turated Po] columns ,co,npos~ 
of two different grades, was observed,, whil) in the otther the loss in moisture 
from similarly composed soil columns was noted . 

. . ~.Excepting one point, the sam~ experimental t~chnique and pr~cedu!\l 
Q5 employ~d for homogeneous soil columns for studying the m~ve:tp.~nt of Pb~ 
water table, was used. The soil column was composed of two grades,, the upper 
on~ l?ei_ng finer than the lower one. Four different thicknesse~ of thEt p.pper · 
~~at~ were tried. · The mean diameter of the silt of_the uppe~ ~t:rat~. w~ 
0 ·10 m.m. while the mean diameter of the silt of the lower stratuin was 2 · 0 :rnm. 
The main observations a.re given below :-

(1) A~ evaporation proceeded, there was· an abrupt fall in th water tabl~. 
its rate being characteristic of the upper grade only. 

(2) After a few hours evaporation, the following watertable began to :.;ise 
at a rate much more rapid than the rate of fall, though water was being lost 
from the soil column. 

! • ~ ' 

{3) The greater the thickness of the upper stratum, the greater the depth 
to which watertable would depress before it started rising up. ' 

The time after which. the reversal occurred was a function ~t the thicknJ& 
~fthe upper stratum, the greater the thickness, the greater the time taken by it. 

(4) The watertable underwent a series of reversals, till finally they subsi
ded. For the smallest thickness viz. one em. they lasted for a few days, 
while for 10 em thickmss the reversals continued for a few weeks. 

(5) The final level assumed by the watertable, as reversals ceased, was_a. 
function of the grade of the lower stratum. In every case its depth below the -
surface of the lower stratum was the same viz about 12 ems. / 

(6) After the subsidence of the reversals, the rate of depression was very 
:Yery slow, being equal to about one em. in one month. 

. ' 

From such observations it was deduced that ; 

(i) The behaviour of the watertable, when it moves in a hetrogeneous 
medium becomes abnormal. It may show a rise even when 
moisture is being lost from the subsoil, or vice versa. 

(r':) It is the radii of curvature ofthe.menisci lyingatthetopportion o_f 
the capillary fringe, which affect the movements of the watertable 
directly. So long as the meJ?.isci move within a non-stratified soil
crust, the watertable behaves in a normal way and its movements 
can be predicted, but as soon as they come across ~ differeJ!t stra.-

. tum, the capillary height of which varies from that of the first one, 
it may b 1 from (a) one soil type to another (b) soil to air (c) soil 
to water ; it is very difficult to analyse it~ pehaviour. 
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Th~ stratification of the subsoil crust can be one of the factors that cause 
fl.uctuations in the watertable. The abnormal behaviour of wells may also be 
due to heterogeneity in the water-bearing strata. 

Effect , of perforated bore pipe on the movement of the watcrtable 
initially saturated stratified soil columns, the lower strata being coarser than 
the upper one, as evaporation proceeds from the latter. · . 

In case of homogeneous or non stratified soil columns the effect of this fac
tor was also examined and no difference in the results obtained with blind and 
perforated bore pipe could be detected. A similar experimental procedure was 
adopted, excepting one point. The soil column was composed of two strata, 

"' the upper stratum, about two inches thick, consisted of a fine silt having a mean 
diameter of 0 ·10 mm., while the lower stratum, about 58 inches thick, was com
posed of a coarse sand of mean diameter 1· 0 mm. The perforated bore pipe 
-was simulated by a brass strainer, 2 mm. in bore, which kept embedded in the 
soil column as before. 

As evaporation started, the watertable began to fall abruptly, its rate of 
fall being characteristic of the upper grade. Mter the water table had depressed 
by a certain amount, viz. 16 em. from the top of the upper stratum and 11 em. 
from that of the lower stratum in this case, it would rise up, though only by a 
few mm. Again it would depress, but suffer a reversal at about 16 em. depth 
once more. It would continue playing within the range for a considerable 
time. The depth at which the reversal occurred was a function of the lower 
grade. Whatever the thickness of the upper stratum, it would always recur 
at a depth of 11 em. below the top of the lower stratum. This observation is 
in contrast to that for a blind pipe, in which case it was not a function of the 
lower grade, but of both the grade as well as the thicknesses of the upper stra
tum. 

It is clear from this observation that if a bore pipe sunk in a stratified soil 
crust is fitted with a strainer, the watertable, as shown by the borepipe, would 
fluctuate to a much lesser extent than that indicated by a blind pipe. But it 
does not mean that the amount of water added to or deducted from the sub
soil can be correctly evaluated from the watertable records taken from perfora
ted bore-pipes alone, when the latter lies in a stratified soil crust. 

THE EFFECT OF STRATIFICATION UPON THE INTENSITY OF EVAPORATION FROM SOIL 
COLUMNS NOT CONNECTED \VI'IH ANY SOURCE OF FREE WATER 

Two sets of experiments were performed. In one, the upper stratum was 
composed of the finer grade, while, in the other, the coarser grade was put at the 
top. Thus, different combinations of grades were tested. In each set different 
depths of the soil columns were also tried. For the sake of comparison, 
intensity of evaporation from homogeneous soil columns, composed of tha 
grades, used in the strdified soil columns, was also determined. 
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. . 
In the first set, 36 tubes, 4 em. in bore and 5 em., 16 em., and 30 c m. in height, 

were taken. 12 tubes of each subset were filled with a material as given below. 
In every case the sands were packed under water. · 

Height of the tube=5 em. 

Tubes No.1 and 2 con~ained very coars~ sand of mean diameter 2 ·0 mm .. 

Tubes No.3 and 4 contained coarse sand of mean diameter 0 • 8 mm. 

Tubes 5 and 6 'contained very fine sand of mean diameter 0 ·10 mm. 
' 

Tubes 7 and 8 contained 2 · 5 mm. thick layer of very fine sand in the upper 
layer, and very coarse sand in the lower stratum. · 

Tubes No. 9 and 10 contained 2 · 5 em. thick layer of very fine sand in the 
-.pper layer and coarse sand in the lower stratum. 

Tubes No. 11 and 12 contained water only. 

In the 15 em. and 30 em. high tubes similar stuff was filled . 
... 

The experimental procedure was similar to that employed for non-strati
fied soil columns. From the results thus obtained curves for 15 em. and 30 em .. 
were drawn, taking the losses in moisture from the plain water surface and the 
soilcolumnsasapscissaeand ordinates respectively. The curves (a), (b) and (c) 
represent the losses from 15 em. tubes for very coarse, coarse and very fine 
a&nd respectively, Figure 5A.4, while (d) and (e) are drawn for the ~tratified 
aoil columns, in which very coarse sand and coarse sand form the lower stratum. 
Similar curves have be(m drawn for the 30 em. tubes, Figure 5A.5. 

AB evaporation is believed to be a surface phenomenon, it was expected 
th&t evaporation losses would occur according to the structure of the upper 
atratum only. The grade of the lower stratum, be it very coarse or coarse 
s&nd, would not play any role, throughout the range of the moisture content . 

. According to this view, the curves (d) and(e)would have ~oincided with (c),which 
represent the losses from the homogeneous soil column of very fine sand, 
throughout their ranges. It was, however, found to be only partly true. Up 
to the point Q, Figure 5A.4 the curves (c), (d) and (e) practically coincided. The 
intensity of evaporation up to this stage is, therefore, controlled by the grade 
composing the upper stratum. Beyond Q, the gradient of curve (d) undergoe_a 
an abrupt change. The flattening of this curve indicates that the influence of 
the upper stratum has ceased. The time interval, after which the rate of eva
poration alters, suddenly, d :pends upon other factors remaining equal, the 
p-a.de of the lower stratum. · 

The curves (c) and (e) coincide upto the point R, beyond which they also 
vart ways. Beyond the stage corresponding to the point the influence of the 
apper stratum v~nishes. Mterwards, the rate of evaporation becomes much 
ksJ. 
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. . 
As the curves (d) and (e) are for stratified soil columns, having very c~arse 

and coarse sand as the lower stratum, it follows that the finer the grade of the 
lower stratum, the longer the range over which these curves· coincide with (e) 

' i.e. the longer the duration of time, for which the influence of the upper stratum 
lasts. 

The curves drawn for 30 em. tubes are given in Figure 5.A5. The charac\er 
of these curves is similar _to that described above. 

The main conclusions deducible from these observations are : 
(1) As evaporation proceeds from saturated, homogeneous and Bfrati

fi.ed soil columns, the upper stratum being composed of finer staff' 
t~e inte~ity of evaporation during the intitia.l stages of evapora-
tion is practically the same for all the cases. . ' 

(2) Mter a few days' evaporation, the intensity of evaporation from 
-homogeneous soil columns, composed of coarser grades turn 'by 
turn, becomes less than that from finer grades, but in case of strati· 
fled soil columns, it remains the same, irrespective of the grade 
composing the lower stratum, being equal to that from a homo
geneous soil c~lumn composed of the grade forming the uppe.r 
stratum in stratified soil columns. 

(3) During the later stages, the intensity of evaporation from the stra
tified soil colw:Ims also begin to vary. 

The time interval, after which it decreases, is a function of the grade 
forining the lower stratum. The finer the soil, the greater the time taken. The 
decrease in the rate of evaporation occurs abruptly in every case. 

In the second set of experiments the upper stratum was composed of coar• 
ser grade. The thickness of the upper layer was kept about 2 · 5 ems. in every 
(}ase. Two depths of soil columns, viz. 5 em. and 15 em. were tried and 12 tubes 

-were used for each depth. Each grade was packed in two tubes in order to have 
an idea of the ·accuracy of the experiments. For studying the effectiveness of 
.stratification, the intensity of evaporation was also determined from the homo
geneous soil columns, composed of the three grades tried in these experiment!, 
tJiz. very coarse sand, coarse sand and medium sand having mean diameters of 
2·0 mm, 0·8 mm and 0·45 mm. respectively. In -the stratified soil columns, 
ver_v coarse sand and coarse sand formed ~he upper stratum in the two case!, 
while the medium sand was used for the lower stratum for both of them. The 
contents of the 15 em. tubes were similar to those used for 5 em. tubes. 

The experimental procedure was the same as adopted for the first sd. 
The results are shown graphically in Figures 5A.6 and 5A.7. The cuntes {a), 
(b) and (c) represent the losses in moisture from homogeneous soil colUllW8 
eomposed of very coarse, coarse and medium sand respectively, while (d) and 
(e) are drawn for the stratified soil columns, in which very coarse and coarse 
and form j;he upper stratum respectively. 

An inspection of the curve shows that, as evaporation proceeds the intell
sity of evaporation is practically the same for the stratified and the non-strati
fied soil columns. After a certain time corresponding to the point P, the i!l
tensity of evaporation from the stratified soil column, having very coarse eancl 

""1 I• 
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as its upper stratum, decreases abruptly. Mter some tin1:e corresponding to 
the p"oint Q, the intensity of evaporation froni the other stratified soil col~ 
also begins to.<?mini~h.' The intensity of evapor~tio'n from .~om~g~n.o~s __ s?i~ 
eolumns remams greater than that from stratified ones for a cons1derallle 
period. in 'case of 5 c'm. SOU 6olilinns the respectivP evaporation rates ~e· 
p:1ained practically 'equal to one another efen up to tile lowest tnoisttire coli· 
tent. 

' . • ' ' I 

In case of 15 em. soil columns,_ the intensity of evaporation from strati.~ed 
&oil columns was pra9tically the 8ame as for 5 em. deep soil col limns, ~~o~a 
during the final stages of evaporation, the respective r~tes for hompg~.eous 
&Oil columns of the two depths, viz. 5 em. and 15 em. dift'er from each.other. 

in case of saturated, homogeneous, tmcl stratified soil colunins, haMg the 
~~p.er stratum mad~ up of co~r~e~_grade,,the intensity of eva:e.oration ~u!~~ t».. 
m1t1al stages practiCally the same for all the cases. Mter a few days evapo
ration, it. decreased abruptly, in case of one stratified soil columns, though evea 
~Or homogeneous_ bOil columns Of coarser grades, the rate 'o{ evaporation Was 

fairly hlgh. After another day, the losses from the. other stratified soil col~ 
also underwent a sudden decrease. At this stage the coarser grade at the top 
becomes much less effective in drawmg tip water lrom the finer grade by tho 
capillary forces. rr·he greater the differ~nce betw~en the grades composing tho 
upper and the lower strata, the more ineffective it Becomes. 

It may he mentioneJ here, that, in certain cases, the moisture which would 
have been lost by evaporation from a saturated soil coluinn within days, tookt 
months to get lost, when that soil type was co~ered with a coarser stuft". I 

From the results of both the ty..pes of str~tification it can be easily seen tha~ 
·,he intensity of evaporation from a moist soil is highly influenced by the stra..: 
tification of the column. For producing stratification it is not essential tha.~ 
two different grades be prfsent in a soil column. It can aJso be brought abouti 
by compacting a soil type to different densities. As a slight stratification caD: 
produce a stubstantial difference in the vaporation losses, the importance of 
Uniformity in packing of soil fo~ such experiments cannot be over emphasised~ 

-
(3) EXPERIMENTS CONDUCTED AT KIUSHNARAJ'ASAGAR(2) , 

• 
Kr1shnarajasagar is a reservoir having 47 square miles of waterspread areal 

and a ~?torage depth of 124 feet at its full reservoir level. . · ; 
As the direct determinatioiJ. of tl;e !oss due to evaporation from the lake 

was not possible, observations were conducted jointly by Mysore and Madr~ 
PubEc 'Vorks Departments on pans filled with water and installed at the plooe~ 
Studies were made. to :find : · l 

(a) whether the evaporation from the lake was the same ~s that from ~ 
pQ,and · I 

(b) wl:ethe.r the size and type of pan had ~ny effect on ~he res~t. 
- - ·,;)--Hydraulic Research fta.tion, Krfshnarajasagar, Annual Report, 194:7, page~ 2~6-:-
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The apparatus used was a pan open at the top and an indicating mechanism 
at the pentre. Two types of indicators were used, (1) by direct reading in which 
a needle would indicate the depth on a graduated arc, movement of which was 
ac~uated by a float at the centre and was known as the dial pan; (2) by having a 
JJeedle fixed at the centre, known as the needle pan. In this type, the quantity 
of water lost at the end of each day by evaporation was determined by filling in 
the pan again to the level at the commencement with measured quantities of 
water. Knowing the area of sectjon of the pan, the depth lo~t in evaporation 

·was computed each day. Correction to rainfall was- applied in these pans by 
noting the rainfall during the period. , 

, · At fir~, the needle pan used was of three feet diameter and dial pa.n was or 
aix feet diameter. These were floated sufficiently far from the river bank to 
avoid radiation e:IIect~. They were secured by anchors. 

· · Table 5A.V gives the losses as recorded from the two pan. 

TABLE 5A.V 

Snowing the average monthly evaporation loss in inches. 

MoDth 
/••i•l··20 I···· , .... , ...• , .... , .... h:··l····l····l·· .. l··"' I ~~ 

6 feet dial pan I 3 feet _needle pan 

J11ne .. 6•46 6·43 4·60 6·66 7·53 6·08 7·33 6·84 6·71 8•27 6•37• 7·57 7·23 

July .. 4·67 4·67 4·87 4·47 4·12 4·67 4·67 4·74 5·12 4·67 5·69 5·27 ls-18 
' ' . 

hgust .. 4·78 4·78 ~·78 4·09 4·75 4·78 5·86 4·88 4·65 5·24 5·51 5•19 5·15 

Jeptember 5·75 5·75 4·78 5·75 6·09 5·75 5·87 5·80 6·03 6·93 6·73 6•28 6·48 

- -
' >ctober 6·03 5"88 5"07 4·67 6·44 6·00 7·05 6·18 5·87 7·51 7·27 7·61 7·fYI 

. 
N eyember 6·62 5·43 5·35 3·88 6·48 5·27 5·24: 5·42 4·20 7·33 6·15 5·71 6·35 

mber 5·27 5·51 5·99 4:·60 6·08 5·84 4:·48 5·49 6·02 6·95 6·57 4·03 6•10 

&Da&ry 4:·96 5·58 7·14: 4·81 4:·54 5·86 5·51 5·63 8·28 6·34 6·95 5·70 6,·31 

------ - -- - --- -
' Total •• 43·74 44·03 42·58 39·93 46·03 44·45 46·01 44:·98 44·88 53·22 51·23 47·36 49·87 

' 

As there was wide d:ifrerence between the results of the two pan~S, to study .. 
whether si7e of the pan has .any effect on the AIIlOUnt of evaporation a pan of 
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six {deh diameter of the needle type waR fi.oated along with the other two. 
Table 5A.Vl gives ,the loss a~ noted on the six feet diamet,er needle pan. 

. TABLE 5A.V1 

Six feet diameter_ needle pan~ . 

Month 1925 1926 Average - I 

June 
. I 6·96 ' 8·09 7·52 . . . . . . . . . . .. 

' 

July . . . . . . . . .. . . 5·58 5·30 lhi4 
' 

August . . . . . . . . . . .. 4·95 4·95 4•95 

September , . . . . . . . . .. 4·98 6·06 5·52 

October . . . . . . . . .. 7·27 6·37 6·82 

November . . . . . . .,. . . . 5·14 '6·25 5·65 
' 

December . . . . . . . . .. 4;·47 4:~48 4·47 

January .. ' ' _5•83 5·35 5·59 . . . . . . .. . . 
Total I .. ~45·18 

. 
46·78 45·96 

' 

Table 5A.VII gives a comparative statemen_t of average losses from the 
thre~ pans 

TABLE 5.A. VII 

• Three' Six feet Silt feet . 
feet neeCUe' dial 

Month needle pan pan 
pan -

June . . . . . . .. . . . . 7·23 7·()2 6•84 

July . . . . . . .. .. ' . . 5·18 3·44 4.·74 

August . . . . ' . . .. . . . . 5·15 I 4·95 4·'88 

1{ Septell! ber - 6·48 5·52 . . . . .. . ... . . 5·80 

October .. . . . . . . . . . . 7·07 6·32 6•18 -
' 

November . . . . .. . . . . 6·35 5·65 . 5·42 

December . . .. .. . . . . . 6-·10 4·47 5·49 . . . 
January .. . . .. . ,• . . '6·31 lHS9 5·63 . 

Total- .. 49·87 45·96 44·98 . 

The C3ix feet uiam.eter pans give re~ults fairly in close agreement. Thus, it illust
rates that the size of the pan has influence on the amount--of loss 2na. not the 
type of pan. According to th~ observations of the U.S. Department of Agri
culture, the evaporation from a pan of two f~t diameter is 75%, from ~ pan of 
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four feet diameter 50%, and from a pan of six feet diameter 38°,{, greater thaD 
that f.rom a big pond or lake. According to this calculation, a three feet dia
meter pan should give 65% in excess of the true value. The ratio of losses a1 
recorded between six fe~t! diamete~ and 'hree feet diameter pans would be 13: 
16.t'i. The results as observed at Krishnara}~sagru: give 44 • 98: 49 · 89 or ratio 
of 9: 10. -
' 

It was settleq that for calcniati.on of evaporationtrom the reservoir a cc·:r
rection coefficient of 0 • 85 to the result& obtained from pan experiments flhollld 
be tJ.Bed .. The figures in Table t.iA.VIII give the loss due to evaporation in 
iUChes. 

TABLE 5A.VIII 

' 

r 
Total Total . Month for the lfonth for tl.e 
month month 

(in inches) (in ~~hea) .. 
June •• . . . . . . 5•950 December . . . . . . 4•675 
July .. . . . . . . 4•675 January . . .. . . 4·675 
Augusfl . . .. •• 4·675 Febru&l')" . . . . . . 4·000 
September .. . . .. 4·675 March .. .. . . 5·000 
October . . . . . . 5·950 April .. . . .. 7·000 
November . . . . . . 4·675 May .. .. . . 8·000 

'" . 

l -
Total .. 63-1}50 

Table 5A:. ~X give~ the losses at different places record(d by 'threE" feet 
diameter pan. 

TABLE 5A. IX 

Upper Urachi Dhanagere K.R. Madras 
Ani cut Altitude About Sagar RE'd hill 

; Altitude about 2,200 feet About lake 
Month about 250 feet above sea 2,400feet 

250 feet above sea level above sea. 
abov6 sea level level 

level 

June •• . . ~ 
. . . . 8·17 '7·37 5·67 7·32 6·~~' 

July' •• . . .. . . 7·10 6 40 4·70 5·85 5·73' 
August . . . . .. 7·22 6·25 4·84 5·59 6·50 
September . . . . .. 6·81 6•40 6·40 6·83 5·66 
October ' . . .. .. 4·98 6·87 6·26 7·49 4·79 

i Novem'f?~~ . . . . .. 4•26• 4·95 5•69 6·54 3·97 
December, . . . . .. - 5·16 5·78 5·82 6·21 4·27 
January .. . . .. 5·49 6·69 6·57 6·24 4·66 

-
52·02 42·27 .. Total 49·19, ¥.·'ll 44·95 

' 
.. 

-
' ' . . . 

The temperature range ·of Krishnaraja8Fgar 1~ 55° F, wmd veloc1ty vanes 
from 1·5 miles-per hour to 11 miles per hom: during a year a:r:d the elevation is 
2,~00Jeet above sea level. · 
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'these results were fur~her sought to be verified by actually calculating the 
quantity of water entering and leaving the reser..voir. Taking into account the 
balan<"e of Ftorage at the beginning and end of each month als9, it "'"as possible 
to get at an idea of the quantities lost in ~vaporation and percolation. It W~lt'. 
not possible to separately guage these two ~asses in a re~e~voir, t~ough in ~~e . 
experiments, the losses gauged were only those due to evaporation. , ' 

Th~. results shown in Table 5A. X are not significant, due to errors in gaug¥lg 
the quantities. received by local rainfall over the reservoir water spread· 
whicli is 50' square miles m extent, to the' varying rates of percolation losses. 
depending on reseryoir levels, and due to uri.certairi quantities of drainage water 
en~ring the reservoir.frdm the wet fields of nearly 20,000 acres above it. -

... ~ ~. ' t }r J 
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DISCUSSION BY THE RESEARCH COMMITTEE 

DR. L.A. RAMD.AS introduced item (1) and said that in 1932 there were 
3,000 rain gauge stations all over India but there were hardly any evaporimeter. 
Evaporation was calculated by using Rovers' formula. Highest evaporation· 
was found to be near about Bombay Deccan. Table 5A.II of the report showed 
the present position and gave a list of stations which should have evaporimeters 
installed. Self recording evaporimeters were also being developed at Poona. 
DR. RAMDAS was of the opinion that it was not enough simply to instal evapo
rimeters. The recording of observations was the most important part. 

DR. RAMD.AS went on to say that it was necessary to have all types of 
evaporimeters under comparison by a Central Station like the Central Agricul
tural :Me~eorological Observatory at Poona. 

H the evaporation per day from a surface of water was Eo then, evapo 
ration E from a soil surface with the water table or zone of saturation at any 
depth Z, was given by 

E=E
0
xlo-XZ 

It was easy to find X for different. types of soils. 

DR. ·J. K. MALHOTRA introduced item (2) and said that investigation had 
been carried out on different aspects of the problem. The work was still 
oontinuing. • 

'MR. N. S. GoVINDA RAo introduced item (3) and said that the note 
explained the necessity of standardising evaporation experiments as obser
ntions from pans of different diameters gave different resul~. 

MR.J. P. NAEGAMVALA and DR. D. G. KULKARNI described the work being 
.done at the Poona Irrigation and Research Division~- · 

MR. N. S. GoVINDA R.Ao referred to item {1) and said that evaporation 
.observations had to be standardized. The evaporation observations made in 
amall evaporimeters would be quite different from the evaporation obtained 
from the surface of a big reservoir surface. The two required to be correlated. 

THE PRESIDENT advised Mr. Govinda Rao to refer to American literature. 
'They used different sized pans. 

RAI BAHADUR S. D. KluNGAR said that the standard pan was four feet 
.diameter and smaller pans gave higher results. 

DR. V. I. V AIDHIANATHAN said that in the Punjab small tubes were used 
.and corrections applied. -

~ 

MR. J.P. NAEGAMVALA said that he..had obtained a significant correlation 
between evaporation and temperature. Correlation between evaporati.J.n 
.and humidity was not significant. 
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MR. J. C. IIARDIKAR in a ~tten communication (read out to the Meeting 
by the Secretary) said that the scheme proposed by Dr. Ramdas was welcome, 

I as it WC\llld supply very useful data to the Irrigation Engineers. The distri
bution and number of stations proposed compared favourably With the distri
bution of Weather Bureau stations in U. S. A. MB. IIARDIKAR, however, 
wanted to make a few suggestions to be incorporated in the scheme as drawn up. 

Theywere:-

1. Practically all the stations that are proposed to be provided with 
devices for measurements of evaporation losses (Tables 5A. III and 5A, IV) are 
of medium and low altitudes. As height is also an important factor in a study 
of evaporation losses it is suggested that evaporation measurement devices 
may· with advantage be provided in a few high altitude stations as well where 
facilities for observations exist. Probably Simla, Mussorie and Darjeeling in 
the North and Mahabaieshwar and Wai in the South may answer the purpose. 
These may with advantage b~ included in Table 5A. III. 

2. The experience of Hyderabad laboratories (where ·all the three types of 
evaporimeters are installed) is that the record of Piche's evaporimeter is not 
very accurate. During a period of six days two similarly placed Piche's evapo
rimeters, but with the filtet disc in one being held tightly and in the other loose
ly were observed. It is found that the average difference in the readings obtain· 
ed on the two'evaporimeters in this period1s 5!%· As it will not be possible 
to specify the pressure with which the filter disc should be gripped, it. cannot, 

_ as it stands, be expected to give accurate results even though it may be 'Periodi
cally calibrated with respect to variations in: thickness and quality of the filter 
disc. So for obtaining accurate. scientific data I feel that much reliance 
cannot be placed on Piche's evaporimeter. Hence it is suggested that at all 
stations in Table 5A. IV, where Piche's evaporimeters alone are proposed to be 
pro~ded, open pan evaporimeters, either of the U. S. A. or Athavle pattern 
may be introduced. In other words the stations 'coming under Table 5A. IV 
may be incorporated in Table 5A. III. · 

. 
DR. L. A.· R..umAs in reply to th~ suggestions by Mr. Hardikar, the 

suggestion to include a few high level stations would be kept in mind and that 
the Piche's evaporimeter was quite easy to handle and to adjust. In reply 
to the President's query he said that Rs. 25,000 would be required to implement 
t~ scheme and the instruments would be of Indian manufacture. 

"THE PRESIDENT enquired if isotherms had ever been drawn. He asked 
Dr. Ramdas to draw the isotherms month by month and compare them with 
evaporation lines : the two should be inter-related. · 

DR. L. A. RAMDAS promised to do so. 

¥&. T. N. SESHADRI referred to the paper by Dr. Ramdas and said that 
practically the whole of India was shown as having negative value which was 

. not believable. 
M2ICBI 
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THE PRESIDENT said that it was theoretical--if there was water it would 
b~ evaporated, if there was no water it could not be evaporated. 

MR. T. N. SESHADRI asked the significance of this-result. 
THE PRESiDENT said that it was the potential evaporating power. 
DR. V. K. GoKHAL~ sugge~ted the investigation of wind velocity as well-

It was decided to recommend to the Board to request the Government of 
Indja to place a 'sum of Rs. 25,CCO at the disliosal of the India Meteorological 
Department to cover the cost of equipment required and to sanction the staff 
required for setting up and lo\1king after the ap:paratus at about 100 staUons 
and to collect and analyse the data. The results to be obtained from the proposed 
investigations would be of considerable help in the operation of the multi-purpose 
PrOjects already constructed or proposed to be constructed and in the develop-
ment of Agriculture. : 

· DISCUSSION BY THE BOARD 

THE SECRETARY describf:rl th._· work done at the Rl3search Committee 
meeting, and read out the resolution adopted by the Research Committee. 

DR. S. K. BANERJI said t!1:,t many formulae had b··· n worked out. He 
thought that Dr. Ramdas's formulae were only theoretic31. '\Vhether thos~ 
were really supported by factu.:>J observations had yet to b·: determined. · 

DEWAN BAHADUR N. Govi~mARAJA AYYANGAR said thc1t. in a book which 
was supplied some 15 or 20 ye.ns back, the observations and the formulae. fitted 
into them were given side by sid~. Rethought that the actu:J figures had been 
compiled_-at one site only. 

·DR .. S. K. BANERJI said th.tt it was not easy for any dep. !I tm~nt to set up a 
evaporimeter at a moment's notic·3. It should he understood that when a pro
position of the kind referred to in the resolution was made, it has to b~ pro
gressively developed in 3, 4 or 5 years. • 

DEWAN BAHADURN. GovrNDARATAAYYANGAR s3,id such observations were 
being made in the Tungabhadra now. • 

THE CHAIRMAN (RAo BAHADUR A. R. VENKATACHARI) asked the house 
if they accepted the res9lution of the Research Committee as it was. 

The resolution was accepted. 

(iii) Regeneration 
PRELIMINARY NOTE 

~This subject has been on tb.e agenda since 194:5. A number of interes~ng 
'papers have been discussed at various times but so far it has n~t been p~ss1b!e 
to lay down any general principles governing regeneration and absorptiOn m 
channe~. • 

The following items -were discussed at the 194:7 meeting of the Research 
Committee :-

1. Regeneration <>f the river Yamuna above Okhla. 
2. Return flow by Seepage into the natural drainage in canal area. 
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THE YEAR'S WORK 

~ 
The following item was discussed at the 1948 meeting of the Re.~earchj 

Committee :-, 

(1) Regeneration on the Hindan river. 

-
(1) REGENERATION ON ~HE HINDAN lUVER (3 ) 

A$ ~ result of detailed quantitative analysis of Aeveral Doabs, a case 
>f overpumping was established in 1943, vide Aminal Research'Report for 1942-
~3 in the Doab between Krishni and Hinqa,n and it was suggested ,that water 
,able will continue to go down in the Doab unless the rate of pumping wa~ 
'educed. The river Hindan passes through a tract which is subfected to intenfe 
ube-well pumping and it is considered likely that the regeneration in this river 
t1ay be affected significantly a~ a result thereof. 

It is evident that if the pumping in the interior is limited to annual 
lcuperation due to rainfall-the regeneration which seems :qtostly dependent 
1 bank storage as a result oflocal rainfall as against percolation due to monsoon. 
>ods borne out vide page 88, Technical Memorandum No. 17-would not be' 
rected at all due to pumping. However as overpumping in the yicinity of 
indan was clearly indicated earlier and is r..ow static-tically established vide 
e note on." Effect of Pumping", a watch on the regeneration of Hindan and 
'study is clearly indicated.· A correlation analysis between regener~tion and 
onsoon rainfall has .been carried out accordingly for both pre-tubewell and 
be-well periods. - · 

.. . . 
· Regeneration of the river Hindan was worked -out for a length of about 
0 miles frow its source-near Dehra Dun to the head of 11indan Cut near Delhi • 
. e water escaped through Jani Escape, which js again taken off via Hindan 
t to feed the Agra Canal is also taken into consiqeration and deducted £rom 1 
~ total- supplies as gauged at the l1ead of the Hindan Cut. The former is 
asured at the Tikri Fall at mile E cf Jani Escape and the latter at the head of' 
Hindan Cut. Table 5A. XI gjves figuTes fo:r average daily regeneration at the 
d of the Hindan Cut from year !o year (separately for pre-tubewell period, 
6-17 to 1935-36 and tube-well penod, 1936-37 to 1945-46) for the fair weather 
1ths of November to 1\fay. Monthly and annual mean regenerations have 
~been given in the same statement. It may be seen that monthly mean 
meration is generally slightly rugher during pre-tubewell period, mean nn
l regeneration per day being 558 cusecs for the latter as compared to 493 
:cs for the tubewell period. , 

:'> United Provinces Irrigation Resea.rch Station, Anunal Report· on Research Progres~. 
tg 1947, PJ? 25-~7. _ · , • 
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TABLE 5A. XI 
8tatement showing average daily regeneration in the Hindan River between Jani 

escape ot M.5 Tikrifall and head of Hindan Out in ousecs. 

Yeara November """""""'I Jan...,. ~ ""'' AFU ~ Mean - 1 
. 

2 3 4 - 6 'I 8 9 --------(cJ) For pre-tubewell period 

1916-17 38.2 -1M 756 1.613 1,315 96~ ~158 830 . 

1917-18 Complete data not available 

1918-19 . Ditto • 
' 

1919-20 547 1,166 1,435 1,303 1,322 .a7 193 910 
\ . 

1920-21 878 1,212 1,073 1,148 1,073 373 -101 765 

1921-22 )56 744 570 462 42 88 --49 288 
' 

1922-23 -6- 854 264 644 -965 341 55 170 

1923-24 623 1,225 --456 -428 458 682 329 347 

1924-25 .... 76 40 29 49 322 124 .. 480 160 

1925-26-, 413 673 1,529 554: 667 566 547 70'1 

1926-27 I 382 617 1,025 1,437 1,104 421 84 724 

1927-28 542 1,182 875 1,115 599 149 Il7 654 

1928-29 -60 332 514 565 375 1271 38 270 

1929-30 137 528 - 213 70 489 244 70 250 

1930-31 Complete data not available 

1931-32 638 751 
, 

517 679 489 630 -12 527 

1932-33 - 1,195 1,153 1,026 867 1,066 886 730 989 

1933-34 88 746 972 977 785 785 390 678 

1934-35 1,500 1,370 1,082 -294 316 480 189 
. 663 

1935-36 679 719 . 603 599 492 I 357 430 554 
-

Mean 463 772 707 668 "585 449 262 558 

' (b) For tuhewell period 
1936-37 676 814 759 872 553 337 4:57 638 . 

' 

1937-38 629 601 809 717 571 228 399 565 

1938-39 517 394 383 353 473 325 103 364 

1939-40 353 335 405 622 272 341 97 346 
. 

1940-11 - 248 251 468 438 257 179 45 269 

1941-42 343 255 456 469 440 251 114 334 

1942-43 958 - 813 774 669 445 402 259 611 

1943·44 759 659 773 846 336 573 4:23 624: 

1844-45 653 510 794 487 4:38 400 458 534 - ~ --
19"548 567 ' 873 775 665 671 464 452 638 

Mea a 570 551 640 614 «6 350 281 ~! 



REGENERATION AND LOSSES 205 

--
For considering rainfall over the tract, six rainfall stations were considered 

vide Table EA. XII. All the stations are marked in Figure 5A. 8, 

, / 

I' 
I 

c7"-" 
"" , 

Hterut 

, 
"' 

I Reference ~ 
ftainfall stations .... , , ...... D 

-I 1 

Figure 5A. 8 : Showing catc'kment area of H i_rulan river and canals bet
ween J ani escq,pe and H indan eta. 



TABLE 5 A. XII 
• ~ ........ ~ --------__...;14~'\'~r"'> ~ _A;..u~;... _ __: __ ~~-~- ..... ... lio- --

Statemen~ showing mrJ'nsoon~rainfolt in inches for ra·infallstations situated on siaes of the Hinaan Riter, bt'iu:ecn Jani esrapt' at M-5, Tikri fall 
and head of llindan cut for (o) :prrtub£uelZ period and (b) tubewell pa·iocl • 

. , 

Name (a) For pre-tubowell period ~ (6) For tubewell period £ 
of R 

~.rainfall I 1 I ~ ~ . e t: 0 Jtation ~ S 
~z~--- 1~1619~ 1~2.0 19211922~ 1-924~~~~~·92•~~ I032 1~~~~~~:_oos~~~~~~~~..;_ 

1. Bhola .. 40:30 9·3 21·3 35·9 26·8 27·0 24:·0 .24·1 18'6 16·0 8·6 6·9 ~5·3 20·3 29·2 25·4 16·3 35·1520·89·2512·05 9·9.311·3.3,42·9 .21•1 27·5 59·.0 

2 Timakia .. .. .. .. .. .. .. .. 24·5 13·9 8·8 7•5 15·6 19·3 37·8 19·0 ·18·9 22·6 23·4 6·45 9·2 10·3 6·61!?9·9 1~·9 20·1 24·8 

3 Oca11pur ' 
13·7 28·9 9·3' 12·9 10·2 15·5 19·2 35·4 28·3 15·0 19·3 16·3 8·8 9·9 

.. . .. .. .. . . .. . . 11·5 5·4 2-!·2 14·4 11·2 30·96 ' 
\ 

' 
4•9 12·5 20·9 31·4 23·0 ' 4 Murad- .. .. . . .. .. .. .. .. 18·9 13·0 7•9 18·0 23•,'7 l:i·1 4·6 7·1 U·7 5·1 2.)·0 ll·3 12·7 28·7 nagar. 

-
5 Haraso n .. .. .. .. .. . . .. 13·0 19·8 16·0 7·6 9·4 16·1 13·9 47·3 20·0 14·1 27•6 15·7 7·1 11·0 18·2 5·7 40·28 22·1 12·3 18·8 

I . 6 Hindan 31·30 9·9 9·85 18·3 27•4 11·7 16·25 30·0 23·55 18·7 3·'0 15·1 17·2 13·3 54·27126·57117·5 23·7 16·1 5·8 9·7 8·2.3 7·5.3 26·35 19'4 22·4 24·3 cut head 

Mean .. 31·30 9·615·C8 27•1 27·1 19·35 20·43 20•27 22·3814•48 8·13 9·0 15·37 17•82 39·23 23·7116·63 20·12 25·3417·9 7·0 9·83 12·15 8·95 31·4416·87 17•7 2!h'i4 17·77 
I I . I 

Note.-M .. nscon rainfall is considered for the months of June to September. 
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-
Monthlyimean regeneration figures were next plotted, showing the vari_a-

tion of regenera~ion from month to ~nth, oide Figure 5A. 9. It is interesting 
- \ : . 

to note that pre-tubcwelJ period curve is above that for tubewell pepod excep~ 

for November, showing_thereby that the-regmeration i~ slightiy lower duri~ig 
tubewell period .. 

-,.... .. 
l: 
0 ... 
> 
0 

c. a.•. 

Pre-tubewell period ' o~--co,...--0 
. .. 

Tubewell period ~ ----'1..-- -·x 

~ · SOCt---f--__,---t---~---1----+----' 
"' u 
tJ .. .., 
:I 

fl u 
~~ 400 
~ a.. 
~ 
·;:; 
"g ., 
~ .... 
u 
> 
< 

0~--~~--_.----~--~._----~----~---J 
'' 

Nov. Dec. jan. Feb. Mar. Apr. · May. 

~igure .5A. 9 : Showir.g average monthly regen~rat£on tn H indan' river bet

ween Jllni escape at mile 5-0 and head of llindan cut (a)}or. 

pre-tubew~ll period from 1[/15-16 to 1935-36 and (b) for tube

wcll.pe-riod from 1936-37 to 1945-46. 

. . ' 

Average monsoqn rainfall over the tract Wf'>S next plotted. against regenera- · 

on from November to May in Figure 5A. 10 .. The two ~urves again beat out .. · 

tat for the same monsoon rainfall regeneration is somewhat less during tube ... 
' . 

ell period except for low rainfall figures. 
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1 tll-ll c.a.r. 
·~~----~~--~~------~------~ 

Ctlt40 , 

ltll•ll 
a 

-< 200 a------+----~'-~-19~4-lS 1922-23 
le a 

f're-tubewcJI per~ • •••• 0 
Tubewell period. • • • • • • • • , 

0~--------_.~-------~--------~--------~ 
0 10 10 30 

Hun mon100n rainfall In lftdtel .. 
Uune to Sepq 

Figure 5A. 10 : Showing relation between monsoon /ainfoll in inches and 
- average daily rege'l}eration between J ani escape at mile 5-0 

and head of Hindan cut (a) for pre-tubewell period from 
1916-17 to 1935-36 and (b) f0'1' tubewell period from 
1936-37 to 1945-46 • 

. It was, however, necessary to confirm the above findings by rigorous statis
tical investigations. The correlation coefficients between regeneration and mon 
soon rainfall were found to be 0·2880 and 0·7848 for pre-tubewell and tube
well periods respectively. 
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Applying Fisher's z-test for transformed correlations, we :find that the differ-
ence between the two samples does not exceed twice the standard error, and 
cannot, therefore, be judged significa~t. There is thus no sufficient evidence to 
conclude that the correlation between monsoon rainfall and regeneration is sig
nificantly different for the two periods, showing thereby that the regeneration 
is not affected significantly as a result of tubewell pumping. 

> -

A more direct approach to the problem has also been attempted by the ap
plication oft-test to the set of regeneration figures during pre-tubewell and 
tubeweH periods. The value of t-come~ to be 0 • 7122. 

From Fisher's tables, for n=2l', the value of Pis between 0·4 and 0·5 and 
cannot be regarded as significant. This test thus also brings out the fact that the 
regeneration during tubewell period is not significantly diff~rent from that dur .. 
ing pro-tubewell period. -

CONCLUSIONS .. 
There are some indications regarding a slight decrease in· regeneration 

figures during tubewell period, ·but the data is not yet sufficient to establish 
. significantly that the regeneration is being affected by tubewell pumping in the 
vicinity of river Hindan. 

DISCUSSION BY THE RESEARCH COMMlTTEE 

MR. A. P. BHATTACHARYA introduced item (1) ·and said that the river 
Hindan passes through a tract in the district of Meerut which is subjected to 
\ntense tube-well pumping whose effect on the regeneration of the river was 
studied to see particularly if it had been significantly affected as a result of 
tubewell pumping. · 

-
Regeneration :figures were studied separately for both pre-tubewell period 

(dating from 1946-47 to 1935-36) and tubewell period from 1936-37to 1945-46. 
No statistica1 evidence could be adduced in support of the hypothesis that 
.regeneration was going down significantly as a result of tubewell pumping; 
although there were some indications regarding a slight decrease in regeneration 
figures during tubewell period. 

It was decided to keep the subject on the agenda. 
, ~ 

DISCUSSION BY THE BOARD 

There was no discussion. 
. -



6A. Soil Denudation as an Adverse Factor on 
·River Supplies and Agriculture 

PRELIMINARY NOTE 

At the 1945 m~eting of the Board it was decided to keep this subject on the 
agenda tilJ the Land Utiljzation Board was er3tablished, and it was known 
exactly what data they required. -
t-.,,.-At the 1946 meeting of the Board it was una.nimously agreed to make 
r~commendations to the Government of India that the Central Board of 
Irrigation should be represented on the Central Land Utilization Board and also 
the Policy Committee, which would deal with the report of the Land 
Utilization Sub-~o~ttee. The Government of India replied that the pro
posed Land Utilization Board liad not yet been formed and that the represen .. 
tation of the Central Board of Irrigation on the said Board was under the con-· 
sideration of the Policy Committee. · 
~:- The following resolution was passed by the Board at its1947 meeting:
.... "Whereas soil conservation work is being undertaken in different pa:rts of 
this c61Ultry and includes : 

(1) Control of grazing and scraping of grass in, and afforestation waste 
lands 

(2) Terracing of unirrigated :fields 
(3) Reclamation of badly gullied lands . 
{4) 'lorr_ent training and canalization_ of sm~ller streams 
(5) Fixation of shifting sands and-
(6) Application of soh-moving machinery to all these troubles. 

"And whereas it is the considered opinion of the Board that this work 
should be correlated with the activitie:; of other departments engaged in land 
and water development work, the Central as well as Proyincial and State 
Governments be requested to create, at an early date, suitable coordinatin~ 
bodies for this purpose." . 

The United Provinces Government have formed a Land Management Board 
consisting of nineteen members to deal with -the various problems relating to 
land utilization under the Post-\Var Land Management Scheme. 
/ There was no contribution at the 1947 meeting of the Research Committee. 

- Recent Literature 
{1) Tamha~e, R. V.-Crumb Structure as an important factor in soil ero~ 

sion. Indian Farming, Vol. VIII, No.2, February 1947. 
(2) Downes,R.G.-Tunnelling erosioninNorth Eastern Victoria. Journal 

of Council for Scientific and Industrial Research, Vo1.19,No.3, August 1946. 
(3) Shepard, W.-Food or famine-tho challeng~ of erosion. The 

Macmillion Company, New York, 1946. 
(4) Chhihber, H.L.-The Reclamation of the ravine lands of the Yamuna, 

United Provinces. Science and Culture, Vol. XII, No. 6, December 1946. 
- 210 
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(5) Holmes, J .l\1.-Soil erosion in Australia and N ewzealand. Angus and 
Robertson Ltd., London, 1946. 

(6) Protecting soils in the U.S.S.R.-S.S._Sobolay-Soil Conservation, Vol. 
13, No. 1, Au~st 1947. -

(7) Ellison, \v.D.-Soil_ erosion studies--soil erosion, ~oil ioss and some 
effects of soil erosion. Agriculturr..l Engineering, Vol. 28, No. 7, July 194'!. 

(8) Act to make better provision for the combating and prevention of soil 
erosion and for the consen"1l tion, protection and improvement of the field, the 
soil, tho surfaco of tho land, tho vegetation and tho £oll.lces snd reeources of 

. water supplies in tho Un~on, to ~mer:.d the Forest Act, 1941 ; end to provide 
for othor matter incidental thereto. Union ()f 8outh.Af1ica., No. 45, 1946. .. . . . 

THE YEAR'S WORK 

DISCUSSION BY THE RESEARCH CGMMITTEE 
There was no contribution and hence no discussion took place ~nder. this 

-subje~t head at the 1948 meeting of the R-esearch Comnuttee. -

DISCUSSION BY THE BOARD 
li 

THE SECRETARY said there was no contribution ~nd no discussion on this 
subject head at the Research Committee meeting. The Central Land Utilisa
tion Bo3rd had n,ot been formed by the Government of India so far. It was, 
however, intimated by the :Ministry of Agriculture that five soil scientists sent 
by the Government of India to U.S. A. had since returned and the best method 
of utJising their services, was under consideration. . 

DR. N. K. BosE wanted to know exactly what was the scope Qfthis subject 
h~d. . 

THE SECRETARY said that this subject was under the main head 'Hydro
logy 'and should include discussions of the effect of soil denudation on the river 
supplies. Soil conserv-ation practice as such should be discussed under a sepa-, 
rate head. · . : 

DR. J. K. 1\lALnoTRA asked if it was possible to demonstrate the effect 
of the various factors that were enumerated in the rest1lution adopted last year. 
He said that Dr. Uppal had proposed a model. 

THE SECRETARY asked Dr.l\Ialhotra if he could describe the nature of the 
model. ' 

DR. J. K. MALHOTRA said that. the model would cover something like 
200/150 feet, and should yield important results. _ 

RAo BAHADUR A. R. VENKATACHARI said that the Madras Government 
· had recently issued a booklet on Soil Erosion. 

DR. J. K.l\lALHOTRA remarked that similar books had been issued in'the 
Punjab long ago. Dr. U. 1\Iaclagan Gorrie, I. F. S. of the -Punjab Forest 
lJPpartmcnt, lmd published a report on "1he usc anu mibuse of land" in 1935 
and :1 full fledged \·olumc on 1

' E9il awl water conservation in the Punjab '' 
in·1B4.& while yet auot.her Look entitled" Erosion in the Punjab, its causes and 
~~ure "by Sir llurolu Glover, I.F.S., Chief Conservator ofForest·s had appeared 
lU 19-1·.1. • 



7 A. Sub-T erranian Waters 
PRETJMINARY NOTE 

This is a new subject head introduced in 19~7. The following sub-heads 
previously falling under " Tubewells " have been brought under the above 
subject head : (i) Yield (it) Effects of pumping, {iii) Recharging the under-
ground basin and (iv) .Evaporation and transpiration losses. . · 

(i) Yield 
PBEiil'fJIINARY NOTE 

The follpwing item was discussed at the 1947 Research Committee 
Meeting.:-

(!) Transmission co-efficient of sand samples taken between ground level 
and 12 feet depth from three test borings and its verification with transmission 
co-efficient obtained from yield tests results in the Damodar river at Sindri. 
Recent Lite'fature · · 

(I) Cady, R. C. and Scherer, 0. J.-Geology and ground water resources of 
- Box Butte County, Nebraska..-Uriited States Department of the Interior, 

Geological Survey, Water Supply Paper 969, 1946. 
(2) Auden, J. B.-Suggestions for future studies on ground water in Ind~a 

-Geological Survey of India, March 1946. 
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Public Works, Bulletin No: 3, Colwnbus, Ohio, June 1946. 

(6) Boswell, P.G. H.-Some aspects of the geology of water supply-Science 
Progress, Vol. 34, No. 135, July 1946. 

(7) Youngquist, C. V . ....--Ohio's Wat~r Resources-Ohio State University 
Studies, Engineering Series, Engineering Experiment Station, Circular 48, Vol. 
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Public Works, State of Ohio, Ohio Water Resources Board, Bulletin No. 6, 
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(9) Geology and ground water resources of the Wellton-Mohawk Area 

Yuma Country, Arizona, April 15, 1947. 
(10) Krul, W. F. J. M. and Liefrinck, F. A. Research in Holland-recent 

ground water investigations in the Netherlands. Elsevier Publishing Co., Inc., 
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(11) Bernhagen, R. J.-Ground water in Ohio-Reprinted from the Ohio 
State University, Engineering Experiment Statjon News, Vol. 19, No.2, April 
1947. ' - - -

(12) Sitz, M.-On the flow off ground waters-:lnternational Conference on 
Soil Mechanics and Foundation Engineering, Rotterdam, 1948, Vol. II. 
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There was no contribution and hence no discussion took place under this 
rub-head- at the 1948 meeting of the Research Committee_. 

DISCUSSION BY THE ~OARD 
DR. S. K. BANERJI said that all available information on sub-terranian 

waters 'was being collected together and published by the India Meteorological 
Department. He wanted to know if any other organisation too was collecting 
the information~ · 

THE SECRETARY said that, the Central Grorind Water Organisation was 
doing this work • 

• 
(ii) EFFECTS OF PUMPING 

PRELIM:INARY NOTE 
There was no contribution under this head at the 194 7 Research Committee 

_Meeting. .._ 
Recent Literature \ 

- (I) Summary of ground water conditions in Ohio, State of Ohio, Depart
ment of Public Works, Water R~sour~es Board, Bulletin No. 5, Marc~ 194 7. 

(2) Glossop, R,and Collingridge V. H.-Notes on Ground Water lowering 
by means of filter wells. International Conference on Soil Mechanics and 
Foundation Engineering, Rotterdam, 1948, Vol. II . 

• 
THE YEAR'S WORK . 

The following items, were discussed at the 1948 meeting of the Research 
Committee. 

(1) A statistical study of the behaviour of water table in Doabs 1 and 2 
of the Meerut Tubewell Division. ' 

(2) Cone of depression. in deep soil areas. _ 

(1) A STATISTICAL STUDY OF THE BEHAVIOUR OF WATER TABLE IN 
DOABS 1 AND 2 OF THE MEERUT TUBEWELL DIYISION (1) 

ABSTRACT 

An analysis had been carried out in 1942-43 fer doabs of Tube-well Division, 
Ueerat, with a view to investigating the effects of tube-well pumping on the sub. 
soil water table. vide Arinual Research Report for 1942-43. It was found quanti
tatively that overpumping was being done in Doab No. 2, where further develop
ment was liable to permanently lower the water table. Because of the meagre
ness of the data no statistically-significant evidenee of overpumping could, how
ever, be adduced at that time. It so happened that the years 1937-38 to 1940-41 
immediately prior to the pe~iod which was taken into consi~eration for the pre· 
vious analysis were consecutive ones .of drought-a rather abnormal phenome
non. The subsequent years· have, however, w,itnessed quite normal and above 
normal rainfall, and pumping has also b_een further developed since then. Ii 

( 
1

) United Provinces Irrigation Researoh Station, Report on Research Progress daring 194 r; 
pages 3--37. -
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was, therefore, thought int~resting to study t:Q.e behaviout of the water table 
statistically in the same area in the light cf the latest av,.ilable data, confining 
our nt~ntion to Doabs No. 1 and 2, where the most intense tube-well irrigation 
was being done. 

Records of rainfall ancl rt>R.nin~s of Aprin~ leveh were aval.lable from the 
year 1920-21 and of volume of water pum~d from tube-wells from 1935-3G 
or Doab No. 1 and from 1936.:37 for Doab No. 2. . 

No weights were given .to tbe figures for rainfall for the different stationR 
in the doab in calculating mean rainfall, as the latt-er was found to be fairly 
uniform in the statistical sense of the term. R{',1dings of spring levels- were 
obtained from registers and the rise (or fall which was taken t.o be nE-gative) 
8cl, from May 'fo the following May was found for every well. :Mean value of 
8cl was next calculated for every line of observation well~,. from which the 
weighted mean value of 8cl for the Doab was found. The volume of water 
pumped was calculated from the regiAter'l for tube-well~ which ga.ve figure!l for 
the discharge of every tubewell and the number of hourg o(pumping. Figures 
for the above may be seen from the consolidated statement in Table 7A. I 
~l!!ch is for tube-well period only. 

- .TABLE 7A. I 

. 

.. 
' Statement showing rainfall, fluctuation of water table and volume of water 

pump~d for Doa bs west of the Ganges Rit'ers. 
DOABNo.1 DOAB No. t 

(Hindan and Eastern Jumna Canal) (Krishni and Hinrlan R.iver) 
-

- Aver&.ge Wat<:r I 
1 Avl)rage 1Yater • 

Av~>rage fluctuation pumped 'Av.,rage ftu('tn:ttinn 1mmp{'d 
Years ·rainfall of water during rainfall of water during Remarks 

in inche'l table the year in inche- table the'year , 
during in 1\L c. \ during in 'M.~>.-rt. 

the year ft. the year 
(May) (l\!ay) 

1935-36 34:·60 0·(13 20·10 26·90 -0·59 . - Pumping 
began 

1916-37 50·30 0·12 ~08·70 41·73 0·49 2:>1·78 1938-37 
forDoab 

l9'J7-38 28·70 0-05 302·90 29·99 -0·05 977·14 N'<'. 2. 

" --
lqJ8-39 n·oo -2·93 500-60 14·85 -2·79 2056-85 

-
19:19-!0 12·27 -2-51 515·50 14·03 ·-2·40 2252·36 

19-!0-41 19·13 -=-0-56 :i5R·41l 10·90 --1·7Q 249'.!·56 

i941-42 14:231 -1·57 580·00 13·97 - -1·42 2491·11 

1942-43 29·37 o:97 -41!}·83 3!·27 3·34 1884·(,1) 

1943-44 17·95 0·24 571·78fi 22·181 0-?:; 2134·091 -
1944-45 24·00 I 0·13 -!7l•G•I 20·18 -0·2G 2279·48 I 

-

1945-46 33·20 -6'·13 1'133·:?5 20·80 -0·15 2049·60 

1946-47 10·50 0·50 ()flti. 58 17-30 -0·21 2343·00 
I I - I - .. - -. 
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-" 

Tlv~ ~ctu~l mrthod of analysis was the same as adopted previously vidf3 
Annual Research Report for 1942~4.3. The correlations cQefficient be ·ween 
different pairs of ·variates are given in Table 7A. II. 

TABLE 7A. IT 
Table of Correlation 0 oeificients 

Items I Dooh Doao Remarks 

I No.I No.2 

' Pre-tube•oell period 
0·79 Pre-tubewell Between 8 l and R (rainfall 0·55 p3riod is frum 

in inches). i 1920-21 to 1934-35 for Doab 

I No. 1 and 1935-36 for Doab 

. . j 
No.2 . 

· 'l'ubPU'Dll p()rin1 . 
Betwe~n 8d and R 0·5274 0·7444 Tubewell period is from 1935 

to 1946-47 for Doab No. 1 
Botwoen 8<1 and V IVoluma i -0·2557 -0·3442 and from 1936-37 to 1946-47 

of water pumped). for Doab No. 2. 

Between V and R .. -0·7278 f -0·8698 

The correlatiol! between 8d and R for the pre:tubewell period was not 
found to be significantly different from that for tube-well period for either of 
the doabs. · • ' · 

Accordingly, partial correlation coefficients between 8d and V, after eli
minating R, rainfall, were calculated for both the doabs a!ld their significance 
was tested. Of course, the partial correlation analysis p_!.'esupposes linearity of 
regression. - _ · -

For Do1b No. 1, partial correlation coefficient Hetween 3d and V =0. 2199, 
and for Doab No.2 this coeffi.cient=0·9208. ' · · 

Making use of z-test. 

·where z=lloge { (l+r) -(1-r) }, we find that 

z=0·224 for Doab No. l. 
and z=1·595 for Doab No. 2. _ _ . , 

Effective size of the sample=l1 for Doab No. 1 and 10 for Doab No. 2. 
. -

Therefore, standard deviation=: 1 : =0·3536 for Doab No. 1 and·~ 
1 7

1 _ :::::;,· 
0·378 for Doab. No. 2. v v 

~ . 
It is cled.r thus t~a~ wh~rea~ t~e partiaLc~.rrelation coefficient is insigni

ficant for Doab No. 1, It IS qmte s1gmficant for Doa~ No.2 being much greater 
than twice its standard deviation. ' · ' · · 

CONCLUSIONS-

(1) Pumping is not significantly affecting sub-soil water: table.for.Doab' 
No. 1. · 

. (2) Pumping has significantly affected the water tabl; fo~ Doab N~: 2 · 
where it is not being done within s[l.fe limits within the area of iD.fiuence 'of th~ 
tube-wells operating ~n this doab. - -
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(2) CONE OF DEPRESSION IN THE DEEP SOIL AREAS(2) 
ABSTRACT 

Pumping continuously. it appears. would ~ costly and cannot com:t:ete with 
deep ch'ains which flow by g:avity night and day. Pumping may become eccn0w 
mical if cheap electrical power is made available. Other altemative pos
tible at p:resent seems to be to restrict irrigation just enough to saturate the soil 
and prevent free irrigation water descending to the deep substrata. 

DISCUSSION BY THE RESEARCH COMMI'l'TEE 

MR. A.P. BHATTACHARYA introduced item (1) and said that the behaviour 
of the sub-soil water table, a 3 a result of tube-well pumping, was studied for 
doabs No.1 (between the Yamuna River and the Hindan Naai) and No. 2 
(Krishni Hindan Doab) in Meerut district, comprising the areas which had. 
been subjected to most intense tube-well pumpjng. 

The findings were that (i} pumping was not significantly affecting the sub-soil 
water table for ,doab No.1, and (2) pumping had significantly affected the water 
table for doab No. 2, where it was not being done within safe limits, within the 
area of infi~~nce of the tube-~ells operating in this doab. 

It would be worth while to mention here that these very doabs were studied 
in 1942-43, and no clear indications of over-pumping were available then for 
any of the doabs. ....-. · 

MR. J. P. NAEGAMV.ALA introduced item (2) and said that it was found 
that iihe subsoil water level would not fall by pumping. The conclusion of the 
note was that the deep soil was not quite suitable for heavy cane irrigation. 

. . 
MR. N .- S. GoVINDA RAo thought that it should be sufficient to meet the 

requirements of the crop. 

DR. J. K. MALHOTRA referring to the United Provinces Report said that 
the first two or three y~ars, when the tubewell pumping was not fully developed, 
mighi have been omitted from the statistical analysis. This would have 
made the results more reliable. 

MR. A. P. BHATTACHARYA saidm reply that it was worthwhile to include 
the first year just to watch the immediate effects of pumping. 

RAI BAHADUR 1\1. C. BIJAWAT said that the effect of pumping on the subsoil 
water table was a very important question. Although the main object of the 
Central GroundWater Organi~tion was to carry out exploration work and also to 
carry out research and investigati?n in connection with the problems con~erning 
the subsoil water problems but It had not yet been poSSlble to establish the 
organisation fully, because a sui£able man to organise the research work was 
not available. Recently the services of Dr. Vaidhianathan had been obtained 
and it was hoped that during the current year it would be possible to o1ganise 
laboratory and also field work so that next year ~ore information would be 
available to the Research Committee on the question. RAI BAHADUR BIJA WAT 

( 1 ) Poona. Irrigation and Research Division, Poona., Public Works Department, Bombay, 
A,anual Report, 1947, pages 19-21. · · -
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Mid that the United Provinces expe1iments could 'show that pu~ping from tube 
wells was not affecting either water-table or regenerf..tion. There wa~ a lot of 
doubt in the minds of people that intensive tube-well pumping might affect 

. regeneration and might affect also the movement of the subsoil water table. So ' 
far up to this time the United Provinces was tho only Province which had 
carried out extensive work in this directil):.l~ pumping roughly about 3,000 
cii.seos. The tube wells were not spread all over the Province ; and were 
concentrat:rl in two or thrP.e particular tracts.- This extensive .Pumping h&.d 
not affected subsoil .water table to any largo extent. Tho area. in which the 
pumping was being done was near about Narora, where thoro was not much 
difference in the 're~eneration. Although there w:as not enough data to 
come.to any definite conclusion but indications appeared to be that the 
subsoil water pumping d~d not affect the percolation , from the rainfaJI. 
Experience, therefore, showed that percolation was counterbalan~ed. by 
regeneration. This new analysis luld been effected by observation of rainfall 
which indicatoo that there was some other source of replenishment of the 
ground water. RAI BAHADUR BIJWAT.proposed the addition of another item 
in the sub-head i.e. " sources-Of supply ". He said that it appeared to him 
that despite the percolation from tho rain water .there were some other sources 
also. These tubewells showed the effect of pumping on the first two or three 
water bearing stra~a. Th& water was actually drained from the lower strata 
because the average depth was 700 feet. It, therefore, appeared that if pumping 
·of large quantities was continued it did not havu an appreciable effect on the 
subsoil water level because of the regeneration in the drainage channels. There 
had been a lot of doubt on this point, and that was why some of the tube welf 
schemes 'n the Prov'nce had been held up. This small investigafon showed 
that there should be no danger in carrying out the tubewell schemes in the 
Provinces. In the end Rai Bahadur Bijawat promised that by next year Dr. 
Vaidh;anath~u would be able to organise and give soma more information 
regarding the effects of pumping on the subsoil water level. 

MR. A. P. BHATTACHARYA said that he fOlmd that regeneration in the 
Hard war Narora reach on the Ganga h~d not been affected as a result of tube
well pumping.. Regarding Rai Bahadur Bijawat's next point " The sources 
or supply , , MR. BHATTACHARYA said that investigations had been carried out 
in tho sub-soil water supplies in tho Meerut District and it had been found that 
81 per cent. came from !ainfaU. 

RAI B.A.H.A.DUR H. L. V .A.DHERA said that his exp.erianca in West Punjab· 
for lowering water tab1e in.water logged areas showed that the ground water 
table was affected by pumpng. Dr. Vaidhianathan was associated with these 
investigations an~ it was found that in intermittent tubewall pumping water 
table was not affected appreciably but when continuous puinping was started 
it was found that the water table was lowered more than four feet. · 

·' In reply to MR. D. Mehta, RAt BAH.A.DUB YADHEM said that the tube 
wells wore s tuatad very near each other. -

Da. N. K. BosE said there ware soma othar souroas a.s-..wall the ~e:ffoo' ·of 
which had to be considered. ... , .. .... 
lWClU 
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, DR~ L.A. RAMDAS sdd that he was not surprised with the t>bservat:ons 
~ade by ~· Bhattacharya ~cca~se if the soil w~s re~l.lly permeable it 'Was just 
lik~ drawmg water and puttmg.1t b~ck. yery little water was lost by 'evapo· 
ratio~, and a good. part was gettmg back qmckly to the sub-soil. In the Punjab 
expor.ment the difference_ was probably due .to the impermeability of so~. 

RAJ BAHADUB KANwAR SAIN said that in some parts of the United 
Provinces pumping had definitely caused lowering of wder table. In certain 
parts of United States of America also water table had been lowered appreciably 
by means of pumping. In the Bist Doab, in the Punjab~ the water table had 
gone down by 15 feet and it was entirely·due to the withdrawal by wells. 

RAI BAH.ADUR C. L. HANnA said that perhaps the solution lay half~ay 
between the two extremes. 'Vhere it was noticeable that the water table 'Was 
.rising, the engineer could not s:t tight. At Chuharkana in 'Vest Punjab various 
well~ were sunk and the water table was lowered. It was noticeable that in the 
United :Provinces as Rai Bah.:.dur &!nwar Sain had sktod there were place~ 
where it had gono down 8 to 10 feet. From the Grand Coulee they were 
pumping now B.S much :1s 5,000 cusecs, in order to recharge grotmg water table. 
RAI BAHA.DUR HANDA, therefore, suggested that the engineers and the research 
workers should cx:ucine these problems together .1 

MR. A. P. BHATTACHARYA replying to R. B. Kanwar Sain's remarks ·~id 
that was thero a series of severe drought years from 1938-39 to 1941-42, b 

, which there was a continuous frJl of the w&.ter table but it never exceeded three 
-feet in magn~t".!d~. ~hey were ahno;mal years, ll.lld that there was replenish
ment of the g1ot::nd wder tsble may be brought out by observiJ:tg that there 
was rarely any fall in recent years when the rainfaU was normal or above 
normal. Even if there was a fall, it never exceeded 0 · 5 foot. 

MR. B. P. S.axEXA said thd v-·hen it was considered that the wder table 
was not appreciably lower, the loss which had been incre::cing in the irrigation 
ehannels was not reJ.lly t:::.kcn i::-.to r,ccount. In most of t~e :1re~s,'tho irrigation 
channels were ve1y much intermixed with tube wells r..nd there was no record 
of their losses which would convince any body to show that the water table was 
not affec~d on account of these -tubewells. When these tubewells were first 
eon8tructcd in Meerut District, Sir \Villiam Skmpe hr.d been going round to the 
villages and tellng' tl:e people t~r..t water tr.ble of v~llage wells might not be 
lowered but it happened othermso. MR. SAXENA sa1d that he was sorry that 
he had an honest di:fforence of opinion with some of the engineers but he still 
felt convinced tlu:.t the we. tor t:;.ble certainly fell down. 

RA! BARADUR M. C. BrJAWAT agreed that there should be caution and tho 
United Provinces Gov Jrnment was· alieady acting cautiously there. 1,500 

-.wells ha.d been constructed. It was found in certain arcus that the water table 
cid not go down. \Vharever any concern was felt regarding the warer tab!e, the 
number was restricted.- It was true that water table, was affected. Y10ld of 
.sub-soil wr..ter table carried no m~ning; yield may be with respect to th~ area. 
lt had been admitted tfu:.t most of the losses in the Genga C2n~l were due to the 
bOOp~ge. There was p~rhaps siight affect cue to the tubewell pumping also _bdi 
n was not appreciable. He also explained that ~P.e seepage losses had nsen 
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due to tha. full supply lovels boing raiseJ in)ho reache( where power- ~ouses 
wero put m. _ _ , .. 

In reply to M:. B. P.: S.1~3na's ram:uks [~I&. A. P. BHATTACHARYA said 
that the rego~oratwa of the ~O.an as woll as ... th<l Ganga at Na.rora had been ~ 
studied, and 1t was. found that 1t had not been affected significa1,1tly as a result 
of tube-well pumpmg. · _ 

As to Mr. Bijawa.t's remuks, 1tla. A. P. BHAT'rACHARYA said that such a 
study was ca.rriad out by Dr. ~IcKanzie Taylor for western. Unitod_Provinces, 
although during the. pre-tubewel~ period.: His findings 'Yere. that 81%: of the 
subsoil water suppho3 waro ~ d.rroct rosult ~f-loca.I rainfall, regarding th& 
remaining 19% his p:t:esumptiOn wJ.s that th1s was caused by flow .from 
sub-mountaineous tracts. - , · / , 

THE P&ESIDE~T s.1id t~at this· s~bject was ~iscussod year aft~r' year. 
Evary rot'Yion had to bo cons1clared on 1ts own monts. In 1931 most of the 
village3 fu the \Vestarn Sbat<ls in Unitad States of America tho w_ater table· had 
completely depleted. In Los Angel~s tho wa.te~ t~ble went down, by 890 feet. 
Pumpin!1 was necessa.ry for dewatormg of the s01l and whore water in the-
8tlbsoil, duo to variou~ c~usos; was in exo~ss~ plenty of water could b,e pumped 
out but'thero was a limit. Below that lim1t the water level would go down 
but it would be completely wrong to give the general impression that pumping 
would not affoot water leveL ·Statistics' could be very dangerous indeed, 
and great c'lre F~hould be takon in this rospoet. \Vhen an analysis of certain_, 
regions was made it was not only oaa_o~ tw:o factors bq.~ .. ev.ory.possible factor 
rhouM bo Rtudied to get correct stat1st1cal p1ct?-r_e. 

DISCUSSION BY THE BOARD 

Thoro was ·no discussio!l., __ ., 
(iii) Re~charging the underground basin 

PRELIMINARY 'NO·rE 
The follow£1:5 it1m wa.s disal.l3s3l at th.:) 1~!? .R"l3aarch Commit~ce Meeting. 

(1) Infiltration (absorption· by gro1m4) fac~ors: which de~rmine the por-
• tion of. rainfall whichinfiltrat'o8,; while also·'consid6rmg~ a~ effects 

of plants the configuration of tha soil-~etc.~ and. the· importance of 
these influences, by Mr." D. V: Roy. · 

I~ Literature 
(1) SJ.ving Australia's "Artesian 'Vaters. Water and 'Vater E~eermg 

Vol. 50, No. 613, March 194:7. ~~ ~. · · · · :- " · ~ 1 -

• li"' (2) Ground Wa.tar Supplies fo~ rice irrigation in tha.'Grarid l>rafrie Region, 
Arkansas. University of ~kansas, Agricultural Experiment Station~ Bulletin 
No. 4:57, June 1945. 

THE YEAR'S WORK 
~ . ~ . . 

' . The following item was discussed at th~ 1948 ~meeting of. the Research 
1"1.-. ,..,;"t - ' vvm~- ee. .. '. -~ 

(1) Ef'cct <Jf u.ne inieati~_~o~. ~_!J.e_su?:Eoi~ wJte1="~ble in a dee~-s~ilare~ 
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(1) Eft'ECT OF CANE IRRIGATION ON 'l'BE SUBSOIL WATER TABLE _lN 
A DEEP SOIL AREA(s) 

ABSTRACT 

Rise of sub-soil water table in a deep soil area as a result of can'3 irrigation. 
although slow. is definite • .. 

. The fall in water level, after the cessation cf cane irrigatiqn. is veey slow in
dicating absenoo of natural underground drainage. lt is like filling a sub-soil 
POnd with water without any outlet. 

Measures to add as small quantities of water as possible by way of irrigaUo.a 
for growing cane apPears to be the only remedy for permitting cane irrigation in 
deep soil area wi~out raising the sub-soil water table. 

DISCUSSION BY THE RESEARCH COMldl'rl'EE 

M:a. J. P. NAEG.WVAL4 introduced item (1). 

R..u BAHADUB M. C. Bt.TA w AT said that there was no doubt that sub-soil 
reservoir had been studied before iri California and some parts of America. The 
pumping was continued until it was found that water. level had gone down to 
such an extent that it 'had to be stopped. In India perhaps for a very large 
number of years it might not be necessary to consider methods of artificial 
recharging of the subsoil reservoir if one pumpE'd only such q'llantity of watt'r 
as was being regenerated. 

, DR. V. I. VAIDHIANATHAN said that he had certain experiments carried 
ou~ but he would rather refu.in to make ·any categorical statement as caution 
had to be used. He said that at some places the rainfall penetrated the soil and 
,afiepted the sub-soil reservoir and in other cases it did not. 

' .. 
. DR. N. K. BosE said that it was found that substantial amount of regenera · 

tion was coming from the Himalay~s. In a certain river in Bengal which was 
a tidal stream, for two or three months'there was special supply. In some cases 

- . 
thad been proved that the regeneration came from the river. Therefore, the 
question of regeneration had got to be gone into very carefully· 

DISCUSSION BY THE BOABD 
; 

There was no discuasion. 

M Poona l;rrigation and Research Dirlsion Poonl\, 'Pnblio Works D:lp~rtm~t. Bll!D bay 
A nnual Report. 194:7, pa..1ee 22-~. 
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(iv) Evaporatio~ and Tran~piration losses ~ 

·' 
A repor& on the preliminary survey catried out by Mr. R.K. Misra to ·find 
the evaporation and transpiration losses of the Damodar Catchment area* 
presented before the fourth meeting of the sub:-committee on ' Water 

' / 

mce Investigations of the Damodar Catchment Area! and the same appeared 
n ~bridged form in the July 1948 Journal of the Central Board of Irrigation. 

' . . 
There was no contribution under this sub-head, at the 1947 Research 

1mittee M~eting. ' 

THE Y~R'S WORK 

DISCUSSION BY THE RESEARCH COMMITIEE 

There was no contribution and he~ce no discussion took place under this 
·head at the 1948 meeting of the Research Committee. · ' 

DISCUSSION BY lfBE BOARD 

Therd was no discussion. 

' . 

.........__ ____ ___ 

. ' 
J ~. 

. ' 

'" .. 



8 A. Quality of Waters in Relation to 
{i) Crops {ii) Soils (iii) Structures 

and (iv) Industries 

PR~Llli:I.i"iARY NO'IE 

The subject ' Quality of Irrig.ttion 'Vaters' was o~ (tho ag~?nda. of tle~ 
Researeb Committee in 1934 and 1935 and it was re-introduced in 1946. At 
the 19-ic~) Bo ~rd .:\Ieeting the nnme of the subject J ' Quantity of Irrigation 
'Va.tc:-s' w ... s changed as above. • 

.. 
(i) CROPS 

PB.'r{IJMTR'ARY liO'rE 

The follow:ng ite:n~ were discussed at)he 19!7 Rosearch Commit~ 
Meeting:-

(1) Suitability of drain.tge W<~.ters for irri[_.:ttion (Shingw.1 are.1). 

(2). Suitability of drainage waters for irrigation (Barmn.,'l.ti quadrat~). 

(3) Well water in the affluent zone. 

The fol1owing items were noted without discussion :-

(1) Sug,u-cane experiments under varying dozes of ' N ' in the form of 
eewage ir~igation, with special reference to the quality of gur. 

(2) Suga.r-ca.no experiments under sewage irrigation. 

Recent Literature 

(1) Small, J. :pH and plants: an introduction for beginn~rs. Ba.illiere 
Tindall and Cox, London, 1946. 

(2) Suihbility of water for irrigation purposes-Dalip Singh and Dev &j 
Chawla. Indian Farming, Vol. 7, No.8, August 1946. 

(3) Lang, J. D. : The upper salinity content in water for irrigation. 
Water and water Engineering, Vol. 50, No. 618, August 1947. 

THE Y£AR'3 WORK 

The follow~ng items were discussed at the 1948 Research Committee 
lleeting :-· 

(I) Quality of irrigation water. 

(2) Sugar-cane under va:rying doses of Nitrogen in the form or aowaga 
irrigation with special reference to qu,11ity. of gur produced. · , . · 

(3) Su.gar~e e:rperim~::.ts under Sewage hrig<li·Nl. 
222 



QUALl'fY OF WATER' 

(1) QUALH'Y ·oF mBIGA'liON WATER (1) 

ABSTRACT ' 
7 ,, • 

The following are the more important observations:-

(1) The results of analysis of soils afr.er first, second and third rice crops , 
showed that there was a gradual increase in the pH value of the soil: The pH' 
value of the soil watered with 60·0 pa.rts of sodium carbonate pe~ 100,000 
parts had become 9·0 after third rice crop. The increase in the case of ,sodiu~:. 
chloride and sodium sulphate had been lesser. · 

(2) There w:as a little increase in the exchangeable {Sodium+PotQ.ssium) 
bases of the soils treated with water having positive salt index. _, 

. (3) Waters containing total salts even at 75·0 parts per·lOO,_OOO. but\ 
having positive salt index produced signs of deterioration in soiii'l and crops. 

(4) It was concluded that the salt index of the irrigation water could 
.be used as an index for the quality of irrigation water. , ' 

(5) The quantity of calcium decreased in the crops with the increase in 
total salts. 

I ~ ' , '\ 

(2) SUGARCAlt~ EXPERIMENTS UNDER VARYING DOSES. OF NITROGEN 
IN TH~ FORM OF SEWAGE IIUUGATION WITH SPECIAL 
REFEB.ENCE 'IO THE QUA~Y OF GUR PRODUCED ... ~1) 

ABSTRACT 

Crop : Results slww maximum yields with 350 lbs. of Nitrogen treatment. · 
This is true even in tl1c case of the aggn gate results of c.ane yield over a total 
period of five year~. The next best is· 400 lbs. N treatment. 'The hiJhet' 
doses though not reducing the yield significantly, do show a tendency towards 
slight decrease in yield with a f.1ll in brix and purity %· The results are not 
regular for cane grown· in deep black soil, though.400 lbs. Nand 500 lbs. N _ 
show superiiJr resillt:-\ to other doses. The result.s show good effects by addition 
of sludge in sewa.g.~ irrigation treatment. 

Gu~ Tests : ::Moistures were e'stimated in Gur o~ oven dry basis.· The 
resu~ts show definite tendency to increase moisture 'with increased N contenti. 
The moiRture perccntaga is upto 5% for treatments of 100to.200 lbs. N for 250 
to 4QO lb~. Nit is upto 8·0% From 500 lbs. N onwards it is above 8 %· The 
Gur absorbs moisture in monsoon and again gets solid in the Rabi season. The, 
Gur, .from cane in deep blacl!: soil-does not show any regularity in mointure 
absorption but in plant cane the moisture absorption is much higher than 
that in ratoon. .. . , - · 

, . The <;onductivitics of Gur also show. definite tendency towards inc~~.a~~ 1 

with higher doseJ. They are distinctly higher from a· do..~ of 600 lba. ' N 
onwards. 

; . 

I)} li:astPunia.b Irri~ation Research lrtstitu!e • .Amdts1.r, Annual Rf"port. 1947~ pages .14-15 
(•} Poona. Trri~ation and Resr.arch Division Poona., Public· Works D('ra.rtmrnt, BoJ:n~. 

An •mal ~rt. 114 7. pal!(> 76-S(\ 
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(') SUGARCANE EXPEBJMENT.S UNDER SEWAGE IRRIGATION (3) 

ABSTRACT 

Experiment with tugaruwe ve.,ief:es was ctn!inued th•s year to see the· 
behaviour of different Coim'tatorc va .. iaties under sewage ii'rigation. CO 413 
and co 475 were amongst those triej with the usua' CO vadetles. 

The results show that CO 4 75 stands first from point of view of yield, 
brix and purity percentage. CO 413 variety stands next in yield. A study of 
previous figures on this experiment reveals that early plantation is necessary 
for the proper development of the~:~e two varieties. Last years results showed 
-that March planting was no good for proper development of these varieties. 

The Ratoon varietal experiment was conducted to see the behaviour of 
ratoon. and plant cane under sewage irrigation. First watering to ratoon 
was given on 16-4-1947. Three deep stirrings and weedings were given till 
earthing up stage. Partial ear~hing up and earlJhing up were done at tlie 
normal stage in April and July respectively. Harvesting was done by first 
week of January 1948. In all 24 irrigations were givep. resulting in a total 
Nitrogen of 663 lbs. per acre. The total irrigation given was 88 acre inches. 

The results show that CO 475 is a good ratooner an~ has given the highest 
yield. of gur even more than its parent plant cane. CO 419 is a runners up. 
The purity% o~ juice of all varieties is appreciably higher for the ratocm crop 
t-han, for the plant cane. -

Detailed results show that the recovery of gur from ratoon canes is higher 
than that from plant cane. The quality of gur ofratoon is also superior to that 
of gur of plant' cane. 
Dose .• experiment :-

This experiment was continued on previous lines. Sugar-cane was plante_d 
on February 1, 1947 and was harvested by March 4, 1948. -

The results show a slight increase in~yield with increasing doses; but fall 
jn Brix and Sucrose percent. is not appreciable. 
Our · tests :-

The periodical gur tests carried out for the gur of varietal experiment and 
dose experiment ~how increased moisture percentage in monsoon af!ier which 
there is a fall. Thev also show lower moisture contents and lower conductivities 
for gur raised on canal irrigation. ' 

The.. g'ucosc ~md sucrose contents of gur were found out by the beginning 
of monsoon when the gur just began to sweat. 

The results show comparatively higher glucose in CO 413 and CO 423 
varieties than in the rest, percentage of non-reducing sugars is not varying 
appreciably except in the case of CO 4115. - . ·. 

These results show that it is not these ing~edienta which are responsible. 
for the sV.·eating of Gur in monsoon. The presence of salts appears to be largely 

~ responsible for moisture absorption in monsoon. These ingredients are being 
studied in detail at present. -

( 1) Poon.& lrriga.tio:1 a.nd B•·1na.rch Dn'i:iion, Poona, Publio Wo.::ksDepa.rlment--BomLe.y, 
Ann(J&I ~ 1947 ,p&et>t fl-84. 
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DISCUSSION BY THE RB~EABCH COl\mu'r.rEE 

MR. S. L. :MALHOTRA introduced itf>m (1) 

DR. D. G KULKARNI intl'oduced items (2) and (3) 
' 

RAI BAHADUR R. L. SETHI said tbat.these experiments were good in their 
~y, but they did not add very much to the knowledge already existing on the . 
. bject. It was already known very well that sewage was a very rich manure. 
was also kho~ that crop8 could be raised if sewage could be utilised. The 

Lief d1fficulty was that whe>rever sewage was added it introduced insanitary, 
mdition8, It gJ.ve sewage sickness. It brought up flies. The quality of the 
·op which wa.~ rai.:;cd was not suitable for direct hum-tn con~mption. Medical 
~inion was that the crop>i raisf'd on scw.1ge brougJ1t about diseases 'like hook 
orm. The Indian Couneil of A.gricultural Research had sanctioned a very

1 

>mprehensive scheme at the LHii.ln In ;titute to be carried oufin cooperation 
ith the local ~ublic Health Departnrmt. RAr BAHADUR S~TJli suggested that 
1 carrying out the t.ests described in the Poona Report, it would be worth while~ 
>consult the local Department of Agriculture'as to how far it woud be use• 
Jl to carry out these investigations. 

:1R. J.P. NaEGAMVALA said that about a thou~ndacres.were on sewage 
·rigatjon in Poona. The whole of Poona_and a large part of Bombay had vege
~bles which were grown on sewage. The only conclusi<;>n arrived at was t~t. 
egetaoles should not be eaten raw. If eaten raw they should be dipped 1n 
erm 1ng.1.nate of pota~h solution ~or half an hour. · 

He aclcled that a ba.cte~iologioal ~xamination had showed rio ·difference 
1ctween vegetables gro)Vll on sewage and those grown otherwise. _ ; ) . - . 

Dn .. N. K. BosE said that near abou' Calcutta there ~ere big fisheries where 
lewage,:was disposed off and sonia of thebes~ fishes were obtained from there .. 

.. ' ' . .. " " .. 
DR. V. K. GoKHALE said that Rai Bahadur Sethi had remarked that (a) . 

. he Agricultural Department had already completed inve~tigations· about 
1ewage irrigation and should be consulted in this connection, (b) the ·soil was 
lam.-'lgt:zd by usc of effluent and became sewage sick and (c) insanitary condi"' 
;ions wer_o produced in the area under this irrigation and the crops ,produced 
leing contaminated with ~e~age were injuriouR to public health . 

... . 
With regard to item (b) above, Dn •. GoKHALE said sewage sickness d~pended;. 

on t~~ typ'c o~ soil under sewag~ irrigation. A heavy soil was so .affected a.n~ 
o.ot a. ,:well dramed one. '}:he BOils at the effluent farm at lladaspar (Bo~bay 
Provmce)'had on t!le contrs.:cy imp~oved-year after year. · · · · t" 

D!SOUSSIOH ·BY -THE -BOARD" -

Thete was no <lisousaion. 
~ ~ . . . 
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(ii) SOILS 

PRELIMINARY l\'OTE 

The following item was noted without discussion at the 19!7 meJting of the 
Research Committee :- · 

(1) Effect of sewage irrigation on black 'cotton soil. 

&cent Literature 

(1) Chri~tiansen, J. E. :Some. permeability characteristics of saline and 
alkali soils. Agricultural Engineering, Vol. 28, No. 4, April 1947. 

,.. 

(2) Dalip Singh and Dev Raj Chawla, Suitability of Water for Irrigation 
Purposes. Indian Farming, Vol. 7, No. 8, August 19~6. . . -

(3) Lang, J. D.: The Upper Salinity Content in Water for Irrigation. 
Wate! and 'Vater Engineering, Vol. 50, No. 618, August 1947. 

~ ' ' , ' t • .. • ~ • UJ 

(4) Ramdas, L.A. &'ld Malik, A. K. :Studies on soils, Part I, the upward ; 
mov~ment oi water e!ld salt solutions in tlfe blac~k cotton soil and Part II-A 
microsc6piQ study or the behaviour of the black cotton soil in salt solutions •. 
Proc~ed.ing~ ~nd}an Academy of Science, Vol. 16, No. 1, Section A. July 1942. 

J i '- f -. 

THE YEAR'S WORK , ;._, 
' The following item was discusse~ at the 1948 m~eting of the Research 

Committee :- · , 
, l ~- ? ... ': 

(1) Effect of sewage irrigation 0:1 S0il' profiles~ 

. (1) EFFECT OF SEWAGE mRIG4,~19li'ON SOIL PROFILES \'1 
I • o tlo 

In order to study the various physical and ehf'rruc.al chang"'s that take 
place in the soil due to the application 'of s~w.1ga irrigatjon, several typical 
profile-s in the Effi.uent Farm, Hadapsar, having recfiv((l known in~nsities · 
of sewage irrigation were colJeciRd. Important phyRiral and chf'mical tests 
w~r~ r.a.rrif'd out. • ••' . 

' ... , 
' : ' 

The re~mlt3 of conductivities of the soil extracts (1 : f) show higher values 1 

for 'he sewaga irrigated soils in comparison with the control soils. These re
sults show increase in percentage solubl?. sa.tts nnder st>wage irrigation. 

' ! , •.I.' , ' - , : •. ; , ~ 

"fn'tbree out of the fouz: comp:J.risons slightly lower capillary ri~e is no~iced J 

in top soil byer und~r sewage irriga.t.ion;~· .. In on~ comparison the sewage irri~ u 

gated profile shows the- high~gt rise. T!1e lowt•:r depths giv-e almost similar 
indications. . •... .. 1 ·,. : . . . ' 

. .. ... . 
t•) l"V~~ma ilTlgatton a.nd Research Divi&on, Poona, Public WorkS Department Bomk,. .. 

Annual !Wl)Ort ,194 7 Pl\ie& 85-93. 
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' 
Mechanical analysis was carried out by water ~~atment only. In thls 

case it was found that sewage irrigation increased the amount of finer parti .. 
cles and silt of soils by about 50%. The coarser particles 8how a reducti9n in 
the sewage irrigated soils as compared tc the control. These results show that· 
sewaga irrigation when applied to soils increased the finer particles of soils in 
the form of clay and silt. This incre~se in clay and silt fra~tion plays an im-
portant part in the increase in t.he soil f~rtility. -

Total Phosphates w~re estimated in the soil profiles under sewaRe irriga
tion and without it, and it has been fo\md that the percen~ge of phosphates 
is definitely higher in the case of the sewage irrigated soils. Sewa,ge iqigation 
increases the total phosphate contents in the upper layer~. 

Profiles under sewage irrigation also show an increase in the percentagr 
of potash. 

. -
As a result of sewage irrigation, the soil has become rich _without doubt 

in its percentage of exchangeable calcium. Calcium i~ certain forms which, are 
readily taken up by plants or which are available to the plants for use plays an 
important role in the metabolis~ of the plant life. 

Exchangeable Magnesium shows an increase due to s<:wage 'irrigation._ 
This is, however, not much when compared with the increase in the replace,ilb1e 
O.lcium. - · 

Out of the four ·compariso~~ made, three df)tinctly Bhow that the e:x:
change~ble Na+K have also inc1cas€d by sewage irrigfition, while if the results 
of the lower profile samples in the sewage i:rigatrd a1ens are seen, they also show 
higher exchangeable Na+ K figure than in the case of the control. Out. of this 
Na+ K, Potassium i ~ an essenti 1l constituent for plant growth and as the se-
wage irrigation increast:s total pota.sh %, it may be ir1ferred that the higher 
e:x:cha~geable Na+K may be due to thhfactor~contributbgto more of these 
bases 1n the soil. - , _ 

The pH values show dhthct lowerbg under sewage irrigation as compar--
ed to the control. ThL h true for the entire depth of the profile. ~ -

DISCUSSION BY THE RESEARCH COMM1'.I'TEE 

D:a. V. K. GoKHALE Introduction I t<>n. (1 ). 

There was no discussion. 

DISCUSSION BY THE BOARD 

There wa.s no di!cussion. 
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(iii) STRUCTURES 
PR\41IJ'M'J'NARY NOTE . 

I . 

The following item was discussed at the 1947 Research Committee 
Meeting. 

_ (1) Trade waste expf'riments in the Bombay Province. 

THE YEAR'S WORK 

DISCUSSION BY ~BE BESEA.RCB COMM1'111.E 
• 

Tliere was no contribution and no discussion on thjs sub-head. 

DISCUSSION BY THE BOARD 
~ 

There was no ditcu ssion. 

' 

. . 
(iv} INDUSTRIES 

PR1£LIMJN'ARY NO'I·E 

-There was no item fol' discussion at the 1947 meeting or the Res~al'eh 
Committee. 

THE YEAR'S WORK 

DISCUSSION BY mE RESEARCH COmn'ITEE 
' ' ' ' I ' • -

.There was no contribution and ther Jfore no di;~Cussion took place under 
this sub-heaQ at the 194fl mP-eting of the Uesearch <;.omnutt.-.R. 

DISCUSSION BY '11m EOARD 

There was no di~cussion. 

----



9 A. Artificial Rainfall 
PREIJMINARY NO'IE 

This subject has been introduced for the first time as a result of the following 
resolution passed by the Board at its last meeting held in Decem~e_r 1947: 

"Resolved further that the India meteorological department be request
ed to organise experiments on 'Arffi.cial ra"nfall' in co-operation witb. other 
author: ties. Cloud control was a subject worthy of study and consideration. 

"It was- also decided to include 'Ar~ificial rainfall' on the agenda 
of the Research Comm:ttee meeting under Sect:on A-liydrology." . - . 

. Expe:riinents on induc"ng artificial rainfall have also been carried ou~ in: 
Australia, United States of America and Canada. The pioneers in the work are 
Vincent Schaefer and Dr. Irving Langmuir of the United States of .America. 
Sohaef'er first started his experiment in 1943; when the Army Air Force asked 
General Electric Laboratories to find out what caused tons of ice to form on the 
wings and tails of bombers, dragging them down to destruction. , Schaefer early 
noted that planes flew with impunity through clouds composed of ice c:rfstal. 
Particles already frozen could not freeze on the wings. If he could not throw 
out the clouds, Schaefer reasoned, why not freeze them f This led to experi
ments in the laboratory, which proved a success when by injecting granulated 
solid carbon-dioxide or silver iodide in certain formation of clouds, artificial 
-rainfall was induced. The success of the experiments depended on the type of 
the clouds ~hosen. The cloud should be an extensive one in vertical direction 
and its top be at a considerable height above the freezing level. Experimenbs 
show that· greater the thickness of the layer above the freezing level, the more 
easy it is to induce rain. _The experiments, so far have been made for · 
precipitation from existing clouds. ~ - · 

In a recent article ' Artificial Rainfall by Shri Dharam Sheel ', published in 
\he April, 1948 issue of the Central Board of Irrigation Journal,. the author has 
stated that there can be three poE~Bible w~ys of producing artificial ra'n viz., 
(a) precipitation of rain bearing clouds (b) changing the direction of winds and 
subsequent precipitation of rain and (c), ~~ually and steadily changing the 
conditions that control monsoon rains suc:t( as deforestation and afforestation. 
It has also been brought out that ~he a~cients 'of India knew t~0$6 methods and 
quotations from Vedas are also giVen m support. -In the end the author has 
~de the following tw~ pertineD:t sugg~Rtions :- - -

1. To start with it is proposed that two Vedic Scholars may be appointed 
who may dig out and collaborate the old literature from all souroe 
which should form the basis of frt!sh research. 

~. In the meantime a small research laboratory may be established on 
some hillock· near about Delhi to evolve a suitable design of a 
hee.~ing tank and to record and Rtudy its effect on the atmosphere. 

22t 
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Rooent Literature 

1. S~uires, P and Kraus, E.B.-Experiments on the stimulation of clouds 
to produce rain. Nature Vol.l59, No. 4041, Aprill947. . 

TH8 YEAR'J WORK 

The fol~owing item wa.s.discussed at the 1948 moeting of the Research 
Committee.-

(!) Man made rainfall by Rai Baha.dur Kanwar Sain. 

MAN MADE R.AlNFALL 
by 

R. B. Kanwar Sain, O. B. E., I.S.E. 

Chief Engtt'neer Irr1'gation Bikaner. 

A report published in the Indian News Chronicle dated the June, 24 
1947, gave a resume of an interview with Dr. Sa.idman, Director of the 
Institute-of ..t\.ctinology, given to' some newspaper representative. Dr. Sa.idman 
is reported to. ha vo said :-

- . 
'~ Tho sun-energy can solve the water supply problem of Bikaner by 

givin·g tp the city inexhaustible quantities of distilled, bacte
riologically s.tfe and pota.ble water at a sma 11 cost ". · : 

-'When his- attention was drawn to vast arid tract of Rajputana, continues 
t~e report, D:r. _Saidman replied;-

, i ' ~ • 

"The entire desert area comprising thousands of square miles lying 
between . Sind, Gujrat _and ~ilraner can bo re-claimed vnd made 
productive in a matter of five to ten years. and forced to yield 
abundant grain for the fast growing population of Jndia.. " 

. . 
Naturally the al?ove report aroused a great hope amongst the people of 

tlie Rajputana States and they must be anxious to know to whs.~ extent ~hey 
may expect the fulfilment of the tope held out to them by the reporter of the 
Indian News Chronicle. On seeing this report' I wrote to Dr. Saidtn.an. My 
letter was transmitted to Dr. SaidmRn's French Residence, where he had gone 
for a couple of months during summer. In his reply Dr. Saidrrw.n haa 
reiterated hls belief:- · 

'~The co;t,densation of the vapour obtained by boiling the soa.-wator, 
will allow its transportation at great dll:ta.nces. In the scientific 
point of view, there is a possibility of irrigation at great distance3 
from the gill of Cutch till the Tharr Desert, up to Bikaner u. · . - . 

Dr. Saidman is taking. up his first experiment in the Nawanagar State. 
1e is hoping to achleve this object by harnessing of solar energy. Now, 
iOlar energy is confnuous]y·absorbed by the earth, :ncluding the atmosphere 
at a rate equ:val~t t() about 13 X 10 13 or 130 trillion horsepower. Some of 
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~ 

this vast supply of energy goes to evaporating water from the oceans, rivers, 
·lakes forests <~c., at the average :tate, for the world as a whole, of ~oughly 
16 million tons per second, or the equivalent of a layer of water o~er the en tire 
eartll of about one-tenth of an inch per day. The vapour is distributed mainly 
through the lower portions of the·'atmosphere, by diffusion, wind turbulance 
and thermal convection. 'Vhenever any p·ortion of the atmosphere is cooled 
to a temperature below saturation point, some of the vapour present condenses. 

; 

' ' . 
It will be interesting to know how much energy Nature demands for 

putting into the atmosphere enough moisture to give one inch 'of rain over even 
so smBll an area as 'ten miles square. The same amount of .energy; exactly the 
same, must be gotten out oft~e atmosphere to secure the given precipitation. . ' . 

The volume of water involved is 232,320,000 cubic feet. Hence to 
evaporate' or condense at 50°F the water of this limited rain-a. moderate 
shower-would require the · e'qilivalent of a little more .than 36 million 
horse power continuously for ari entire \\e~k. · \ '' 

How Dr. Saidman proposes to' obtain the energy for effecting adequate 
precipitation for the whole of'Rajputana has not yet been disclosed by him. 

• ' • • • ; J 
• ~ ',' ",. r ~ t f.,_' 

It may be asked at this stage, '( By what mechanism does Nature 
f'Ontrive to get out so much_energy from the atmosphere in order to, cause 
:precipitation ,,. 1 N:ature· does· so. ·by dy~a~cal cooling;indd-ental to the 
expansion of rising air. 'This as9ent of the. air may~be··caused in Nature by the 
hinderance presented by a high mountain, or· local reasons· causing tlierma! 
convection or by the convergence of wind currents. As the.air ascends it 
-comes under less and less pressure in proportion to the depth and density of 
the air column left below. It, th~refore,. expands as it rises> I In' so doing, it 
does work at the ·expense· 'of· its 1 o~n heat~w~ich is its only source of 
energy o I ' ' ' ' ,' 

1 
', ' - '• O 

-
Al3 stated above, thanks to the solar energy there is always enough vapour 

present in the lower atmosphere. The problem is how to -divert. this vapour 
'laden air to arid tracts and inake it drop its load there by some method, which 
would be within the range of,pra~_tical economics. , ' · 

" f ~ ' J • 

Recently experiments have been carried out in Australia successfully on 
the .artificial release o~ rain f!?:pl clouds. The 1ay press, in~rpreted the 
results of. these expcnments most optimistically anq in some c.ases so 

. fantastically that it appeared that man was already in a position to manipulate 
rainfall at his sweet will. Th~nks to the pr_ess, Rocking ], Ranch n~r the 
California Nevada border i3 so ~o~ful of making rain-with dry ice· over his 
Ranch next spring that he has filed a claim to the water in all clouds passinO' 

~ver the Ranch, to establish his legal claim before-hand to such water. 
0 

" I . ~ . 

;· The correct present position was given by Mr. G. A. Cook, Secretary of the 
#)ouncil for Scientific and · Indlistrial Research, Commonwealth of Australia 
- ( .. ,.;! ~ ti ~,.. ~~ .. • r J 

\. ·! 
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responsible for the Australian experiments on artificial rain-making, in· hi~ rt>plf 
to me_ in October, 1947 :- - · 

" It is not believed that nin-making O[l a practical scale sufficient 
to be of importance iu agriculture is going to be possible in the near 
future. The work is regarded rather in the nature of an 
investigation of the meteorological processes associated with clo11d 
formation· and rain precipitation. · If after SO}lle year's work we 
are able to understand the physical processes producing rain there 
may be a slight chance that art:ficial rain- making would be possibler 
but it is certainly far too early at present for any one to be 
confident of the practical possibilities ". 

. To the meteorol~gist the main mterest of these experiments is the direct 
~··confirmation,._ which they provide_. of the theory that ice particles as well as 

water droplets" must be p:r;esent in a cloud if rain is .to_'fall. · 

' It is impossible, however, to discuss such experiments merely as a 
contribution to meteorological science. What we all naturally want to know 
is how great is the practical prospect of controlling rain. 

Certain critics have alr~ady raised the bogey of legal complications. A 
farmer in trying to protect his own crop may bring down the rain quota ol a 
whole district and cause injury to soma other trade, resulting in a claim for 
damages. Dr. S. K. Banerji, Director General of Observatories has 
wamedus:-

'' We have been getting our rains at the expense of desert regions. If 
you convert them into fertile regions, some other area will suffer. 

1 Nature has its own revenge if you play with it. H you convert 
deserts into fertile lands, fertile lands might be turned into deserts " 

My reply to such friendly critica is :-
. 

" There are many tracts near the Himalayan Range, which receive 
excessive rains not wanted by these tracts, while Rajputa.na and 
several other tracts remain dry. On<?e we succeed in controlling 
rainfall, we would probably succeed in arranging b~lanced nin.s 
over the ,various parts of the country. The con.trol of t~e . c~ouds 
shall have to be with the Central Government, so that I\O mdiVldua.l 
or Province or State may get undue share. A separate Ministry _in 
the Union of India may become necessary to~. P.erform th~ duties 
and functions of I ndra-devfa (God o£ rain) , . 

' 

ATTEMPTS IX PS.E-ICIENCB DAYS 

Mankind has throughout the ages soug!J.' to call!e precipitation a: will 
by ~ous methods to which ~hey CO\Ud retOrt to at tha time. This is e1sy to 



. 
understand as food is the most compelling of all human cr:ies. 1\Iost of the _food 
coiDP;s from the soil and depends largely on the availability of mois~ure at, 
the right time. ; ' r 

~ I). .. 
· . In the primitive stages of man, when magic was believed to solve all: 

human troubles, magical methods were tried to bring rainfall as well. Such 
methods were tried by various tribes in Australia, South Africa, Sumatra ~n4. 
Russia. 1 These methods consisted of imitating lightning, thunder and rain or. 
mimicking aq~tic birds and animals. 

,. 
-

In certain countries, the custom of appealing in one way or another to 
the spirits of the dead for rain is as old as any kind of pure magic. · . ' .. 

Help of gods has not been spared in the interest· of artificial raiD.faU. It is 
said that. certain Red Indians of Oronoco, believing that the frog is the god -of 
water, guarded against droughts by keeping frogs in captivity, convenient ~o · 
bt'.at with sticks, whenever a shower of rain was needed. · . . . ' 

Dire threats against gods in case they fail to .comply with request f<»r rai~ 
·l1ave long been a form of human egotism, both in the East as well as in the West~ 
Efforts to obtain rain by devout prayer are common to all types of religions. 
CongregJ.tional and mass prayers are held in Churches, Mosques and Temples,. 
when the ~ountry is faced by fami!le for want of rain. 

. The· man of science, howe vet, does not acc"ept the notion. that the phenomena 
of nature are subject to the wishes of any individual or groups of individuals; 
Even abstract may respect in the highest degree$ since he does not believe that · 
rain can be had by the mere pleading, howsoever earnest. 

EARLIER SCIENTIFIC ATTEMPTS 

Livi_ng as w.e are in the 20th ce_ntury.., I shall confine myself in this· articlf} 
to the attempts made to obtain rain by the so-called scientific ;methods. . , 

r 

Every one know _that we can ana commonly do greatly modify, hy 
ar~ifi.cial means, the state of that portion of the atmosphere which directly' 
effects our bodies. 'Ve lh, e i11o houses artificially heated or cooled, produce a 
comforting artificial breeze by means of an electric fan ; and otherwise modify . 
our' per~onal ' weather LO taste instead of t~~king it as provided by Nature. 
'Ve coverour vines, tomato and other d_elicate plants to keep off the killing 
fro~t and heat· orange groves and apple orchards to save the fruit. . · 

' ' 
'Ve even sprinkle our ]a)Vns with artificial rain through :fine sho:wer. i . 

But .w~~n the average man reads in the m.wspaper with keen inte~est. the: 
pos.c:~1b1hty of artificial rainfall, he does not.have thes~ small scale measutes in) 
his mind. Be visualises the production of an ordinary ~how.~ Qf average.-· 
ext~nt and duxa.tion. , . · · 

M21CBI 
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The various earlier attempts made under the advice and gu1.dance of men 
of science are admirably summed up by W. J. Humphreys in his book," Rain 
Making and other \Veai:her Vagaries ", published in the United States of 

--America, in 1926. A brief account o~ these earlier methods would undoubtedly 
interest the reader. Theee attempts are described under various sub-heads. 

Even many centuries ago Pl_utarch beEeved that generally a big battle 
was soon followed by rain. The explanation was found in the noise of the battle, 
the clash of the sword and the shieJd. and the shrieks of the wounded. Later 
these rains JVere attributed to the still louder noises of the modem battle-field, 
the rattle of the musket, and the roar of .the cannon. This notion that noise 
could induce condensation became so popular that the United States Congress 
as far back as 1891 appropriated S 9,000 for experiments in rain-making. Some 
preliminary trials were made near Washington, but most of the work was done 
in Texas under the direction of "General Robert Dyrenforth" as "Special 
Agent " .of the Department of Agriculture. Dynamite and hydrogen-oxygen 
filled balloons made the noise and a little rain did fall, but according to the 
meteorologist, only that which was already on the map and due to fall in the 
regular and undisturbed course of the weather. 

In 1911 and 1912 C. W. Post tried his luck at shaking rain from the skiet1• 

On one occasion, after a bombing scene near Battle Greek, Michigan, a shower 
occurred that immediately was heralded as incontestable proof that rain could 
be had from the clouds by merely jarring them with a little dynamite. But 
those who joyously made these claims overlooked the fact that on t}lat day 
ra~ f(}ll all the way from the Pacific Ocean to the <,ireat Lakes and beyond. 

' . 
Another bit of supposed evidence, urged by some people in support of the 

Idea that a racket induces precipitation was the alleged extra wetness in America 
on the Fourth of July. However an examination of the records from more 
than 150 stations widely scattered over the United States, each covering a 
period of 10 to 40 years, shows th11t, for the country as a whole and the average, 
the Fourth of July was not during the years of noisy celebrations, either wetter 
or drier than other neighbouring days . .. 

The advocate of the noise theory has sometimes argued that the compression 
of the air, incidental to the passage of loud sound, must drive t~e cl~ud 
particl~s or even molecules of water so close together as t9 fo:ce thel!' umon 
mto ram drops. As a matter of fact however this compressiOn durmg tho 
• ' ' f Instant, it lasts, always occurs adiabatically i.e., without gain of heat rom or 
l~ss of hea:t to, outside objects, and. thereby so raises the .temperature of ~he 
au as to Increase and not to decrE'.ase its vapour capae1ty. The followmg 
ra:refaction momentarily. d~reases the vapour capacity. But both these 
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effects, compression and rarefaction, are amazino-Iy small*, say one part in a 
thousand for even a deafening roar. , 

0 
• 

Okemicals 

Zin_c in open. pots of dilute sulphuric· acid was honestly proposed, and faith
fully tried, as a rain-making scheme at Broken Hill, AustraTia, during the 
disastrous draught of 1903. It was argued that the hydrogen gas thus 
gene:ated, being- lighter than the air, would rise, and in so.doing set up a 
vertical whirl and thereby induce precipitation. 

There are several weak links in this chain of reasoning. T~e most important 
only need be mentioned. For any practical equipment and cost, the 
stream of gas thus generated hardly could exceed one thousctnd cubic feet per 
minute. But to give an appreciable rain many cubic miles of air must somehow 
~e forced to yield a considerable portion of their ·moisture. ·Hence, presumably, 
if we are to get much of a rain by the mechanical action· of the rising hydrogen, 
we should need.atleast one cubic mile of it. But at the apove great rate of 
delivery i.e., one thousand cubic feet per minute, it would take 280 years to 
get the cubic mile. · 

Upwa:rd dejlec#ng pla~ 

The familiar facts that more rain falls on the windward than on the 
leeward side of a mountain, and that up to considerable elevations the amount 
of this precipitation increases with height, have led many people to suggest 
that we ~ght get rain by erecting some huge device to act on the air just as 
a ~~mntmn does. This plan for increasing the local precipitation, though 
lo~wall:y sound would be impracticable. Even a ridge 100 miles !ong and o:r:e 
m1le h1gh about the smallest structure that would be effective· ~s a ram 

~producer, !"ould require for its building say fifty billion car loads of rock and 
earth. A smgle train ·of freight cars carrying this load would girdle the earth 
about 25,000 time~, · 

. ')' 

F Mood vertica4 convection 

~ so~t>n. a<s Espy had shown the great importance of convection in the 
!ormat11·Jn of clouds and precipitation (First announced in 1830 ~nd _later 
Jn~lucl_.ed in his 'Philosophy of Storms', published in 1841) the- c practical"' 
raJ'" .o~tna.ker saw clearly his way to immediate success. All that was necessary 
t A ijo, if one would have rain, was to drive the air upward by some sont of & 

-------------------------------------------------------
*The proof of this is easy. Since the compression and rarefaction in sound occur 

lfl,dia.batica.lly, the condition of the,air as the sound passes, is given by the equation-
pvl.& =- a constant. -

;in which pis the pressure, v the volume per unit mass, and 1·4 the ratio of the specific heat of 
the ail' a.t consta-nt pressure to its specific hea.t at constant volume. Hence for small cha.nges 
\. AP 1·4Av , ,. 

---= 1' f) • • 

·But Wegelhaa shown that a change ofp equal t~ one pa.rtin a thousa.ndof~. prov_ided'J, asl:D. 
the present case is approximately atmospheric pressure, is al::tout the~\ of a~dible loudn._esa 
belong which one's ear is only pained. The change oft, therefore, or oftta reo1prooa.l densttr 
iB the C&lt Of the loudest. ~0\Ul.d, hardly is more than ~ne part in & thousand U stated. 

' -. 'I .. 

l ~ ·~~~~-~· 
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blowing devic~. Sttch a scheme was even patented · One scheme contemplated 
a giant .. tube, some 1,500 feet high to guide the air. To get rain, air waa 
to be olOWJ} up this tube. A modified form of this suggestion was to get- the 
necessary vertical convection by placing a .Jot of aeroplanes in a. circle, wings 
off for closeness sake, noses down like a. ring of musk oxen on defence, and tails 
up and while anchored in this position, running all propellers at top speed. 

· The principle on which this rain-making device is ~ased is perfectly sound. 
The trouble is with the engineering and economic phases of the problem~ .It 
can be shown that the power required to cause hail an inch of rain over an ar~s 
about_60 square miles is of the order of 75 million horsepower in an hour. 

Fire:; 

Some people have insisted that the needed rain might be obtained by firing 
dry cane brakes, forest slashings, or other combustible material. Even the 
-noted meteorologist Espy proposed this method of staning precipitation about 
1840. However, it has never been put into practice. By simple calculations 
it can be shown that to get condensation equivalent in amount to half an incll 
of rain over one square mile about 1,100,000 gallons of oil or 6,400 tons of coal 
would have to be burnt. Obviously the trouble and the cost of this scheme 
to say nothing of the injury to the area burnt over will prevent its commerdaJ 
use as. a m~a~ of inducing precipitation. 

Ooul barriera 

Many an inventive genius on seeing the abundant sweating of the icc 
pitc~er has shouted his Eureka. Obviously he reasoned and correctly that to 
.obtain~ any desired amount of water for irrigation or other purposes, we need 
only find a place where humid air drifts by and thert' face the wind with n 
screen of pipes through which is continuously circulated a cooling brine or othet 
refrjgerative agent. Here again, though the scheme is amazingly simple and 
thoroughly sound in prii: .. ciple, the engineer and the economist get into trouble. 

If the air were warm and saturated, by the application of principles of 
physics, it can be shown from the heat of fusion of ice, the heat of vaporization 
of water and specific heat of air, that at best we could obtain only one to .. 1 of 
condensed vapour per eight tons of ice melted. Hence, if luckily we.could 

· manufacture this ice at a bout three ann as per 100 poundfl, then after t.he 
neceRFary inst~J.llation was set up and in operation, the further ~ost of getting 
water from the air might not, under very favoura~le circumstances, greatly 
exceed RE:. 3,000 per acre-inch. Even this minimum cost will not appeal to the 
irrigation f~xmer in India who needs 10 to 50 inches of water per year, and for 
the whole of which he now is accustomed to pay only about mJ ees three 
t& ten per acre and that also ouly if his crop matures. Actually the situation 
during a severe drought would be even worse as much more air would have to 
~e cooled au~ -genera~1y from a hisher temperature tha.u bas beell assumed 
m the above ea.lcu1anons. -

• ~ 'I - --~ -~ . 
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· . .Jk~.~ ~showed in 1830 'tlia.t the presence of condensation n~clf .~uch .ail 

ordinary dust plrticJes is an essential condition to the pro:lltJtlOn of ram •. 
·When such p.uticles are present to the ext~nt of hundreds or thou~an~ per 
cubin inch, cloud imm'3diateJy forms as s9on as the other essential con.ditions 
are attained; but in their absence cloud does not form until the humidtty has 
been pushed to at least a fourfold supersaturation-a condition unknown in the 
free a.tmo3pher~. . - -

This discovery of Aitken's gave a fresh line of action to the rain-maker. He' 
argued "if you want. rain, just carry up a load of dust-with an aeroplane and 
powder the face of tho sky with it ". This method, however, has been tried but 
jt did not meet with any success. . 

It. was further suggested that some sort of hydroscopic dust or s.Jray might 
be u~ed;. ·Even if tha moisture should be brought down by some such substance 
it would not in g311era1, be available for plant use. Besides, granting a tenfold 
d;Jution by weight, probably much in excess ofthe amountrusually ob~ainab]e; 
to get an ere-inch of wat3r, one would have to sprinkle out more than eleven} 
~.ons qf.the substance used, a quantity prohibitive in initial·cost, pro~ibitive 
in cost of a ~roplane spreading, and prohibitive because ·of likely injury to 
vegetation and soil. 

Electrically cltarging or dischargi11g ·the free air 

Another scheme pU.t out as a sure means for obtaining rain at w~U was that, 
of elccfrifybg the free air at abqut the level of the lower clouds. Others have 
!uggested exactly the opposite process namely disch 1rging not. c~arging it, 
a! a sure means of getting rain. 

· Neither plan, however, has anything to recommend it. Lightning as is. 
well known is a product and not the ..cause of the th1mder storm. . Neither, so_ 
~ar a~ yet d~te~ted, is precipitation altered, either in quantity or frequency, in 
the neighbourhood of meteorological kite stations. .· _ 

$ prinkling , clouds with electrified sand 
· . An "other view suggested was the sprinkling of electrified sand from an 

aeroplane. To make succe3s doubly sure it has: been proposed that scout,, . 
broadcasting cloud forming chemicals, precede the sand man who then prompt]yr 
prAcipitates the clouds thus formed into ·the thirsting earth beneath'. .But 
before puttmg this wonderful scheme into effect one,needs to' find the" mnoCllou.i -, 
cloud producing chemical. For the present, therefore, since it ~s impossible for 
the sco_u~ yet to perform his part of the team work, we must regard this scheme 
as a VISIOn. 

Sprinkling from Aeroplanes . . 
Among the many who have devised schemes for producing rain there are~ 

few who instead of trying to be brilliantly ori.ginal endeavour to play comfortably 
safe •. These- seem-to- have got their_ inspiration fro~ the time-honour~a 
sprinkling can or municipal cart.·_ Th~y propose flying over parched fields 
and abundantly spraying them· as they go from a suitable water tank either 
~rma.nently built into tbG plane _o~ just· taken aboard f~ the special occasion. 
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Of course this p1&n would 811~~ ~xperimentaUy .. Commercially, how
ever, it would be prohloitively expeilSlveJD.a.ny times over, for, in addition to 
the considerable amount evaporated while falling through dry air to get the 
familiar acre-inch of'~ rain", one would have to take up for sprinkung out 
113 tons of water-a prohloitively expensive job. 

RECENT SUCCESSFUL EXPERIMENTS IN AMERICA AND AUSTRAIJA 

The fact that the amount of water vapour that can exist without.· 
condensation in a given column rapidly decreases with decrease of temperature 
led some scientists as early 1925 to argue that to get rain just take· some ice 
up in a balloon and cool the free air. Even the use of liquid carbon-dioxide 
was suggested for the purpose. 

It was, however, then thought that the air thus cooled would become 
correspondingly denser and would sink .to lower levels where it would come to 
rest at a higher temperature. It was felt by those in authority that indeed a 
small cloud may thus be. pulled down, warmed by compression and then 
evaporated. · 

The theory tha\ rain formation is due primarily to the transfer of water 
from droplets of small ice particles in the same cloud is one of the new ideas which 
have been contributed by the Norwegian school of Meteorologists. · 

T. Bergeron(1)1 who in 1933 put forward the theory of rain formation 
through ice particles w~s closely associated with Bjerknes, father and son, in 
this earlier work. His contribution about rain was based on .straightforward , 
laboratory physics. 

Natural cumulus clouds at temperatures above 1 3°0 often contain only 
· super-cooled water drops and no ice crystal. If a method could be discovered 

of planting crystal ' germs ' in these clouds, the crystals would grow into 
larger snow-flakes at the expense of water drops and eventually fall as rain or 
mow~ 

Schaeffer carried out experiments in 1946 at Schenectady (U.S.A.) and was 
successful in artificjally producing ice crystals in the laboratory by the sudden 
cooling of moist air( 2 ). These experime~ts suggested a possible method of plant· 
ing ice panicles in natural clouds. Later Langmuir and Schaeffer succeeded 
in stimulating the precipitation of snow from supercooled clouds by dropping 

. . ' ~Y. ice ' 'pellets into them from aircraft. , 

~ , The . Australian experiments further confirm the abo~e theory. These 
experiments were made by two scientists E.B. Kraus and P. Squires working 
in the Radio-physics Division of Australian Council for Scientific and 
Industrial Research. This Division has its central laboratory situated in tb~ 
grounds of the University of Sydney and experiments were -performed near the 
City(3). . .. ' ' . ~ 

(1) Science-Today Vol. No. 48 September, 1947. 
(

1
) Science. News letter, Washington (November .23,. 1946)! . 

( 1 ) Na.iur~ 'Vol~m~ 159 pa.ge 489, April12, 194.'1 •. 
-!- . • 

. - ' 
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Out of eight different clouds treated, radar observations indicated rain 
formation inside the cloud on six occasions and on four of theae, heavy rain 
was observed visually to reach the ground. .. ' 

The most spectacular result'4 were obtained on February 5, 1947. On 
that df'.y equatorial air was flowing slowly over the east ~oast of Australia. from 
a . ~en erally north-easterly direction. The coastal plain and Pacific were 
cloudlfJSS, while the inland areas of eastern New South Wales were covered by a 
cumullls cloud: The cloud base was at 11,000 feet, the freezing level at 18,000 
feet, and the top of the cloud3 uniformly at 23,000 feet . . 

~ 

At 13·45 hour, 100 fb. of granulated carbondioxide was dropped into a. 
cfoud, the top of which was slightly below the general level. After five minut~s 
no visual results were observed. The aircraft flew on and another test was 
carried out about twenty miles to the south-west. At 13·56 hours 150 lb. of 
dry ice was dropped into a second cloud. The air-craft circled and in less than 
five minutes rain echoes from within the cloud were recorded on the aircraft's 
radar equipment. After the release of further 150 lb. of ·dry ice, the echoes 
grew in intensity and twenty one minutes after the cloud was first infected . 
an oblique view was obtained which showed heavy rain coming from the base of 
the cloud. Forty-five minutes later, the aircraft descended to 8,000 feet, well 
below the cloud base, and a pillar of rain covering at least twenty square miles 
was then seen to reach the ground. Afterwards the farmers confirmed the 
occurrence of an isolated rain storm. No other rain was detected within 100 
miles of the aircraft. 

-
So far in most of the Australian experiments, dry ice has been used. A 

preliminary test was made using a liquid precipitating agent but further -work 
ort this has been held in abeyance· till more detailed information as to the 
physics of the method of operation of dry ice has been obtained •. 

The most important point to be noted in these experiments is that the 
experiments were confined to clouds which were' marginal' in the sense that 
their tops wer<> nearly but not quite high enough to give natural rain. The-. 
clouds treated in t'hese experiments were unstable. The freezing level was •. 
,'ltated to he J 8,000 feet and the top of the cloud to be 5,000 feet, higher. They 
must, therefore, have been ready to be' triggered off'. 

I 

Technique and limitations of Australian experiments , . 
A brief summary of the technique of the Australian experiments was

kindly supplied by Mr. E. G. Bowen, Chief of the Diyision of Radio-physics 
of the Council for Scientific and Industrial Research in his reply in November, 
1947. This may be. useful for the benefit of the would-be-experimenters in 
India ·and is reproduced with acknowledgements to Mr. Bowen:-, 

" ( i) Preliminary treatment of dry ice 
' . 

This is obtained from local indu!ltrial sources and crushed before use. t.o 
about 1/4 jnch mesh-We are able to obtain the u~e of a Sturteval;lt 
coal s~mple~ an~ crushi~g machine for this. The resulting product 
co~tams a w1de. range of ::nzes from 1/4 inch downwards with perhaPI 
10% of powder. · 
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., (i~) Method of Discharge from aircraft . 
The peUets ar; discharged by allowing them to fall through a chUte i~ 

the floor of the aircraft, in our case a B-24.. The dry ice is fed in 
by hand from bags each carrying approxi:rr_1ately 25 pound~ and 
the rate at which it is dispensed need not exceed 100 pound p~r 
minute. So far we have no informa.tion to define the minimnm 
rate necessary to produce useful rain. It might very well be lf': s 
than this figure. 

(iii). Quantity pj dry 1'ce used . . 
In. most of o:ur successful experiments we have used 100-200 pound~ 

of dry ice per cloud. Langmuir has stated that there may be 
c;Ianger of overseeding witJ• such quantities and that 10 or 20 
pounds would produce a better result. 'V e see no reason for his 
holding this veiw and suspect that he is wrong. 

(iv) Temperature limits 
"\v~ usually drop the dry ice into well developed cwnuli the top o£ which 

' .. are at a temperature between --- 8°C and l0°C. The process will 
work over a wider ranga of temperatures but theRe appear to b('! 
the optimum. "\Ve have no data on the actual limits but once 
·made a drop at 2() which failed to work. At the lower end of 

· the temperature scale; there is probably not much point infecting 
clouds at temperature.s below--13° or- l5°C becaus~ rain is Jjk~ly 

,·to fall from them in ·any rase. 
' . (v) Obse;·vations - . ... 
' c ~Ve have found that the best m~thod of observing the initial formati.Jn 

antl growth of rain within the cloud is by radar in the aircraft an~ 
·on the ground. On a few occasiong on wliich w~ have been able t'J 
make direct observations of the rain coming from the base of thE> 
infected cloud, it has usually amounted to about l inch over a 
hundred square miles. In addition to this, there are strong chances of 
a genera~ deterioration taking place in the direction of the upper 
wind." -. 

VALUE OF EXPERIMElt"TS TO INDIA 

r · · The South "\Vest Monsoon gives India 95 per cent. of it~ rain. If the t'Jtal 
:rainfa~should be spre~J.d equally over the whole.c9untry, there would be no 
,famine -in any part of India. Yet there are large tracts in Orissa, Rajputana 
and the Punjab which are very frequently visite_d by fa~e. 

. -

Thankd to the solar energy which is so active along the long coast of India, 
there is always enough vapour present in the lower atmosphere. The problem 

'as previously stated is how- "to divert this vapour-1aden'airto famin~ stricken 
.:tracts and make it drop it~ rontents by Pome m~tliod,_ which would be 

""~~conomically feasible. Here is an oppo.rtUllity for_the' ep,gineer, the scientist 
;.and the meteorologist to pool their knowledge in the service of the common man 
·to remove poverty and disease.· Sir C. V. Raman in his presidential address 
·over the 13th session of the India:o Academy of Sciences, pointed out that not 
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only in Orissa. but in every part of India, the gaunt figure of fa.min~ was noticed. 
It was the duty of the scientists to 1ian1sh famine. _'J_'he best way ~n. '!hie~ this 
could be achieved i$ to investigate how rainfall could be. equalizeq.. over tq.e 
sub-continent of India~ 

Very little reliable information is available at present regarding , the 
frequency with which un ~table cloud conditions exist over the famin 3 stricken 
tr~cts in India. During the South-'Vest Monsoon, there are Jarge masse~ of 
cloudq extending to great' heights and it is believed that a good many of thes~ 
·~loud~ extend vertically above the freezing point and will thus be suitable for 
·treatment with dry ice. The first step obviou~ly. in the progr.amme of these 
experiruents should be to coJieet reliable data on the heighta of c.;lou~ and 
temperature structure in and· around the cloudCJ. -• 

; In addition to the exp3riments of tryil?.g to bring down rain by injec~ng 
dry ice into the marginal clou:h, the other aspect of the problem which tho~gh 
t'f}Ua Uy important has not be~_u investigated" so fttr, is the possibility of altering. 
the path of s~asonal winds by setting up local convection currents in a manner 
s., as to d_ivert them towl\rd!J defici~ are~s. It .hlls been suggested by 1t1t. 
Hha.ram Sheel of the Central Waterwavs, Irrigation and Navigation Co:riunissiou 
that such convection currents may h~ ;et up by lighting fires on tbe tQP ofhillocJ(~ 
of suitable bf'ights and properly spaced so that they are capable· of provid· 
iug a temperature gradient in the path.of seasonal winds. Considering that 
tho ruon~oons depend upon the principle that they always blow from. pJaces. 
which have greater barom~trie pres.~ure to plact>s where it is less and that win9 

"'pressure gradient; in·ita tum, dep~nd~ upon the rato of heating and C(i)oli~g, 
1\fr. Dharam Sheel's sug~e.,tion de:serves to be trierl out experimentally. H_e 
has further· suggested :·that it may be_, possible to. correlate this with 
deforestation and afforestation programme. · · · 

The study involves availability of aircraft capable of flying to heights of 
25,000 feet. By. their very ni~ure the e~eriments are bound to be expensive. 
But this expen~e will be amply repaid, if India can make its contribution to this 

3mp3rtant huma.nit~rian pToblem. The Rajputana States would be directly 
ben~fited. The qovern~ent- of India and t~e Rajputana· States should 
'contribute liberally to these experiments. In addition rich business commtinity 
ofthe Rajputana State~ should ~me forward· M that the programme o.f 
experiments is. not. held for want of funds. . . . .. . -· . 

. . 

. The experiments should' obviously be planned· aad e.xecuted by th• 
::Meteorological Department of the. Government of India. 

ARTIFICIAL ~RAiNFALL IN ANCIENT INDIA : 

-I have been informed that references ·exist in Rig Veda and-Shat.-Path 
B~ahmin !egarding artificial rainfall. It is somewhat. difficult to correctly 

-a-;ses§ the srientific value of poetic versions of natural phenomena, found in o~r 
t.ancient literature. Sanskrit research scholars and San' krit Univ~rsities -will 
, J?e rendetlng__~ great seivice· to this cause it they can d!g out r_su~:h. inf9~~tion 
~ fiom-=-thb:a.n~ient literature· which may throw some .light OJl th_!l · tecl;mig:t;te 
:adopted by our :ancieilt- anceston . for &ritually stimulating or ·controllil)g 
·raiPfall. · · ' · 
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Eveq though at present the possibilities of -producing ~rtificial rainfall 
for the benefit of the agriculturist, in thtt near future appear to be remote, I 
do not share the view of those pessimi.~ts, who would advise a. " standstill" 
policy. 

Thr worM i~ moving forward inspite of the pessimists. People who died 
50 years ago, if they could be brought to life, would gasp in wonder at the 
marvels of achievement wrought by the genius of man. Twenty yea1;_s ago, who . 
could dream of a plane carrying a group of passengers aoross the Atlantic Ocean 
to Europe,- smoothly, comfortably and safely in less than two days-and yet 
it has bee~ done. Already t.h~ Pacific has been masteted with planes. 

~ ., " .. 

Even a few year;; ago, who could predict the birth of atomic energy-a 
pc5wer, limitless in quantity, tramportable to every region of the world and 
available for every need of mankind. In the words of Dr. Smythe, " with this 

'hew Promethean gift, we can create conditions of paradise for every person 
on tffis globe on a scale undreamt of hy seers and sages~'. The application of 
this power may solve the problem of artificial rain. India has very bright 
prospect ~or the .development of atomic energy, as she bas large reserves of 
thorium ~nd uranium. 

The 'Vorld of Tomorrow is going to he a very different kind of a world than 
the one with which we !lave been associating ourselves fqr so long a time. We 
might as well make up. our minds to contribute our little bit to achieve thili 
N~we~ World; the hope that it would he a happier one-one free from hate and' 
greed and wasteful wars. No single factor would go a. greater way to achieve 
such a World than even a halting measure of succ~s~s in producing " Mau Made 
Rain". · 

DISCUSSION BY THE RESEARCH COMMITTEE .. _ -
RA~ BAHADUR KANWAR SAIN introduced item (1) and ~aid that at the last 

Board meeting it was resolved that India Meteorological Department be 
requested to organise experiments in artificial rainfall. Cloud control surely was 
a subject worthy of study and consider~tion. R..u BAHAri~ KANwAR SAlN said 
that he did not know exactly what progress had been made by the Meteorolo
gical.Department but he ~tudiei! the literature that was available. He took 
considerable interest in studying_what had been done so far and tried in this 
paper to show the v&.rious methods _a~?pted.. He had tried to describe them 
from a scientific point of view as far as he coUld and he' 1:ad tried to show that 
from a scientific point of view these methods seemed. to hold out no practical 
hope of artificial rainfall. Recently in America, Russia and Australia some 
successful experiments had been made. He got into correspondence with 
the experimenters in Australia and by correspondence he found the limitat:on 
of these. These experiments were con:fin3d to m¥ginal clou3s, which were 
at a· height of 18,~00 to 20,COO fee.t. ·_ The tops of the~ clou·ls we~e neatly 

~but not quite high enongb, to give natural rain. The clou Is tuced in these 
·axperiinents were unstable. The freezing level.was stated to be 18,000 feet and 



m 
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the top of the clouds to be IS,OOO feet higher they must, therefore, have been 
ready to be triggered Off. The airctaft dropped 100 of granulated 
carbondioxide into a cloud, the top of which was slightly below the g.enera) 
level. No visual result:; were observed. The aircraft dropped 100 tfis of dry 
ice into a second cloud. After a release of further 150 tbs. of dry ice th~ 
echoes within the clouds grew in inten~ity and 21 m=nutes after the cloud was 
first injected, heavy rain coming from the ba~e of the cloud wa~: recorded. · 
45 minutes later a pillar or rain coverjng at least 20 square miles was then 
seen to reach the ground. No ot11er rain was detected within' 100 miles of 
the aircraft. It was -planned by some experimenters that w:th 15 fOllars 
worth you can bring down an inch of rain. In R.B, KANWAR SAIN's opinions 
tbis gave a very' good start to the further exreriments in tl1is connection. 

,, . 
Continuing he said that the. Bikaner Government was keen to st~rt some 

experiments. He suggested that the Meteorological Department might take 
up these experiments in the Bikaner State. The Meteorological Depart:inen~ 
would be given all the facilities and he assured them that there would b& no 
suits for damages. He suggested to the Board to recommend ~·the ~et~oro .. _ 
.logical Department that they should start these experiments. : : · 

-The Chairman next called upon DR. L·.A.- Ram cas to speak. Dr. RAMDAS 
said that the subject was a very live one. There was the qu~stion wheth~r 
clouds could be induced to part wit4 moisture. 

. . ' 

DR. RAMDAS then read out the following extracts fr~m . :M:r: A. K. Roy's 
report on the Australian experiments which stated the present position quite 
clearly. , , 

". : . ......... the views of the present workers in Australia seem to be 
that, while the experiments so far made have now definitely established the 
fact that it is possible to produce rain from growing clouds· under certain 
favourable conditions, by planting ice crystal 'germs' by discharge ,of suitable 
seeding agents in the cloud, the experiments so far made have not yet reached 
the stage when one can hold out the hope of practical application of the results 
in solving the problems of scarcity of rain in & particular area. For, apart from 
the fact that we have to depend on Nature for development of cloud of the 
appropriate depth and height, it is necessary that we should be ready with our 
experimental arrangements at the time when such clouds happen to develoP: 
over the area, and should complete t.he experiment while conditions continue 
favourable for development of the cloud ". 

DR. RAMDAS said that every encouragement should be given to the scientific 
work both in the laboratory and in the open field, but the time has not yet 
arrived for propaganda and demonstration experiments which may hold out 
hope to the public prematurely. He said that the deputation of MR. A. K. RoY 
to Australia to study, amongst other matters, experiments on rain-making in 
pr~gres.s in that continent, may perhaps be t:egarded as a preliminary step 
alieady taken by the India -Meteorological Department, which would also 
,vroba'Qly cqn~i~er, in the. ne~r futw;e, the qu~stion of ·making_ similar trials 
at a. ~ew cent~es in India, purely as preliminary scientific research •. 
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' 'ba: RAMD~s p~int~d ;o'ut tlt~i )~o~t oi~th~''e~pe~~ent~: ~so 't~r- Iiu.ae i~ ~ 
oth~r countries, 'are confined to fair weather cu nul us or cumulo nimbus associated 
with~ developing t1iundet:storms. These. are high1y localise<\ .in nature~ On 
the. oth.er "hancl, -the SJV. monsoon, 'perhaps-the most brge-scale phenomenon 
of its type is on too big a scale to be a-fi'ected by any small scale experiment3 or 
this nature. ~0 far as is known, theonlj" &6ent which brings about an equitable 
di~tribution o£ the zponsoon rainfall, particularlv in North and c~ntral 
India j~ tbe -series of monsoon depression which m~ve across the country, at 
inte,:valS, from the head of the Bay toward~ N. V·l'. Inclia. lt is no exaggeration 
to say that in a year in~ which these depressions are few: or_ absent, monsoon 
precipitation woultl tend to concentrate along the WesternG.J.ats and in and 
a:ound tb.e Himalayan anf! other ranges inN. E. India. R3infall in t\e Indo
<"zhng~ ic plain, Rajputana, Central parts of the count:'y, Gujrat, en, is entirely 
~.ependent on the frequency anti intensity o£ tb.e m'Jnsoo_n depressiom. No 
artific.r 1 experiments can even hope to achieve what a dep:-~sion does to the 
mori.soon rainfall 
l . . 

With regard to references to ancient literature, D~~. RA~lDA.S informed the 
Committee that the India Met3o:ologicrLl Departm 1nt ha 1 recantly t lken up 
\ho problem of trying to discover the t:uth tlnt m; i t lie hid• len bahind the 
sayings, aphorisms, folk-lure, etc., which have accumulated inourcount:y. The 
Director General of Observatories had recently appointed a Folk-lore C.Jmmitt3a 
which is ~ngaged in the task of examining eve7 one of the aphorism3 that ha~ e 
been collected irom all parts of India, selectmg t.!t.o3e which ~old out som~ 
promise of forecasting value and weeding ouc those which have no refe~ence3 to 
.meteo::-ology as such. ~he idea. is ultim~tely to subject th.e selecterl ones ro 
critical scientific tests with ~ vi~w to .rejecting those w~1ic\ are false and 
retaining t~ose which are t,.;ue. D.r. RA~IDA.3 m~ntioned t\&.t this would 
m\·olve a collossal amoUilt of work.· · 

·-' MR. P. R. A~UJA raised. the question whether Atom Bomb explosiom 
i·ould have any e-.1ect on weathe:. D&. RAMDAS state·l f1at, in his opini.:m, 
ther~will ndt.be any significant effects. 

,.-.f I ¥ ' ~ • .J 

:: ,·, With reference. to RAI BAHADUP. KANWAR SAtN's gene:-oU3 off~r ufhel 'of 
Bikaner, D.R. RAMD.A:S promised to pommunicate thi.i ofFer of co·operation to the 
Director General of Observatories"'· · - : . · 

~'- - .. ... ~ -.. - .. .. 

MR. P.R. Au-i'JJA asked if the ~el{te~sion could be-a.;tribute<l to the question 
of &.tomic bomb because thali haq- an effect. Depres_sions were n:> doubt 
ol5t&inea arter the atomfc' bo:nb: . . J > -

' . 
~~ ..... - ' } ... ~ 

.,:..; ~ J?~~ L:'A. RA?.!DA( sai!i the depre'ssio:ns he me~nt. ht.fl nothing to do with 
the atom bomb. 

- I - "• I _.. ~ 

~-~ ··;filE P.aESIDENT said that _the_ general fe~ling 'Inoa; workt~rs :n thi~_ fielt-1 
~as· t~at :r..rti5cial r in~all ;would 1em1iii ·n t\e. aatura o.~ local exper1~ent~ 

j\1 l' no ):nore: · It would b'e too nlUc \ 1o- ext:ect, that ·artificial- rain could- be 
oblamed. on a big sca1e. aiin that the -iiiohs~n~ could be diverted. Further 
reseaxeh should, ho~ver, be dire~tel t• this problem. -



AltTIFICIAL RAINFALL 

DISCUSSION BY THE EO.ABJ) 

THE SEcRETARY described the work done at the Research Commitee 
tooeting. 

DR. S. K. BANERJI said that this subject was discussed at a considerable 
length at a recent meeting of the International Union for Geodesy a~d Geophy· 
sics. It was rrcognised that under certain conditions it was easy to stimulate 
artifiica] rainfall but exactly what could be got of it was still to b3 determined. 
He read out a g· neral summary* that had been prepared from the analys;s of 
many expt:riments that had been already mad~ in different countries. 

RAI BAHADUR A. R. VENKATAC HARY enquired if it was not possible to 
send cubondioxide in a balloon. 

DR. 8. K. BANERJI said that it was possible to send some carb~n di~xide 
in a balloon but it was net sure if the balloon would stick to the track and so it 
would not be po:;sible to decide on the effect of it. 1\Ioreover, it would on]y be 
like a laboratory experim~nt. .. 

MR. N. P. GUR.TAR asked if it was possible to have this in any season_ in 
the year. . . 

DR. s: K. BANER.TI replied that one would naturally like to do the expe· 
riment over an area deficient in rain. 

RAt BAHAnUR C. L. HANDA asked if one could also ward it off when the-
rain was not needed. · 

Dn. S. K. BANERJI said that in U.S.A. they altered the cycle oi the cyclone 
by sending it in a wrong direction. , , 

Continuing DR. llANERJI said that even fine powdere~ dust had been 
found quite good for rreating artificial rain. 

' 

DR. J. I\. MALHOTRA remarked whet.ber'Eome sort of electric discharge 
t onJd r_ot be sent out. What he meant to suggest was whether the formation 
CJf rain ll'Gcl('i in the clouds could not be stimulated in this ;manner. 

1 .. 
' ,, 

Da. S. K. BANERJI said that that had riot been tried. 

Tnv. Pr;r.~ll"Hf.NT thanked Lr. Banerji for the valuable information sup}>lied 
h\ him. · • 

. ..... -.............. -·---

·-·----------------------------------------·-------------
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1 B. Flow in Rivers and Canals 
PRELIMINARY NOTE 

'This subject was placed on the agenda of the 1940 meeting of the Research 
Committee, with the object of examining data and determ!ning the most suita· 
ble general flow formulae for rivers and canals. Other aspects w:hich have 
re~~ived attention under this head are back.water curves and the correlation 
of river gauges. .. . · · 

In 1945 the subjec}t was divided into following sub·heads :
(i) ~Flow in' channels with rigid and quas~-rigid boundaries, 
( ::i) Flow in channels in iJ;lcoherent and coherent alluvium, ·with 

reference to the design. and mechamsm of flow. 

(i) FLOW IN CHANNELS WITH RIOlO AND QUASI-RIOlO 
BOUNDARIES 

PRELIMINARY NOl'E. 
The following item was discussed at the 1947 meeting of the Research 

Co.:nmittee :-
(1) Stilling of whirlpool in Kondepudi gorge of the Godavary river. 
Recent Literature · ' ' 
(1) Hickox, G. H. Peterka, A. J. and Elder, R. A. ·:-Friction co·._ 

efficient i~ a large tunnel. Proceedings of • .o\.merican Society of 
Civil Engineers, Vol. 73, No. 4, Aprill947. . / · 

(2) Commons, G. G. and Griffith, L. B. :-Variable flow in level channels 
; Solved .by simple char£':"' Engineering News Record, Vol. 137, No. 

14, October 3, 1946. 
THE YEAR'S WORK 

DISCUSSION BY THE RESEARCH COMMITTEE 
There was no contribution under this sub-head and no discussion. 
It was decided that the subject should remaili on the Agenda. -

DISCUSSION BY THE BOARD 
There was no discussion. 

(ii) FLOW IN CHANNELS IN INCOHERENT AND COHERENT 
ALLUVIUM -

PRELIMINARY NOTE 
The following items were discussed at the 1947 meeting of the 

R3~arch Committee :-
(1) Design of channels in the Mor Project. -
(2) Formula for velocity afthe Chas Road Bridge site on theDamoda:r. 

. (3) Relation between ai:tierent discharge elements , for the rivP~ 
Brahmaputra atJogigopa: · 

(4) Rate of Rand attrition in channels. 
(5) Analysis of hydraulic data from selected discharge sites along 

the b9,rrage cana!s during 1946. 
H2l®I ~9 
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Recent Literature 
(i) Blench, T. Lt. Col.-Theorie de· lecoulement turbulent (Thecry 

of turbulent flow). La Houilla Blanche, Vol. 2, No. 3, May 1946. 
(2) Sneddon, R:-Investigation of factors that affect fluid flow in 

poro~s ~edia. Pages from the, Petroleum Engineer, January 1946. 
, (8) Lacey, G.-A general theory of flow in alluVium. Journal of Institu

tion of Civil Engineers, November 1946. · 

THE YEAR'S WORK 
I 

The following item was discussed at 194:8 ReC~earch Committee Meeting :-
(1) Estimation of silt particle size from settling velocity. 

(1) ESTIMATION OF SILT PARTICLE SlZF. FROM S~TTLING VELOCITY (1) 

The estimation of the sizes of the particles constituting the canal and river ' 
sediments is of great use in problems .relating to (a) scour below works; (b) 8ilf 
exclusion and extraction, and (c) the design c.f stable irrigation channels. 

'The methods employed for this estimation include :-(1) Mechanical ana
lysis of a sample ]>y graduated sieves into fractions of different size-ranges, 
and (2) further detailed analysis of the fraction lying approx:iinately within the 
limits, 0·06 to 0·60 millimetres, by means of a siltometer. :Most of the bed 
silts of the Punjab canal systems lie entirely within this range and can, there
fore, be analysed by a siltometer without recourse to sieves. 

Both the siltometers developed so for viz., the optical ]ever siltomete}: by 
Dr. V. I. Yaidhianathan and the Pur; Siltometer by Dr. A. N. Puri are based on 
the· theoretica~ connectiop between (i) the settling velocity of a silt panicle 

_ in a vertical column of water, and (ii) the 'equivalent' diameter of the silt 
particle. - ; 

The relevant theory for the evaluation of particle diaweters from observ
ed values of the settling velocity assumes that the weight of the par+icJe (less 
the weight of-the liquid displaced) is exactly balanced by- tbe· resistance of tbe 
liquid to the motion of the particle.-

The resisting force was shown by Stokes to be equal to 3TC. e.cl.v. where 
e=viscosity of the liquid, · 

· .d=diameter of t?-e poarticle in centimetres, and 
v=velocity of the particl~, in centimetres per second, supposed to be 

uniform, 
provided the velocity 111as small. _ 
Equating this to the wdght of the particle (less the weight of the liquid dis-
placed), we get / 

3 (8---1') 
n-. d g 6=3 n-.e.v.d., _ 

where 8 and rare the densities of the particle and the liquid respectively. 
Simplifying _ • 

, d2 =18 e. ~ (s-r) (1B.1) 
- g 

. which gives what is known as the' Stokes diameter'. 

( 
1
) East Panja. b Irrigation Research Institute, Amritsa.r. Annual Report.194 7. p&iel J 6--19. 
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Later, it was theoretically shd'w'n by Goldstein (Proc. Roy. Soc.',' A. 123, 
m, 1929) that the diameter giv~n by Equation (IB.l) was too small and that 
must be multiplied with a factor, n, to get the true_diameter D. · 

This factor, he showed, was-function of the Reynolds' numbe,r, R, given by 
r 

R=v D - (1B.2) e 
The values_Qj p, w_ere worked out by Goldstein for values of R going up to 

~·0. He found that they reasonably agreed with the· experimental data ob
,ined by Zahm a few years, earlier (1926). 

Some of these V:alues-werereproduced ih-the Punjab Irrigation in Research. 
ublication.Vol. V. No.1,' An:Optical Lever.Stltometer ',Table lB.I. ., ~ ·, 

' . . . 
' 

Reynolds~ n~mber (R) . . 

0•4 
0·8 

-·1•2 
1•6 
2·0 . 
3·0 

.. 4·2-~-. 

-

:. · .•. TABLE lB.I -. . . 
... 

-. ' ' I 

Multiplying Reynolds' Multiplying . ·.factor (n) . _number (R) facto;r. (n)-' 

( . . 1·04 • .. ·..,! 5·(} 1·33 
1·07 6·0 1;37 

' . 1•10 : ":. I 8•0, - 1·46 
1·13 10·0 1·54 . 1•15 12·0 1•01 ' t ~ • . 
1•22 16·0 1·74 
1•27 ' 20·0 1_:86 

'" -· - --- - ~ 
.,.. .. _ 

-~ ... ~ .. 

In working out the correction factor, n, _h~wever, the obvious difficulty 
as that in order to get n, one must know R, .which in turn required a know
dge of the true particle diam3ter, n: 'But D was precisely what we had .to 
1d and it seemed that no direct solution was P?ssi"Qle. _ 1 . 

It was,.t~erefore, assumed (in the Punjab Institute) that it was sufficient 
~replaceD in Equation (IB.2) by the ~t9kes diamet~r, d. 

Tables for estimating silt particle siz._~J:to~ .Qbserved value~· of the settling 
~locity \Vere prep~red --aooordingly. :-F.or .. comparative puJ'poses. and for silt 
trtic1es _of small size, the approximation involved ·in t~king D as equal to a 
as perhaps not very inexact; but, for particles of larger size, it. introduced 
1 element of error, whose magnitude was realized only recently, and a method 
r eUminathig which was \forked out during the period under report. 1This is 
:scribed below. · -

.. ,From :ltquation (1B.2,) we get 
· R v r · 

·: --:n=-=e 
·t\.~u l)y defirition, .'. 

D=n:a. 
l\Iultiplyillg (1B.3)..and (1~.~) tog~ther 

' J ... - "" ~.. ' ·~ :: .,, .- ' 

r 
R=n.v.d. -

e 
R v. d. r 

or
n e 

(1B.3) 

(1B,5) · 
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Thus the Reynolds' number previously calcnlated was real1y equal to_ 

· ~ • · All that ~as n~edcd: therefore, was to draw a curve which would give 
11 • 

the value(of n, for known values of! . Using the values of Rand n, we get 

the set of values given in Table IB.II. 

. 

' 

TABLE lB.II 

Bfn n R/n • 
' ... 

0·38 1•04 . 3·76 1·33-

0·75 1·0"1 4·38 1·37 

1·09 1·10 5·48 1·.(6 

1·42 1·13 6·49 1·04 
-

1•74 1•15 '1•45 1•61 

2·46. 1·22 9·20 1·" \ 

3·US 1•27 

l 
10·75 1·86 . ' 

These values are plotted in Figure lB.l and 1B.2. 
Tht" procedure for e~uluating D, therEfore, would be a& follows :

(i) Calculated d from EquatiOn. (lB.l). 

{ii) Work out_.!,_ from Equ~tion (1B.5). 
n ~ 

(iii) Read th~ va.luc of n from the curves in Figure lB~l or 1B.2. 
and (iv} Obtain D from Equation (1B.4). · 

DISCUSSION BY THE RESEARCH CO!OOTTEE 
DR. J. K. MALHOTRA introduced item (1). He explained that the exist

ing method of estimating particle size from settling velocity involved an np
proximation which gave appreciably lower values for particles of bigger size. 
He had formulated a new method which gave tht exact size in all cases. 

As the resulting correction would affect all the ~xisting values of mean 
diameters and might involve changes in the regime flow formulae, he would 
like to have the new method verified by actual physical measurements of 
particle size and also to have the theoretical basis carefully done over by Dr. 
N. K. Bose who had initially used the Goldstein Zahm correction to t)le Stoke's 
formula. · · , -

It was then decided that the subject should remain on Ule Agenda. 

DISCUSSION BY THE BOARD 
There was no discussion. 



2B. Hydraulic -Data of T oirents in Boulder 
Rive~s and Streams 

PRELIMINARY NOTE 

The note ~hat lfr. Thomas promised to,write on the s~bject has not yet 
bee.n received from him. A comprehensive resolution* was passed by the Boat d 
in 1946, regarding the collection of hydraulic data of totte~ts in boulder 
rive;rs- There was no contribution and_ no discussion on the- subject at the 
1947 lfteeting of the Research Committee. 

THE YEAR'S WORK 

The following items were discussed at the 1948 Research Committ~e 
:Meetlhg :-

' . 
(1) Analysis of hydraulic data of the Nayai river. 

(2) Analysis of hydraulic data for the river Ganga at Hardwar. 

(3) Hydrological data 'of the river Damodar and its tributaries in. the 
lilll catchment for 1947. · 

\4) Hydrological data for the rivers Mo.r, Dwarka and Brahmani for 
1947. • . . . 

. . 
(5) Hydrological data f<1A. the river Tista and its tributaries in the hill 

catchment. • 

(1) ANALYSIS OF BYDB.AULIC DATA OF THE NAYAR RIVER er 
Hydrological data of the N~ar ,River is. being collected since the year 

_1946, a series of accurate discb,arge observations being taken in 1947 with the 
-aid of current meter. ~nalysis of the latter has been undertaken thi~ year. 

\ 

*The Central Bo&rd of Irrigation Journal, April, 194-7, page 121. 

(1) United ProTineea Irrigation Rtsearoh Sta.tion, Report on Research Progress during 
1947, pagea 41-42• ; · 

253 I 
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. A graph between the-discharge and the rugo3ity co-efficient (Kutter's), 
an be see:n in Figure 2B.l. The~ smooth curve through the poi;nts is :;t~ymp

totic and-exhibits a stee:[tfall rt'garding whlch a mention bas already beenmade 
- -

t 
~ 
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~. 
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Figure 2B.l: Showing relation; belweeil, discharge a!'ld Kutt(fl''s N {Nayar ·river). 

Along -with a study' of the actual:valu~s of rugosity ~o;effic~~~~' .the varia
.. tion of the.latter by different formula.e was also studied, for which the columns 
~ (12), {13) ·~nil (i4J of~T~ble 2B.i _may b~ ,P~~used. !It- is .. ~o. b~~,~~eri thap tlu~ 

rugosity co-efficient by Kutter's formula-agrees most closely with that by 
Lacey's formula. 
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CONCLUSIONS 

(1) Rugosity co-efficient by Kutter's formula may. be taken to be the fol
lowing for the N a yar :-

. (a) 0·1 for discharge below 100 cusecs 
(b) 0·0~7 for discharge between 100 and 500 cusecs 
(c) 0·039 for discharge between 500 and 3,000 cusecs, and 
(df 0·037 for discharge between 3·000 and 3,500 cusecs. 

(2) For the hydrological data of the Nayar, Lacey's formula for rugosity 
co-efficient agrees most closely with Kutter's. 

(2) ANALYSIS OF HYDRAULIC DATA FOR THE RIVER GANGA 
AT HARDW AR (2) 

A number of observations were taken this year on the river Ganga. at 
Spur No.1 (Dudhia Bund) above Laljewala, and on Kankhal channf'l at 
chainage 1,980 along K.ankhal Bund which were analysed with a view-to 
forming an idea of the rugosity co-efficient, vide Table 2B.II. 

A IU.Ii of 500 feet was taken for observing discharges at Spur No. 1 and the 
reach was farily straight. The discharge was of the order of 60,000 to 75,000 
cusecs. 

The mean value of Kutter's rugosity co-efficient worked out to be 0 · 04206. 
Rugosity co-efficient were also evaluated by the formula a of Manning, Lacey 
and Barnes. It was found that the g-reatest resemblance of Kutter's co-efficient 
was with Barnes' as may be seen from the mean of column (14) of Table 2B.II, 
whereas the most divergent values were obtain£d by Lacey"'s formula as may be 
seen from a peruE~al of column (13). The co-dficientofvariance_(=lOOXS.D./ 
Mean) is more or less the same for Manning's Barnes' and Lacey's figures, all 
being within 10 per cent. -

Another observation was taken on Kankhal Channel, whcse discharge was 
21,200 cusecs. The reach was very straight in this case and the section re
gular. Kutter's co-efficient was found to be 0·03124, and resembled Barnes' 
most. Itmaybeinterestingto recall here that a detailed comparative study of 
rugosity co-efficients was carried out in the year 1942-43. The finding was 
that Barnes' formula resembles Kutter's most, which is indentical with this 
year's results. 

CONCLUSIONS 

(1) -The value of the rugosity co-efficient (Kutter's for the River Ganga. 
for a discharge of the order of 75,000 cusecs is 0·04206. 

(b) The rugosity co-efficient (Kutters' for the Kankhal Channel for a dis
charge of the order 21,000 cusecs is 0 · 03124 thus indicat~g that the rugosity 
even in boulder channelsjf straight and regular in section is fairly small. 

( 1) ·united Provinces Irrigation Research Station, R~port on Research Progress during 
1947, pages 42-43. · 
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(3) HYDROLOGICAL DATA OF THE RIVER DAMODAR AND ITS 
TRIBUTARmS m THE BILL CATCHMENT FOR 194'i (3) 

Observations of gauge, velocity and silt istensity of the river Damodar 
and its tributaries in connection with the Damodar Flood Prevention Scheme 
were continued ·during the, year. Another gauge I station was opened at the 
Tilaiya Dam site during the year. The observation stations in the Damodar 

, catchment are the following :- , 

Damodar river-
( I) Ramgarh Road Bridge site. 
(2) ~yre Dam site. 
(3) Chas Road Bridge site. 

• 
{4) Sudamdih Railway Bridge site. 
(5) ~onalapore Dam site •. 

Bokaro river-

(1) Danea Railway Bridge site. 

Barakat river-
(1) Barbee G. T. Road Bridge site . 

• (2) Tilaiya Dam site. 
{3) Barakar (Giridih) Road Bridge site. 
( 4) Maithon Dam site . 

. (5~ Barakar (Asansol) Railway bridge site . . 
lJsri river-

(1) Girid~h Railway Bridge site. 

. Observations of gauge heights, velocity and suspended silt content a.I!d 
cross sections were taken at all the sites except at the four dam sites., viz., 
Ayre, Sonalapur, Tilaiya and Maithon, where only gauge heights were observed. 
At Barhi the Iron Bridge on the G. T. Road was washed away during the flood 
of September 1946 and a temporary wooden bridge about 1 mile downstream 
,was opened. Observations o-f gauge, velocity, etc., were ordinarily taken at 
the temporary wooden bridge site, but during floods when the gauge at the 
site was wholly sumberged in the water, readings were taken on the pe:gnanent 
gauge painted on one of the 'piers of the iron bridge site. Consideraole diffi
culty for discharge observations was felt at Barbee as no wire rope arrangement 
was allowed to be put up by the Bihar Public 'Vorks Department authorities. 
The velocity and sectional data have been utilised to calculate the rates of 
discharge. As already reported in an earlier section the gauge discharge cur
ve~ for all the sites have also been prepared. 

( 1) River Reaearch Institute West Beng'aJ, Annual Report,l94:7, page 54. 
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( 4) . Htl>ROLOGICAL DATA OF THE ~VERS MOR, DW AREA AND 
BRA.HMANI FOR 1917 (4) , - . 

Hydrological observations in connection with the Mor Project were con~ 
tinned during the year. The different observations sites are·:-

River Mor-
(1) 1\!essenjore Dam site. 
(2) Tilpara Ghat Barrage site. 
(3) Sainthia Railway Bridge site. 

River Dwarka-
(1) Godad.harpu:t: Railway Bridge site. 

River Brahmani- / 
- (1) Nalhati Railway BriJge·sit~. _ 

or these, observations were carried on throughout tlie y~ar only at tho 
llesaenjore site. These include gauge readings, :velocity,_ cros<J sections and 
euspended silt intensity. At all the four other sites observatio:ts were t~ken, 
only during the flood season. At the Tilpara Ghat Barrage Site only gauge 
readings were taken while at Sainthia, Goda.dhar{mr and Nalhati ob~ervations 
included gauge height, velocity, cross section and silt intensity., Velocity and 
cross sections were utilised for calculation of discharge from which the rating 
curves were prepared. 

(5) HYDROLOGICAL DA~A OF THE RIVER TISTA AND ITS 
TRIBUTARIESIN THE mLL CATCHMENT (6) 

• Hydrological observations at all the eight 11ites in the hill catchment of the 
river Tista in connection with the Tista Pr:o j )Ct were continued during the 
year. The observations included gauge heigbts, and discharges (velocity). 
The site are the following:- -

River Teesta-
(1) 1\Iumring (Rangpo) site. 
(2) ~Ielli Bazar site. 
(3) Tista Bridge site. 
(4) Coronation Bridge (Sevoke) site. 

River Rangpo
(1) Rangpo Eite. 

River Rangit-
(1) Naya Bazar (Singla) site. 
(2) Champa Bazar site. 

River Ramam
(1) Singla site. 

Besirles g~uge ~nd velocity, silt intensity wa.s observed at the Ti:sta 
Bridge, Melli and Champa sites before the flood season in April and May 
1947. During the :Hood season observations of si]t intensity could not be 
started before the middle at August for wa.nt of proper arrangments. Even 
then sampling was not possible at Tista Bridge, }!elli and Champa. -At the 
five oth~r sites sampling was continued till the w..tter was almost clear. 

(:) River Research Institute, We.:~t; Bengal, Annual Report;, 19!7, pa.(J'es 54-55. 
( ) Rinr Research Iqstitqte, West Bensa.l, Atltiql\.1 Repor~. 194:7,!J?a.ie:f$G, 
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DISCUSSION BY THE RESEARCH COMMITTEE 

1\I&. A. P. BIIATTACHARYA introduced items (1) and '2) and said that he 
wan tell to point out the difference in the nature of the bed at the site of obser
va~ion i.t;l the two ca 3es. The Nayar river at the point had un.even rocky sides 
with a bed con 1bting of shingle ~nd small boulclers with occasional small rocky 
cliffJ jutting out, while river Ganga had a purely ~oulder bed. 

For the Nayar, the range of discharges, was fairly long consisting of those 
from 75 to 3,500 cnsecs. The rugosity coefficient varied from 0 ·IO to 0 · 37 • . 

For the river Gan,ga, the discharge was of the order of 75,000 cusecs and 
the rugosity coefficient worked out to 0·04206, except for a single observa
tion of 21,000 cusecs where the coefficient of rugosity was found to be 0 · 03124. 

'MR. G. SINHA introduced items (3) to (5). 

MR. S. L. MALHoTRA said that U. P. had brought out fo:r the first time that 
' n ' the coefficient of rugosity depended upon discharge. In his opinion, it 
_depended upon the material of the section alone. The low discharge data. 
referred to appeared to be inaccurate .. On February 24, 1947 the discharge 
was 452 cusecs with a slope of 0·09 per 10_00. Similarly for a discharge of 
275. cuse~ on March 20, the slope was 0·06, and for discharge of 260 cusecs 
also the slope was 0·06. He suggested that values below 500 cusecs should, 
be rejected. 

RAo BAHADlm JoGLEKAR referred to item (4) and said that detailed 
observations of silt, cross sections, gauges and velocities were made for the Mes~ 
senjore Dam site, but only gauge readings were taken for the _barrage site. It 

, was equally important to- have detailed observations for the barrage site 
as the study of this data would have been very useful fo:r the design of the 
barrage. 

DR. N. K. BosE replied that such observations were being done at Sain
thia. bridge site which was only 15 miles downstream of the proposed barrage. 

MR. S. T. GnoTANKAR said that there was a tributary downstream ·of 
the barrage and upstream of the Sainthia bridge, and enquired if that would 
not affect the data. 

" 
DR. N. K. BosE replied that the tributary was very small: 

MR. C. V. GoLE said that it would have been better, had cross sections 
been observed at the barrage site. 

MR. GoV1NnARA.o referring to items (1) and (2) said that he would like to 
know the natll!e of the strata because in the South it was nothing extraordinary, 
if they found a certain variation in the coefficient of rugosity with the discharge, 
{l.s the nature of the soil varied with the depth of excavatio:q. - -
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MR. A. P. BHATTACHARYA replied that as· alread_y pointed out, the 
Nayar river n.t the roint of obserV'ation had uneven rocky sides and the bed 
was composed of shingles and bo~ders with rocky cli:ffsjuttmg out occ~sionally. · 

.... 
.As regards the question ra.ised by Mr. Malhotra that the figures for dis

charge below 500 cusecs should be omitted, he pointed out that e'V'en for 
discharges higher than 500 they got. the sam~ conclusion, because co efficient -
dropped in some methodical order as would be seen from Eigure 2B~ 1. 
Discharges were obsene~ by them with Gurley curr~nt meter. 

RAI B.A.HADUR J OGLEKAR enquired as to why the co-efficient should vary -
with the discharge. · . . ---:, · , 

MR. A. P. BHATTACHARYA replied that that was a point for ~vestigation-

' _MR. S. L. MALHoTRA said that the discharge by Gurley current meter for 
depths lower than 4·0 feet was not reliable.- · · · . ' - - -

DR. J. K. MALHOTRA said that ' n ' the coefficient of rugosity varied with 
discharge also in the case of River Beas also at Sujanpur Tira"" The reason for 
the3e variations was that tLe .conditions at the sites did not conform to the 
rugosity formulas assumed to be a,Pplicable at all stages._ 

.. " ~- ' 

It was then decided that the subject should remain on the Agenda. 

DISCUSSION BY THE BOARD 
. 

THE SECRETARY described the work done at the . Research Committee . 
meeting and said that the note on the subject promised by Mr. Thomas had 
been received in the Boards office. It was proposed to publish the note .in 
the January 1949 issue of the Central Board of Irrigation for discussion at.the 
next meeting of the Jlesearch Committee. · · 



3 B. Design of Irrigation Channels 
PllEL!MJN ARY ~OTE 

This subject was introduced on the agenda for the first time in 1947 and 
was intended to include all questions relating to the distribution of water for 
irrigation purposes from canals, tubewells etc., on whi~h the design and the 
capacity of the channels depended.. The subject of Equitable Distribution 
of Irrigation Water in Canal System which had been on the agenda of the 
Board since its early meetings has now been covered by this subject. The 
Board has under preparation~ publication on this item since 1933. A history 
of the progress made on this publication was det~iled under item XXV, page 
170 of the Centrai Board of Irrigation Publication No. 35 Annual Report 
(Technical) 1945. In 1945 the Board passed the following resolution :-

" Resolved that all province~--and states should be asked whether t4ey 
have any fresh contribution to make on the subject znd the secretary should 
compile a draft publication on receipt of their replies ". 

In response to the above, fresh contributions have been received from 
Central Provinces and Berar~ Bih&.r, Bombay, United Provinces, Bengal. 
Mysore, Gwalior, Khairpl!:l=', Jodhpur, Indore and Jaipur. The Punjab has 
referred to their Manual of Irrigation Practice. Orissa, Ba!uchistan and Patiala 
have no fresh contributions to make. Replies from others are awaited. There 
was no contribution and no discussion on the subject last year. 

I 
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Bed Load Tr.ansport. · Sooond mootinu of the InterRat:on.a.l Association for 
Hydraulic Structur~ Researcl4 Stockholm; 194:8. Pa}ier· No. 15." .· .. 

- - . '- ... 

· (5) Inglis, Sir Claude, Dire9tor of Hydrc'iulic Rese~~orah, London: HLS-t~~ric,af 
Note on Empirical Equations, de,·efoped by Engineers in India fo.r Flow·
of Water and Sand, in Alluvial C.ilannels.-:--Sooond meeting of the Int3rnation~l 
~ation for Hydraulic Structures Research, Stockholm, 194:3. Paper 
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~ ·~~,~, 

A (6) Mavis, F. T. and L~u.sh.ey, L. ~., Carnegie Inatitute of ~echnology, 
~ttsburgh, Penn., U. S~ A :- A reappraisal of the beginning of bad m 1vem~nt
Competent velocity. Second meeting of th~ Interna.tion1l Association for 
Hydrauiic Structures Research,· Stockho~, 1948., Paper No. 20. , 

THE YEAR'S WORK 

DISOU93TO:N BY TB'E ~EJEI\RCB COl!MITTEB 

There was no cqntrib_!ltion under this subject. 
... ~ ~ .. ' ~ 

. It w.u decldei to let it ram1in on thl AJe:.:tda, an~.the next sub .. h~ld w1s 
taken up.- · · · · '" · 

DISCUSSION BY THE BOARD 
' ;, ' j. 

' l ~. ' < • 

, THE SECRETARY said that there ~as no contribution' unde~ thia' st1bjebt 
head and no discussion took place at the Research Com!llittee m3eting1 , The 
Board in 1945 approved· to issue a .. Board Publication after modifying the 

'.contributions received previpusly on" Eqwtable distribution of irrigation wa~r 
in a canal system". Fresh contributions. ware received .from most. of- the 
administrations. Reports were still awaited from M3d.ras, Hyderabad and 
Kashmir. · · -

M%1-C.Bf .. 



4B: Design of Dr-ains in Irrigated· and 
Tidal Areas 

The subject ' Surfac-e Drainage ' was introduced on the agencla in Ul:l~ -
~M - -

- " No conc1u~on3 were recorded by the Board, but it was re.solvc<l that 
the collection of information on the subject shouM proct>e<l all<l 
progres.•i reported at the next Board Meeting ''. 

. In 1932, " Design of drains "and "Drainage systems in lrrixat.ed areas •• 
were also introduced as separate itemS" on the agend-" when a questionnain,' 
on " The design of drains in Irrigated arca,.q " wa'3 circulated for eliciting opini...,n· 
of the various officers. • 

The following resolution w~s pa9soo by t!te Rs.se.trcll C )~rnitte3 in \939 ::

" Resolved that the replies received from the provinces to t~e questionnaire 
on' the design of drains in irrigated areas'' be circulated to the members of th& 
Research Committee for information, and with a view to the modification ot 
the existing questions, end the inclusion of new questions in the light of further 
experience. 

Also resolv.ed that the replies and amendments be brought before the Boal•l 
at the lOth Annual Mooting to be held in the Autumn 1939 ". 

The" Board at their ~939 meeting decided : 

"That the replies to the questionnaire be referred back tO those provin~ 
~hich have -not submitted provincial replies. Thereafter the questionnaire 

-. to be printed for the information of the Board ". 
. - ' 
This was done. 

At the 1940 meeting of the Reseatch Committee: 

'' The Committee decided that the questionnaire- on lh't\i~ge sv~t.em-,-
n irrigated areas should contain soil and-rainfal( maps of Inll}a ". ~. 

" It was also decided to omit c drainage system m irrigated Jrea8 ' 38 a ~}A
rate subject on future agenda.- of the Research Committ.ee ., . 

The Board at their 1940 meeting resolved :-
~ 

-,.,That the que~:~tionnaire on drainage systems in irrigated a.rea.s should. be-
fSlled as a Board Publication, as and when funds were ava.ilab1t', oompl~h· 

with soil and rainfall maps of India. -

That the sub]ect should be removed from future a.gen<l.-. of the ·Bo~ r<t 
meetings ". -

At the 39th meeting of the_Executive Comm}ttee, 5th Augu8t, 19«: 
J66 
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• -"·It ·Was-iesolved that the .Public.1tion 1 quc.-,tionnaire on dr.a.in,~ge syfltew 
=i·n· irrigated areas , shoulcl not be print-ed at pr_esent, but that it should .~ . 
. con~idered in five ve .... rs' ·time when more information might be availaple for 
inclusion ". • · · · 

· At the I9n me.cting it was dcci•led to circula·~·th.e ·que3tionn~k~ afre.~hl 
to all administ.ration~ for comments and for intim~ting if any chan~e iS. required 
in ~e draft, ~and t.hen to print it a3 a Boar•l publication .. In reply. the We:tt 
Bengal Gov~rnm<mt, Bombay, Central Province~ and Berar an~. the Unit~ 
Provinces have made some su~gestions for ad(litional informa~ion to he 'inoor
po:rate<l in the publication. · Burnn has no co:nm~nts t'J m'l.ke. Replie'J
from the re::;t are still awaiterl. Then~ \vas no contribution on the subjoot att .. 
the 194 7 Re~rc.h Oomtnittee Meeting. 

THE YEAR'S WORK 

The following item was discussed at the l9 .. !8 Rese1rch Committee M~ting. . . . 

(1) .Model experiments for the reviv~l of the Madar~pur Bil Route 
a~1(l th~ IJ'lwer Kumu Riv~r. 

(1) MOD:gL gX~ERlMEN'IS FOR 'IHE B:r:VIVAL OF 'IH~ MA.DABIPUR 
. BIL ROUI·E AND THJ..4: LOWER ~UMAR RI9ER .(~) 

ABSTRACT 
I l '/ 

Describes th'l histor1 of the pro'Jle.:n f\Dd cons~etion of- th~ model. - ~ 

The Lower Kumar rh·er coupled with the Madaripur Bil Route was the 
.connectmg channel for use by s~amers plying fro~ _the 1\Iadhumati and 
the Arial Khan river, Figure 4B-l. This route was, an !mportant one for ~ 
steamer connection between Calcutta and Eastern Bengal. · The 1\-Iada.ripur 
Bil Route is -an excavated channel. It was ,originally ~xcavated to a ~ed -
width of about 130 feet. Under this condition the ' clear ·· bil \Vater that 
entered at Fatepur divided about equally. between the Lower Kumar "river 
and: the Mada.ripur Bil Rol\~~- The drainage ·along the. Lower Kumar-~~ver 

_ pagse~ out into the Aria I Khan and kept back mo~t of the time t:4e silt-iaden' 
water of the Arhil Khan river from entering the Lower Kumar river. · t 

· A large 11ortion of the bit water passing down the bil-route used to paei 
out into the bil south of the route. This escape of the bil water was oon.: 
trolled by an ~mhankment erec~ed op. the south side of the channeJ._' Sluices 
were constructed in the embankment at intervals to allow escape of ·water 
'When necessary. This control was done when creeping up 9f the silt-laden 
Madhumati water up the ?rladaripur Bil Route and consequent silting was 
noticed ; it had the desired effect, and sub)equently no trouble wag felt froxn 
tilting .at the lvladhumati end. · 

- ' -
(I) River Res~roh In~titute, Weet Beng~t Annual RepOrt, 1947, p'e.ges ~-69. 

' . . 
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.. The Madaripur Bil Route was gradually widened for easier navi€ation 
of steamers. It. is. now about 275 feet wide in the · bed. Owina t;() thht 
widening, the hydraulic balance was digturbed ancl m'ore bil · w~tt>r wa3 
flowing down the Ma.daripur Bil Rout~. The fall in the water level thus 
created ~t Fatehpur was.. so m~ch t~t the silt-laden Ari~l Khan "'f&WI 1 b~gan 
to ~nter the Lo'Wer K~m u :pver at Charmaguria and silt up the channel 
J1P-ar that end. . 

.C.BJ. 

N 

. . . 

I 

• 

.5. 

Figure. 4B.-1 -:-showing Jndr;a; map- of Maduripur Bil Route. 
I 

The flow from the Arial Khan wJ.s rather slow as the Aria! Khan water 
Ie~el ,was not much higher than that at Fa.tehpur. At this ,stage several 
locks e.nd slu~ct~s were constructe} to co:ttrol the flow of the biZ water in· 
the Lowe:r Kuma.r ·river, as in 'the M'1dar:pur Bil R )ute. But 'no thorough 
raversal of current could be produced, ~lollU the channel continued to silt up. 
In order to pass out as much silt as po3.:;ible, a. strong flow out was obtained 
throu"'!l. t!le Mu~tdapur slui:·e'. It re'dunr-it silting up to Musta.f:.1pur, but· 
on th~ whole. no great imp:-ovement was noticed. The position was made· 
worse it seem-r owing to the shortening of the hng~h of the Lower Kumar 

, w !. • - .. 
· river due to erosion at Charmagur1a.. ; 

. . . 
The. initial rapid erosion at Charmlg..t<iJ. started, it seem3 when too 

large draw through the ::Must!lfa.pur sluice wa.s going on. Another erosion·. 
etarted near Nilokhi higher up the Arial Khan. Due to the erosion of the 
Ari.a.l Khan at Nilokhi, the Upper Kumu river was breached in 1929 ·and 
~t-laden water of the Arial Khan began to enter th~ Low~r Kumar river 



DESIGN OP' DBAQ{S 

at Ta"et.bat. Thus~, hencef~rt~ the Lower Kumar river began to get silt
m9e.ti water from both.. its ends and ~he river began to silt up rapidly. Attempt,s 
~ere ma~e to p~ss ou~ as much silt as possible through the controlling sluice~ • 
. Bnt no noticeable result was obtained. , · 
. . Now. the Upper Kumar. river is widening and deepening and a Jarg~ 

discharge is passing down the riven The Lower Kumar .xiver has silte~ 
up rapidly, and it bec~mes almost dry during the dry season. The, Upper 
Kumar river along with the Kutubdia entrance oi the Arial Khan seems to 
be forming· into a separate channel. Development of Bhadrason Nalla as 
the ·new offtake ·for the Arial Khan seems to indicate tliat' the Aria.l 
Khan and the Upper Kumar river might be developing n{to , se~ate 
channels. The portion of the Arial Khan linking the Upper Kumar with · 
the Bhadraran Nalla is showing signs of silting. The Kutubdia cha~el 
is also lilting and shrink~g in section; it may be trying to assume~, se·9tion 

~ similar to that of the improved Upper Kumar and the-Madaripur Bil RQute •. 
The discharge 9f the silt-laden water along the Madaripur . B~,l Route 

is silting up the channel near Baniar Char.· There is a tendency of the 
ehool elongating downwards. WhetL.er the controlling of the :B.ow in the. 
Lower Kumar and the Madaripur Bil Route is good for the channel is,· a 
matter which requires consid(ration. Salt water is coming up in the Sat}a 
6il ared. lying behind ~~he .1\fadaripur Bil ro~te emba~ment. This is 
al.fectirrg cultivation in a; large area of low lands and the 'People are demand .. 
ing erection of/ embankments to save their crop. The embankDle.nts and 
sluioes have stopped the natural 'deltaic formation.~ Under this arrangement 
the WW landS Will remain lOW indefinitely. . I 

- The r.cheme proposed for improvement of the Lower--Kumar river invo_lvlS. 
1>11tting off of the Arial Khan water by a cross dam. A narrow channel into-
the Arial Khan will be provided for passage of country boats. The water 

. entering through this channel will be negligible. When this work is exe
cuted entrance of upland water into the Lower Kumar river and Madaripur 
Bil Route will be con~.i.derably reduced, particularly in the dry weather 
when the saline water creeps up into the Satla Bil area. . _ • 

The proposed scheme wilr restore the condition obtained l:iefore th'i' 
widening of the Madaripur Bil Route when there was conside_ra.ble silting 
of the_Lower Kumar Route. Will the schemA prcduce any large benefit to 

, .th~ Ste~mer Ro_tite 1 ' . 
·The project therefore .in cont~mplation for ~the. revival of .the sm&IIM".r 

route to Ma.daripur through the :Madaripur Bil canal and the Lower Kumar 
Cbmlists of- · ~ · · 

(1) Cloflure of direct connection of the Upper Kumar with the Aria! 
Khan·a.t Kavirajpur by a cross dam in Upper .Kumar. 

(2) A short cut connectillg the Uppr r Kumar with the Kumar river 
at Ka.virajpur to. bring in clear wakr-supply into the Upper 
Kumar ·as before. ' "' 

(3) Dredging of the Lowfr Kumar and the Madaripur Bil, Ito~te h> 
proper sections. , ~ · 
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· The question is whether the system thus renovated, will maintain' itself. 
The supply from the Upfer Kumar, Gohala Khat and Northern Bil areas mi\y 
not 'be sufficien~to maintain~ nine feet deep waterway throughout the year. ·It 
may not be able to prevent the silt-laden water of the Atiai Khan to go \lP 
the Lower K,!llllar from the :Ma,daripur end and silt up its bed again. .It 
may not also prevent the silt-laden water of t.he :Madhumati to go up the 
Hadaripur Bil canal from the Manikdah end and drop silt on its bed. If 
the supply is insuffi~ient, the problem is how to augment it without bringing 
any harmful silt into the system. 

-These ~re problems to be studied in a model before the execution of th0 

project is decided upon. For this purpose, the matter was referred to tho 
- Institute for investigation in a model. 

The whole· system consists of four main channels. The channels ~ring~ 
ing in ~ny discharge are the- Upper Kumar and the Gohala Kh.al, wh~!o 
those leading <?Ut this discharge are the :M~daripur Bil <?anal and the lowu 
Kumar-:." The supply in the Upper Kumar comes frcm the Kumar river 

· above.· as well as from the Arial Khan. The supply in the · Gohala Klu:l 
' comes from the drainage area on its two Fides and also from the Kumat 
river. The Madaripur Bil canal receives the spill of the bil areas on its J!.OltL 
and- spills into ·the bil areas on its south. The Lower Kuma.r als() 
spills into the biltloreas on its- right bank (south· bank). It receives so~ 
Bpill from its l€f& bank. There are a number of locks and sluices on thu 
so:uth banks oi the Madaripur B_il canal and the Lower Kumar. These locks 

A, a.nd sluices are worked according to certain rules through the year, as wat~r 
level rises and f<~.lis. The hydraulic balance of the whole syst~m is rather 
complicated. To reprodu.ce them in a model requires very accurate survey 
_data together with.. gauge, discharge and velocity observations. One full 
~ar ~as-requ.ired to collect these data. . 

The following data are available for construction of the model:-
(1) Plan aJ?.~ cross sections of tlJ_e Upper Kumar from Kavirajpur _ t(J 

Takerhat. . 
(2) Plan and cross sections of Gohala K ~al from Dignagar to Fatehpu-r:. 
(3) Plan ana· cross sections of Lower Kumar frcm Charmugilria to 

_Takoihat. · · .. 
(4) Plan and cross sections of Madaripur BiZ canal from]Iaridasp~ to 

Fatehpur._ · · 
_(5) Plan and -cross sections of Link channel between Fatehpur to 

Takerhat. -
For proving and running the model, the following gauge and dischArge • 

obaervations for the period from June 1946 to May 1947 were available:--
(6) In Upper ~umar at Nilokhi (that is at Kavir2.jpu!) and Kutirhat. 
(1) In Gohala Khal at Dignagar and Fatehpur. 
(8) In llrNer Kuma1." a~ Oharmuguria, Amgaon an~, Tak_erhat. 
(9) In 1tLtdaripur Bil c2.nal at Fatehput, Jalirpar Lock 15! mile' and 

·.- Ha1ida.spur.. · · · · · , 
(10) In Link channel at Fatehpur. 
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THE MODEL AND THE EXPERIMENTS 

The scale of the model was chosen as 1/200 (horizontal) a11:d 1/40 (vertical). 
The different ~hannels were ba.rely 200 to 400 feet wide and sufficiently long 

· Btretehea of each were to be incorporated in the model. _ The length of the Upper 
Kumar from Ka.virajpur to Takerhat is about 10 miles, that of the Gohala .Kkal 
from Dignaga.r to Fatehpur about siX miles, ~hat of the- Lower Kumar from 
Charmug~ria ta Taker~at about 12 miles.and ~hat of the Madaripur Bil ca~al 
from· Haridaspur to Fatehpur about 8 nules. All these reaches had to be m
corporated in the model. At the same timeJhe channel width being r~ther 
narrow, a sufficient'big horizontal scale hid to be taken. A cc:>mpromise w~s 
obtained by using horizontal scale as 1/200. The problem. being one of silt~g 
and distribution of flow the bed was ma.de rigid and f.tirly high distottion was 
given. To make the bed in the model rigid, a weak cement· plaster was 
spread over properly sectioned earth. The locks and sluices of th~. Madari
pur Bil canal and the Lower Kumar were constructed as in the prot6type.
As the quantity of water flowing was s!llall arrangement for measuring dis~ . 

. charge by the volum3tric method has been made.. Gauges have been p11t ' ' 
proper places. • 

• I• 

:Regular work on this model has been started and ,experiments ate: now 
being done to see. if the model reproG.uces prototype conditions P+9~rly. 

· The results of some of these experiments are given in Taple"4B:I. They show 
that the reprdduction of the mpde.l is satisfactory. The work is in ptog:ess: . 

.. ' 

DISCUSSION-BY THE RES~ARCH CO~E 

-·. DR •. N. K. BosE'introJuced the item and ·said tha't he had nothing .to add 
to what ho had said in -his report. He ·had some difficuliy in arrangi~g the 

· 8ubjcc(; under a particular group and he l1ad made. re.'erence to.'\ohe Seeretary 
on that point. He would like to know· whether tle .gwuping of the subject 
h1d ~eeil done properly. The•subject of the .experinient3 was not on 'drains' 
but on ti~l !'iverd JJ;,o.1gh the function of the rive~ in that partiQular.- case
was to drmn water-logged land through which it ran. 

~ . .. . 
Ma .. T. P. KUTTIAMMU said t-hat the model consisted of a numoor of 

et~ms and a, so a nu,mber of siuices ani l<>Qka. The sca1e w~s ·1/20\J hori~ortal 
and 1/40 verticsl. He would like to :know if these sluices and locks were· also 
oonstructed to the same diatorted scale and if so, whether any special a'djust· _ 
ment~ wer~ necessary for correctly roproducing H.e affiux ·at thoae structures. 
• .. • " J•; 

' 

.Dn. ~· K. BosE replied that they were not made to exact S<'aie but were 
.. euitab~y. adjustOd. · · :· 

• RAT DAHADUR l\1'. C. BIJAWAT enquire~ as .. t? what ~ischatge per square_ 
mile of the catchment area should be adopted tor the des1gn of drains. . ... -- ~ "' .. . -. -



I ·TABLE 4 B. I 
llutAlt tJf the. ~i~~ts in the MOJlaripur Bil Route system d'!lring flt~ month of Janu,aty 1948. 

' ' . 
Upper Kumar L~er Kumar Goha.la Khal Maclaripur 13•1 • Link CbanneJ 

Canal . 
. =~ 

r r· ~· 

=~~ I I I D~- , .. 
as = ~ 

:O.k ol&poriment .Total Jtutir- J .2 (j Taker- 1 Cha.r- (•ha.rge Digna· ~: c; }'a.t.flhl ~oog 
water- NJJokW ba.t .8...., ~ hat Amg&o mu· a.bnvfl ~a.r ,F~t.... 3 c: ~ pur Jalir· 1 r•th ..8- = Fate-

. supply gauge ga.uge ~ ~ 5 gauge on guria. IAmga. !•a~~ge 1 pur I ~ "' (H~i) j rur nnle !!..=.. pur nem&rkl 
o I» ,.. ~:::c~ . f!l''=' c: gauge ga.ugei on j guage: ~go;;: gauge gauge ga.11.ge at!! c.. gauge :; .... 

' ~~.;- Lock ~~ ~.:: "'"0 ~ 
Q~ .. I ~-~ ~ 

-a:"'; 
59 '"• ... :.Sc.r..-: ~~""'- --1-- - - -----'-;-"I~~- -

January 7- ' ' 
Observed m the model .. 2,100 4·40 3·80 .. 3·40 .. .. .. \ 3·40 . . . . 3·60 .. .. . . 4·00 In Lower Kumar 

Cuseo. ' wathr reached Uf 
. to Ta!.erhat only • 

Prototype va.lue •• .. .. ,4 .. 04 .. .. 3·44 . . 3·09 .. 3·36 . . .. 3·46 . . . . .. .. 
January 8 -· ' 

Obsen·cd in the model .. 18,000 15·00 14·60 .. 14•2\J 14·:!0 13·40 .. 15·10 14·40 .. 14·30 14·80 14·80 . . 14·W 
' cu•ec. , 

Prototype value . , lo·60 l4.·3o 14·70 14·40 13·25 15·10 14·40 14·30 14·80 14·80 ' 14·40 .. .. .. .. . . . . 
\ 

January 9- ' ' l ' Observed in tf,e model .. 3!1,000, 16·55 14·95 .. 14·40 14·60 14·40 .. 15·75 14·80 I .. 14·85 15·20 15·:!0 . . 1(.·00, 
01lb61'11. 

Prototype value • , 16·51) 14·95 14·80 14·80 14·20 15•'75 16·00 14·85 15·20 15·20 14·90 . .. •• i .. .. .. . . . 
' 

Janne.rv 12- ' . 
Observed in the mo<iel . . 7,650 I 7 ·15 I (HXl 6·95 .. .. .. li· 95 5·00 6·00 6·80 5·RO . 6·40 In Lon!" ltnmu .. . . 

0\1.1-80. J/1 
water reachetl up . to Raja.ir le<!k . 

~typfl vaJue .• .. . .. 7·15 .. .. 6·15 .. 6·60 .. 6·95 .. .. 6·00 . . .. ··- . . 
fa.nua.ry 13- \ . . . 

OLserved in the model .. 7,~ 13·75 12·85 .. 12·40 11·90 11·35 .. 13·50 12·86 .. 1~·75 12·55 12·55 .. 13·00 ' . .. 
Oil*• . 

Pro~type nluo •• .. .. '13·75 12·85 .. 1.2·65 11·84- 11·30 . . 13·ll0 U·SO .. 12·75 12·65 l2·M . . 12·7!1 
I I ,\ ·. . . ' .. ~ . 



DBSION OP DRAINS . 

RAI BAHADUR R. R. HANDA said that l)efore the partit,ion he was inchargt· 
o{ the Northern Drainage circle which :was respon.dble for the construction of 
dt:ains in the ~West Punjab and La.<l to design a number of dra=ns. .HiJ 
juril!diction lay between the rivers Rsvi and J.hclumwhere the rainfall was no' 
h_eavy. While fixing the discharge .. s for the drains, the factors that were takem 
iX\to consideration were tainfall 8.3 well as whether the area. was flooded by the 

: live1 or not. FrOm the maxim~m actual discharge observation in the -
drains certair. formulae· were arrived at. These were changed from tim• 
to time. They were still in the init"al stage because the drains dug by 
him had not yet ooen tested. His opinbn, however, was that the section~ 
that they had constructed were rat~er too big. ~ . -

RAI BAHADu&:M. C. EIJAWATsa1dthatso-farasupperlndiawas concern .. 
ed they knew fairly definitely the method to adopt. What he had in mind 
was that he had to deal with many drains in water-Jogged areas in Bengal and 
Bihar. When, a. drain was passing through water-Jogged area. each Provin~ 
sent up different discharge in these drains f-Qr ~arying conditions -of the pountry. · 
through which the drain was passing. . He only W'a.!lted to enquire wh:at ca~i· 
ties should-be.adopted in Lthose water-logged areas--because tb;ere·were riceeropg ... 
~nrling on them. They had go~ to be dewatered. It was in such circumstan-· 
ces that they had got to decide what the drains should carry ao that_ the rico 
e~ps should be able to retain enough water. ' . 

Mu .. T. 8. VENKATARAMA !YER ~Jid t~t they were carryjng on si~; 
work in the' delta areas cf Tanjore. They had designed the drains for a 2-inch 
runo:ff per day. Their effect waa yet to be seen.' -

Da. J~ K. MALHOTRA said that he just wanted to give the fo.rmula whiolt 
Mr. Hsnda had mentioned. A full description was given in the Punjab Re~~uch 

_ Institute Report fot·I945. Mr. Haigh had carried out certain observations 
and the formula evoled by the institute was , . 

Q max =16Al 

RAI BAHADU& 8. D. KHANGAR said that first, th-ey took arbitrary figure 
of one cusec or four cusecs per square mile. Later from observations they 
evolved the formula. They came to the conc1usion that it was not necessary 
to design the drains. for maxim1:1m discharge. So they first reduced thtt 
coefficient to 12.0, then to 8. 0. Runoff depended upon the type of cultivation, 
rainfall, s.nd many other factors. 

In Bihar 1ihty inteniled to drain off the flooded area in 45 day to permit 
rabi to be sown. and the capacity of the drains wa~ fixed acc9rdingly. 

RAI BAHADUR R. R. HANDA said that for design of drains in water-logged 
areas they had to take tl.e following factors into consideration:--

(1) The period, wlrich the crops would stand the submergence in water 
subject to the condition that the top of the cropsrema1nedou\ of 
water. · · 

(2) Slope of the oountryJ rAin fal1, eto. 
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• Normally it was consiclered that· crops would stand submergence ot 4 tor; 
·daY' in the 'Vest Punjab. In the design of the drains the full supply line ·WM
. kept at natural surface level so as to prevent floO'ling in all conditions.· Lat~ 
· sections were reduced to a liow flooding at 1. 0 foot. The section of the drains ,wt.s 
·then deaigned according tO. Lr..cey's theory. He has found during his inspection 
that wheat could grow in areas where t.he watertab!e was as high as 2 to 3 
feet below ground level, crops could grow on the land. Naturally thia would 

· 9fary with the type of the soil. · · , 

Bed level ot the drain should _be two to three feet below the __ ground level.~ 
... 

~twas decidtd to.keep ~he subject on the agenda. 

DISCUSSION BY THE BOARD 

THE SECRETARY described- the work done at the Research ·Committee 
mEeting. 

----·--. 



.. 



I D ... Estimation of Waterpower 
PaELIMlNARY NOTE 

. . . . 

This subject was introduce<rfor the first time in 1947 to tak~ into aooount 
the development of natural waterpower resources of the country as well as the 
lood development of the existing or proposed water projects. There was no 
-c911trlbution under this head at the 1947 Research Committee meeting. · ·~ 

Recent Likratu.,e · 

(1) Salinas Basin Investigatio~ummacy Report-State of Ca!ifoniia,: 
Department of Public Works; Division, of Water Resources,. Bulletin No. 
M-13, 1946. - _ 

(2) Ballin, H. H. The org~nisation of electricity supplY in Great Bri~in-
Elootrical Press Ltd., London, 1946. · · 

(3) New projects for. irrigation and powera 1947-Central Boa ... u of. 
Irrigation, Popular Series, Leaflet No .. 3, 1947. , • .; 

(4) \Vater power :resources of, Canada-Department of· Mines and 
Resources, Surveys and Engineering Branch, Dominion Water and :Power 
Buxeau, Ottawa, No 2177, March 15~ 1946. 

. (5) Mayott, C. W. Some federal power commission erro~ in lo~d prediction• 
and capacity requirements for the electric power utilities in the United States-:. 
1945 to 'April 1946-Federal Power Commission, 1946. · · · · · . 

(6) Greene, B. H. Development of the Missouri Basin-Electrical Engineer-
hig·Vol.66,No.2,February1947. . · . . 'i 

(7) Waterways of India-their problems and the administrative machinery 
required for obtaining maximum benefits-Central Board of Irrigation Populat 
Series, Leaflet No. 4J 1947. ', · · . · -

· (8) Specifications, Schedule and Drawings, Bhakara dam arid Power Plant-' 
Government of the Punja'Q_ Public Works Department, Irrigation Branch. .! 

~9) Ato.mic energy for generation of.- 'electric' power-Coiiilponwealtl;t. 
Engmeer, _Vol. 34i No. 5, D_ecember 2, 1946. . -:-- · · 

(10) Eleetricity s_upply in wartime-The- Engineer, Vol~ 183,'No.:~ 4752, 
February 7, 1947 , , · ·. · · . . ; 

I . ' 

· (ll) Electricity supply in 1946-Engincering Vol. 163, No. 42401 May 2,' 
1947. I ' , , 

.:. . l 

(12) l\Iacmi1an, F 0, Ele.ctric Power in China-Electrica). Enginee .• :iLg 
Vol. 661 No. 1, January, 1947. _ · ·,,', ·., · _' ·, 

- ~ ' •• J 

(13) G;roux, C. H. Hydio-electric development of the Saint· Lawrence River 
-Electrical Engineering Vol. 65, -No '11, NQvember,;l~. 1 

·' ' -: 

. Klj " . . 
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(H) Voorduin1 \V. L. The multi-purpose development of ~he .Tennees~tt 
River-Scienc~ and Culture, Vol. 12, No. 11, May 194:7.. _ 

(15) Mult"purpose d~velopment of Indian rivers-Scien<~ an(l Cult·ue, 
Vol. 13, No. I, July 1947. . _ 

(16) Farpor, A. V. MOdern power and irrigation structures promot8 
development of North Afric.a.-Civil Engineering New York, Vol. 11; No. '. 8, August 19.7. 

. ~ . 
- (17) McPhail, H. F. Proposed projects develop power and irrigation 

potentials of Color~do river syst('m-CiyU Engineering New York, Vol. 17, 
No. 8, Au~t 19~7. 

r 

(18) Lawtion1 _F. L. liydro-ele~tric dt'velopment in Quebec-Electric 
Engineering Vol. 66, No. 9, September 1947. 

· (19) German Electricity supply in war time-Engineering Vol. 162, NQS~ 
4:223 and 4224, l{ec~mber 20 and 27, 1946 . 

• 
(20). Use of Snowy River Waters-Commonwealth Engineer Vol. 3.'>, No. il, 

September 1, 1947. 

(21) Hydro-electric progress in C~nada.during 1946-Department of Mines 
and Resources1 Ottawa, Dacember 31, 194:6. 

(22) Hydro in wartime Germany-A. Hoefle-Trans ASME., Vol. 69, No. 6, 
·July 1947. · 

(23) Electricity supply during the wa.r~Engineering Voi. 163) No. 4230, 
Februa~ 1947. • 

(24) llydro-electric power installations in France-The Engineer-Vol. 
183, No. 47fH, January 31, 1947. ; 

- · (25} The Hira.kud Dam project : Mahanadi Valley developmen~, 
Government of India, CWINC, June 194:7. 

(26) Markwell, K. More water conservation for -the west-Engineering 
News Record, Vol. 138, No. 8, February 20, 1947. _ 

. (27) Major projects that are and will be making headline news: Power 
a.nd Irrigation-Engineering News Record, VoJ.I38, No.8,_ February 20, 1947 •. 

(28) Preliminary memorandum on the unllied development of the Damodar 
River (Abridged) Central' Technical Power Board, Simla, 1946. · 

(29) Report on the nursery· power development project in Ce~traf 
- Provinces and Berar-Govemment' or India, Central Technical Pcwer 

Doard: Simla. April 194:7. 

(30) Hydro-electric development~ in Scotland-Beama Journal Vol. M, 
No. 122, August 1947. _ , 

(31) Thick, 'R: \V. Preliniinary load survey ofBahawalpur State. Govern~ 
ment of India, Central Technical Power Board1 Simla 1947. 

- ' 

· (32) ·Water power resources of Can;ada-Dep3.rtment of Min~~. a!ld 
-Resources, Surver a_nd 'Engineer:in\.Brauch, Ottawa·,. MarcJ. "..ll'r, -1941. · 
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. . (33) Brown, K. L .. '~he Ganges Cana~ liydro-{>.leetric syster»-:-Cknt.t4 J 
Doord of Irrir~atiori Journal Vol. 4, No. I,-Jahuary·l94:7. 

b . ' .. 

. · :· · · ~ (34) At!t~.lyl3is of installed capacity and g~neration on the basis of {)?pulatian· 
and area in llrit.ish India and Stat~s for the year 1943--Cent.ral'Boud of 

.Jrrigati~m .• Jouinal, Vol. 4, No: 4, October 19-17. · 

· · (35) Nursery power development projects, (l,entral Board· of ,Irrigation 
Journal,· Vol. 4, No. 4, October 1947. -- - · · 

" . 

·- (36) Unified development of the Mahanadi Valley_:_Central ~oa1d e>t 
Irrigation Journal, yol. 4, No. 4 .. October 1947. .· 

(~7) Exploitation of power resource~-P~blic 'VorkPJ ·, .Departmoo~; 
llyderabad Deccan. . 
. (38) \Vater power 1·esources of Ca~ada·-Department qf }fines antl 

UeBOurces Surveys and Engine~ing Branch...- Dominion 'Vater and Power 
;D!U'ea.u, Canada, 1\Iarch 15) 1947. . . . 

(39) Utilisation of the water resources of the· .Goutbur~ River Flden. 
nscrvoir enlargement-State Rivers and 'Vater Supply Commission, Victoria., 
General Report 194 7. ' .. 

THE YEAR'S WORK 

DISCUSSION-BY THE RESEARCB COMmTTEE 

There was no contribution and no discussiOn. · It was decidecl to reta.\n. 
, the aobject on the agenda. ,. 

DISCUSSION BY THE :BOARD 
• 

~ r ' " ' "' 

TH~ _SECIWTARY said that the.re was no contribution on· the subject and nG. 
diseussion took place at the Research Committee. " · . , . 
. ·, 

, RAo DAHADUR G. SUNDARAY stated that so far as he knew, an attempt f0.n ~· 
eetim~ting the water power available in the count~ was made some 25 to 3t} 
ye1lra back by Barlow and. :Meyers and he dill not know oiany agency doing this 
·work now. In Madras ; he said a Hydro-electric ~urvey was being made anct 
he believ~d that some other Provinces were also doing this work. He suggested, 
that the·Central Waterpower, Irrigation ~=:t~!l Na.vigatiGn C()mmission or the. 
C~ntral Board of Irrigat.ion should take this wo~k in harfd ·now. , 

lda. s. A. GADXA.RY stated that the estimation of water p<rn·er wa.slargel,
dependf'nt on hydrological data. He suggebted that methods for .collecting 
this da~ be standardized. In appreciating the suggestion made by Ra~ Bahadur 
Sunda.ram he thov.ght·that it should be possible for the Central Waterpower, 

. Irrigation and Navigation Commission to give a lead in. this direction by 
8uggesting the lines along which work .could b3 done. A suitable procedur~-
could _then be devised after ~Et!ng QO!l!~~n.ts from t:he Provinces. · 
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THE SECRETARY stated that it had been decided to prepare ·a \Vater Year 
Book and the compilation would be done by the Central W a.terpower, Irrigajwn 
a.nd Navig3.tion Commission. In replying to Mr. Gadka.ry's question, he stated .. 
that a sub-committee was appointed last year to draw up the form and to decide 
the contents of the 'Vater Year Book. That sub-committee met two or three· 
times last year and tJ:t.ey formulated proposals which had be~n approved by the 
Board earlier and would be forwarded to the Provincea. · 

)fR. S. A. GADKARY suggested that a copy of the proposals regarding the 
\Vater Year Book be also sent to the Chief Engineers, (Hydro-electric) in all the 
Provinces for their comments and suggestions. He also desired some definite 
!l>peCifi.cations to be laid down in order to have a standard form as he thought 
that the relationship between the runoff and the rainfall depended on a number 

-{)f rain gauge stations which if varied would give different results.. · . · 

THE SECRETARY explained that a deq_ision was taken about two years ago 
on the number and location of rain gauge stations so that the results obtained 
were correct within ten per cent. He further stated that some of the catchments 
had already been fitted with additional rain gauge stations while others we~ 
being fitted up in accordance with a directive already issued on the subject •. ·-

. / 

DR. J. K. MALHOTRA remarked tbat the estimation of water-power 
should be based on ~II the relevant fe1ctors, and not only on the stream disc~arge 
data. In this connection, he referred to the case ~~the Rasul Hydro-elec~ric 

-Project, where water assumed to be available for power generation during the 
winter months was found to be simultaneously required for irrigatiOn elsewhere. 
It was also found that co.ntinuou~ power iould not be generated unless some of · 
the existing irrigation canals were made to run all the year round . . 

... ' ~, -
In view of the need for annual closures for repairs to '"orks, thi'1 was not 

an entirely practical proiY.Jsition., . · . 

. .Even with no closures, the p :.ramount need f')r irrigation resulted in the 
figure for the es&i uated water supply fof power generation being cut down 
from 41000 cusec; to about 1,100 cusecs. · 

j 

MR. S: A. GADKARY in agreeing with Dr. Malhotra's remarks stated that 
apart from the quantity of vmter, rain-fall and evaporation figures. stream flow 
~tc., th~ question of allocation of water between various requirements wherein 
p_9~er was also one of the major factors had also to be considered in estimating 
water power. He desired that .where immense possibjlity of additional hydro
power existed, the available data might be collected but where this was not 
available. it should be made posgible to collect an accurate data so that water 
power estimates might become available to the future generations. -. , 

He also suggested th~ formation of a committee· for going into the: question 
. ~f,the hydro-electric survey of the entire country as in his opinion, this issue 
~ad been tackled in the past on a very_ narrow scale. 



20.· Powerhouse_.and.Equipment . . -

PRELJ~~Y: !{0~'"· .. 
-!..... "' 

T~is ~bject ;was introduc~ f~r the fir~t-tiiD;~ in.J9~1,' ~ith ~he follo~ing 
1ub-h~ds,; •. (I) Genera~ Layout. (2), Structu~f-l~ _' (3)', Hydr_auli_c_. work~~1 
(4) Turbines and l5) Electrieal 'Vorks. Discussion on Hy<h~Uij<; Wprks s~'fa.r_' 
had ta~en place under· "'ther subject heads. · · · · 

' ... ; ' ......__ __ 
The following resolution was passed hJ. th~ Bo~r~ at its.1947 me,e~ing =--: . - .. ~ 

"Resolved that the Board is of the conside:r;ed opinion'th~t th~ vime 
has come to establish an Electripal Research Wing ~n, our Main_, 
Hydraulic Research Laboratories and recommends ~hat .early' 
steps be taken to strengthen and equip such laboratories .to handle 
electrical research particularly at the Central \Vaterways, Irrigation·_ 
.1nd Naviga,tion Research Station. Highly speciali~d res~Jtrcb 
work in the interest of the development of the electrical industry-:,· 
may be dealt with ,in co-operation:with the ne:W National: Re~~rch 
Laboratorie~ and other institutien.S such as the Indian Institute of 
Science, Bangalore (Power Engineering College): A close liaison.·. 
should be e~tablished b'etween ~the 'Central Board of Irrigatioli 
representing Power .Engine.ers .. and. suc];l., in~?ti~ut_i~ns_. '' ~ ., 

Accordingly a communication ,was addressed to-the Council of Scientific 
~ - .l > .. ,i .r , 

a~d Industrual Research and the Indian Institute of Sciences, Banaglore. _In 
response the Governing Council of the Indian Institute of Science, Bangalore 

; . 
passed 'the following resolution~ · • ' • 

" That the request of the Central Board of Irrigation for the Co-opera. 
\. 

tion of the Institute .in solving research problems relating_i to 
Electrical Equipment be a~ceded to, provided that there be no 
:financial liability to the Institute. " 

~ ~ '1, ~ 

The reply from the Collllcil of Scientific and Industrial Research is_ ~til 
awaited. -

: , , (i) 5ien~ral Layout 
'' 

PRELIMINARY NOTE 
r ' 

There "tf"&~ ~o contribu~ion or discussion ~t the 19~! Research Committee 
~~~ ' ~ 
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Recent Literature 
" -
(1) Maccall "\V. T. Electrical Engineering, Volumes I & II University 

Tutorial Press, Ltd. Lon~on, 1947. 

(~) Mobile Power Stations for the U. s: S. R.-The Metropolitan Vickers 
- Gazette, Vol. XXI, No. 348, April, 1945. 

(3) .U.rr_eras, P:Influence de l'inertie de rean siu.Ia sta.bilite d'un groupe 
hydro-electric (lnflu~nce of inertia of water on the .stability of a. hydro-electric 
system)-La Houille Blanche, No. 2, Match 1946. · 

.... \ - ~ 

( 4) DentQn S •.. M. Hydroelectric Power system deaign-A.merican Institute 
of Electrical Engineers, New York. 

(5) Foundations of the ~tima Power House, Sarda Canal-Annual repon 
on research progress during the year 1946, United Provinces, Public Worb 
Department, Irrigation Branch. 

. - ' 

(6} Electrical ~tallations (General}-British Standards Institute, London 
1946. • -- I 

(7} Bray 0. S.-The Mystic cable tunnel design and construction
Journal ~oston Society Civil Engineers, Vol. 33, No. 2, Aprill946. 

, (8) 1,400 feet calyx: holes fo:r- Peruvian hydro job-Engineering New 
Jl,ecord Vol. 139, No.6, Angust 7,J.947. 

THE YEAR'S WORK 
/ 

DISCUSSION BY THE RESEARCH COMMITTEE 
There was no -contributions and no discussion · under this sub-head. It 

was decided to retain this on the agenda. . 

DISCUSSION BY THE BOARD 

There waa no discussion. It was decided to retain the subject on tba 
.agenda. 

. 

(ii) Structural 
PRELDUNARY NOTE 

There was no contributton or discussion at the HUT m~ting of the 
Research Committee . 

. 
., Recent Lit.ertJture ,. 

(1) Spencer R. W. Maintenance studies on hydro-electric plant struetur~ 
Civil Engineering Vol. 17~ No. 3: -March 194:7. · . 

THE YEAR'S WORK 

DISCUSSION BY THE RESEA'RCB COMMITTEE 
There were no contributions and no discussion under thia subhead. I 

was dooided to retain this on the agenda. 
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DISCUSSION BY THE BOARD 1 ... 

, . 
THE SECRETARY said that there was no contribution and no discussion at 

tlie Research Committee under these sub-heads. -. - . 

. MR. H. ~R. B~TIA . s~~ested some s~cifio items of Power House' Plan~ 
and Equipment to be taken up for exchange of opinion. Referring to hydraulic 
turbines he meJ).tioned that over-speed and other tests are generally deJD,anded -
both at the m~nufact.urer's works as well as at site.. This_ increased. the 
~a pita] cost of the plant. It was for consideration .if some of the, tests 
at least could not be dispensed with a~ the manUfacturer's works in view of: the 
manufacturer's guarantee as well as subsequent tests to be performed· at site .. 
This in his opinion should reduce the capital cost to some extent. Reg~rding 
the electrical equipment, he stated that the usual practice in this country has 
been to earth the neutral point of the generators through a low resistance but he 
understood that some continental fir~s advocated earthing the .neutral point .. 
through high resistance so as to limit the short circuit current to about five, 
amperes, 

Coming to the question of Switchgear, he sa'id that recent developments: 
in this direction were the manufacture of air-blast and, the minimum' oil type 
circuit breakers far extra high voltages.- Th~ m'iniillum oil type circuit breaker~ 
ofrere~ s?me advantage~ inasmuch ~a the ch~nge of oil could be accp~p4shed:. 
very rap1dly, but he believed that th~ frequency of such'~liange-ove.r would be 
considerably increased as compared to the bulk ~il type circuit .breaker and'_ 
this in his opinion would prove inconvenient and 'more co~tly m mairitenance 
and operation. The air-blast type circuit breakers.are cheaper, a&!; compared. 
tothebu1koiltypecircuitbteakersfor voltages above about-66,000 kV. ,The 
au pression of arc in this type of circuit breaker is very effective due to a strong 
air-blast and therefore the arcing time is very' small. This would reduce the 
necessity of frequent maintenance and replacement of arcing contracts and
therefore this type of S~tchgear ill his opinion offered a considerable advantage ... 

· Referring to spares, he said that practice in the past in many cases has been 
to or~er too many spares when first installing any equipment. ,Some of these 
spares are not used for several y~rs. ~e ~ggested that it would be desirable_ 
to order only very essential spares but in order.to be able to obtain replacements 
tt!J and when required, it was desirable that complete technical particulars, of 
each type of equipment should be obtained and kept on rooord for ready 
.reference to obviate a~y difficulty due to certain types of equipment or parts 
thereof becoming obsokte. · 
.I - ,J ~ 

- R~o BAHADUR G. SuNDAlWI s~at~ th8.t exp;rience had yet to. be had o;; 
the minimum oil type circuit breakers but he had tried some air-blast circui-t 
breakers. In his opinion, it had yet to be had on air-blast type circuit breakem 
for voltages up to 66 k V under the present conditions but they should prove 
.suitable for voltages above 110 kV. T1llif of course, he said, was subject to 
verification when more experience was gained. 
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Speaking on tJ!e minimum oil type circuit,brea.kers, he said that as in 
Madras the major requirement was for out of the way sub-stations and as this 
type required frequent oil changing and handling, he would not favour its use. 

liB .. MiRCHANDANI said that they had recently examined quotations from 
!orne firms reg;,~.rding the airblast circuit breakers down to 66.~V and found that 
their cost ~as much less tha~ ~hat of bulk oil type:_circuit breakers. · 

MR: S. A. GADKARY stated that very little experience had yet been ob-. 
tained.on the use and behaviour of air-blast circuit breakers in this country. 
He thought that the film 'On air-blast circuit breakers, which he happened to 
see recently was' rather instructive.. He agreed with Rao Bahadur Sundaram 
that at high voltages these circuit breakers would be economical. He suggested 
that these might. be introduced with advantage on the tnain trunk lines between 
Nangal and Delhi :firstly because of their lower cost and secondly because they 
-could be built up in units and as the transmission V()ltage increas~d, more 
units could be added, but this was not possible in· the case of bulk oil circuit 
breakers. 

Several of the 132 kV lines would have to be converted to 220 kV in the 
near future such as the line from Nanga] to Delhi a.nd the air-blast type m1ght 

- in such cases, prove more economical. He was, however, not sure of their 
b~hav1our in the dust storms as might appear in the East ~jab and other 
areas 'alt.hough he said, the manufacturers had assured that they would have no 

' e:f;fect on the 'circuit~ breakers. He further stated that some of the contmenta.l 
fu.n1s were providing narrow air gaps between the live and dead portions of 
th~ir it,ir-blast circuit breaker~. . · 

Referring to the minimum oif circui( breakers that they should be tried in 
a few cases to gain more experience. . ',. 

Coming to the question of spares, he said tliat the problem could only~ 
solved if they had the manufacturing firms in India. It would be for individual 
engineers in charge of the projects to include such spares in ~heir indents as they 
thought fit. · 

. (iii) Hydraulic Works 
PRELIMINARY NO'lE 

Th~ following items were discussed at the 1947 Research Committee 
n eeting _under sub-head 3 :-, 

(1) Foundation of Khatima Power house-Sarda Canal. 

(2) Verification of the observed lowering of water table at Moham n B£JU 
Power'House by electrical analogy method. 

\ • - q- ... 

. (3) Model Investigation regarding the project of Mohammadpur Power 
Hcmse~ · · · . · 

~4~. Model investigation regarding the design of Pathri Power House, 

(i)'S~ing above the left_forebay of N.irgajni Power St~tion •• 
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•" '-- ..._ 

Recent Literature 

{I) Niederhoff A. E. Power from pumped water-\Vestern Constructton 
New~, Vol. 22, No. 6, June -1947. · 

-.. . ' 

(2) Norrby, J. N.~ Civil Engineer, State Power Board, Stockholm.-The 
Stilling Ba~in at the Hollefersen Power. Plant_ The .second meeting of the 
Internatio~al Ass9ctation for Hydraulic Structures research, Stockholm, 1948,_ 
Paper No. 23. 

THE YEAn•s WORK 
J 

There were two contributions for discussion at the Research Committe" 
:Meeting :- · 

...... ~ . . .. , ,~ 

(1) Model investigatio~s regarding the -design of 'Sarda Pow~r '·House.' 
~ • ' ~ ... .. ~- ,. f' : ~ ~~ \ 

. , . (2) 1\lodel'iiivestigations regardiug the project of'Moh~mmadpur 'Power 

.. 

House. 

{1) MODEL INvES'IIGA'liONS'BEGA.BDJNG 'I BE DESIGN OF SARDA 
POWER HOUSE (1) 

'ABSTRACT 

Sarda Power House is teing constructed at mile 0-f-90 of a· new Power Chan-. 
t ~ 1 ,.,. 

ncl, milos 12-5-275 long, which ta.kes off from the nia.in canar at mile 7-'i-60 on . 
' "'' 

its left bank. There are a. number of falls ranging from '2~5 fed to 3·5 feet in 
the maiD caiial between mile 7-7-427 to 19-6-290, the total d.J:o~ being-59·1 
feet, which is combinoo in one fall for the generation of power. It is proposed to • 
instal thre~ turbines at pre~nt which will utiliSe a diScharge of 9,500 c~cs, au'd 
a spare bay is provided for installing anothr-r1 machine at a later stagt:. ' Givaa , . ' 

results c,f model experiments. , l · ~ 

The following model investigations were required to be canied. 
' ' I 

(1) To. determine suitable protection .f~r the bed a:qd. sid~,.'l of.the main 
. canal and power channel at its.off-ta.ke and means to relieve action 

thereon; if any. 

( 1) rnit6d Provin~es Irr~ati~~ Research Station, Rf"port on Research P~ogress du~i~g'l9<!T 
• page! 93-}(12. .. • ' ' ·' ' 
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(2) To design guide walls for the least s1lting up and turbulence in the 
intake chamber and equitable distribution of water at the forebay. 

' . , 
(3) To design splay of sides, bed and side protection downstream cf the 

draft tubes. . 

(4) To study the effect of silting in front of the draft tubes with different 
combinations of the machines in commission. 

(5) To devise a. suitable arrangement of wells to lower the water table in
the foundation pit. 

(6) Pressure determination under the foundations. 

(7} Pressure determination under the foundations of escape and regula tor. 

For items (1) to (4) above a geometrically similar model comprising of part 
'<>f Sarda Ma.in Ca.nal, Power Channel and Power House was constructed to scale 
1/25. Figure 2D: 1 shows a portion of the Main Canal and Power Channel. '!'hen 
the model was run with a discharge of 9,500 cusecs, it was found that velocities 
on right were comparatively higher than on the left, and the.re was silting on the 
inside curve at the junction of the Main Ca.nal and Power Channel. Curves of 
various radii were tried for equlisation of flow. An arc of radius 335 feet subtend
ing an angle of 62° improved. conditions but some silting was still in evidence. 
The right corner was also rounded off as shown in Figure 2D.l with an are of 
radius 15 • 0 feet. Some action wa~ 'noticed on this corner and it is recommended 
to pitch this curve, shown in Figure2D.l for its protection .. . . 

Slopi~g bars of height varying f;o~ '1· 5 feet to 2 · 5 feet o~ right and zero 
·on the left were tried just upstnam and downstream of the curve for b~tter 
distribution of :ffow below the curve all along the width of the power" channel. 
Bars 2 · 5feet high on the r;ght and zero on the left improved conditions consider
ably. Table 2D.l gives a fair idea of distribution oi velocities as observ.edin 
the model by means of a; pi tot tube in the power channel below the 8loping bar. 

The 375 feet long sides of the intake chamber were strean lined by provid· 
ing vertical hyperbolic ~xpansions 1 in 4 as per Figure 2D.2. Tbe model 
sb.owed improvement in as much as there was no accumulation of silt along the 
sides which was ind>cated in the original design. Further, cut waters at the noses 

- of piers of concrete ducts were provided to minimise affiux and turbulence in the 
iatake chamber, Figure 2D.2. · • 

All the bays ending into spiral casing chamber will be fitted with dispersers 
and isolating rings for the ~ca page of surplus discharge. Only two turbines, out 
of the thr~ tQ be installed, in the first instance will be run for normal duty and 

- the third will be kep~ as standby. :As mentioned earlier, there is also going to 
be an idle bay for future extension. 

The model was run with three extreme left turbines functioning, the right 
bay-being closed. There was excessive silting on the right, downstream of the 
d.raft tube., on the 120 feet long sloping bed, this being virtually a dtad oorn~r. 



A 

n..-- lSO~O~--
l 

' 

~---Re~lator __ ....., 

358 
I 

right to nil at left 

Existing work 

Proposed work 

W ter:.leve1 

350' 

I 

Height of sloping bar at 

I. Right end 2·S feet 

2. Left end O·O foot , 
8·1 

(Not to scale) 

C.B.I. 

~~-Sloping bar 2·5' right to o·o at left 
Bar to be designed by the 

officer incharge of constructio 

Figure2D.I :- Sardapower channel- Showing research proposal of its offtake from main canal 
2F •oo 9 2po zgg 6fo 

Rea. No 1117 XDD (CI' 50~ 1,11 0 (P .Z..O. ). 



Rea No ~7l7 XOO(C) ·~·1.~10 

C.B.I. 

------

/ Side p1tth1ng 

R.l.682-96 
Service Road 

R.lf86-96 

. ' 
51·0 Longitudinal section 

Detail of nose or cut water 
(Not to scale) 

\. F.S.L.654·96. I 
- - 8·9 

Bed1U646· 6 

Dipresse<l sloping pitching I 10 20 

Upstream Wings.floor,toewall a pitching etc 
to be ••gned by construction eng1neer at 
site 

Figure 20.2:- Showing upstream & downstream protection work (Sarda Power House) 
I 00 SO 0 I 00 200 300 400 500 

Scale l . ' ' . I ' I Feet 



Serial 
No. 

:--
I .. 
• 
1 

~ 

2 

' ' 

-
~ 

-
3 . 

-
' 

. 
' l 

TABLE 2D;·. I· . 

Velocity 1'~jeet per second os obserred in the model to scale ~ 
25. 

j 

I ' 

Distance in fed from centre to the left. Dista.nco in feet from centre to the right. • 
' 

f ~ . 
' \ --. -- - - -- . . -

7· 6 5 4, 3 2 I 0 I 2 3.~ 4 - '5 6 7 - t -.. _; ~ I - I - ' -- - ~ -. 

I 
I -.. - .. ---

1·65 .2·00 2·60 . 2·6() 3·00 3·65 4•20 4·45 4·70.:5·15 4·45 5·J5 4·45 3·35 1·03 
~ -

' 

" . , . ". - - t --t 
I . 

-1·00 2•60 2·60 3·00 3• 0 5 3·65 3·65 ·3·65 3·65 3·65 3·65 3·65 3·00 2<6(}-··1·00-
-- ' • .L ~ . 

• ~ 
' 

- . 
' . -· - - -- ' -- I 

2~00 
-· 

2·60 -~ 2·60 -o· 2·25 2·60 2·60 2·60 - 2·60 3·30 2·60 z:ao· 2·60 .·2·60 0 
- - .. ._ - ~. . -

-
1 

--
I - l •' --· -

' . 

. Remarks 
-

-

. . 
Original design. 

-. 
: - ~ . --
With inside curve of radius 335 feet and 

on tigh.t with radius of 15·0 feet. -
I - " - . , 

-
·-
With two ·sloping bars 2 • 5 feet high ~~~ 
. · right and zero on_the leR, in addition. .. .. , -. 
; 

::. 
~ 

... ~ ,, •' . -- . -- . \ 



288 UZ CENTRAL BO.AJtD OJ' IR:JUG.A:noN ANNUAL'UPORT 194:8 

As will be seen from Figure 2D.2 draft tube~ in each bay are divided into two 
parts for structural needs and. the left portions intercept most-of the supply 
from the clockwise vortex descending from turbine chamber, so that little 
discharge,.-rasses in the right portion resulting in some silting on the right in 
front of every dra!t tube and shooting currents from the left portions. On 
carefully observing the velocities with the help of pitot tubes the order of velo
cities anticipated at the proto-type was about 25 feet per second at the exit of 
the draft tube which, proceeding as a shooting jet, gradually was reduced to 
eight f~et p'er second at the end of the sloped portion, 135 feet long. This 
suggested the construction of. a pucca floor in tills reach. . 

Further down in the Power Channel, there wa~ excessive side erosio~ on the 
left and also bed scour in ge.nnal. To provide against this, the downstream 
banks of power channel are spl."'yed with hyperbolic expansion 1 in 10, and 50 
feet long side pitching added to jt .. Further,50·0feet wide bed pitching, slope 1 
in 20, is provided in conjunction with a row of staggered blocks 5·0 feet X2·5 

'feet X2·5 feet at the end, which greatly minimised the bed scour, however, 
'.-there was still some side action . . ~ 

To avoid silting in front of the draft tube on the right, the extreme left 
~turbine was closed and the remain.ing three \\·ere run. 'Vith the devices pro
; posed, there was neither any side nor bed scour. Silting in front of the bays 
· ·was als~ negligible. Since only two turbines will function for the present, the 
' model was run with possible arrangement of turbines for minimum action doWn.
' stream, and it was found that two centre ones gave the best combination. 
·_Table 2 D II shows a comparative study cl silting in front of the forebays, bed 
·.and side erosion downstream of the Power House, in all case3 t>xamined at the 
1 _Research Station. 

DEWATERING OF FOUNDATION PIT (POWER HOUSE) 

A model; to scale 1/4:00, was prepared tv study the problem by electrical 

-analogy. 

Data~ 

. Spring level before ~tarting the work . . R.L. 670 

Spring level reduced by digging see page drains upto R. L. 658 

Lowering of spring level expected by the drains down to R. L. 641 

Assuming that lowering is to be affected by the well8 from, R. L. 650 
.. 

-Spring level required to ·be lowered to .. . ' . . R. L. 605 

/ 

-Total-loweri.llg to be~ afiected (with wells) •• 45 feet. 
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Assuming suction head to be 20 feet for the centrifugal pump, the .. d-.:'rth 
in the well should not exceed 45+ 20=65 feet. Hence the percentage drop in 
potential ~h~uld not be less than 

45X 100 
69

.
2
-

65 ' 
Lengths of st.r,:iners tried for the syst.<'m of 14 w~Js considered as suitable 

• for lowering the water table uniformly were 40 feet and 50 feet which gave a 
lowering of 59 percent and 62 percent. at the centre of the cofferda.m. 
As this was not to tbe requirfd depth, a levgth of 65 feet was tried 
which gave the distribut~on of prtent.iaJs as shown. in· Figure 2D3. It 
will be observed that this length is sufficient, and lowers the water table 
uniformly. For obse~viug the discharge, current o-g.tput from the system was 
measured and it g .. we 0 · 26 amperes. A single wire repreEenting six inches 
diameter 100 feet long strainer giv.:s under similar conditions a current 
of ,0·07 ampere, equivalent to 1·5 eusecs approximately in nature under• 
a depre~sion head of 1~ feet for- the strata similar to that obtained at 
the site of the pit. In the ultimate stage these wells will wOik under a.n 

a~erage depression head of 
65~20 

=42·5 feet.' This gives a total ~charge of 

0·26 42·5 
0 .07 xw- x 1·5 

= 23 · 6 cusecs. 

or 1·7 cusecs per well, with 14 wells arranged as per Figure 2 D. 3. 

To be safer, it js recommendtd that 70· 5 feet strainer length -E:h.ould be u~: < d for 
these 1·7 cusecs wells around the pit. Apparently alHhe ~jxinchu ttJair.o F of . 

.. 
C. B. 
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Figure 20·7:-Showlng combined head & regulator for tall-race-escape at M .I-7-375(Sarda PowerHouse) 
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lengthio feet- shall have to be. pl~ced be}ow R. L. 580 to allow a In;Mgin ?f 25 
feet for the depre~sion. Initially the pumping set has got to be pla~ed higher 
up as the digging proceeds. It is advisable ther~fore, that. suitable lengths of 
blind pipes are located from R. L. 580 upwards which will be gradually remo:ved 
as ~n as depression in the well exceeds 20 fe3t for a particular position of the 
pumping set. The ultimate_position of the pumping-set will have to be at R.L .. 
60~ so as_to keep the water-table lowered to the bottom of the pit. If bore hole 
pumps are used, this arrangement will not be required and the shafts will be 

:reduced from above: 

PRESSURE OBSERVATIONS UNDER THE FOUNDATIONS OF SARDA 
POWER HOUSE BY ELECTRICAL ANALOGY 

' . 

The Sarda Power House design, as submitted to the Research Division, 

contained six pil~~ ~!ked 1, 2, 3 up to 6; as per No.1 on Figur; 2 D;4. Press.: 
ures have been obs~rved with different arrangements cf pi]es keeping the-struc· 
tural requirements in view and given in table of Figure 2 D. 4. , 

From' the st~dy of pressures obtain( d- undei the proposed and the subse
quently changed arrangemE'ntfll;it Will be noticed .tha~ pil~s No~~ and 4 are no~ 
serving any useful purpose because of their closeness to the- pile~ No~ 1 and 3 .. 
Actually ~here i~ a cntain amount of interferenc; between the piles of each pair. 
It was, th_erefore, decided to rcmove'tl1em a:ridJhe pile No.3 shifted a little so 
as to bring it right m1de

1
r the piers as 8hown in Figure 2_!). 5 on _a bigger scale. 

Piles 5 and 6 could not be touched although only one of -them, No. 6, was required 
for lowering t.he pressure.s under foundations. ThE>se piles are driven to form the 
cofferdam and will be left there to serve as sheet piles. " · 

' 

Fron1 the model st~dy of the action of water _comi~g out through the~ dr_aft 
tub~, it has been fQund that the sloped portion beyond the pile No .. 6 needS to be 
made pucc:t. 1Vith this arrangement, e-:e., with piles I, 3, 5 and 6,and puCCG
slo_{)ing floor, we find that the exit gradient comes o'ut to be infinjty which is 
not safe for the structure ~s it will induce piping. To remove this defect, it was 
decided to add at the end of t,he :floor -one ot the two 20 feet she~t pilings-which 
have been removed from. the pairs l:-2 and 3-4. This arrangement give~ us the 
pressure distribution ns shown in graph m"de Figure 2D. 5. . This gave a factor 
of .safety of five againd floatation which is quite ad~quate. The abpve design 
tentatively worked out for·hydrodyr.amic requirements, however, shows ex• -
cessi~e pressures under the floor between piles 6 and 7 vide Figu;e 2D. 5, and as 
sue~ this ~rrangeinent will prove very costly. As a compromise between the 
hydrodynamic ~1nd pressure req~em~nts, it is proposed to make this :floor of· 
in~r-connrcted c-ement concrete blocks with a filtel' underneath.tncle Figure 2D.6. 
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PR~5_SURE DETERMINATION UNDER SARDA POWER HOUSE REGU~ATOR AND ESCAPI 
AT MILE 1-7-375 

Figure 2D.7 shows the head ngulat~r for the tail race ~scape. The pres
sures have b~en observed along the sec~ions AD and EH. The results obtained 
on the electn~al analogy appa~dus, Figure 2D.8, are shown O.l Figure 2D.9 
and 2D.JO whtch were commumcated to the Construction Division. 

· Copper 'plate 

' .,;.:, .. 

Probe 
.. ·r .. 

Copper plate 

. lnput o 
Audio amphf1er 

l 

I.OOO,vOutput Output, 

o---"-----------------=:...l Headphones 

C.B.I 

'Figure 2D .S : Elec'ric'll analogy apparatus slwwir g pressure ()bservr.. t~vn undeT 
Sarda Pcwer 11 ouse foundat£ons. 

CONCLUSIONS 

The following recommendations have been sent to the Superintending· 
Engineer, Ssrda Power House Constn;.ction CirCle:-

{1) The left and r1ght corners ~t the junctiop. of 1\Iain C~nal and Power 
Channr 1 to be 1 ound 'd off in curves of radii 335 feet and -15 · 0 feet 
respectively, the Tight,one alorg with 50·0 feet straight portion on 
either ~ide to be piteh£d nnd grouted as per Figure 2D.l. · 

(2) Two slopi.Iig bars 2 · 5 feet high on right a~d zero on the:l~ft to be pro· 
• vided in the bed, one at the entrance of curved portion m the Main 

..Canal, and the other 25 fee~ beyond the exit in the Power Channel as. 
per Figure 2D.l. _ . 

(3) The. wings of lined intake chamber ·to be provide~ ~ith :vertical 
hyperbolic expansions 1 in 4, and noses of piers provided w:ith cut 

. waters, as in ~igur~ ~D.2. 
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Figure 20.9:- Showing pressure under the floor of the combined head & 

regulator (or tail race ~scope at M./-7-37 5 along section AO{Figure 2D.7) 
(Sardo power house) 
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Figure 20.1 Q:~ Showing the pressure under the floor of the combined head & 

regulator for toil race escape at M.l-7 -37 5 along section E.H (Figure 2D.7) 

(Sardo Power House) 
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' I 

. 
4:. j The banks of power channel below the powe~ _hous~ ~ ~e ~pia ye~ ~i~h 

· hyperbolic expansion 1 in 10, and 50 feet s1de pitching (:u;Id~<f: ~o 1t,; 
also, the bed to be provided with depressed pitching, slope 1 m 20,. 
in a ~ength of 50 feet. • · 

5 .. A row of staggered blocks 5 feet X 2 ;5 feet X 2 · 5 feet to be provided. a~ 
, the end of the upwards sloping bed, downstream. of-the draft tu~Q.: 
6. For dewatering the founda~ion pit, an arrangement of14 well& :w~th 
· ·. 70 feet of six inches strainer has been ~recommended .. 1 All· th~ 

· Ftrainer l~ngth to be provided below R. L .. 580. Above it are to
be blind pipes in suitable lengths . which will be removed as th~ 

·digging proceeds. · 

7. The arrangement of piles originally proposed has been altered to ~llat-
. :shown in Figure 2D.6, wherein the pressure distribution ha~ als(; 

been shown. The upward sloping bed downstrearp. of the dra~t. 
tubes will consist of a five feet graded filter underneath interlocked 
concrete blocks 10 feet X 10 feet X 3· feet to resist hydrodynamic: 
action and to release pressures. · ' · 

' ' 

8. Pressure under th~ two sectiQ.tls of the Power Ho~se regulator and. 
escape have been observed by electrical analogy method and. 
~ommunicated. These are shown in Figures 2D.9 and 2D.l0. 

-(2) MODEL INVESTIGATIONS REGARDING THE PROJ~C'l ()F;, 
- · · 1\IOB~MIIADfUR POWJR BQl]~ (2) . . 

, ABSTR~QT. 
' ( ' -. ' ~..., 

Hodel investigations regarding the project ol· MQJ;laP.t~.~apu~. PO:W6f 
Bouse (3) were concluded last ytar. It was desired to fill in. the blank spacf" 
on the left side of each bay in front ot the draft tubes by suitable curves tO' 
do away witb the gaps created by the abrupt ·]unction· of the draft' tubes. 

• ~ j • , ' > r 

with the wings and divide walls. Two designs were supplied for investigation-
by mod~l experiments to know, if the filling .of these gaps will affectthe Bow 
conditions in any way and the best form of curves to be suggested .. Give& 
results. · · · 

r 

A model of. ~Iohammadpur Power House and the subsidiary fall was 
' 1 

constructed to s~_ale 25 . When the model was -run, it was found 
that the filling of these gaps seemed to have no material e:ffecton· 
the conditions of flow. Under the circumsbinces either of the two-

- ' curves .can be adopted at site. . ., , 

As studied on the same 'model, the vortex formation w~s found to be
very unsatisf~ctory in all the t~ree turb~ne chambers.-· It is probable 
that there w1ll be so~e hunting, partiCularly on the left . machine, 
and, as s11ch, the effiCiency of all the three machines is not likely to-
be high. · ·. 

{(
2

) United Provinces Irrigation Research Station, Report on R8search Progress during 1947 
pages 102-104. - · , • ,. 

(
1

) U. P. Tet•hn.i<'al Memo. No. 15, 16 ~~4 17. 
,. 
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Similar trouble existed in the left bay of Nirgajni Power House and it was 
remedied by the provision of a vane. (4). 

Initially, the power generated at this machine used to be 2,500 k\V, which, 
immediately after the power house was put into commission, was reduced · to 
2,250 k \V. As a result of the improved vortex and prevention of silting upstream. 
of intake chamber, the machine is now generating 2,500 kW without any 
hunting etc. Encouraged by the proto-type results at' Nirgajni Power House, 
vanes of various sizes and shapes were tried for Mohammadpur Power- Holl.Be 
as well, an4 it was found that a vane, as' per Figur~ 2D.ll, if provided in each 
ba. y, improved vortex motion considerably, the minimum a:fllux experienced was 
of the order of 1 · 5 feet. In the event of a lower efficiency of the machines after 
trial, these vanes may be tried in one, two or three bays to improve the same. 
lt is difficult to say what is likely to be the exact afllux at site, as,. while 
the ·model indicated four inches afH.ux for Nirgajni Power House, there 
is none whatsoever obtained at site, after putting the vane. Due to develop
ment of negative pressure within the draft tube, the model does not 
represent this in a scalar ratio. If trouble, as anticipated, occurs, the vanes 
might be tried one by one. • · 

SUBSmiARY FALL 

_It was intimated th:at the floor of the subsidiary fall had~to be strengthened : 
as per Figure 2D.l2 against uplift pressure. This was likely to prevent the 
formation of standing wave in part length above the crest due to decreased depth 
of the cistern on the right, which might create bed scour and side erosion etc. 
downstream. When the model, to scale 1/25. was run, it gave bed scour 4·5 
feet deep in the presen~ of staggered blocks etc., and 10 feet, side erosion in a 
length ofabout 100 feet. · 

\ e • To do away with this one sided action addition of sloping crests ranging 
from 0. 75 foot to 1· 75 feet on the right and :rero in the centre of the vertical 
fall were tried. Addition of 1· 0 loot height to the crest at the right end, sloping 
to the e:x:isti~ level in the centre, gave no boo and side action. 

CONCLUSIONS - ,.. .-. 

(1) Either of the two curves proposed for filling the gaps may be built at · 
site, as none of them a.frects the normal flow conditions in any way. 

' " ~ ... . 

{2) frovision of vanes !01: better vortex formation at the three turbines 
is suggested. The possibility of creating an affiux of 1· 5 feet haa to 

- be considered, ana vanes should be tried only in case a low efficiency 
'' ofthemachinesis indicated. · ~ 

· (3) . Addition of one foot in the height of the crest of the subsidiary fall at 
the riaht, which is to'be sloped down to the existing level in the 
centre

0 

of the crest, is recommended for preventing action on the 
right as a result of subsequent modifications. 
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DISCUSSION BY TBB RESEARCH COMlVIITTEE 
I 

Introducing item (1) MR. GUPTA said that the Sarda Power House waa 
under construction at mile 7-7-60 of Sarda. Canal. The total drop available was 
~9 ·1 feet and 41,000 kilowatts would be generated_ .when all the ! four units had 
been installed. , -

1 

The design of the Power House was tested at~Uni~ Provinpe~ Resea~ch, 
Station with a view to. studying its hydraulic aspects. , Figures 2D. rand 
2D.2 showed the improvements proposed for streaJDline flow, for the minimum 
silting upstream of the Power House and for maximum dissipation o~ ~ner~ 
downstream of it. - ·· · · · · ' 

Referring to item (2) MR. GUPTA said tht;tt it was noticed in! the model of 
llohammadpur Power House~ t~at a vortex did not form clearly in all the three 
turbine-chambers -and there was likehnood of hunting which would lower the 
efficiency of the machines. Figures 2D.ll gave the design of a vane ensuring 
pdrfect vertex formation. It ,would be recalled that a·· similarl. vane' was 
recommended for the left bay of Nirgajni,Power House vide page 85 of U ... P::. 
Technical Memo. No. 11·. The prototype results in~cated that the efficiency 
cf the turbine was restored to its original figure as a result of elimination of 
the effect of hunting. ~ 1; , : ; , ; ) 

-

Referring again to Item' (1} MR.-MrrrAi said_ that in order to find a suitable 
.arrangement of wells for dewatering the Sarda Powe.r House,. a model ~o a scale 
~f ~ was prepared to study the problem by the electrical analogy~ meth~, 
A system of 14 wells was proposed as shown on Figures 2.D3. , ._ With . ftn 
.expected total discharge of ~3 ·6 eusecs in , the final .stage ~f ~U:D·watering .. · 

, ~ , ... • t r ~ / 

The information so far received from the Construction Divisfon revealed 
that there would be a close agreement between the laboratory exl>eriments 
.and the prototype observations. · - : 

In order to design a safe foundation against uplift and exit, gradients for 
Harda Power House, experiments ~ere performed by el~ctrical analogy apparatus. 

Figure 2D.8 showed the apparatus used, with an audio-amplifier to facili
t~t~ fiilding Qf the well point. y arious combinations of sheet piles were tried. 
F:tgure 2D.4 showed a comparative statement ofpr~sure under_ the foundations. 

' 

Figure 2D.6 showed the arrangement _of piles that had ,been recommended. 
The curves showed percentage pressure and total pressure in feet of water 
under the floor of Sarda Powerhouse. · ·· ' · '. ,- : _ • - , 

.. - ..... ·: ~~ t~-:~· r·~ ~ 

Attention waa drawn to the provision for interlocked cement concrete 
'bl~ks,IO feet x 10 feet X 3 feet placed on a.graded silter as shown in Figure 2D.6. 
This was necessary to ensure the floor against the fast current of water issuintr 
out of draft tubes and to provide for pressure release. : , -

Pressures were also determined under Sarda Power House Regulator on 
the same apparatus. The resulta were shown vide Figures 2D. 9 and. 2D.l0 aud 
had ~ communicated to the Cooatruetion Divisipn. · .. 
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DISC:USSION BY TBF BOARD 
The Secretary explained that two items ~ere discus~ed at the last Research 

Committee meeting but there was no resolution. · 

Rio BA~ADUB .. G. SUNDARAM pointing oll;t the importance of manufacturing 
power plant m India suggested that a resolution be framed on the subject. 

MR. P. B. Anv ANI moved the following resolution which after discussion 
was passed unanimously. . 
· ;In Vi~w ~~ th~ fact that the manufacturing capaity of Engla:Ld, other European 
cowitries and the Uni~ed St~tes of America for heavy Power Plant is stated tO 
be barely sufficient for replacements and projeeted development in those coun
tries du1ing the next several years, the multipurpose and other power projects in 
India cannot be developed to programme unless arrangments are mad tO secure 
high priority for supply of such plant fr«~m ab;rc,ad during the next two or thre& 
years and there after fot its manufactUre in India. The Board reiterates its con
sidered opinion that the rroduction of poWBr plant is fundamental to the economy 
of the country both in times c,f peace and war and accordingly resolv MI that the._ 
Government of India be requested twit they should themselves set up one or 
more factories fc,r the _.manufacture of Power Plant in India and~ ensure that 
production actually starts not later than 1951. 

(iv) TURBINES 
PBBI.JlffltAB~ _ X:O~, 

, There was no contribution or discussion at the 194 7 meeting of th.e Research 
Committee. · · · ' 

Recent Li.Wature 
(1) Fergusson F. F. Turbines for low-head HydrO-electric d~velopment- · 

Central Board of Irrigation Journal, Vol. 3, No.4, October, 1946. 
, (2) Voorduin ,V. L. Selection of hydraulic turbines and power house dimen· 

lions-Thacker, Spink & Co., Ltd., Calcutta, 1947.. . - . 
(3) Escher Wyss-A centryofwater turbines-Escher "\Vyss ¥ngineering 

Works Ltd., Zurich. ' ~ . 
(4) Escher Wyss Kaplan Turbines-Escher Wyss Engineering Works, Ltd. 

Zurich. 
(5) Dahl H. 0 .. The.official tests of the Kaplan turbine at Lillaedet-

Reprinted from Engmeenng, ?tJay 20, 1947. 
' 

THE YEAR'S WORK 

One contribution was made t'o the Research Committee.....-
{1) Simple turbine for s~all canal drops. · , 

(1} SIMPLE TURBINE FOR SMALL CANAL DROPS ..,(5} 

ABSTRACT 

'lhese inveatigationB were undertaken to evolve a suitable type of ~~Dina 
t~t could be used on low heada m the. drops that occur in the Hizamsagar 

(') Hydera.ba.d Engineerins ~es~&rfh J..ib~~a~~r1_e~~\Annua.l Repo~t. 19-!7~ pages 12-1,4. 
• .,•J. • A .... -.. ... ..,._. • • ' 
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Distributaries of the State. These· dzops vary form threG to eight feet with 
dis:}hargC:s varying from a ftw cusecs to 200 cusecs. 

' - . 
Most of the.:;e dro;s occur in rural areas where it is not possible to g~t 

the expert servicing needed !o!' working and maintaining the reaction type 
low-head turb fnu. · Th£·se tuxbinf:'s l'~'fe tl:er.efore, to ·be oi a very simple 
type, capable of being repair fd and maintained by clever artisans ol tt.e .rural 
areas such as 'the vilJage carpenters and blacksmiths. .Thus though a rea.~t:on 
turbine could give bGttE:r tesults ior sach low-heads, ret simplicity demands 
an. impulse type (wherein thr: complexities . of draft~tube etc:, woald' te 
elim:nated) even at the cost ol some eB;icien~y. · · 

EXPERIMENTS AND RESULTS 

A six inches runner was made- working under a head. of ne~rly·~·5· feet. 
This consisted of 32 blades with a chute designed to lead the water to the blades 
with no sliock at entry. The velocity triangles of the turbine are shown~in 
Figure 2D.l3. The energy supplied t<? the runner was calculated from the 

. ' 

Figure 2D.l3: Showingvelocitiesfq.r5 inch~srunner (Modell~. 
M2ICB~ . -

C.l.l . 

. --ll 
~' I 
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dischargeandtheheadofthe water. The power out-put at the shaft of the 
turbine (B. H. P.) was measured-by applying a brake to the shaft-pulley. The 
ratio of the B. H. P. to I. H. P. gave the efficiency. 

The discharge was varied from 0 · 2 to 1· 2 cusec.s. Between discharges of 
about 0·5 to 1·0 cusec relatively good efficiencies were obtained, the efficiency 
falling down at higher disharges. The specific speed obtained was in the vicinity 
of 25 at the maximpm efficiency of 35 percent. and the corresponding speed of 
the runner about 200 to 240 r. p. m. depending on the discharge. - ' 

Figure 2D.l4 shows the typical or characteristic curves for the 32 blade 
runner. The unit speed at maximum efficiency=l50 nearly. The power
efficiency graphs are all straight lines and the maximum power generated (de
pendin~ on the discharge) amounted to nearly 0·24. 

To find the optimum number of blades for good efficiency anot~er six inches 
runner of the same blade angles but of 24 blades was made and experimented 
upon. The maximum 'efficiency and specific speed in this case rose to 41 per
cent. and 28 nearly thus showing a decided improvement. Figure 2D.15 
shmys the characteristic curves for ths runner. The best efficiency is obtained 
for a discharge <;>f about 0 ·52 cusec and as in the previo!J.S runner the power. and 
-efficiency fell down for discharges above one cusec. 

' . 
A third runner made of same blade angles but 20 blades was tested. 

Figure 2D.l6 shows the typical curves for this runner. This gives a better 
unit-power than the previous runner at higli discharges and also better efficiency 
(of about 43 percent.),but at low discharges. Figure 2D.l7 gives the relation
ship between specific speed and efficiency for this runner and the curves as shown 
in the figure are obtained. The figure shows that as the discharges are increased 
better specific speeds are obtained but at the cost of some efficiency. The spec_i
fi.c speed for this runner rose as high as 30 and this clearly shows the runner is 
not behaving as a simple impulse turbine. . · 

The first set of experiments were conducted with a simple guide chute with 
'"no guide vanes. Thus one blade at a time receives the jet of water at the proper. 
angle. Hence a guide chute was designed that would direct the water at the 
proper angle through guide vanes over about a quarter of the wheel. Experi
ments are still to be conducted with this chute, but the impulse in this case being 
greater, higher efficiency and better results are expected. 

The model of the runner, Figure 2D.l3 shows that the same jet of water 
would hit two blades successively as can be seen from the velocity-triangle. But 
it is possible that when six to seven jets strike different blades, the jets after the 
first impulse· would splash with each otper thus making the l)econd impulse well 

----nigh impossible. 

Thul) it was thought it would be betfer if the blade angles are such that 
almost all the energy of the water wouJd be tapped at the first impulse itselfJ i.e. 
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/, 

the velocity of :flow at the exit tip b( the blade be aS' small as possi"Qle. Figuro · 
2D.l~ shows a runner with the blade. angles desig~ed to sat~sfy theae conditions •. 

c. a 

Figure 2D.l8: Showingvelocityfor proposed 5 inches runner (Model2) 
~ . 

In this runner the ratio of the inner to outer radii is 2: 3 and the .o}lter diameter 
six inches. The peripherial velucity was calculated for the runner making 300 
r/p. m. The relative velocities at inlet and exit were related so' as to allow for the 
centrifugal head impressed an the_ runner by the formula · 

- II , 

As a first approximation friction losses were neglected and a mean coefficient of 
velocity of 0 · 95 was assumed. The theoretical efficien<~y of the blades comes to 
99 percent. Experiments are to be conducted on this runner: aild better 
results are anticipated. · · 

/ 

Many more models are to be made .and experimented uponbefor~ a sjmple 
and yet a highly efficient turbine can be evolved. Also it is a point of interest 
that turbines of the above type are outside general pr~ctice and it is difficult 
to elicit a detailed information regarding this type and thus even fro~ the vi~w 
po~nt of pure research the expe!iments excite keen interest. 
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. ' 

DISCUSSION BY 'IHE RESEARCH COMMI'I'lEE 

In the absence of Mr. Hardikar, the item was taken as introduced . . 
DISCUSSION BY 'IBE EOABD 

There was no discussion. · It was decided to retain subject on the agenda. 

··-----

(v) Electrical Works. 
PRELIMINARY NOTE 

: There was no contribution or discussion at the 1947 meet1ng of the Research 
Committee. - • 
Recent Literature 

· (1) Installation and care of electrical power plant-Mechanical World 
Monographs 23, Emmott & Co., Ltd. London; W.U:2" 194& ~ • : : :- ... • · 

. (2) The Krangede Power S~a:tion-' The Krangede P~wer Co., Ltd: 

(3) The Hammarforsen Power Station-. The Hemmarforsen Power Go. 
Ltd. 

THE YEAR'S WORK 

DISCUSSION BY 'THE RESEARCH COMMITTEE 

There was na contribution and no discussio:t under this sub:head. 

DISCUSSION BY THE BOARD 
T~E SECRETARY· explained that no ~ontribution was received on the 

subject. He, however, drew attention to the Board's resolution on page 194 
of Part II-Technical of the Progra.rrune of Proceedings of the Nineteenth 
Annual Meeting of the Board, 1948. for taking up electrical research and said 
that little notice appeared to have been taken of the resolution. 

:M:a. H. R. BHATIA thought that the electrical research was very much 
connected with the manufacturing industry and unless the industry started 
funct~oning in India no ob]ective research could be carried out. He suggested 
some sort of research and investigations on transmission lines and thought 
that the best place 'for that would be the Indian Institute of Scienc~s, Bangalore 
where students could also take advantage of it. -. -

. MR. R. L. NARAYANAN explained that they were already doing some work. 
He thought that ,the only investJgation which would be practicab~ at the 
present moment was on transmission lines. 

THE SECRETARY mentioned that some suggestions were made by some 
mfmbers last year about ~esearch aiming at the use of local materials. 
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MR. R. L. NARAYANAN was of opinion that the local research centres_ 
could concentrate on the- utilisation of materials that were available in the 
country. He understood that one of the reasons why high tension insulat9rs 

· were not being manufactured in India ~as for want of the testing equipment
and it was not possible for the small manUfacturers to go about installing this 
plant for the investigation of materials which could be utilised for this purpose. 

THE CHAIRMAN invited concrete suggestions for advising the research 
stations on the lin~s along which the research might be taken up: 

MR. p. B. Anv ANI said that he perSOD:ally agreed that so far as fundamental 
research in electrical matters was concerned, they were not able to go far. 
He was of the opinion that the manufacturing industry itself would have to 

-possess a v~rr.large research laboratory from its the. very coin.mencem"Emt ~so 
that a large number of personnel could be trained up. So far as he knew there 
was no institution in India at present that could carrr- on any research problem 
on the application side except the Indian Institute of Sci~nce, B~ngalore. . 

• I > ' .. .. 

'RAo BAHADUR .SUNDARAM said that the manufacturer should ta'ke im~e
diate1y the research work 'along with the setting up of factories. Referring to 
1\fr. Narayanan's earlier_remarks about insulators, he said there were both· 
research facilities as well as testing facilities at the Indian Jnstitute Of Science, 
Bang~l ne. There was,· in his opinion, no need ~or widening the testing facili
ties. There were quite a large number of research problems associat~d wixh the 
operation of power systems and he said that it might be noted that the 
Bangalore Institute was thinking of having a net work of analys~rs. It was 
going to help a long way in solving the transmission problem. ' · · -

MR. s. A. GADKARY agreed that the research in electrical line could not be 
viewed in the sa;me way as research on problems connected with~river valley 
projects. This was more or less a. fundamental issue and it was very directly 
linked with the industries. Under the existing facilities he said, this resear:ch 
could never progress. He suggested that the ~oard should await the industries · 
to develop. . ... 

It was decide{l to keep the item on the agenda. 



3D. Plant Accessories 
PRELlMJ.NARY. NOTE 

This subje9t was introduced for the first tima in 1947, a11d thera was no 
contribution or discussion on it. 

Recent Literature 

(1) Petersen H. J. The design of mechanical Au;iliaries for T. V. A. 
Hydro-electric plants-Transaction American Society of Mechanical Engineers 
-1946. 

(2) Allan A. and Amer D. F. The extinction of arcs in air blast circmt 
breakers-Engineering Vol. 163, No. 4427, Janua.ry p;.1947. · 

• 

(4) Sykes J. H. M. The development or'the circuit breaker-Indian and 
Eastern Engineer Vol. 100, No. 2, February 1947. 

(5) Brown M. J. and Derr W. A .. Automatic control _of hydro-e!ectric 
generating stations-American Institute of Electrical Engineers, New Yo:rk, 
Technical Paper No. 47-57, December 1946. 

(6) Rosslyn J. Power transformers-George Newnes Ltd., Lnndon. 

THE YEAR'S WORK 

DISCUSSION BY THE RESEARCH COMMIT'lEE 

There wa.s no contribution or discussion at- the 1947 meeting of th-' 
Research Committee. 

DISCUSSION BY THE BOARD 
\ . ' 

THE SECRETARY said that there wa~ no contribution and no discussion 
at "the Resear9h Committee meeting. 
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4D. Reg~lation 
' . . 

PRELIMINMY t40T~ 

This subject was introduced for the first time in 1947, and there was no 
contribution or discuss!ol\. on it. " 

Recent Literature 

• (1) Gaden D. Stabilite de Reglage d 'un groupe hydro-electrique (Stability 
of regulation of an hydro-electric system)-La Houille Balanche;, No. 5, 

·September-October 1946 •. 

THE YEAR'S WORK 
! 

DISCUSSION BY THE RESEARCH CO!QD'l'l.EE 
I 

. ' 

There was no contributiqn or discussion at the Jtesearch Committ~e 
Meeting. " ' -

DISCUSSION BY THE BOARD, 
' ' 

THE SECRE;rARY said that there was no contribution and no diSCus3ion ai 
the Research Committee meeting. ~ . · ·-

---.-----
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50. Transmission 
PRELIMINARY NO'I.E' 

• ., 

This subject was introduced for the first time in 1947. There was no 
contribution 01 discussion at the-Research Committee meeting, but the Board' 
pass~d the following resolutions on the subject:-

"In view of the restrictions which the PostR and Telegraphs Depart
ment are imposing upon the proximity of power transmission lines 
and tele-communication lines whieh are caushtg embarrassment to 
power engineers and delay in the development of electric power 
transmission projects, the Board resolves that the Government or 
India be r~que~ted to convene an ea!'lY meeting of power engineers 
and telephone and telegraph t:ngineeis under the presidentship of 
the Chairman, Central Technical Power- Board to consider and 
report to Government an agre£d solution to be adopted thro~ghout 
the Indian Union. 

" In view of the act that neither the Indian Telegraph Act not the 
Electricity·Act provide sufficient safeguard to the owner of Power 
Transmission lines against dem~nds for re-alignment subsequent ~ 
to erection, unless considerable expenditure is incurred fo.r the 
acquisition of land, rights, and wayl(aves, the Board resolves 

· that as widespread electiification in the Indian_ Union involving 
the construction of major transmission lines is under implementa
tion, the Government of India be requested to appoint a committee 
comprising Power Engineers, legal experts and other interests to 
examine the acts in force and to recommend such _additional 
legislation as may be necessary in the National interest to overcome 
the present difficulties. " 

As regards the first resolution the Government of India have replied that 
the matter is already under their conside.ration. 

The second resolution of the Board was communicated to the Government· 
of India and at the instance of the Ministry of Works, Mines and Power, a 
meeting comprising representatives of the Central Electricity Commission, 
Ministry of W-orks, Mines and Power and the Secretary of the Board was held 
in Aprill948. It was decided that the Central Electricity Commission ~h'ould 
(i) find out the legal provisions and the practice followed in the United States 
of America, Canada, Australia and the United Kingdom; and (ii) address some 
of the Provincial Governments like the United Provinces, Bombay, Madras·. 
and East Punjab to find out as to how they managed to get o~er the difficulties 
pul forward at Ue meeting, and when this information is collected a small
subcommittee would be set up to examine the matter further and to suggest the 
amendments of the relevant Acts in such a way as to ensure healthy develop
ment of electricity in the pountry. 
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Recent Literature 

. (1) Linder F. ,V. Graphicalmethodofcalculatingfaultcurrents on rural 
distribution systems-American Institute of Electrical Engineers, New York. 

(2) Jackson W. High frequency transmission lines-Methuen an<l Co., 
Ltd., London, 1947. 

I • 

(3) Ruedy R Power transmission, over long distances-translated-:..· 
National Research Council of Canada, July 1946. - · , · 

' . \ 

(4) Peattie J.D. and Hacking J. The British Grid system in war time-· 
Engineering Vol. 163, -Nos. 4234 and 4235 March_.21 and 28, 1947-Jo~nal 
Institution of Electrical Engineers Vol. 94, Part II, October 194 7: 

' ~ ... -

(5) .Perkins G. H. Concrete ~tubs-India~ Concrete Jo~rnal, Vol. 21, No.9,· 
September 1947. · · · · · · . · 

- . ' 
(6) Barrows E. J. -Industrial High Voltage distrihq.tion and 'public 

supply-Isaac Pitman & Sons Ltd., London, 1946. 

(7) Specifications for tubular stool poles for eJectric line construction
American Standards Association, New York. 

' . . 
(8) Specifications for design of concrete transmissio.n poles~Proee~dings. 

of American Railway. , Engineering Assoc~atlon, Chicago,- Yol. 48, 19~7. , 
. ) . -. ' ~ 

· (9) Testing tra~mission towers to failure-F. Mendel Engineering New~· 
Record Vol. 139, ·No.8, Augvst 21, 1947. , ~ 

(10) Kulkarni, H. S. and Raghavan, V. R.-Co-ordination of Power and 
tele-communication lines. · ' · 

' 
" 

THE YEAR'S WORK 
' 

' - I 

DISCUSSION BY THE RESEARCH COMMIT'lEE. . ~ 

There was no contribution or discussion· at the Research Committee. 
Meet~ng. 

DISCUSSION BY THE BOARD 

. THE SECRETARY referred to the two resolutions passed by the .Board last 
year which are on page 304. Both the resolutions were forwarded to the Govern
ment of India for action. · The present position, he said, was that: Rules under· 
the Electricity A{!t were under revision and it was proposed to incorporate. 
therein proposals for land acqusition etc. As regards interference- between' 
the tele-communication and power transmissions he said, the Ministry of Works,' 
l\fines and Power of the Government of India was in correspondence with the 
Director General of Posts and Telegraphs. . 
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MR. H. R. BHATIA explained that they had a conference sometime back 
with the Telegraph Department. The East Punjab Electricity Department 
wanted to run a 220 K.V. power line from Ambala to Delhi parallel to the 
existing telegraph line. The Posts and Telegraph Department had selected 
the same side of the road on which the power line was proposed to be _run. 
For convenience of maintenance it is impracticable to run a power line at more 
than about two furlongs from the road. The question remained under corres
pondence with the Indian Posts and Telegraph Department for a considerable 
period and the last reply received from that Department was that the- Electri
city Department could proceed with their power transmission line provided 
the fault current was kept below 23 amps. This condition was impracticable 
and therefore the work could not be proceeded with. 

-
THE SECRETARY explained that two Ministrirs were involved on this 

question nume1y, the Ministries of \Vorks, Mines and Power and of Communi
cations. errhe :qiatter was not yet finalised but he thought, wme solution 
would be found shortly. · 

MR. S. A. GADKARY pointed out that the matter had also been (ollowed 
u·p tbiough the Electrical Commissioner's Office. 

MR. H. R. BHATIA stated that in the East Punjab, the main trans
mission Jine was costing about one lack per mile. It was therefore, very impor
tant to have a proper comparison on the economical cost of transmission fines. 
Unless a cqmparative study of t~e various types of conductors was available, . 
he said H w~s very difficult to reach a really economical wlution.- Comparative 
study in his opinion, could not be made without an expert knowledge of tower 
design. He· suggested that as a number of long transmission sy::,tems hail 
yet to be erected in India, a central organization sl10uld be set up for tower 
design and for carrying out a comparative study of di:fferevt types of trans
mission lines using different types of con~c.ctors and supports. 

. MR. S. A. GADKARY in agreeing with Mr. H. R. ·Bhatia said that so far 
·it was being taken for granted that the A.C.S.R. and certain types of towtrs 
were more econowical than others but they had not studied the matter in 
detail themselves and whether it would not be cheaper to introduc~ wooden· 
structures. He was of opinioP that some authoritative study should be made, 
and suggested that the Central Electricity Commission should undertake 
this work. 

MR. P. B. ADVANI was of opinion that s0 far as the economical study was 
concerned, there were really two questions involved. One was the design of 

-towers for which one still had to gQ abroad and the other was the utilization of 
the mat~rial in the country for towers etc. In England or America be said 
there were two very highly specialized firms who did this work for everybody. 
This facility was lacking in India at present. He sugges;ted that the possibility 
of having som3 organisation in I.c.dia on the design of towers should be given 
a careful consideration. 
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RAo BAHADUR'G. SuNDARAM W'lS of opinion that transwi:;sion line designs 
could be done by any Provincial Government, as th~y, in 1\Iadras had been doing 
it for the last three years. . They were making towers themselves in Madr&s· 
and were also testing them. He further stated that towers for about 200 miles 
of line were at present under manufacture of which ha.Jf the length had been 
already completed. Th~se towers were being manufacturtd in accordance with 
their own designs. 

MR. S. A. GADKARY point.:d out that probably non-standard sections were, 
being ustd. · 

RAo BAHADUR G. SuNDARAM in reply to Mr. Gadkary said that they 
were using standard sections. He further stated that the towers were being 
fabricated in their own workshops and were also tef-ted by them. In his 
opinion, the Provincia] Governments should have thtir own wmkshops as in 
:Madras they had ret up two such and they 1Vere working satisfactorily. They 
were now makinf.! 16 to 17 towers for the crossi.J?.g of Godavari river which were 
designed by them. • On completion, they would be tested in their own 'York
shops. They for their pa·rt,''"did not therefore, need to go to foreign firms for 
towers. In reply to- the question of comparative study of various ~terjals, 
he said that it was not possible to formulate any views because it was all a 
question of economics and the rates of materials fluctuated. Alnminitun. was 
for instance a controlled commodity and so was copper~ The relationship · 
between copper and aluminium was· of a very high lev~l. The prices had to 
be paid these day,s as they were demanded. Once the conductor was decided 
upon it would depend upon the type of structure to be used. Explaining liis 
point further, he said that if steel could be had at cheap rates they could use 
it but if it was not available as it was~now, thEn timber could be used. There
fore, all these things had to be taken into consideration. Therefore, he did not 
know in what manner they could issue instructions to any particular resea1ch 
organisation to carry out some investigations because there were so many 
variable factors involved. · · 

MR. H. R. BHATIA agreed that every Province or Department could 
design the towers. In East .Punjab, for instance, they had designed their 
line completely' but that did not illean that they had taken int~ consideration. 
all the possible types or combinations that could be available. Explaining 
his point he ~aid that before the conductor was selected, it was very essential 
to compare the various designs. If for instance' hoJlow copper was selected 
the span would be different than if other' conductor material was selected. 
•.rherefore, in his opinion, to design a tower properly it required, quite a ·long 
study. He said that the Central Electricity Commission with a big organisa
ion and not having any immediate job in hand at the mowent could probably 
undertake such a study which w:ould be very useful to all the .Provinces.- ~ 

MR. R. L. NARAYANAN wanted to know as to how the rate of the towers 
manufactured in :Madras compared with the imported to~rs. . · 

RAo BAHADUR G. SuNDARAM in reply to Mr. Narayanan stated that he 
was unable to answer the question straight away as t"h.eir own designs ,had at 
tiwes to be twice or thrice modified. ...._ 



60. _Fjnacial Aspects 
PRELIMINARY NOTE 

This subject was introduced for the first tim~ in 1947 with the fol!o"ir.g 
·sub· heads. 

( i) Operating costs. 
(ii) Electricity tariffs, accounts and procedure 

Discussion under the subject "1-rojects, existing and proposed", at the 
1946 ~eeting of the Board revealed the necessity of appointing a Sub-Committee 
to wnte up notes about costs of generation and utilization of hydro-electric 
pro~ects. It w~s also felt that some standard procedure about maintaining" 
cap1t~l accounts for generation and transmission would be useful. The 
consensus of opinion was that there should be some sort of rard-stick by which 
relative merits of different projects could be judged. A handbook on the 
subject was desirable : . 

" After some discussion it was decided that an enquiry be made from the 
, Central Techni~al Power Board regarding the information available 

with them or publish_ed by the Electrical Commi~sioner regarding 
costs of generation, tariffs and accounts of electric undertakings 

· in ·different parts of the country. This information should 
be put up to the Board at its next meeting when the question of 
forming a sub-committee to write a hand-book on the subject would 

- be considered. " 

The discussion at the Board meeting was communicated to the Central 
Technical Power Board and on a request having been made, Mr. Mathews very 

~ kindly contributed an article on the subject in the Central Board of Irrigation 
J"olirnal. This was published under the heading ~'Power costs and tari:ij's in 
hydr9-electric projects., "e) 

. -
An All India Rate Book has recently been issued by the Electrical 

Commissioner's office. In this book are being given all approved tariffs 
for supply of electric energy to different classes of consumers in force in all 

, publie supply undertakings in India. This .. book was reviewed in the Central 
'Board of Irrigation Journal, July 1947 issue. 
' ' 

Since the 1946 meeting of the Board, the Electrical Commissioner's office 
has issued three books o_f statistics namely! r , 

(i) Public Electricity Supply-All India S1rd.tistics 1939-43. 
(ii) Public Electricity Supply-All India Statistics, 1944. 
(iii) Public Electricity Supply-All India Statistjcs, 1945. 

(
1

) Jentral Board of Irrigation Journal Vol. 4 No.3 July 1947. 
. 308 
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A similar Volume for 1946 is in press. 
The three reports already published were reviewed in the Central Board 

of Irrigation Journal. The 1939-43 report contains a tabulation of basic 
statistical data relating to pub]jc electricity supply covering the period 1939-43. 
It contains annual summaries 9f d'ata showing i.D.stalle<l capacity par~iculars of 
generation and the segr:egation of energy sales under ·yarious categories for all 
provinces and major Indian States. It. also .contains details of in~ividual 
utilities including sys~ems of supply, maXImum demand and energY,. generated 
and sold in each year •. 

The 1944 report is more comprehensiV'e and gi l'eS in addition to the -
information stated above interesting National Totals which give at a glapce an c" 

over all picture of the- country's development in electric supply. The main 
tables relate to 526 individual public electricity undertakings which are listed 
under two broad classifications, viz. those With generating stations and -those, 
receiving block supply. · - " · · 

- -
The 1945 volume of statistics includes some new features, listed below:-

(a) Generation, sales and generating plant data expresse~ in terms of 
ownership amplified. , 

(b) Transmission line data giving voltagesi&nd-route miles. 
(c) Number of electrified towns and villages classified on a population: 

basis. - - . 
(d) Total fuel consumptio:q in all utilities and also a· study of coal· 

consumption, load factor and approximate ,cosf of generation in 
important stations. , . , . . 

(e) Electricity consumption in three major industries, viz. Cement, 
Iron and Steel and Cotton Textiles. " 

(f) Tables showing growth of installed capacity aggregate ·maxhnum: 
demand, Kwh. ge:r;terated and sold and overall annual load factor_. 
from 1939 to 1945 inclusive. _ · ·. · ·'': 

The 1946 vo!ume contajns some additional features. These are~ · - ' . ~ 

(a) Breakdown of -energy generation and sales into A. C. and"D. 0. ~ 
(b) Classificat:on of supply undertakings- in terms 'of voltage' of 

geperation. 
(c) Figures 'n respect of total boiler capacity, All India. 

(d) Class~cati~n of und~rtakings in accordan~e-with the aggreg~t~ -~~. 
maximum demands. · . "' 

(e) Per capita :figures for energy sales for Provinces and States. 

(f) Consumer data under three ~ajor gr~ups in the Provinces, Stat-es' · 
and AH India. · · · , : . 

- I • J • l 

It is felt that the statistical information contained in the reports· issued · 
by the Electrical Com.ID:issioner, the All India. Rate Book and· th~ article by. 
Mr. Mathews J!uhlished in the Central Board of Irrigation Journal in July 
1947 supply most of the information that the Board felt was lacking.~-· · · 
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(i) Operatidg Ccsts 
PRELIMINARY NOTE 

There was no contribution or discussion at the ~947 meeting of the 
Research Committee. 

Recent Literature 
(1) Mathews H. M. A note on power costs and .tariffs in hydro-electric 

projects-Central Board of Irrigation Journal, Vol. 4, No.3, July 1947 

(ii) Electricity tariffs, accouats and procedure 
PRELIMINARY NOTE 

There was· no contribution or discussion at the 1947 Research Committee 
meeting. 

Recent Literature 
: (1) Dale F. A. Santee Cooper Generating Plant completes fi~e years of 
service-Civil Engineering, New York, Vol. 17, No.8, August, 1947. · 

(2) Mathews H. M. A note on power costs and tariffs in hydro-electric 
projects-central Board of Irrigation Journal, Vol. 4, -No. 3, July 1947. 

THE YEAR•s WORK 

D!SCUS.SION B'Y THE RE3EA'Il.CH COMMIT.rEE 
THE PRESIDENT regretted that there ~ere no contributions under these 

subjects. · 
THE SECRETA.RY pointed out that thest} subjects had only recently been 

introduced in the L.genda of the Research Committee .Meeting. He hoped 
there would be a much better response in future years. • 

THE PRESIDENT asked if any on~ wanted to raise a discussion on any- or 
the subjects on the a:;enJ~. 

-On be"ng requested to speak on transmhsion, MR. GADKARY sa:d that he 
. would be glad to answer specific questions. • . 

' Speaking on transmission voltages, he said that voltage was a very 
important factor for transmission over long distances. Various countries were 

' using different voltages. In India, HO kV. was first used by Tatas some 30 
.to 40 years back. 132kV. was used on Mandi Hydro-electric and 220 kV. was 
being advocated now by the Centre. He explained oiOme of the important 
fac~ors that de~Prmined the transmission voltage. .. 

• Referring to the importance of inter-project or inter-state grid, he said 
that sooner or later a National Grid in India would have to be established and 
-for th~ reason power houses and transmission lines should be ~esigned with 
identical characteristics. 

He suggested that _provincial technical designs shoUld be referred to 
Central Organisation for proper co-ordination. -

MR. GADKARY then referred to the allocation C'f costs between different 
components of a multi-purpose project and said that any note on the' subject 
should deal with items of percentages which were comparable between different 
projects. , · · 
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~{R. P. V. S. AYYAR .stated that from ...the stndies made by him on the 
economics of voltages in :'.ssam, he found that the cost of constructing 220 k V. 
line was not much higher th~n that of 110 k v. though the power transmitted 
was increased fourfo]d . . 

MR. H.~ s. KULKARNI of the Central Electricity Commission, giving a 
brief account of the general scope of work of the C. E. C., said that it consiste~ 
of t!lree divisions, yiz., ' 

(i) P'anning. 
(ii) Utilization. ·-
(iiir .ComTercial. . 

The Planning division comprised: . 
( i) a section for designing transmission and distribution lines, Iaceiving 

stations, sub-stations etc., and 

(ii) a section for designing la:rge thermal stations, ~.g.; one in the coal
field area in Bihar with a capacity of 200,_000 .kW. 

" c 
The Utilization division _comprised five sections, viz., 

(1") Co-ordination and allocation of raw materials for e!ectric po~er 
proj ccts, and emergency procurement of plants ; _ 

(ii) Erection or' generating plants, particularly ~of emergency 
requirements ; -

(iii) CQmpilation of technical data relating to all public electric utility 
generating stations a!ld electric power system.q ill India; 

. ' ' 
(iv) Formulation of rural electrification projects; and· -
(v) Carrying out of load surveys"i'or, electrification-schemes. 

The Commercial division h~d the followmg sections :-· 
(i) Operating statistics of all public electric utility und~rtakings; 

(ii) Electricity Legislation and Agreements (Indian Electricity Rules
Electricity act-Electricity Supply Bil~, etc.). 

- , 
(iii) Study and analysis of Electric Power Tariffs_ for various tn>es .of 

electrical power systems. · 

Speaking on the inter-provincial grid, he said that the Central Electric:ty 
Commission had suggested a scheme for the interlinking ofU.P., Delhi and Eas~ 
:?unjab for purposes of power supply to the capital town: Although t:Q.ere was 
some reluctance in certain qua:tex:s previously, it was expected t4at the matt6r 
would shortly be discussed across a table in the near future. M&: KULKARNI 

said that it would be very helpful if the provincial Electricity Departments 
would send to the C. E. C. and to the CWINC, copies of det~iled project reports. 
These would enable these Commission -to appreciate iri proper perspective 
various aspects of the projects and to t,iV'e adequate support to the provincia] 
organizations which they could not do without such data. Secondly, he pointed 
out that while considerable ~attention was being paid to the planning for steel, 
raw materials and other require:ments of these projects, it was also necessary 
that suitable planning should be ~dertaken to train the required number,-of 

. . . 
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technical persons for the projects ~eing undertaken. If the provinc~s made an 
estimate of the staff neerled at the end of the next 3 or 5 years and type of 
experience required, it would be an economical proposition to recruit now evf"n 
fresh men and to train them up on either their own or neighbouring p\Jwe"" 
tsystems so that they would be ready to fill up po&ts of junior responsibirn 
when the projects are completed. · 

MR. }S:ULKARNI emphasised' that erection of generating, plants ani:. 
tr9 nsmission lines should, as far as possible, be carried out by the departments 
undertaking these projects. Mysore had erected the Sivasamudram generatin(J' 
plant with i~s own men eV'en as long back as 1919. For the Jog plant conimis~ 
sioned recently, four'lmen w_ere sent t9 the !flanufacturers' works for training 
during the constructiOn stages of the plant,. a.nd the Mysore engineers were 
erecting all the plant themseJves. ' · 

With reference to the remarks made by Mr. Gadkari on the allocat'on of 
costs, the SECRETARY said that he had already received some notes in response 
to the Board resolution on the subj~ct passed last year. He, howeV'eY, invited 
all others who had not sent tneir notes but wanted to contribute, to do so by the 

/ 31st of August 1948, so that they could be col!lpiled for discussion at the next 
Board Meeting. · 

Speaking on the proximity of telephone line; to power lines, MR. S. 
SW.AYA.MBU said that the resolution passed by the Board last year was being 
acted upon and the C--entral· Electricity Commission was in contact with the 
Postal authorit:es. 

A small technical committee had been set up to revise the Electricity Rules 
and Electricity Law.: 

In reply to Dr. :(.,. K. -RAo's qtl~tion,- MR. Sw.AYAMB~ referred to his 
paper in the July 1947 issue of the Central Board of Irrigation Journal and said 
that Rs. 120/- per kW. per year was a fair figure for the cost of generation for 
hydro~electric power from reasonable econo~c projects. This is equivalent 
to about 2 ·5 pies per kWh assuming 100 per cent. load factor or about five pies 
·per kWh assuming 50 per cent. load factor. This cost, he said, may increase 
fmmsi.K: to seven pies per unit for consumer'sloa~s of the order of 1,000 k,V. 
located not to~ far away from the generating station. 

MR. SAXENA feared that Central organizations were ~eing set up to 
monopolise all the authority which rightly bel<?nged to the Provinces. 

TJIE CHAIRM~N' in..tbis concluding remark~ assured Mr. Saxena. that the 
Centre was not out to monopolise authority but was working in a spirit of 
se:J;vice. ·speaking of transm~s~ion linea, he ::.aid;" that in Sweden the trans
mi~sion distance.J went up to 800 mne3, 220 kV transmission line3 were 
common practice in. that_ country and some lines with -330 k V were under 
construction. Experiments were in progress on 550 k V transmission voltage. 
220 kV line3 were in u-:;e in Scotland and France. In the latter countrv the 
con&truction of 440 kV lines was under considerat;on. · • 

. ' 

He said that the sugge~tion made by :Mr. Kulkarni for training the per-
sonnel in ad vance was very valuable. 
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DISCUSSION BY THE BOARD 

"· TnE SECRETARY said that there was no contriouti~n but discussion rook 
place under these sub-heads. Suggestions were made by Mr. Kulkarni of the 
Central Electricity CaiiUnission for the trajning of•the personnel in advance of 
'heir actu1l requirement. Th~re was however, no resolution. 

' 
Several suggestions were then made regarding the tr~ining of engineers 

on Ule construction of projects· and on maintenance to take' charge later of 
works now und~r investigation, ~r constructkn. The following resolution 
was unanimously adopted :- -

u In view e>f tho fac~ that many lmo Hydro-Electric projects now being under
taken or planned in different parts Of the country ~ roquire for their C<lllSftt:C• 

tion and operation a large number of traintd Engineers of difierent ranks, the 
Board recommends to the Pro~ci2l ,2.nd Steto Governments conc(mcd -to 
em~loy young engineers, on permanent ,basis, in advancE~ of their acb:.al
requirements and to train them on constmction ·work in progress and 

· oPeration, on Hydro-Electric works that exist in some :parts · of tha . . . 
country. The Boud trusts that the :pro vine~ and ageLcics incharge .of the 
construction and operation of Hydro-.Electric work will provide necessary faci
ities for the trruning of engineers from their owiL and neighbouring Provinces 

end States- ''· · · · · · 



70. Miscellaneous 
Recent Literature-

.. (l)_.NatiqnaJ: Elfctrical Code-· International National Fire· PrcUction 
A~sociation, Boston, 194.'(. ~ ... .. :· 1 ,, 

' .... .., ... ,._ . .. ... 
. .... 

(2) Kimberly E. E. Electrical F.ngineering--Int~rnational Textbook Cq,~ 
1946. . 

· (3) Nelkon M. Principles of Technical Electricity-Blackie and Son Ltd., 
Londo:Q. and. Glasgow1 1946. • 

( 4) Ballin H. H. -rrhe Organisation <'{Electricity Supply in Great Britain-
Electrical Press Ltd., London, 1946. . . -, 

. . . 
(5) Opinions and decisions on the F~deral Power CommiSsion wit~ 

appendix of selected orders in the nature of opinions-U. S. Government 
P:fi.nting ~ffice Washington, Vol. 4, 1946. - -~ 

.. , 
· · (6) ·Linooln E. S. Electrical measuring instruments, measurements and 

surveys-Essential Books, 270 Madiwn Avenue, New York. - .. 
• 4' ~ ~ .. 

-
(7) Electricity bill as ame:c.ded in committee for t.he establishment o! a 

British Electricity· Authority and area el£Ctricity Boards, etc.-His Majesty "s 
Stationery Office, London, July, 24,'1947. 

THE YEAR'S WORK 

DISCUSSION BY THE RESEARCH COMMITIEE 

There was no contribution or discussion at the 194 7 me~ting of th:e Re:l.E)areh 
Committee. 

.DISCUSSION BY THE B_OARD 
\ 

It was de0ided to retain the subject on the agenda • . 

:.Ill 
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1 E. Soil Mechanics 
PRELIMINARY NOTE 

This subject appeared on the ·agenda for the first .time in 1942. · 
In "1947 it was decided to divide the above subject under five sub~he&d1 :. 

In 1945 a permanent sub-committee was set up to draft a direct1ve on ' 
Standardization of . methods and equipment · for : te~ting soils". This 

sub-committee included members from Railway Board, the Indian Army and the 
Indian Roads Congress. The directive finalised by the sub-committee is now 
in press. 

(I) FUNDAh)EN~AL RESEARCH 
PRELIMINARY NOTE 

The f~llowing resolution was passed by the Board at its 194 7 meeting :-
" In view of the necessity of rroviding protection'to the water face of 

earthen dams and embankments against wave wa.sh, the, l:oard resolves that 
experiments be unde1·taken orf tiel<! sca1e with regard _to the use oi variou1 
materials for the purpose including (a) graded and treated soils, fb) surkhi 

, concrete, and (c) cement concrtU>. 
"Resolved further that investigation be undertaken also to evolve suit

able methods for protection Rgaim:t .vE.vc wash ". 
In response to this resolution· informatioll' has been received th~t the 

question of providing protection to water fall has received considerable attention 
_in Ceylon: In the ancient days large slabs of stones were used. In most ~f the 
. ancient tanks which· have been restored this pitching is sti~ preserved. - ' 

The standard method now in use in construction works in Ceylon is to 
protect hunds with concrete sl~b pitching about four feet by four feet by three 
inches cast in place and not reinforced. Rubble pitching has also been 
used in some works. < 

An attempt is also~ being made to use bitumen or tar coating with metal 
rammed from 3! inches loose to two inches thickne~s for spills. This type of 
spill ~as worked satisfactorily in the case of small village tanks. · -

The following items were discussed at the 194 7 Res~arch Committee 
, Meating :- · -

' (I) Determining the shrinkage factor of soils. , 

(2) Protection of Usehat Bund from wave wash with stabilised soil. 

(3) Experirrents in connection with the determination of (a) optinum 
moisture content (b) bearing capacity and (c) Calcium Chloride 
(hygroscopic) required for optimum bearing power in different typical 
soils. ~ ' 

{4) Field capacity in terms of clay content .. 

(5) Standardisation of tests of engineering properties of soils. 
317 
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THE YEAR'S WORK, 

Th~ followi~g items were discussed at the 1948 Research Commi~ 
M ti - .. ..... .. ... . • . .... ..... ee ng:- ,.. ~ '• 

(1) Variation of dry bulk density of soil with different amounts of cement 
mixed with it. 

(2) Comparison of the different deflocculating agents added to disperse 
the soil in the mechanical analysis of soils. 

(3) StabiEsed soil as a building material. 
(4) Hardness of the soil crust. 
(5) Comparative study -or soil samples from (1) Santa Cruz Air Fi~d 

(Konkan zone, Wesj; of Ghats) near Bombay and Gangapur Storage 
(Transition zone, East' of Ghats) near N asik. 

(6) E~onomical limit of rolling by Sheeps' Foot RoUer. , 
\1) VARIA'IION OF DRY BULK DENSl'IY ·OF SOIL WI'IH DIFFERENT 

. AMOUNTS OF CEMENT MIXED w:'IH IT (1) 

To study this effect, a s.ample of a soil was taken and subjected to standard 
Proctor's test. Then it was mixed with cement in different ratioa..and again 
eubjec~ed to Proctor's compaction tests. The results are shown in Figure'"fE.!: 

For this particular soil dry bulk density decreases with increase in the 
amount of cement. 

(
1

) United Provinces Irrigation Research Station, Report on Research Progress during 194:7. 
Page 107 
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-· ,. 

(2).COMPARISON OF THE DIFFEBEWr DEFLOCtULA'ID..G AG~~"'S ADDED 
TO DISPERSE THE SOIL IN THE MECH.ANICA.L ANALYSIS 0~ EOILS (') .... 

Five deflocculating agents, namely n)" Sodium Silicate, (2) ~odium Car-· 
bonate, (3) Sodiwn Hydroxid~,, ( 4) Sodium Oxalate and (5) Sodmm BOrate, 
w?ich are commonly used to disperse the soil, h~ve been studied an·d c.ompared • 

. · First of all clay was separated from the bulk of the·soil hy saturating. the 
soil with Na-ion by leaching with 1000 cc. of Sodium Chloride and kept 1n a 
cylinder about 35 em. liigh foc 24 hours. The liquicl at the top '!'as _decanted. 
This contained all the clay, i.e., particles of 0·002 rum. and below. This. was col~ 
lected on filter paper, thoroughly washed first with water and finally With abs<r 
lute alcohol. 

Five gm. of.the clay was shaken With different quantities of chemicals in 
250 c. c. suspension. 25 c. c. of the s~spension was pipetted out after a :fixed 
number of hours recommended for clay analysis by pipette method .. The .clay 
filtered out on a filter paper and was converted t:) Ca-soil by leachmg ~th a 
normal solution of Calcium Chloride so as to 'have a common bastS for .. 
comparison. · . 

Figure 1 E. 2 shows the relation between the quantity of clay pipetted out 
and concentration of different chemicals. • ' 

_ CONCLUSIONS 

I .. The efficiency of the chemicals, as is evident from the curves, is in the 
following order. . , -

Sodium Carbonate=Sodium Silicat~>.Sodium . Oxalate>Sodium 
Hydroxide> Sodium Borate. ,. 

2. Sodium Carbonate is the best chemical to be used bec~use (a) smaller 
quantit!es ar~ needed and (b) it permits greater latitude in the allowable con-
centratiOn of the salt. This is clearlv indicated by tho flat portion c f the curve. 

_ for this salt, of Figure 1 E. 2.. -

(3) ST~ILIZED SOIL AS A BUILDING MATERIAL {3
) 

. 
1 

Three soils were select~d representing the usual types of soils available in 
the Deccan ~lateau. Grading and other properties of the soils selected have 
been shown In .Fi~e 1 E. 3. Soil A is a gravelly sandy loam (termed morwn 
locally), and sml B Is gravelly sand (the local Chowka Soil). ~oil C with more 
percentage of fines has_ been prepared by mixing the locally available morum 

·and B. C. S?il in~ : !.proportion. All these soils were prepared past l inch for 
' laboratory mvestigatwn and the .grading shown is of the prepared samples as -
· these only are propo~ed. to pe .. used in the constructions for the problem . 

..,..---- ... 1 ~ •• '"' .~ .. ;e. .., :" :._ '~" "' ~··~' 1 

: (2) United Provinces Irrigation Research Station, Repo;t ~~ Re~earch Progress during 1947• 
~flages 107-108. , 

(8) Hydera.bad Engineering Research La.bcratori~s, .Aimual Report 1947, pages 47~5_2. 
-
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The above three soils were tested for determining the optimum percent~ge 
of et.ment, and it was found that the suitable percentage of cement for use 
with the above soils ~as 7 ·5 per cent., 8 per cent. and 9 per~cent.· respectively. 

To determine the suitability of the above treated soils, as building material, 
bricks of 9 inches X 4! inches_ X 3 inches size were made by compacting the 
soils at the respective optimum moisture content. These prepared b~ckB after 
one week's curing were tested for comparison with the locally burnt bricks 
and the comparative test values are shown in Tal)le IE. I which "indicates 
that the ~tabilised soil moulds compare well with the local burnt bricks. 

TABJ ... E lE.l 

Comparison of Properties of E:rperimental Stabilised Bricks with Hyderatad 
' _ , Burnt Bricks . 

-
Serial No. l 12 3 4 B Remarks 

Sample No. A B 
--c- Asat-~Domal

I" 
llagar guda 
bricks. bricks. 

Cement percent added .. 

Compressive strength in lb. per square inch 
in Dry state. I 

.Compressive strength in lb. 
in saturated state.. 

I 

per s-quare in~h j 

7·5 8·0 9·0 

594 578 465 

I 

I 
I 

408.: 428 1 352 I 

Absorption % after 24 hours wetting 
i i 

10·1 9·84 9·90 13·60 11·25 

Absorption % after 5 hours boiling & 24 hours II· 2319 · 90 l I3 · 301 
·saturation. 

16.00 

Saturation-Coefficient •. 
I I . . . . I o-9~ ! .0·92 _o·77l 0·86 o.69 

- I i i I 

35 

' I· Percent Josso!matcrial.A.fteri2cycleswetting i 2•40! 1·30 lll•89. 3·66 3·83 
& drying. · i 1 I 

I l I 
I j 

Tensile strength in lb. fer square inch • • 1 49• i 45 . ~- I ~ -- l -- - ' 
t 
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(4) HARDNESS OF THE SOIL CRUST (4
) 

... 
"' It is well know'D. that each soil has a particular hardnes~ as indicated by the 

dry" bulk: density. The results ·of· field measurement& conducted upon soils 
tn situ reflect significant physical effects as manifested by othe:fphysical pro· 
perties. It was considered nf intereftt to investigate whether any correlation 
existed between the dry bulk density and other physipal constants. .- . ~ 

Soil samples were taken from various drains to an average depth of 1· 5 
feet. The dry bulk densities and the· original mcisture content of the soils were 
determined at site, and the other constants were examined in the laboratory. - ' 

To facilitate comparison the results of an~lysis h~ve been represent~d gra
phically. The values of moisture content, maximum density at. optimum mois .. 
. ttire content, sticky point and cohesion have been plotted· against the clry 
llulk den~ity figures separately in Figures lE.~ to IE.7-. 

The results c.f the statistical analysis are given in Table_ IE. II .. 

TABLE IE.II 

Correlations between dry bulk density and certa'in soil charabteristics 

Serial 
No. 

- ' 

Soil Characteristic I . - I 
No. of obser-, 

vations 
Correlation !'oe:fficient with 
-dry bulk Density 

I I 

! I • . 
·------:-----------------------~-----~--------------·---------------------------------.. 

1 ¥aximum density at optiwum 
moisture content. 

-2 Original moisture content 

3 Sticky Point • 

• 4 I Co~hesion 

28 

28 

28 

28 

+0·274:8 (insignificant). 

I +0·2601 (InsiJnifica.nt). I - ~ 
l 
' 

+0.4781 (Signifi<!ant) .. 
I, 

+0·6195 (Significant). 

The following conclusions were obtained from this study :-. . . .. 
. (1~ T_he corelations of dry bulk density with maximum dbnsity at c.pt.i~ 

lllUm If:lOISture content and original znoi~ture content though insignificant -wer_e 
positive, i.e. the greater the dry bttlk density the greater the ma~imum dcnEtit y 
at optimum moisture content and. the original nwisture content ':!f tho soil. 

~ ... . .. ~ 

(2) There were significant and positive. corelatio~ between, the dry 
bulk density and sticky point and cohesion. This sho_wed. that high dry. ln:~)k 
density w~s a~scciated with high stic~y point_a~~ co.hesion. 

(') East Punjab Irrigation Research Institute, Amrit.sar, ~ual Report 1947, pa.ge 64. _ 
.. ' .,. ~ ~ 
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' 
(5) COl'iPARATIVE STUDY- OF SJIL SAMPLES FROM (i) .SANTA 

CRUZ AIR FIELD (KONKA.~ ZONE WE3T OF GHAT3) NEAR BOMBAY, • 
AND (il) GANGAPUR STORAGE (TRANSITION ZOE E!ST ·OF GHATS) 
NEAR NASIK (5) • '- . 

Properties of the two sets of samples from Nasik and Santa Cruz are com· 
pared and di<:Jtinctive featu1::es frpm soi1m.echanics tesh are out lined. 

(6) ECON'Q.MICAL LDiiT O:Jf ROLLIKG BY SHEEP'S rO.OT ROLLERS (8) 

Soil compaction is controlled first by determining the optimum moisture 
recessary for the maximum compaction. It has then to be consolidated in 
]_ayers. Experiments were conducted to find out how the compacted depth of 
soil decreases with the m1mJ>er of rollings. For this purpose a concrete channel 
8 ii,lc~es wide and 6 inches depth was cast. Soil with optimum moisture con· 
tent was placed on it to a depth of 21 inches. Sheep's foot roller 8 innhes in 
length and 4 inches in di~meter with frogs 1 inch by 1 inch by 1 f8 inch cast on it 
was rolled without applying any pressure on it. By its own weight it exerted 
a preJsure of3·6lb. per square inch. 

• 3f 

'~ )-............ 
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Figure 1 E. 8: Graph showing c;mso~td~ion test 'with S.ieep's Foot Roller. 

-- 1t is .seeQ. from Figure IE.8 that \be first ten rollings will conso
lid&te the soil 50~~ _mQre than the next eighty five rollings. It is therefore, 
desirable to determine the economicarlimit of rolling for a moisture content 
and insist on the same thickness and number of rollings throughout the co:Bso-
lidation. - # • 

' ~-.r~;.. 
i 5) .Poon'lo Irrig'l.tion .and Re3e.l.l"ch Division Paona., Public Works Departments Bombay., 

Annoa.l Report 1'9-1:7, pages 32-37. · 

{') ~.V '\ • c R:ne:u::h Sb.tion Krishna.rajasa.ga.r Annual Report 1947 page 84. 



SOIL :MEC!ill~ICS 

DISCUSSION BY ·THE RESEARCH COMMITTEE 
ME. L. K. MITTAL introduced itemE(l) and (2) . .. 
Jn the absence of~fr. Hardikar, item (3) w~ taken as introduced • 

'325. 

.. ~ DR. C. L. DHA.WAN introducing iterr.. (4) s~id that there was a sig~cant and_ 
·positive corelation·betwE1en ~he dry-bulk density:~ndsticky::-point and coheeion. 
On the detenninaticn of partial-co-efficient it was concluded that the.dry-hulk 
density was indepenqent of the sticky-point and, depended upon cohesion Qnly; 

D:1. V. K. GoKHA.LE introducing item (5) gave a short description Cl the 
expaJ."iments carried out and said that in the case o~ samples from the ~nt!l 
Cr .iZ A !meld, the cia y content·was ten per cenli. and m tha.t from Ganga pur~~ 
wa.; ~i5 per cent. The ~st intere!!ting obser':"a.tion was that th~ range. 'of 

·. optimnm: moisture in case of the Santa Cruz varied from 16 to 24 per cent. only · 
r;:~:. :::..) c:acks whereas in the case of Gangapur sample there w~re numerous 
cr~!\:S with a narrow range at the optimum moisture contents. In the Santa 
Cruz sample th~ change in the max:mum density was smaJl and'thus the danger 
of shrinkage under the weight even after it got wet, could be avoided with. the 
result that the same could advantageously be used .for laying concrete ~ways. 

' ' I 

Mn. N. S. GoviNDA RAo introduced item {6). 

MR. 8. R. MEHRA gave an account 'of th_x work done by the peoi~nent 
committee to r~view Standardization of Methods for Testing of Soils .. He said 
th~t the final proof of the' Directive' was approved and it wa~ expectf}d that 
printed copies of the same would be available shortly. It had been-proposed 
that the 'Directive ' should be giv~n wide publicity and suggestioiDJ -
invited from workersandfurthcrthat the discussion among members shoUld be 
canied out by corre:spondence in-between the :r;neetings. The Committee 
further felt that as soon as the ' Directive' was issued, there were likelv to be a 
number of enquiries regarding the sources wherefrom the apparatus . sr cci.fi&d 
in the 'Directive' was to be obtained. It was, therefore, agreed that the re:Search. 
organisations should supply names of the firms which manufa:cturea 
apparatUB, to the Central Board of Irrigation and that (he information so 
collected should be sent out to· the workers a.long "\Wth printed copies of the 
' Directive. ' · 

The Secretary attributed the dciay ~the pr~nting of the' Directive~ to the 
difficulties in the press and hoped that the printed, copies wou]d be available for 
distribution· by the middle of October. ' 

DR. R. C. HooN drew attention to the work done in the United Provinces 
on the effect of the add ~t!on rjf Sodium Carbonate to the soil and enquired if the 
deflocculating action of ~cdium Carbonate had been taken into consideratic.n. 
because according to his experience when the soil gets into cc,nsiderat:cn 
the sodium soil came' into contact w:th water it completely deflocculat'ed. 
Dr. Hoon further stated that for the engineering characteristics of Indian. 
soil i~ might be of advantage to 1nterprtt them in terms of the sticky p~tiJlt 
~plasticity index besides the usual grad'ng .and n.echanical analysi8. 

lbl. L. K. MlTTAL replying to Dr. Hoon ea.id. that it wa~ the defioccula11ing 
action of the sodium carbonate wh!ch wu.s being studied, · 
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DR. V. I. VAIDHIA.NATHAN said that in l}is opinion there was no need to 
deflocculate the soil for compaction, though for the purpose of finding out the 
sticky point the same might be done. · - . 

DR. R.C. HooN said that to compare the properties of soils it was necessary 
to rorry out some te~ts as the PH value vari€dfrom place to place. Continuing, 
he ~aid that if PH value was five to ~ix, the clay content ni1ght be of the or.dfr of 24 
to 25 per cent. In his opinion, it wot.Jd be absolutely neces5~ry.to deflocculafe 
the soil, as withqu~ it,_ it :woul4 not he possible to find out th~ clay conten~: 

~IR. L. K, l\1ITrAL drew attention to item (5) and said that ~l~y ,co~t.~nt by 
ordinary method of analysis was only 15 per cent. by adding a deflocculating agen
to 1c ;-;-.;s 53 per cent. 'IJtis showed a great. difference. So he sugges~ed that .only 
the stan 'ard practi::e should be fol:owed. It was absolutely necessary· to 
add a deflocculat"ng ag~nt if an_; reliable and accurate r,'SU1t3 were to ·be 
obtamed. 

>-

~ RAI BAHADUR KANWAR SAIN said that for mechanical. compaction one 
would like to nx some readily obtainable criterion without depending much on 
the laboratory. For compaction in the laboratory the exact analysiB by 
deflocculation was beneficial, but from the engineer's point of view a ready 
method would be more useful. 

RAI BAHADUR C. L. HANDA said that in his- opinion it was most important, 
from the practical po~t of view, to know _the moisture· content, as enginee-';S 

·were interested to laiow as quickly as possible what they should dot<? a ~.il 
in order to get the degree of compaction that would be needed for ~ny p:u:rpo_~e. 
He further pointed out that there was a need for such ready gauges 3a could 
indicate the treatment that was needed to get the compaction desired. 

• DR. C. L. DHAWAN explained that the dispersion co-efficient had a direct 
bearing on the structure of the soil. He laid em_phasis on the fact that before 
adopting any of the American or British. practices, it should be found out 
whether they would suitJndian conditions i.e. the particular type of soil and 
the climate which is met with in India. · ... 

SARDAR BAHADUR SARDA.R SARTTP SINGH said that Dr. Savage had told him 
about vibrator sets for compaction work which were _available in America and 
that he had placed an order for 4 such machines. They would be better than 
Sbeeps' Foot Rollers. - "-

DR. V. I. V AIDIHANATHA~ said that from his experience in the Punjab he 
had come to the conclusion that a vibrator for pompaction was not satisfactory 
~and that a roller could . he used as many times a.s possible for necessary 
compaction by increasing the number ofrollings according to necessity. 

DR. K. T.J. RAo said that he had seen quite a number of American.da~
being constructed where no-vibrators had been used and further pointed out 
tbt the cost of a vibrator was easily ten times that of the roller and advised 
ihat the view, expressed by Dr. Vaidhianathan should be adopted.· 
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DISCUSSION BY THE BOARD 

'!'HE SECRETARY said that six items were discU&ged at the Research Com
mittee meeting (page ~20). -There was no resolution. The directive on standards 
for testing soils as prepared by the Permanent Committee had since been ~ssued 
and di~tributed. The resolution pa"sed by the :Board at its last. meetir.g was 
on pa"e 317._ In addition to the informati_on given in the P~eliminary Note, 
Bomh~y Government had instructed the Executive Engineer's·(North) t_!rrarry 
nut experiments and Fllbmit a report on them in· due- course. ·Irrigati)n R~ 

·search Station, 1\Iadras was carrying out exp~rimeD:_ts and r~sults wculd be 
, presented next year.· Hydraulic Re_scarch -~tation _Krishnaraja~~~ar _inti~ated 
that since ~tones were available all over the State It was not considered ~eces
sary to conduct fielrl experiments on using either concrete or graded soils. 
U.P; intimater) that t('sults had already been reported to the Board as a part of 
their Annual Heport. O.P. statNl that in t.be Provirire; upstream face o( e~rthel_l · 
dams was protected by dry stone pitching and there had been no instance where 
the pitching had not been able to withstand the wave wash ancl J1S such no 
action was taken oh the resolution of the Board. 

-- ~ 

)fR. J. C. HARDIKAR said hat in Hvderabad State cement concrete revet·· 
ment for the slopes of earthen tank b;;,nd had bee~ tried: Unfortm:tately- i~ . 
had failed due to un-even sinking. He was of opinion.that]ordina:ry ~tOne·revet-
ment was sufficient to withstand wave-wash. · 

· RAI BAHAD~R C. J.~. l!ANnA said that his Chief :&~g~eer, Rai Bahadur 
Gatg had approved for experimental purposes, the substi~ution of _s~il cement 
blocks in place of ='tone for urgent protection works on rivers. On· account of 
the non~availability of 6tone c.f suitable Size and due to the carriage involved 
being from 300 or 350 miles, the rate of stone bad gone up to 70 or 75 rupees per 
100 cubic-feet. Apart from that the East Punjab Railway. wa~ so busv;with 
their transportation problem of food and refugees and they had no sp~ce for 
.stone. ' - -

One problerr .. which required-immediate attent~n was the Bcas protection 
work. There was a system of bunds .which had stood for many years. But now 
the BPas showed a tendency of moving toward~ the main· Railway liner 
about 200 feet from the bund. It was almost certain that even if a small flood 
were_to occur this bund was likely to breach and likely to interfere with tlie tra
ffic on main line to Amritsar and the railway line would.be threatened. rhere-
fore something had to be done urgently. So experiments were carried out with 
five per cent. cement soil which was found to have necessary resistance capacity 
~nd it was able to give the necessary ~eight for_the aprollil as well as the pitch
mg. They did some experiments for the last four or five "\\ eeks and. 'felt fairly 
reassured about these blocks. Thes~ ~locks· could stand ~ velocity of even lZ 
feet per second. The economics were also studied and they were able to d·ll 
this job With 44 to 45 rupees per 100 cubic-feet in place of 75 rupee..q fo:t stona.,:. . . 

• > 

DR. R. C. HooN asked what was the clav content of th~ snii. 
J • 
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RAI BAHADUR C. L. liANnA said that he was not in a position to sa~ defi
nitey the clay content of soil. They had yet to undertake the tests. But the 
results of experii:L.eJJts conducted by Mr. Mehra indicated that even 2l per cent. 
blocks did not disintegratErln the course of 5 to 10 years. He suggested that & 

amall sub-c~mmittee be formed to guide research. 

To SECRETARY .asked what was the weight c.f the proposed blocks. 
• • .. 4 

RAI BAHADUR C. L. HANDA said that the volume of the block was I· 5 cubic • 
feri and the weight would be about 140 lbs. -

DB. R. C ... HoON re~pitulated some work that he did when he. was' on de
putation in the ~Y· Broadly speaking he divided the alluvialtsoi1s on tiie 
basis of clay content in three groups-one with clay content below 15 per cent. 
aeoond 15 to 30 per cent. and the third above 30 per cent. The soils of the first 
group gave rather gcod results only with cement above 10 per cent. The next 
~oup containing 15 to 30 per cent clay content afforded best stabilization with 
10 per cent. cement. In the third group containing 30 per cent. clay it f.·as not 
economical to U8e cement for stabilisation. In the case of black cottcn soil it 
wa.s no ue.e IL.ixing cement, while very good Rtabilsation with water alone was 
possible with latrite soils. He wished that some further work was done by 
East Punjab Institute before the limit of cement was finally fixed for aoil
c:ement blocks with scil cfthe alluvial type. He suggested the carrying out of 
wetting and drying tests and freezing and thawing tests with stabilized soll-

_Gement bJocb because the surface conditions of those bbcks alone were not 
ttuly indicativeoftheirstrength and future behaviour. He showed phc.togra.pha 
~!briquettes made with ~ils cf different clay content and varying cement 
cnnte11ta which showed how those cement soil ·briquettes beha"Ved, the bea~ 
were those where the clay content was between 10 to 30 per cent. and when 
the cement content was 10 per cent. Trus classification of soil cement st&hi
lisatio:> for roads the Americans had suggeRted that IQ per c~nt. ce~ent should 
be 1al:~nfor stabilisation. Therefore he thought it worth-while to try that pro
portion. He also added that good results m!ly be obtained· if the sides ol the 
block! were given a sodium silicate wash. The sodium silicate solution sh~uid 
be of brushing ccnsistency. 

MR. R. N. GFI'TA ,E-a.id hie; experience in United Provinces was somcwha.b 
di:fferen.t. Soils with 10 per cent. of clay worked very sati~factorily. 

, 

DR. N. K. BosE was of opinion that the difference might be due to difference 
due to grading. Regula~ graded soils give ve_ry good results. He sajd t.ha-. it 
was important that g1admg should be taken mto account before the soil and 
cement contents were :fi.xr.:l. 

DR. DHAWA.N said that he had carried cut wetting and drying experiments 
lriih these blocks for 12 cycles and they had passed the te~t. He was of opinion 
.,_, ihe Sodium Silieate being alkaline might not be suitable for Punjab soil 
with 9 • 5 P R. The cement and the alkaline r hemical would react. He had 
lleen doing some experiments to find out & better organic binder. Gra~g . . 
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wa.s a very simple thing: But he asked whlch was the right grading. EaCh soil 
had a different gradi-9-g. They had t4 consider not o~ly its physical properties 
but also its chemical properties. During Research Committee meeting Dr;· 
Ramdas_ said that he could stabilise black cotton soils with 3 per cent. sodium 
carbonate, which is in fact the conversion of-calcium soil into sodium one. 

Replying to ~Ir. Guha, Dn. DHAWAN said that cement stabilisation worked 
well with m'?lrram soils. . . ' -· . -

# • 

D:a. R.' C. HooN. agreed with Dr, Bose's remarks.that grading had very 
much to do with the ultimate density of the soil mass. But the pity was that 
in the Punjab alluvium it was very difficult to have graded soil. That was 
why he was feeling a bit worried when Rai .Bahadv.:t Handa said that they were 
trying to incorporate boulders in the soil. It migh make up for good density 
but it had a weak point. There was a limit to the size of boulders and one 
ahould also s~e-that the grading of tb~ soil mass was ma~ntained. , ' 

Regarding Dr. Dhawan's remarks about sodium silicate he only suggested' 
tl1at it ·was to be a sort of wash just from outside and not actual mixing with the 
cement. The effect was. that sodium silicate would react with the cement laye~ 
to form calcium silicate and it would give a hard surface. , · _ 

He was of the opinion that more than the wetting and drying tests they 
ahould carry out freezing and flowing tests because unfortunately in the Punjab 
the soils contain sodium sulphate and that-behaved very badly when· the hu
midity was high and the temperature low. I~ would be worth while to_conduct 
these tests before the final election. ' 

DR. UPPAL said that regarding proViding cover to these blocks for-proteo.: 
tion he had found that the smallest quantity of cement which would enable the 
cement plaster to adhere on the blocks was 2·5 per cent. ' 

. .. A..sub-committee comprising ·Rai Bahadur Gita Ram Garg, Rd Ba.hadur C.L. 
Handa, nr: N. K. Bose and Dr. R. C. Hc,on was formed tc go into the Droblem. 

~ 

(ii) Earth Da,ns and Embankments 
.,. ' 

PRELIMINARY NOTE 
' -

There was no contribution and no discussion unde:r this sub-hea<l at the 
194 7 Research Committee Meeting. , -

Recent Literature 
,. " I .. ' " 

(1) Nevins, T.H.F.-Earth dam types and designs. Coinmonwealth En:
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~ -

'(2) Hiranandani, M.G.-Use of tractm c1nd- scrapers for construction oi 
river embankments. Central Board of Irrigation J Qurnal, Vol. 3, No.1, January 

( . ' . ' 

1946. -
)i2ICBI 
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The Yem:'s Work. 

The following items were discussed at thel1948 Research Committee 
Meeting-

(!) Usehat bund. 

(2) Effect of changes in profile of dam.ll founded on perviollll foundatio~· 

(3) Testing of soil samples from Messenjore Dam site. 

(4) Testing of soil ~mples for Affiux Bund at Tilpara Ghat. 

(5) Testing for earthen dams. 

(6) Expe~iments witli. soil samples of Nelligudda reservoir. 

(7) Hydraulic gradients through earth bunds. 

(1) THE USEBAT BUND (1) 

Last year stabilise?- soil blocks 1 foot X 1 foot X 2 inches with cement soil 
ratios ranging from 1: 6 to 1: 14 were placed along the banks below a distri
butory fall, where the wave action was very pronounced, to test the effect of 
waves on them. The slabs have been in place more than a year now and have 

• not shown any sign of deterioration. 

(2) . EFFECT OF CHANGES IN PROFILE OF ~DAMS FOUNDED ON 
_ PREVIOUS FOUNDATION (8). -

Last year experiments were ·conducted to study the effect of changes in 
profile of an earth "dam_, foll!lded on impervious base, on the position of the J.4te of 
saturation. This year the experiments have been extended to dams founded 
on previous foundations. The study has been carried out ·under the following 
heads:-

(a) Effect of flattening of downstream slc;>pe, 

(b) Effect of flattening of upstream slope, 

( cJ Effect of top width, 

(d) Effect o!berms on the downstream slope. . -
( 7) United Provinces Irrigation Research Station Report on Resear0h Progr<:ss dur;ng 

1947 pagea 107-108. · -

(8) I bitl, p.lgel 10g-uo. 
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(A) EFFECT OF FLATTENING DOWNSTB.£AM SLOPE 

Models of da:nls with different downstream slopes and constant upstream 
lopes of 3: 1 were_ constructed in a chamber with glass face as usual. Figure 

1 E.9 shows that the line of saturation gets lowered and flattened with flattening 
of dowhstream slopes. Curve A of Figure IE.IO show_s the lowering of the 
discharge point with respect to the percentage increase in eart~:yvork. 

- . 
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Figure IE.IO: Showing relation between earth work of the dam and lowering 

of the discharge point under the effect oJ {A) downstream slope (B) flattening o 
Ike upstream slope 10)·top width and (D) berms on the downstream slope.' 

~ -
(B) EFFECT OF FLATTENIJiG UPSTREAM SLOPB 

Figure IE.ll shows the lowering in the line of saturation with fl~ttening 
of downstream slope. Curve B of Figure IE.12 shows lowering of the dis-· 
charge point with respect to the percentage increase in e~rth work. 
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(C) EFFECT OF TOP WIDTH 

-
Figure IE.I2 shows the lowering of the line of saturation due to increase 

in top width. Curve C of Figure IE-IO shows the lowering of the discharge 
point with respect to the percentage increase in earth work. 

(D) EFFECT OF BERMS DOWNSTREAM 
• 

Experiments have been conducted with no berms and with one, two and 
three ber~s on the downstream side using the standard section with 3 :I, both -
upstrt>am and downstrettm slopes vide Figure IE.I3. 

CurveD of Figure IE.IO shows the lowerhtg of the discharge point with 
respect to the percentage increase in earth work. . ~ 

CONCLUSIONS 

I. Results on the measures to be adopted for lowering the discharge po;nt 
_downstream with respect to earth work involved with permeable and imper_ 
tneab]e base are fairly similar. 

2. The most economical devic~ for lowering the saturation line' is again the 
addition of berms to the downstream slopes. 

3. Flattening of downstream slopes is the next most economical device. 

RELATION BETWEEN THE SIZE OF THE GRAVEL TOE AND ELEMENTS 
OF PROFILE 

In order to find a: suitable size of the :filter toe which will prevent· the line of 
saturation from appearing on doWnstream slope, above the tJe, £or a p:uticular 

dn.m section founded on impermeable base, experiments were conducted with:-

(I) Di:trereflt downstream Slopes, 

(2) Different upstream Slopes, 

(3) Ui~ere1 Top Width3 

1. Effect of downstream slopes-Slop~:; l : l, : 2 :I, 3 : 1 4 ~ l 
and 5 : 1 were tried and the minimum size o! the uravel toe Of 

' 0: • 

13bapa, having its J:>ne slope the saTUe as the do~n;;tr.eam sbpe of th3 
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dam , and the other at_ i : J, was: determined by model experimen~s. 

. F' E ~ Th . k h h , , The resplts are shown m 1gure 1 .14h · e rat10n8 as s own on t e curve 
.4 • 

gives us the size of the gravel toe iri terin.s of the height of the dam. . .... . ' . 
• 

. 
• ~-a. 
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Figure 1E.l4 : Showing relation· between the size of the gravels and, downstream 

slo10e. · 

' 
2. Effect of upstream Slope.-By changing upstream slope, there was no 

significant effect on the size of the toe. The reason'is clear from the fact that 
upstream slope has a much sm~ller effect on-the line of saturation. . -

3. Effect of top .. wiilth.-In .. this case also; there is no effect for the same 
reason that a change in the 'op width does not affect the lin~ of saturation 
to a very great extent. 

' CONCLUSION • 

The requirement of a gravel toe is gui~ed by the do~trea.m slope of the 
dam only, and lts size can be known from the curve of Figure 1-E 14 which of 
course appiies to this type of toe only, and curves will have to be drawn for other 
;ypes of toes. -

• 
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(3) TESTING OF SOIL SAMPLES FROM MESSENJOR.F DAM Sr.I E (9) 

In connection with the Mor Project a _dam was proposed t~ oe·construct_ed 
on the river Mor at Messenjore near Dumka in Santal Perganas, Binar. Dis- · 
tur~ed samples of soil were collected from the locality of the proposed dam to 
test the suitability of the soil for the construction of an earthen dam. These 
samples were sent to the Soil Mecha_nics Laboratory of this Institute for testa. 
102 samples were received last year (1946) and were tested. During this year 
another 300 samples were collected and sent for examintion. · These samples 
were dug from pits ~n successive depths ~of t~e profile and were collected sepa
rately in gunny bags and transported to this laboratory. The following ex
ploratory tests on each sample were carried out : (1) Mechanical Analysis 
(2) Specific Gra'Vity and Apparent Density, (3) Porosity and Void Ratio 
( 4) Compaction and Penetration Resistance and (5) Shear. 

(4) TESTING OF SOIL SAMPLES FOR AFFLUX BUND AT TILPARA·. 
~ GHAT (1°) -

·At Tilparaghat where the Mor Barrage is being constructed the afilux bund 
was proposed-to'be put up. Sample:, from this afflux bund were sdnt from MC?re 
Construction Division No. III for Mechanical Analysis, Compaction and Pene
tration resistance, Porosity and Void Ratio, Specific Gravity, Apparent Den
sity - and. Shear -Tests. 

{5) TESTING FOR- EARTHEN DAMS (11) 

WOHAR EARTHEN DAM.:. 

Some sixteen selected samples of SC?ils were received for recommendation 
of suitable IQ.aterial for the construqtion of Wohar Earthen Dam near Aurang~
bad. ...Grading of the sixteen samples was det.ermined by mechanical analysis. 

ARJANPATLA EARTHEN DAM , 

Eight samp1~s from soils available for breach filling of Arjanpatla earthen 
. ,·dam were sent for analysis. Soils 1 to 6 were of gravelly character called 
" M orum" locally, soil 7 was clayey meant for admixture with wM orum" or for 
lij!e ati a hearting material Mechanical. Analysis of the samples sent was con-
ducted. ' 

GAGILLAPUR EARTHEN DAM . 
Seven samples of soils to be used for restoration of 9"agillapur tank were

sent for the necessary recommendations. Mechanical Analysis for the sainp1es 
sent was carried out. · 

MADmAM EARTHEN DAM 

Six samples from soils to be used for Madiram tank were received for 
analysis . The grading of these samples was obtained. 

( 9) River Research Institute West Bengal, Annual Report 1947, pages 105-143. 
(1°\ River Research Institute West Benga~ Annual Report 1947, page 144. 
11) Hydera.bad EngiDeerin Research Laboratories, Annual Repo:d H~47 pages 3(), 
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(6) EXPERDmNTS WITH SOIL SAMPLES 0~ NELLIGUDDA RESERYOIR (12) 

Nelligudda is situated about a mile away from the 9th mile of Bangalore-
Mysore Road, near Bidadi. ·. , -· _ · . 
- Good gravelly earth and puddle clay are available in plenty in th~ locality. 
A small :tank with an earthen bund is proposed to be constructed here. 

The soil samples from the borrow pits were sent to the Hydraulic Research 
Station, Krishnarajasagar 'for determining ·their properties and conducti4g 
certain tests. . . · - · · - · ~ · 

The following tests were conducted (i) Mechanical analysis, (iif Specifio 
gravity (iii) Liquid limit, (iv-) Plastic limit and plasticity index, (v) Optimum 
moisture content, and maximum dry density and (vi) Compaction tests.--. ~ 

' , -·. 
(7) HYDRAULIC GRADIENTS THROUGH EARTH BU:tiDS· (13) 

A glass flume 12 feet by _2 feet by ll feet was constructed on an imperyious 
platform. Models of earth bunds of various designs and sections were p:ut JIP 
and their lines of saturation were traced. .The bunds were Hfinch es to 18 inches 
high with a top width of 6 inches. Potassium permanagnate solutior;t was. used 
to trace the line of saturation. Water level upstream. w:.as maintained at a cons
tant level by having an overflow weir and a small auxilia:r;y tank with a tube and 
a stopock. A burette was used to feet the solution drop by drop.to get a uni-
form line indicating the hydraulic gradient. . . 

It may be interesting to note here that the hydraulic gradien tino& homo
geneous earth dam is dependent of the material. It is the _quactity of see
page per unit width that varies wi~h the material which in turn depends upon the 
co-efficient of permeability, K. ~ The value of this is dependent· upon the size 
and grading of the particles, density Qf the material, temperature of water, and 
the presence of organi~ and colloid~l matter. ~ • , , 

Experiments were conducted to determine (1) the effect of· berms and (2) 
the position and the size of jelly drains on the hydraulic gradient in an earthen 
bund. · · 

' "" . . 
Figures I.E 15 to I.E 19 show the sections experi;mented .upon and the results 

obtained. - -. - . 
It will be seen therefrom, that _ 
(1) The effect of adding berms is to .depress the ~aturation gradient in a 

, bund. -It is better to add a number of berms of small widths in- preference to a 
l~ of large widths. , 1 • • 

\2) The effect of je1Iy drai~ is to lower the saturation iradient considerably J 

providln~ safe exit for the seepage water. In locating its position, care should 
be tak~n t~mmre that the velocity:· of the 'seepage is not t.oo large to carr:r 
away articles of eartli with. it. · · · - .. · _ 

(3) Kxperimeilts conducted to determine whether the .stcne revetment on 
the front face of the bund creates any loss of head -to the entry of tne seepage 
water into t_he-bund indicated that there was not any appreciaole loss. , 

.. 
(11

) Hydraulic Research Station Krishnarajasagar, Annual Repoh, 1947, page 69. 
(18) Hydraulic Research ~tation Krishnaraiasagar, Annual Re:port 194:7 pages. 78-Si. 
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DISCUSSION BY THE RESEARCH COMMITTEE 

MR. L. K. MrrTAL introduced items (I) and (2). Regarding item (2) he 
said that the addition of berms and the flattening of the down-strea:rn slope had 
the maximum effect in lowering the line of satUration. · 

DR. N. K. BosE introduced items (3) and (4). 
- . 

THE PRESIDENT said that item (5) of the Hyderabad Laboratories might 
be taken as introduced. 

MR. GoVINDA RAo introduced items (6) and (7). Regarding item (7) he 
said that they had very interesting results i.e., the hydraulic gradient in a 
homogeneous earth dam was independent of material. He further added that 
the experiment conducted by them had led to the same conclusion as those in 
U.P. i.e. the addition of berm had lowered the line of saturation. 

DR. K. L. RAo said that it was _very interestirig and curious to note 
that. the graphs of the saturation lines of three different provinces 
were different from each other. For example the U. P.· graphs on page 
lOS were convex; the Mysore research station had shown them as concave and 
the Poona Station had shown them both ways. The saturation line was one of 
the determining factors iD. engineering and could not be obtained by a model 
test in the laboratory. The time of test was a very important factor in the 
determiD.ation of saturation lines. According tq him the saturation line in an 
earthen embankment should be concave to start with but after say ten years the 
saturation line could become convex. Dr. Rao then described diagramatically 
the way in which the saturation line affected the various dams in America. 
Continuing he said that it had been observed in American Dams that the line 
of saturation was higher than the height of water in the reservoir and that this 
was of considerable importance. · 

' He further said that the ~earing strength of the soil was the most important 
criterion connected with the slop: and the Safety of the embankments and that 
the upstream slope in his opinion should be flatter and not the downstream one. 
He said that the Bureau of Reclamation had devised a method of analysing the 
soil which should be adopted in India. -

Regarding clay puddling.inside the embankment, Dr. Ra.o said that it was 
not very suitable because in America they )lad been using sand-shingle combine 
for this prupose. He further explained that there was a lotroflatitude in tbe 
selection of soil for earthen' embankments because it was the strength of the 
material in the shearing that mattered. He was of the opinion that most of 
the tests which had b~en carried out in various laboratories were not necessary for 
the practical engineer. Referring to the investigations carried out in the case of 
Ramapadasaga.r he said that Prof. Terzaghi who had gone to Madras in this 
connection was opposed to the type of investigations which had been carried out. 
Giving his impressions of the two highest earthen dams 4:26 feet and. 4:60 feet in 
height built in America, he said that in both' of these the desired density was 
obtained~by proper ~election, and by studfng the shearing ~trength, of the 
material.': He ·concluded oy saying that the Central Board of Irrigation should 
collect all data and literature regarding earthen dams. 
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RAo BAHADUR A.R. VENKATACHARYA said that he had a problem in hand 
ia connection with the construction of Bhawani Project. The dam was It to 
2 miles in length. On preliminary investigations they had found that the 
soil was not suitable for the earthen embankment. On further investigation 
they had come to the conclusion that the soil round about would make an ideal 
embankment and was most effective from the point of view of percolation. 

Referring to the Bhawani Project }4R. KuTTIAMMU said that he had carried 
out experiments on the soil which were not yet concluded. He said that the 
basis of these experiments was to start with a fully pervious bank and by 
trying different materials on the sides of the channel in each- case the quantity 
of water seeping through the _bank was noted. A curve showing the percolation 
of material was drawn ancl they were then in a position' to understand the 
optimum moisture required. 

DR. V.I. V AIDHIANATHAN. said that earthen dams had been constructed in 
India for the last th.ousand years. 

The facts regarding the saturation line were discussed .at the Research 
Jommittee about three years ago and it was then pointed out that what they 
were doing in this re~pect was not very correct from the point of view of 
.:neal!uring capillary pressures.· Ho-yvever he did not agree with- Dr. Ra"o's 
contention that all that was wanted in' -the -soil was the sheer strength test alone. 
In rus opinion experiments carried out for :find:ng the sheer strength and sheer 
compaction would no doubt give good results which could be useful in the 

'construction of dams, but they had to be supplemented with other tests. 

MR. GoVINDA RAo said that he h~d carried out basic experiments to study 
the effect of hydraulic gradient, on permeable foundation. The foundations 
were all concrete, and the soil chosen was pure sand. The hydraulic gradient 
was found to be independent of the material. There was a certain relation 
between the dissipation and the hydraulic gadient. He held .out that _the fact 
that capillary pressure had not been taken into account should not matter much. 
Regarding remarks of Dr. Rao that the Indian practice of soil tests was wrong and 
the American practice was right, he differed from him. In India there were 
also earthen dams, one 180 feet in Bombay and another 120 feet high in Mysore 
and about 2,000 earthen tanks which had been constructed for the last 1,000 
years. He said that ·o.ne should be cautious before taking vp the American 
practice and diverting from the practice which had been followed so far. 

·MR. T. P. KuTTIAMMUsaid that in the U. P. experiments it had been stated 
that . they had· permeable foundations, whereas in Mysore for th.e same 
exper1ments, they had us~d an impermeable base. There was no indication 
of any control of wa.ter level downstream. It was unfortunate omission. He 
suggested that some of the experiments might;-be ~epeated with proper controls. 

DR. V. K. GoKHALE referring to the question of curves which he h~d drawn 
for a number of dam~ constructed of black cotton soil in the Deccan said that 
the saturation line had a tendency to be concave after the dam had been in opera-
tion for a number of yea:ts. -

~R. S. L. MALHOTRA said that on almost all the canal' embankments in the 
PunJab they had been using clay puddle and it had been found that clay puddle 
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core was really very effective and the seepage fro~ the canals was ~topped. I~ 
thePunjabaslopeof3tol towards the water side and2 to 1 on the outside had 
been adopted in embankments. As regards the use of vibrator for compaction, 

-he said that due to labour trouble their use would be useful and economical. 

MR. R. R. HANnA suggested that those engineers who were to go abroad for 
training should be asked first to go round the works in India for a certain period 
to see what had been done and what was being done in regard to enginee$g 
works at home. . · 

THE PRESIDENT remarked that the discussion had been very interesting and 
that the truth was neither with Dr. Rao nor with Mr. Malhotra but was 

-somewhere mid-way. He stressed that traditions should not be followed blindly 
but that advance should be made as a result of experience gained. As large 
works had been carried out both in America and elsewhere, one had, no doubt, 
to learn a lot from them, but he sounded a note of warning againt always 
~eeking inspiration from abroad when this could more profitably be done from 
the large scale enterprises in India. He was painfuliy conscious of the general 
tendency on the p~rt of engineers, scientists, administrators and- other workers 
in India to quote foreign names for references in the ~ub-con~ciou:i belief that 
in that way their ideas·would sell better.·. They felt shy of acknowledging the 
work of their own countrymen thus attaching to them by implication, a stigma 
of inferiority. That resulted in two fold damage, firstly in keeping from the 
world a true appreciation of the knowledge and practice developed in India 
and secondly in enge~dering a recurring· sense· of inferiority. He emphasised 
that it was high ~ime for them to throw off that slavish mentality. 

The President stressed the need for original thinking and deprecated the 
practice of blind adherence to certain utterances and theories propounded by 
10me one, wbo, in the estimation of. a group or groups, may, for the time 
being, be d~signated as a genius. They ~hou1d scrupulously guard against the 
habit of edifying the unknown and the foreign, otherwise their own intellectual 
growth would permanently remain stunted and their achievement~ would be 
but a pale reflection of those whom they meant blindly to follow. He wanted 
them to take the maximum advantage of latest developments in theory 
research and practice o£ other countries, but at the sam~ time to take the 
most vigorous steps to work on original lines so as to be able to contribute 
their share towards knowledge. There should be two-way traffic of knowledge 
imd experience and their aim should be to give at least as much to the 
outBide world as they took froru them. 

He next referred to the high earth dams in America, particularly th 8 

Anderson Ranch Dam and stated that earth dams had a great future for them 
in India. • 

· _ The President said that observations made on saturation lines required 
very careful examination. The observations in· the laboratory, no doubt, 
were of utmost importance but he stressed the necessity of checking them: 
against field cc-ndition. The real purpose of the laboratory re~earch was to 
give something simple to understana and simple to appl} with ce;rtainly as 
to results. • 
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DISCUSSION BY THE BOARD . 
TnE SECRETARY said that· seven items were discussed at the Research Com

mittee meeting (page 323). _·There was nc re~olution. 

1\fu. MITRA said that he. wanted to get a certain problem sclv~d with the 
help of the assembly. He had to raise the water levd in a canal-'oy abQut 
10 feet and consequently the bank had to be raised by the s~roe amount. There 
was an existing spoil bank nearly 100 years_ c,ld of the requisite !teight. He 
wanted to know whether he could use the spcil bank as it was or should streng-
then it, cr cut it and build a pucca bund. - - ' 

DR. N. K. Bos:E said that a similar thing was done in C~y]on and it had stood 
well. · -

'MR. T: MYLVAGAN.AM said that they took GUt undisturbed soil samples. 
from the old bank and tested fo:w compaction ewt , . . - . _ . , _ 
. RAI BAIIADUR S. K. GunA suggested putting a two to thre~ feet pud-
dle core in the middle o~ the spoil bank. · 

THE SECRETARY suggested building an additional ~ank in front. 

(iii) Roads a~d runways
PREI.JMINARY NOTE 

~ 

There was no contribution and· no ·discussiori linder this sub-head at the 
194 7 meeting of the Research Co~ittee. - · · 

Recent Literature ·' 

(1) Soil survey procedure and its application in roador c~llStruction 
Department of Scientific and Industrial Research, Road Research Bulletin 
No.4, 1946': . ~ 

(2) Dempster, C. J.-De~ign and construction of aerodrome runways on a 
sand foundation. Journal of Institution of Engineers, Australia, Vol. 18, .. 
No. 10-11, October November 1946. 

(3) Hardy, R. M.-Soil sampling and testing for high-ways and airports 
Roads and Bridges, Vol. 84, No.4, February 1946. · 

(4) Shaw, .J.A.-Stabili.sation in practice. Roads and Road Construction 
Vol. 25, No. 290, February 1947. . 

_ . (5) Bu~, yr. H.-Soil' stabilisation by. t~e bitumen cement · process. 
Highways Bndges and Aerodromes, Vol. 13, No. 652, January 1, 1947 .. 

(6) Soils, concrete and bituminous· materials. · Department· of Scientific. 
and Industrial Research, London 1946. · 

(7) Mitchell, C. T .-Some -economical aspects of modern eart~ moving 
equipment, Insti~ution of Civil Engineers, Road Engineering Dhision; Road. 
paper No. 20. -

(8) ~orter, f?· J.-Us~ of heavy equipment for obt~~g maxi~um 
compactiOn of sod. Reports _presented at the forty third annual meeting 
.Americhn Road Build_ers' Association .. 9~eago, J~J?-?.is, Ja:nuary 1946~ - ' 
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(9) Payne, G. W., Blai:-, T.A., Bond, L.H. Brown. H.F ... Hopkins, H.H., 
Patton, 1\I.C., Poulter, J.W. and Robinson, C.S.-Stabilisation of road-bed. 
Report on methods used. Proceedings of forth fifth annual convention of the 
American Railway Engineering Association, Vol. 4 7, March 12, 13 and 14, 1946. 

(10) Maclean, D. J .-An application of soil mechanics to problems in road 
construction. Road ~esearch , Laboratory,. Department of Scientific and 
Industrial Research. • 

(11) Robertson, L.::-Soil stabilisation by the mix in place method. Jou:r~al 
ofinstitut"on of Municipal Engineers, Vol. 74, No.3, September 2, 1947. 

(12) Turnbull, W. J.-Importance and practicability of compaction for 
Subgr~des and bases. Waterways Experiment Station, Vicksburg, Mississippi 
Bulletm No. 29, June 1947. 

(13) Curtis, W.D.-Soil compaction experiments point way toward stronge:r 
more economical sub-grades. Civil Engineering, Vol. 17, No. 7, July 194 7. 

(14) Seelye, E.E.-Putting soils knowledge to work ou airfield runways. 
Engineering News Record, Vol. 138, No. 18, May 1, 1947. 

(15) Shults, G. W.-Designing two soil mixtures. Roads and Streets Vol. 
_ 90, No. 6, June 1947. 

(16) Lewis, P.C., B. Sc., A.M.I.C.E., Cape Provincial Roads Department, 
South Africa.-Tests on subgrade core samples, as applied to the dec:~ign of road 
foundations. International Conference on Soil Mechanics and Foundation 
Engineering, Rotterdam, 1948, Vol. II. 

(17) Palmer, L.A., Principal!Engineer, Bureau of Yards and Docks and 
Thompson, James B"., Assistant,lEngineer, Navy Depar..tment.-Pavement 
evaluation by loading tests_ at Naval and Marine Corps Air Stations. 
International Conference on Soil Mechanics and Foundation Engineering. 
Rotterdam, 1948, Vol. II. 

(18) Fox, Dr. L.', Department of Scientific and Industrial Research Road 
Research Laboratory.- Computation of Traffic Stresses in a Simla Road 
structure. International Conference on Soil Mechanics and Foundation 
Engineering, Rotterdam, 1948, Vol. II. 

{19) Docker, C. E. and McFeeters, J. N.-Principles on concret« 
runway design. International Conference on Soil Mechanics and Foundation 
Engineering, Rotterdam, 1948, Vol. II. 

(20) Docker, C. E. and McFeeters, J. N.-An example of concret~ 
runway design with critical comments. International Conference on Soil 
Mechanics and Foundation Engineering, Rotterdam, 1948, Vol. II. 

(21) Poe], C. v .d.,_ Laboratory N. V. de Bataafsche Petroleum 
Maatschappij. Amsterdam.-Dynamic testing of Pavements and Base 
courses. International Conference on Soil Mechanics -and Foundation 
Engineering, Rotterdam, 1948, Vol. IV. 
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(22} -McLeod Norman W., Engineering Qonsult:tnt Department. of 
Transport, Ottawa, Canada. An investigation of airrort'runways in Canada. 
International Conference on Soil Mechanics and Foundation Engineering"· 
Rotterdam, 1~48, Vol. IV. , 

(23) Kruyf, M. DE., Poel, C. v.d., _ Timman, R'., ·Laboratory N. V. De 
Bataafsche Petroleum Maatschappij.-Calculation of stresses in road_ and 
runwa-y constructions International Confere;nce on Soil Mechanics and 
Engineering, Rotterdam, 1948, Vol. IV. _ · -

' 

(24) Weinberg, L.J.H., Ir. and Begemann, H.K.S.P., Ir. (The delft Soil 
Mechanics Laboratory) Lit., C. Ir. and Carstens, H. C. Ir. (City of Amsterdam).
Determination of the bearing capacity of the new_ combined rigid-· flexible 
runway construction at Schiphol Airport with the aid of loading tests. 
International Conference on Soil Mechanics and Foundation Engineering, 
Rotterdam. 1948, Vol. IV. · 

. (25) Maclean, D. J. and Williams, F.H:P.-Research on soil compaction· 
at the road research laboratory (Great Britain). International Conf.erence 
on Soil Mechanics and Foundation Engineering, Rotterdam, 1948, Vol. IV. 

(26) Mebra, S.R., A.M.I.C.E.,. ~uperintending Engineer, ·East -Punjab 
P.W.D. (Buildings and -Roads) Simla E~st-India.-Soil stabiJisation with soft 
aggregates. International Conference on Soil Mechanics and Foundation 
Engineering, Rotterdam, 1948, Vol. IV. -

THE YEAR'S WORK 

The following ite}llS were discussed at the 1948 _Research Committee 
Meeting:-

(!) Soil st1hilis:1tion of proposed second runway at Calcutta Air Port. 

(2) Stabilised soil roads. 

(3) Standardisation of specifications of earth roads under Punjab 
conditions. · · .. ~ 

(1) SOIL STABILISATION OF PROPOSED SECOND RUNWAY AT CALCUTTA 
. AIR PORT (14) 

• r 

Th~ modern tech~iqu.e of pro~essing naturally occurring soils which woul<\ 
stand air traffic load Without any Jield or settlement has been the subject matter 
Df investigation by the soil investigation and sui'Vey section of this Institute. 
A. runway other than the existing one has been proposed to be constructed at_ 
~he Dum Dum Air Port, Calcutta, utilising soil stabilisation method. With 
Ghis end in view attempts h~ve been made to find out by laboratory and field 
experiments on scientific lines, if soil stabilisation can ·lead to desired ends 
namely, attainment of both mechanical and ~oisture stability of local soil 
material at a comparatively low cost, which in its turn would be strong enough 
GO stand the applied loading without detrimental deformations or actual 
"ail urea. 

(u.) River R~search Institute West Bengal, Annual Report, 1947, pages, 14~1-:56~ ·· ·:-
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(2~ STABILISED SOIL ROADS (15) 

A preliminary experiment for the improv~ment of road berms was conduc
ted on a 100 feet long and a 10 feet wide strip of a berm on Habeebnagar cement 
concrete road in-the Hyder~bad City. Berm of a busy road in-city area with 
an approximate traffic of 750 tons per day (over the berm) was selected. to get 
quick results by an accelerated effect of traffic. 

_ The subgrade soil was tested for determining its suitability as a base material 
and it was found to have a grading confOimingtothespecificationsforstabifucd, 
base cou~se (A. S. T. M. type C.) with liquid limit of 21·0 and plasticity index 
of 3·6. As this subgrade soil was found to be sui_table for use as a stabilised 
base course a. six inches base of this soil was constructed by rolling the soil in 
two layers by a six ton tandem roller for geting a density of 126 lb. per cubic 
foot at 0. M. C. of 9·0. 

- - ' 

· A gravelley soil in the vicinity with high percentage of coarser particles 
.and with a liquid limit of 21· 8 and a plasticity index of 6 · 4 was selected for 
use as a stabilised wearing course. The selected soil was found suitable for 
mechanica:l stabilisation and could be compacted at a density of 136 lbs. -per 
cubiC' foot at 0. M. C. of 10·2, but as it was desirable to study also the effect 
of cement on this soil 75 feet out of the proposed 100_ feet length of stabilised 
two inches wearing course was cement stab;lised with an admixture of 8 per cent. 
cement. · ' 

The work was conducted with modern earth moving machinery as far as 
po3sible. · Excavation of eight_ inches ·deep foundations were made by a 
motor grader with rooter attachment. Uniform mixture of water needed and 
breaking of soil was done by shoring and spreading of soils by suitable tilts of 
the motor grader. The cement mixing for the wearing course was done byA 
concrete mixer. Compaction was made by a six ton tandem roller (as sheepa 
foot rollers were not available and the compaction control was made by burn
ing tbe wet .soil with alochol and by the sand bottle method. 

- · The work was carried cut in July 19-47 and since then z,early 750 tons of 
traffic per day has been estimated on the berm by a census taken for about a 

. .week. , The base is quite intact out the we::tring course of the experimental bit 
has worn out after ab_out 8 months of traffic cfthe abo"\'e intensity. A monthly 
record of the behaviour of the road under traffic was maintained and tbe follow
\ng conclusions have been drawn from the experiment. 

· 1. The gravel per<;entage (16 per cent.} in the selected soil for the wearing 
course is not enough for proyjding sufficient abrasive resistance and unless a 
higher percentage of gravel is added the wearing course with or without cemeLt 
will not possess sufficient abrasive :resistance against traffic. 

2. As the road behaved well in the rainy season but became dusty in th-e 
<;lry weather, the selected plasticity index of 6·4 (which is well within the li~t · 
of four to nine as recommended by U. S. Public Roads Administration for 
'American climate} is not sufficient for retaiDir_g moisture adhesive :films in the 
dry weather of Hyderabad. - A higher plasticity index of say nine or above is 
proposed to be used in future expetim(nts. ' 

(15~ Hydera.bad ·Engineering Research Laboratorie~ "Annual Report !947.- pages 45-46. 



.. . ·· 3. The use of cement as atabiliser with soils of a low plasticity ·index cr 
lfitii low clay content disintegrates readily under traffic, forming dusfin:dry 
weather. This is probably, because, due to lack of ne~ssary clay percentag~, 
adhesive moi~ture films for the necessary stability in dry weather are not formed. 
The plasticity of the scil used (P. I.= 6·4) for cement admixture was net suffi
cient for the dry climate of Hyderabad and hence the soil cement weuing 
eourse failed under traffic forming dust in. the dry weather. This observation 
oonforms to the rJBults arrived at by the Military Soils Engineerirg Station 
of the Indian Army from their experience of Soil-cement constr~ctions in. the 
Indian climate during the last war (vide notes on Soil Engineering Testing b}"' 
0. C. Soils E!lgineering Station 1945. Page 21). Future experiments on 8oit 
cement wearing course are porposed to be carried out o~ soils with a ·higher 
~ticity index. · . ,. 

4-. Stabilised Soil open wearing course (with cr ~ithout cement) may not be · 
euitabl" forth~ intem~ity oftraffin.ofthe ('xperiment (750 tons per day) unless a" 
&xible surface protective carpet is pro,·ided. " 

(8) S~AN:J>ARDISMION OF SPECIIICA'IIONS OF E.Alt1H RO~S mm~ 
- . - · ~PUNJAB . CONDI7IONS(18) - •• ~·· 
· · :Th~ study conc:}rned itself with the investig~tions of the ~p~ifi.cationl fot' 

s~(a:~e course 'of the,:eatth~roads under Pimjab_ conditions. _ . · ·- . ·; 
· ~jJ samples were taken from the gooa,.Foor ~nd bad'roads and-a!lAlySed" 

fo:r the ~~rent Eoil constants. - · ·- · · · • • 

A:'porsual of th~ Actuafdata rey~aled :th~t-the: sta~~rdi.m~i~can sped~ 
fica tiona for m~terials for stabilized -~U.rf.ace ·course.: coiild 'not apply to ·our 
conditions. The standard specifications for mawrials for stabiliZtd surface 
course M 61-38, of the A.A.S.H.O., require that the dust ratio shall not ex
ceed 2/~ n.nd.that the ·fractions passing the lio •. 40 sieve- shall .have ~~liquid 
limit not greater than 35 and a plasticity· index·not feas tha.n· four· ~:n\d::.aoi;· 
greater than nine. ·_ . · 

_The result of the investigationS brought out 'the standard specifications foe 
the earth roads under Punjab ~f;Qll:di~io~, ,gi-ven ·jn .Table IE IlL 

.~. 1 · .. ·;.. . . -TABLE m. In ~- ·_. r. •• / ': ~ :;: •• ' 'r 
&rial 
No. Name of the oharaoteriatio 

1. · Dun ratio 
i J " J Clay . . ... -

. 
,. ...... 

. 3 Co~esion 
.. ... ,.. 

4 Liquid Umit 

~i- 5 
Z'.r .. -

-Plasticity index · · 

Base excbnge · 
~-:.-..... ' 

7 Dt>gree of alk~~Uon • •. -

' I a I •• 

. . .. -

..• -
·~ 

•• •• 

.. •• 

.. •• 
. .. ' .. .... ..-

~ •' 

. ' 

•• " No ~JatioD. _ 
.. - .. ~ 1 & .. .. .. . 

•• Greater thaD 1& 
( 

- • • . Greaier than .20 - I· . - . 
-... ... , ... .. .. ., • f" 

• - • • t Greater than 30 
• .. j .... - ... 

. • • ; Greater than 10 .-
• ·~ Greater than i ~ . : 

. ; ; . ~reatcrthap. 30 
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One of the most impmtant conclu~ions dra" n \\as that aU ficil<:; coni& .c.1>~ be: ad{quatcJy claJ~Si£~d for rood building purposes by physical t.f>l-ts alontl, Ji.Cd •• 

t.he ·rhfmistry of t.he Foil ~<houlcl bt> consider( cl in Rm·h cr.~t>R. · · · 

DTSCUSSION BY 'lliE P..ES.EA.RCB COMMIT'IFE 

'DR. N. X. BosE introduced item (I). 
,THE PRESIDENT said that item (2) was from Hyderabad Laboratories an•l 

th~~~~e should be taken as intrcduced. · · ;, 
s..; DR! .C• L. DHAW.AN introduced item (3) and oaid that one of the rr..ost: 

important- conclusions drawn was that all soils could not be classifi('(} adequately . 
t~ . .toad building purposes by physical tests alone, and that the chemistry of . 
eoils should be considered in such cases. He further added that a systematic. 
e~u,Iy had been started to find out the various details concerning specjfic&tk-n 
in the ease of soil stabilisation and their inter-relation~. . . - ~ . -

MR. S.R. MEHRA said that they had done research in t.his connection in tho : 
_ Punjab for some years and had followed the standard methods. He doscriberl 

how far, the main roads, gravel could be replaced by a mixture of ligh5. 
aggrega.te and soil. He went on to describe the sbb]isat:on of EOil ~itft 

- toft aggregates, where gravel w&s not availE-ble. The p:o1ort:ons were 40 pel-
. cent. aggregate and60pereent. gradedsoil,accord!ng to local cond~tions; sand. 

·oo.nteot iu beat:ng course was to be not l~s than 30. percent. and tbe ba~ 
course was to have a plastic~ty index hightr than six. · 

He gave~ of costs for central Punjab : 25 percent .. of '.:c>n ;ersioM l 
tyx• !lf not ROlf'aced a.nd M percent. or surfaced • . . . 
·.: · · · D~O!f,BY !BE EOABD 

• . Tu 8EcurrAJ.Y said that three items were d.L~u~W'd at t.h~ ~~~; 
Oomro.tt.ue ~· There was no resolut.M>n. 

~}lere;,t · Lih'Jatun 
· ---{-If Be~f·~· s: .tJ.--FlQa.ting. .Blook Thoory, .in Strucl:ural , Au~£
·~oumal of American Concret~ Imtitute,-Yot 17. No.3, January 1!»6. 
. (2) Kulik, . J.--Foun&tio~ ~~ ektbquake' 'resisting ~-tructru.e '· · (~n1 
Ellgineering ·and Public Works Review, Vol. 42, No. 487-4S8, Jft.flMty, 
:February and July 194i. ... 

' ~ - - -

(3) Turner~ L.-,;Foundation pl'Qblems in relation to soil mechAn~. Tbe . 
l .. l!.eti~~n f!l <?iJi~Engineers, Great George Street, 'Vestminster. 8.",~1. 194~. · 

. \')· ~d~n, P.-CalcUlation of bea.r:Uig cap::-~ities of footings by ejrclilft!r 
~U'~. lncli~n. Con('.l'e-te .To\U'llal, Vol 21, No. S, A~t 1947. · 
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" 
• (l'>) Kollbrunner, C. F.-Foundation and Consolidation. P'oundatio~ aad 

r..Onsolidattion in German, Schweizer Druck and Verla.gshau, Zurich 8. : . _ 

(6) Underground conduits-an appraisal of modem research.- Proeeeding 
of American Society of Civil Engineers, Vo1. 73, No.6, June 1947, Part I. _ 

- ' 

(7) Pogam1. A. Effect of explosions on building sites-Civil Engin~ring 
and Public 'Vorks Review, Vol. 42, No. 493, July 1947. _ 

. 
· (8) Gitot, Henri, Ingenieur-Conseil Fribourg (Suisse-)-Mesures 'de la 

deformabilite du sol de foundation du barrage de Rossens (Measurell!en~ of 
deformation of rock basement at Rossens dam). International Commission . 
on Large Dams, Third Congress, Stockholm, 1948, R 56. -.. 

(9\ Kratoch-vil, Stanisla v, Ingenieur Docteur, Professeur Haute Ecole 
Technique Brattislava-Sons-Pression sur les foundations du Barrage de 
Kninicky (Uplift acting of the b~se of the dam at Kninicky): Intemations. 
Commission on Large Dams, Third ~ngress, Stockholm, 1948, R 6. 

(10) · JJOwe-Brown, W. L., D. Eng., M.I.C.E., British Practice in- 'Dam 
Foundations. International Commission on Large Dalll8, Third Congres&r 
B~ckholm, 1948, C 2. . 

(11) Beer. E. DE and Wallay~,.M._Ghent (Belgium).--Limitation .of tb. 
~alidity of application of the fo~)xiulas from Prandtl-Buisman and from · 
Anderson-for the ultimate bearing' capacity 'Of the 'soil underneath footings.. 
lnte.itia~ional ro~ere.nce, ~n Soil ·Mechanics and· Foundat!_on Erigineerill& 1 
Rotterdam, JMS, Vol. I. r -

, , (12) · Ma:rivoot, L.' Ghent (Belgilun).-A simplliied method for Cf!mP'l!ltinr 
~'·'bearing eapa.city · of the soil· supporting ._footings -or pien.. lntematiOu •; 
Conference on-Soil Mechanics and Foundation Engineering..Rotterdam, 19"48,·. 
Vol~ J.· . . 

' ' J ., ~ I l ~ 't, ; ' ~ • I <I ~ ~ I ._. 1 

·:~ (13). S~elatowsiri, F. PolytecbniCal School; W~w.--On the~ ~'30{·1 
foundation.· Int~mationa) .ConferenCe on Soil ·· Mechanics :and Fonndatioa 
~~~ring, Roturdam, 1948,: Vol: J. · ~ 

.· .. (i') Mey~rhof, a: G., · M.So •. '(Eng.), A.M.I.C.E., A. M:.~I: ·Stroet;'.!lt:' ~ 
Depal"tment of Scienti£.c and Industrial Research Building Research StatiOn.~: 
An in~tjgat.ion ·of the hearing capacity,Qf shaDow ~ootings. on ~ .sand .. , 
.Wtc.lnation.o.L Confe~ncc on : Soil M~t.banies and FoundatiOn E~ginee.ri»&t .-
Rot.t.cxda.m, 1948, ' ol. J. · 

, · (Ui) Beet-.~ Jc}. -}?E. Ghe.n.t.. (~~um).--Settkment recol'd&. on .bria~ 
l<>nndro Gn ~.nd. Inte1'!1ational Conferenoo on Soil Mechanics and Foundati<m: 
Engin{.ering,- Rotterdam,~ 1948, VoL II.· · -

. (lR) Ge€.'l'fl, F.· J. B. (}. Jr., Chief Engineer -of tne Zuiderzee works And: 
Mierlo)· W. C. Van Ir. :Hooq of the consulting Department or tlie Delft Soi.l 
M:cchani~ LaborMory.-Estimation of fut.ure settlements of the dikes Qf the 
north-east~ polder' based on observation or past settlementS. . Internationa,.\ 
Conf~rence on Roil :Mechanic! n.nd Foundation Engineering Rotterdam, J94t\L 
VoJ.lL. 
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· (l 7)' MJer~o, ·w. C. V a.n, Ir.~ Head of the Coneulting Department of the 
Delft Soi\ ~echanics Laboratory and Breeje, H. I. Den, Ir., Engineer of 
the Waterstaat of the Province Zuild Holland, Formerly of the DJlft; Boil 
Mechanics Laboratory.-Determination of expected settlements of Hydraulic 
fills in the Spangen Polder near Rotterdam. International Conference ot 
&il Mechanics and Foundation Engineering, Rotterdam, 1948, Vol. IL 

' . 
(18) .JQ.}cy, Jozsef, Prof Dr.-Influence of ground water level oscillation on 

tubsidence of structures. International Conference on Soil Mechanics and ' 
Foundation Engineering, Rotterdam~ 1948, Vol.-11. . ' 

(19) Marivoet, L Ghent (Be1gium).--&me soil rupture and settlement 
problems in the coostruction of a Lock at Duffel. International Conference on · 
~il Mechanics and Foundation Engineering, Rotterdam, 1948, VoL II. 

(20) Mautner, K. W., D.&., (Eng.), Struct, M.D., E.M.I., Soc. O.E: .' 
{Franee); Structures in areas subjected to mining subsidence. ·International Q:>n·-·:· 
terence. on Soil Mechanics and Foundation Engineering, Rotterdam, 1948, V ~!II. ' 

- ' 

. (21) Morten~nr. A., Harbour Engineer Aa.lborg., Denmark.-
Predet£rmination of the resistance of a pile on basis of field shear and loading,, 
test value. International Conference on Soil Mechanics and Foundation· .. 
E~ginceririg, Rotterdam, 194.8, Vol. II. # 

~ . (22}: lluiz · ~ga, T. ;K. Jr., ~Dirtctor oi the Eoil Mecllanics La bora tory Delft • 
Holland.-Eome pile driviJ?g problems. Intemt.tional Confet~nce on Boil; 
Mechanics and Foundation Engineering, Rotterdam, 1948, Vol,_ II. · ' .· 

·_- :{23) Burni:ster-.· Donald M., Associate Professot of- Civil E~~rini. · 
·Colirinbia· :'University,· New,· :York City.-A method Cor estimating., th~, 
·loAd'· settlement characteristics •and bearing ·value of clays an<J clay-sojJa.f~~, 
··unconfined compression and triaxial compression testa. International Conf~re~~ 
-ot;t Soil M~ha.~ics and F9.u~~a..ti?n .. ~nginee_ring, ~otterd~m, !?48,_VC?~· I~J.. 

· ·· (24rFaduin,· Ralph·E:;·Professot of &il Mooh~i~s Eu~du,eUclveni'ty.7.: 
Influence values for estimating stresses in elastic- foundations.~· ~te!Ua~!?n~~ 
CoUference on Soil Mecpanics and Foundation Engineering, Rotteidam, 1948. 
Vol. III. · · -- ... ~-: · . . i 

• t 
~.. .. ~ ... .. " 

, · · (25) Fischer, K., Dipf Ing.-The foundation ol the Rotunda .bridge ~ 
Vienna. International Conference on Soil Mechanics <and Foundatio~ 
.Engineering, Rott~rdam, 1948:Vol. IV. , · 

-e-._ (2u) Glick, George ,V., Consclting EngiD.eer N~w York, N.Y.~Tnfluenc~ 
·of soft grcund on the .desjgn of long piles. International Conference pn Soil 
M.t:cha:nics and Fmmdat}on Engineering, Rotterdam, 1 948; Voi.-.IV. . -:. ~ .. -; 

: L ~ (27) Rodio, Gio~anny, ·Dr. L. C., Consnlting Engineer-14ilano (Iialy)--
rnfluence· of construction methods on the bearing rapacity or bored pi!~ 
International Conference on Soil Mechanics and Foundr..tion: Jj:ngmeerill8, 
Rotterdam, 1948: Vol. IV.. - . - . - . ". ·1 

.. (28} Feagin. J~wrence B.~Hc-:.d En¢nr~r, St. icuis J:?i,tr1ct;~co!ps 'bf 
.Engineers, Department of the Army, St. Louis1 M.c., U.S.A.-Pcrformnnce -d 
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"pUa fciundations of Navigation locks and dams 'op. the Upper'MiSsissippi'River. 
"lntcmn.tional Conference on Soil Mechanics and Foundation nngm~g .. 
Rotterdam, 1948, Vol. IV. · · : .. ... · 

• .. 4 "'". 

· (29) Pl ntcm=', G., Engineer. of- City- Engineers D_epartinent, S!lb 
Drpa.rtJDent of Svil Mechanics= Rotter4amr-· Re~.u.lts o£ a . sp~cial loading
Test on a reinforced concrete pile, a 80-f'fllled pH~ SC'Unding~ int_erpretati.on or 
tM results of deep soundings, permissible pile loads and extended settlement 
·obsenyations International Conference on Soil Mechanics and Foundation 
·Engineering, Rotterdam, 1948, Vol. IV. · 

(30) Pl .. ntem'J., ·G., Engineer of City En~neers · Department 
Sub-Department of Soil Mechanics, Rotterdam.-Thc occurrence . of 
Hydrodynamic str~sses in the pore water of sand layers. during the drivi~g of 
.piles in it; the consequence of this phenomenon on the appli(:.ation of pile 
driving formulae. International Confe1ence on Soil Mechanics an<l Foundation 
Engineering, Rotterdam 1948, Vol. IV. - · , - 1 

: 

(31) Geuze, E·.C.W.A. Ir., Head of the Research Department of the Delft~ 
Soil Mechanics Laboratory.-Horizontal earth pressure against a· row of piles 
Inremational Conference on Soil :Mechanics and .Foundation Engineering. 
Rotterdam, 1948, Vol. IV. , ... 

· (32) Plomr, A., Ir., Head· of the New Works Department ·of th& 
Netherlands Railways and MinErlq, W.O. Ir. v., H~ad of t:Jle Consulting 
Department of the Delft Soil Mechanics Laboratory.~Effects 'of Drainage :by 
well points on pile foundations. I~ternational Conference on Soil Mechanics 
~:hd Foundation Engineering, Rotterdam, 1948, Vol. IV._ · 

. ~. (33) Haefe}:, R., Laboratory for Hydraulic Research and ~il 
M"oolui~ics of the Swiss Federal Institute of Technology, Zuricb.~on the-. 
compressibility of preconsolidated soil-laye~. International Conference on ·Soil· 
Mechanics and Foundation Engineering, Rotterdam, 1948, Vol. IV. 

THE YEAR'S WORK 

There was no contribution under this sub-head. 

' 
DISCUSSION BY THE RESEARCH COMMI'I'IEE 

.. 
D1t. K. L. RAo said that in India, foundation problems had received very: 

little attention.. Considerable expenditure was being incurred on building~.' 
and ether structures but not a single investigation had been cartied out in 
connection with foundation work. He said that there were many things which 
required investigation, for example, relative compaction of soil and its bearing 
capacity. He stressed that the loading tests on different soils should be_carricd 
out before constructing any structure and that the design of foundations should 
be based on the scientific data thus c~llected. He suggested· that the be3t plan 
would b~ to carry out tests of different' soils all over the country and to specify 
them in some order. He further suggested that the Central Board o!Irrigationy· 
s.hoold ask all the Provinces and States to carry out investia:ations on the crack~ 
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W~ bad oecurred in itructures in their respective a.4ministratio~ to.d • 
surVey' of the· properties of the soils. He concluded by saying that in tlie li;Jh\·: 
of the information thus collected further works should be planned. 

. \ 

TuB SECRF.TARY said that at the last meeting of the InternationAt 
Commission on L~rge Dams a ~estion was made to carry out the crack surve7 
of aD dams and that he had promised, by next year, to do some sort of surve1 
of the cracks in dams in India. He requested that the Provinces and States 
who bad cams in t1ieir respectiv~ administrations should give him information 

· regarding cracks for presenting the same at the next meeting of the l nternation&l 
C-ommission. Referring to cr&ekt in general he said that he entirely agreed 
with -what Dr. Rao hac said about a systematic survey but felt that before uy 
Province was asked to carry out such a survey it would be advisable ~~ 
Dt:. P~o&o were to ca.rry out a sample survey in a s~ll axea and indicate the 
nature or ·soils, the intensity, and other factors pertaining to a particular 
locality. On receipt of a note on sueh studies to be made by Dr. Rao,. other 
administrations would be asked to extend their studies on the same lines. 

. RAo BmADT'R KANWAR SAIN said that most of the cracks were due to . ~ . 
unequal settlement and th:s should be avoided b7 the de~igner. 

· Mn. H. H. BA:~TER.n said that he wanted to know the technicalities of the 
bla.ck cotton soil and further whether ~ny experiment had boon carried out in 

·the Punjab about this. 
. .... 

. Dn •. n. C. HooN replying to Mr. Danerji said that M a renult -of tha 
investigations which he had carried out a few years ago. he found that the 
crackin_5 rrani~ested by cotton soils en dry:ng a few years ago, coul;l n<?;t be 

. overcome bJ. the ad lition of econo-uic quantities o! va,.ious chemicals, . The_ 
admixture of s.1nd in S:Iita. }le quantities, howev~r, proved succe~.:~ful. . ,;-·.· 

DR. V. I. V AIDHIANATHAY said that settlement and contra<:tion of soi 1 
was certainly a very important factor in the occurrence of cracks and that it 
Elso depended on the pressures put on it. He added that the e~p-a.naion in 

·the b~ar>k co~ ton bOil und~r pres~:1re would not be mo!e than two to three~ 
cent. otl:erwise every structure in South Ind:a wou!d have co~Ja:~d by now . 

• • RAI BAHADIIR C. J~. _HANDA said that in the Punjab, treatment of soil a 
was specially studied at the time of construction of the That canals. The soil 
used was a black cotton soil and it was found that after the first rainy se~on 
cr~cks developed. Some investigations were carried out and ;:t, cert::in amount 
cf scientific analysis waa also made and it was revealed that the water content 
<>f the eoil was the det€rminjng factor in the development of cracks. 

Da. K. I... R A~ said that volume changes in the black cotton soil oc<>~ared 
~ only upto three to four feet from the ground level and if greater safety was to 

be StlCured:, foundations should be taken deeper. 



DISCUSSION BY 'l'BE BOARD · 
' . - . 

THE SECRETARY said that there waJ no contribution unde~ thia sub-head.-
There was no resolution. In connection with crack surveys of dams in Indis._ 

·eome suggestions had been made on·pages 349 and 350; The Board might like 
''<J consider them and pasa a resolution for collectin_g· t~e data. The Board 
Adopted the following rcsQlution : · · :- ·· 

• I 

"It was e.e~ide:l that the provinces end states who have dams in. their res
Jective Administrations may_ be rtquested to cauy ~ut crack suivers of aU 
dams and SU13P1Y the nquisite infoimat:on to the Secret&!)', Central Board of 
Irrigation w'ho s~ould compre it for presenting a nate- to· the International 
-CongretS on La"ge Dams as ea.!IY as llOSsible. . . 

"ludher it was ded!ed that before Va'!iOUS administrations in India }le 
=wed to carry out a systtma.tilJ SUIV(J of cr~ks in a'l tyJia.ulic and other 
• etru~turea it would te better if Dr. Bao of- Maires could carry out a sample 
mrvey in a Sma11 area indicating the nature of soi!s, the In~ens:t:r, and other 
fa-:to~s t:e!te:ning to a parti:u'a-r lora~itJ e.nd the resu!ts obtained and supply a 
note on such studi£s to foim the 1:as:S for car1:r:ng out simila! surveJS in other 
:parts of the country"· · t - • • ~ 

(v) Retaining wa~ts, Revetments and Trenches 

~ There was no contribution and no discussion und~r 'the s~b-head at .the. 
'194 7 Reae~rch ComtiUttee Meeting. · 

Recent Literature 
:. (1) Little, A. L. Modern practice in the design of' retaining walls~: The 
etructural Enzineer, Vol. 25, No. 2, February 1947. •' .:· . . . • · 

' (2) Kasael, F. L.-Penetration of sheet pile retaining Walla,. Parts I and II. 
·Civil Enzin~ering ·and Public Works Review, Vol. 41, Nos~ 4~3 and 484A 
.Augu3t and October 1946. . ·-: ) 

('1).Scott-'\Vilson, W.-Data for concrete retaining Walla. divil 
Engineering and Public \~orks Review. Vol. 42, No. 488, February 1947..:. -~- .. 

· ( 4) · Haefeli, R. Laboratory for Hydraulic Research and Soil :aieciianlct, 
of the Swiss Federal Institute of Technology, Zurich.-Tlie stability of slopea 
acted upo!l by-parnllel seepage.- International Conference on Soil 1\'IechanioJ 
and Foun~ation Engineering, Rotterdam, 1948, Vol. I.. ' 

(5) Skemptont A. \V., 1\-I.S.C., A.M.I.C.E., F.G.S. University Read~r-in 
Soil Mecha 'lies and _Assistant Professor at Imperial Co!lege, University 
ot London.-The ft>=O anllysia of· stability -and its theoretical oasjs. 
International Conference on Soil Mechanics and Foundation Engineering 

. R oUgrdam, 1948, Vol. 1.. · . · · 
. .. . . .. - [ 

(6) Jaky. Dr. J. Prof.-Preasure in soils .. Int~mational Conference on 
foil Mechanics and Foundatio~ Engineering, Rotterdam, 1948, Vol. I. . . 
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(7) Kollhunner, Curt F., Dr. So. teclin.: "Civil EngineQI', Zurich.
:<;atoulation of sheet pile wRII@ in noh{>Rive soil. International Conference 
on Soil Mehan:cs and Fo~:n:lr.t!on Engil!eering, Rotterdam, 1948, Vol. I. ~• 

' . . 
(S) Beer, 'E. De and R'?.cdC~chd!ers, H. Ghent (BeJgjum),-:-Scmc reEult.a 

nf water pressure measurements in <lay-layers. Intcrnatior..al Conference 
-on Soil Mechanics and Foundation Engineering, Rotterdam, 194.8, Vol. I. .. 

(9) Binger, \Vilson, V.-Chief, Soils and Geology Branch Missouri River 
J?ivision. Corp::; of Entn~ers, ·Df'partment of the Army, Unit(d S.tates· of 
America.-An~lyticl!-1 studies of Panama Canal Slides. J ntematiqnal Conference 

.-on S~il Mechanics andF01mdation Engineering, Rotterdam, 1948, Vol. II .. :-. 

(10) Skem1 ton, A. \V., M.Sc., A.M.I.C..E., F.G.S., Read€r- in · S~1l 
Mechanics,· Univeraity of London and Gol·ler, H.Q., 1\I. Eng., A.MJ.C.E., 
Works Director, Soil l\Iech2n:cs- Ltd.-Practical examples of the cp:::=O 
Analysis of stability of clays. Int£-rnational Conference on Soil Mechanios 
and: Foundation Engineering, RottE-rdam, 1948, Vol. II. 

(11) Ja.nsson, H., Chief -,Engineer, Harbour, Board of Stockholm, Maior 
Royal Swedish Corps of Engineers, Wickert, A., Chief Engineer of Design, 
Harbour Board of Stockholm, and R'nkert, A., Engineer in·charge of 
Design, Harbour Board of Stockhotm.-Ea1th pressure against retaining 
walls. International Confer( nee· on Soil Mechanics and Foundation 
Engineering, R~tterdam, 1948, :V~l. II. __ 

(12) GoMer, Hugh Q., M. Eng., A.M. Inst. C.E.-Measurement of 
'pressure in timbering of a trench 'in clay. - Inte~atio~al Conference on soil 
Mechanics and Foundation Engineering, Rotterdam, 1948, Vol.li: 

~r 

(l3) Pack..,haw, S., B. Sc.-Earth pressure on flexible walls. 
International Confetence on Soil Mechanics and Foundation Engineering 
Rotterdam, 194:8, Vol. II. · 

· (14) Bendel, Dr. L., Ing. Privatdoz~nt an der Eoole Po1ytechnique d& 
'Universite de Lausanne Luzem.-Protra.tted sliding surface. International 

Conference on Soil Mechanics and Foundation:Bnouineering, Rotterdam, 1948. 
V~J. III. • 

(15) Jaky, Prof. Dr. 
International Conference on 
Rotte!'dam, 1948, Vol. III. 

I 

(16) Jakj, - Prof.: Dr. 
In~ma.tional Conference on 
Rotterdam 1948, Vol. III. 

Joz~ef.--r'Minimum value of earth pressur6' 
Soil~ Mechanics and Foundation Engineering• 

Jozsef.-_ Novel theory of earth pressure. 
Soil Mechanics and Foundation Engineering, . ' 

· (17) Wolf, William H., Enginetr, U.S. Bureau of Reclamation, Denver, 
Colorado and Holtz, \V.G.~ Head, Earth l\Iat~rials Laboratory, U.S. Bureau o£ 
.Reclamation, Denver, Colora.do.-Slope stability studies for the Delta.-Men~ota 
Intake oana.l. Intema.tionl.l Conference on Soil. Mechanics and Foundation 
Engineering, Rotterdam. 194S,_!ol. III. . 
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. (18) Rpste'n,-Harris, ~ead 'DEsigning Engineer, Waterf~nt· s~~tures 
lhtroo.il of Yards and Docks, U.S. Navy Department, Washington, D.Q.
Reduotion of lateral cohesive soil pressure on quaywalls by use of sand dikes. 
Intem!l.tional Conference on Soil Meolun:cs znd Foundation · Enaineering, · 
Rotterdam, 1 ~48, Vol. III. · ~ · 

• l 

· (19) Browzin, Boris 8., Dipl. Jng. Leningrad, Polyteohn. Inst. France.
Upon the deflection and strength of anchored· ,bulkheads. Intematicnal 
Conference on Soil Mechanics and Foundation Engineering, Rotterdamt 
1948, Vol. III. · · - ". . . J 

. . . 
·.· (2Q) ~oms, A. H., ~.So.,_ A.M.I.C.E., Southern Rly: ~mpany.-The. 
present· scope and _possible future development of soil- mechanics i:n British 
railway civil ~ngineering construction and . maintenance._ International 
Conference- on Soillfechanics and Found~tion ~ngineering, Rot:fkr~m, 1948t 
'Vol. IV. · · ' 

THE YEAR'S WORK . ~ .' .. 

There was no contribution under this sub-head: 

. DISCUSSION BY THE RESEARCB-COMMI'r.l'lm 

Dr. L. K. Rao eaid that coarse-grained . rr'aterial should be put bebind 
r.etaining walls instead < f clay. He adv9cat~d a rev1s:on of R~nkinel . theorf 
and tEe observation ofpressure3 on actual stmcture1. 

~· • • ; > - .. 

RAI BAHADUR C. L. H~NDA said that due to seaso~l changes,.reoords-of 
pressures behind retaining walls sliould be·kePt and that the Central-Bciardo£ 
Irrigation should indicate the type of surveys that' shoUld be carrieif out in 
this connection. , ~ , · ,, . ' ' . _ , 

. ' 

DISCUSSION BY 'IDE IOARD 
· · • ·-- · t ~ \ • ~ - .... ~. r 

THE SECRETARY said tbnt there was no contribution under this sU.b-hea.d .. 
The disolission by t.he Research c~mmittee' WaS givan above.' There was :co-
resolut.ion. · .. 

(vi) Buildings Research 
' f • 

· THE YEAR,S WORK' 
' 

DISCUSSION BY '!HE RESEARCH COMMITTEE 
' . 

THE PRESIDENT said that this was a new sub-head whioh had been 
introduced by the Secretary. He rfquested Mr. Mehra to describe t~e work 

· which he had carried out on the use o(f?oil~ for .buildings. 

MR. 8. R. MEHRA said/that shortage of coal was being felt all ovCi'· "the . 
~ountry .and bricks had booome very expensive and were not available in large 
quantities·. Research.might, therefore, be started on the use of a lubstitute in 
the form · of soil.· All atten~ion . was directed towards getting ,the highes~ 
possible compressive rasistanoe i~ any particular soil by using a small qu~tity 



. . . 
ot cement. He added that by experiments it had been found possible to bring 
down the qua&tity of cement to 21 percent. Blocks of soil with a mixture of 
21 percent. cement were made and had been tried for the last 4! months and 
they seemed to have stood well. These specifications were prepared for the 
project in East Punjab in connection with the construction of 4,000 houses 
for refugees. The sand content of the soil ·used was not less than 3fS percent. 
and the success of the method depended on proper planning. He drew 
attention to the fact that; it was not only the saving of coal that would result 
from the~ use of this ty_pe. of. specification for construction but that the 
construction cost ~ould be much cheaper as the price of stabilised soil was 
about 65 percent. of the co~t of brick work in mud and 45 percent. of brick 
in cement. He concluded by remarking that their progress in this C<>D.

nection had been satisfactory. 

BABDAB BAHADUR SARDAR SARUP SINGH said that he had li.eard that 
experiments had not been successful. 

MR. S. R. MEHRA replying said that that was incorrect as 200 house 
l3ot Karnal and another 200 at Panipat and Rupar. had been completed 
successfully.' -· 

THE PRESIDENT remarked that the use of stabilised soil for construction 
-purposes ~as inde~d an interesting innovation which wo~ld save a lot of money. 

MR. S.R-. MEHRA said that 24 laboratories had be~n set up and were 
working with full speed in connection with the construction of 4,000 'hou.sea. 

_At:&. H. H. BANERJI said that the experiments ·mentioned by Mr. Mehra 
were interesting. The Railway Board had a nucleus laboratory wli.ere some 
100 soils from different railway embankments and sidings were being tested. 

, :Thirty samples had been tested so far and it had been found that the addition 
of cement varied from three to s~x and even seven per cent. depending upon the 
basic nature of the soil. Referring to the buildjngs which had been constructed in 
East Punjab; he said that he had ~een some of them and had found that ~he 
process followed was not very successful because- some of the buil«lings near 
Dr. Uppal's laboratory had cracked. · 

MR. S.R.l\IEHRA said that the house to which 1\Ir. Banerji had referred was 
one of the first to be constructed and since then they had gone ahead and made 
improvements. They had tried -10 different processes and the on'3 which 
had been adopted finally had proved very success£~. . _ 

1\IR. H. H. BANERJI enquired whether the cost was based on Rs .. 60 or 
Rs. 35 per hundred cubic feet. 

MR. S. R. 1\IE:HRA replying said that the basic rate wa3 Rs. 35 per hundred 
e.ubiq feet, and Rs. 11/8/0_for cement plaster. -

. MR. H. H. BANERJI said that they had _been using cinder plast.er ~n the 
ratio of 1 of ceme:at, 8 oflime and 32 of cinder and that the tar~ had worked 

' . 
. f!J~-a~J~s. '~per hundred square feet. ... • 



- . 
R.&.o BABADU& A. R. VENJtATACKARYA said that they had done a number 

of experimentS in the Bhavani · Proiect with the red loam: ~ sqil. The 
percentage 1>f cement was found to be eight per cent. and it was -verr -
s;itable.' The experiments had not-been finalised yet, and th~y ·were 7 also 
trying to do some cement soil plasters.. . . · .. ~ ~ 

DR. f:ll. V AIDIIi'ANATHAN said that in ~o~nootion with the. ca~llini~g in 
tire Punjab he had carried out some soil suryeya a few 'years back. . Blaba of 
different soils with various percentage of soil ·and sand were made and- it was 
found that most of them cracked iny~ia.bly an~ were,- therefore, given up.
Pacca bricks were tried under varying cond_itions and it was- fo!IDd that t~e 
-variety of bricks ·the use of which was being advocated · were not _very 

-satisfactory. Some of the soils were alkaline andr therefore, . bricks made of .. 
them began distintegrating afte~ some time. Continuing he said, that in 
:America soil-cement combination had been ~ried for small canals and had been 

, found successful and conclude'd ~y saying that it would be worthwhile·_looking 
_ into the details of the American experiments. · 

• 
· It was dec~ded that the sutject should remain on the agenda. -

DISCUSSION BY !IBE BOABD 
. ~ 

TuE SEC.RETAR~ sai.d that this ~as- a.-new sub-head introduced this_ ye~r. 
~here was no contnbutiOn., There, was no resolution.. The -Boa.td would be 
~~iting the soil stabilised bnilding3 on Sunday. _, 

' ... ' . 



2E. Movement of -M~~sture in Saturated and 
Unsaturated Soils 

PRELOONARY l\O'lE 

This subject was introduccd on the tgez:da in 1S47. A sub-coriu:nittce 
·comprising Dr. Bose (Convener); Dr. Arghar, Dr. Hoon, Mr. Bhatia, Rao 

Bahadur :Maydeo and Dr. Vaidbianathan was constitukd in 1946 to write up a 
book on the 'Fundamentals of Soil Research'. The first meeting of the sub
committee was held _in July 1947 at the time of the last Research Committee 

- Meeting. A note on 'Fundamentals of exper~ents on Scil Research', prepared 
by the Sub-Committee was circulated to the Directors of Research Organisa
tions in India and Ceylon for further suggestions and comments. Comments 
were received from the Director, Central Waterways, Irrigation and Naviga
tion Research Station, Poona and the Executive- Engineer, Irrigation Research 

-Station Madras. Remarks of the Director, Central Waterways, Irrigation and 
Navigation Research Station, were circulatfd further to all the Directors for 
furnishing necessary replies to the points raised in the remark~. Reply baa si.iwe 
been received from the Executive Engineer, Irrigation Research Station; M£ draa • . 

The Sub-Committee also held its second meeting in December 1947 at th& 
time of the last Board Meeting. No final draft for the book basso far been 
produced by the Sub-Committee~ 

The folJowing items were discussed at the 1947 meeting of the Research 
Commitke :-

-

.(1) Soil moisture and evaporation-investigations being coz:ducted 
by the Agricultural Metcorologi< al Section at Poona by Dr. L. A.. 
Ramdas. 

(2) Exper~ments on tranBmissi~n co-( fficients of sand in Sind. 

(3) Seepage into the foundation trench of the Ramapa~gar Dam. 

(4) Lysimeter ..... experiments. 
' 

(5) Moisture movements. 

Reoent Literature 
' 

(1J Christiansen, J.E.-Some pe1meability chan:.cteriEtics of saline ac.d 
alkaline £oils. Agri?ultural Engincerirg, Vol. 2~ No.4, Apri11947. 

(2) Report on £oil moisture and ~vaporation investigation& being conducted 
by the Agricultural Meteorological Section at Poona (stencilled 19·17). 
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(3) Asghar, A. G.-Movement of moisture in soils. P(()OO(dings of Punjab 
Engineering Congress, Vol. 35, ;paper No. 285, 194?. ' -, 

' ' 
.. (4) Dolgov, 8. I.-Forms,~~4 s~Ms of soiL moisture. Pedology,- Vol. :7.-

1~6. I •" ' 

/ 
• l 

'. (5) Bolshakov, A.F.-Forms of the movement of moisture in EoilB of the_ 
steppe type. Pedology, Vol. 7 ,1947. · -

(6) :Myslivcc, Alois,Docteur, Professeura r1D.stitut d' Hydraulique Prague . 
P~ba. Techecosl.-Infiltrations a travers lea di~es en te~ee employees pour 
les barrages reservoirs et terrea proprea a leuretanchement (Seepage through 
oo.rth danis of water reservoirs and soils suitable for the watert~ght layer). 
Int(l!tlS.tional C<?mmiaslon on Large Dams, Third Congress, Stockholm, _1948., 
R7. · , ... ··, ···· -· 

.. ' 

. (7) Yang, Shih, Te., On the p3rmeability ofHomogfneaus AniEotropic Soil£;. 
International Conference on Soil Mechanics and Foundation -Engineering, 
Rotterdam, 1948, Vol. II. . , · · . . 

."(8) Schofield R. K. and Penman H.L.-Th~ concept of soil, moist_~· 
de!icit-International Conference on SoilMech~nics and Foundatio~ Engineer:- · 
ing,"R~tt~rdam, 194~, Vol. I.. · · · · · - · · 

. THE YEAR~S. WORK ' 

, .. :-The following it~ were ~~s~d·.~~-~ .~~8 ~~~a;r~h Conlmitt_~a _M~~~: ing :- .. . . . . . . . . 

~ (1) Locomotive 1' .coj ect Survey. . 
) - . . 

(2) Effect of various soil factora!6n the field capacity in soilS. '; 
: . .. . ; ~ 

(3) HydrauliCJ gradients in soils (mOdel experiments). 
~ ~ ~ 

(4) Hydraulic" gradients in soib (laUoratori experimtnts). 
• • t • - .. ' 

(5) Hydraulic' gradients. in ~anal b~nks. . ~- -
• ' : ~ ., • • • ' •' •" # ~ .. ' " t ~ r 

(6) Movement of sub~soil water tabl~ and.flciw gradients. 
"' . ' • • f 

(1) i..ocottOTIVE PROm<JT SuRVEY (1t 
.. i$ / • f .1 " •" .... 
t • ABSTRACT 

~ ft ts'pro~Osoo·~by the Ra.ilwa.y· ·Board· of-· the lndian:·Unfon to .»ut up a 
locon:o~i'e Worksl:.op at.d d:(d !or tl:e ·East Indian Railway. A site 
uu Rurnarayz.npur en tho Bengal-Bihar 'torder was tentatively seleeted 
ly ttc trilll"r,y t.uitcrity for the Iccaticn of tJtis w-oik£t.op. lt was ex~ootcd that a 
railway co!cny will grow up round this workshoP tha.t will acccmmcdc.to abou\ · 
lO,tCO rcorlc. 'll:.e wdcr-supply to this big colony wa.s the problem. There 
were two rcuxc;s cfEupplynea:r.al:out this s:to. Gx:e_ was the. rivCJr Adjai .and 
c.r.~_tlcr U:o Er.r~kar. 'll!o rivE:~ Eo:akar. has this ul'r&!tage that the lake of the 

•• - • ~ ' • ,' ~, ."... :- • -· •• .: ~-. ·" ~ .. ·: ·, • ••• • ·;.. . • : • <)7 '-~·:;;-. • -

(l) Rinr Research lnstituto W(.st Dengnl, Annual Report, 1947, pages l!:ji-1G2. 

-· 



dam that is going to be put up near l!aithon on this river wm extend quite c~ · . . 
to this site md it will be possible to have any a.mour.t c,f water supply from tlt& 
lake. But the comtruction Gf the reservoir may. t.ake a ftw years and asi.tla 

-workshop ha.d to be put up immediately, the site nea..'"U Adjai r~ tentativeb' 
selected. 'Ihe Institute was approached by the Eut Indiall :Railway Authuitias 
to carry ont certa.iD Jat O!atory tests and find out if a minimum supply of six to 
seven cusecs could be assured from the river Adjai. 'I he Stnior Su}ledlitt"ndt nt. 
Way and Works, Asanool, was asked to secure rome bed sand samples frcm the 
river at three erOS!' S(ctions near about the site selected by the Railway Anthtri .... 
ties for drawing the supply. EEd sand Ea.mx·les from these cross sections of the 
river near the P<-int were collected wd sent to this laboratory for examir.2ftv. 

_These samples were tested for mechanical analysis and tra.D£missiOD co'lstnts. 

Detscription of the tra'tismission constant determimaion apparatus.-Th~ 
apparatus comists o1 a hard glass tube 50 em. in length and of external diamete-_r. 
3·5.cm. On this tube ar~ :fixed five Y<:rtical narrow glafiR tubes each of 30 em. 
in length with strain~r of fine wirc-nrtting at the bottom. These tubes are u!*d 
as manometer. The apparatus is fittfd at both its ends with two brass socke~ 
and sealed by sealing wax to :rrevent leakage. Fac\ )f the brass ~ockets has '14 

fine wire-netting inside it, which acts as f!.trainer. There was alro a small hole in 
both the sockets for inserting thermometer to rfgibter tfmperature of tht> inlet 
and outlet water. Through ·one of these wckets water from a constant prrE<BUre 
head tank enters and flows through the tube uniformly pack£d with sand wh~~ 
-uansmission constant is to be determined ar;.d was discharged through the ott.u 
brass sookrts and _collected _and measured in a mea.Slll'i.ng cylinder, mik Figo" m.·1. -- __ ---;~.- · 

fllltrM07'er ! 
. ' 0 

I I"\ . . 

' -i 

', 

0 em . O_CI'II OcM 

Sarul . 

II n;r~et~1 ,... ' 



.. 

. ~ 

, .!eckni«d di.fflculties.-In the d~tel.Vli~tion of tra~~ion ~nsta.nt of 

~and with this apparatus it was found -~4at if the · experim~nts wer~ ~arried oot · 

with dry sand a considerable time tak€'s p1ace·to :chase all the entrapped air and. 

ooa~equently there j~ a constant B.i~k~ring ~of pressur~ ltvels in the ~anome.tric 
tnbei.- Tfti3 ~iffbalty wa.s got rid of by poiririg sand int'J wa.tet and st~.rr~ng 

the' s~nd wit~ a glaM rod t~ driv~ aU air out and then pouring out the surplus'·. 
' ' 

wat~·r ; the moist sand. is ~hen packed uniformly~ in the tube. 

The water 1loWing through the sand m~st be free from fi~e susp!nded matter 
·else,· they clog the-and causing a conti~ual decrease in. ·the flow, of waterr: 

For thi~ p~rpose, water wa~ filtered through glass wool. 

. .. "' - ~ 

Agai~ the water should not be ta~e~ directly from the tap._ . The ~p .)V'~t(:l: . 

contains dissolved air and.interlocked air bubbles. Apart. of thii,_llir would b&.: 
released. when flo·wing througlt the sand. This was rembved by nsing water, 

wnich was allow~ to stand iD a reservoir for a day or two. : 

'fbtt. essential factor on which the correctness t)f the result dep~~ is· th8-

~a.cking. The .packing must·be unifor~,. otherwise a -constant reaul(~s diifio~\l. c 

to get. 

' - . 
. It ll'M·-also necessary. to mll.4\~a.in:the-:temperature··steady du:ri!l8 the q-

periment. In those casetfwhereit was ~t possible, temperatureeo.I'l'OOtiOM ~e~ 
~ /,.-"-. ~ " - If I 

maie according to _the f~u~ :.....:. , . · . .. · · · 
- . ·: , . Q ~· 

K:o ;=::. Jt 'r..J. X -, 
• > • \ ' •• \ ,' bO.:-.,. 

) 
. i 

.. :whe~-Q -~ ~-~~~;.of!water"CC?~~ .... ·-
: • • i ' 

· ·A t= ... Area·"bf.'c1-oas 8P\--tion tit thej tube . .- · 
r . 

_, .., .... ~ - .,. ... _ ... 4 .. 

T = Time int~rial in ~nd~. 
' ' ' 

'lo. ... • t .. 

J =:cr. Hydraulic ~1·a,client,-

' . 
· . TJl == . Vi~co~ty of·~a~r .at the ob-y~.rt>ed :t.-emp~ta,tu:r~ .. 

• ~ .... ~ II -

. 
112<r -= Vist?o...ity of water Jlt/:rocc. 

- - . 

Th~ resu1u of the ~xperimen~.s ~!f ~ve.n in Tables 2E. I, ·2.E.Jland 2.!e:lii... 
' 



.. ~ .. .. .. 
The· ·avtmige value of tlie transmission· c·onstant of ""up'!- samp~~ 

ga'Ve tha highest val~e 0·00605 ,foot pJr second· while that of· "centre" 
gave the lowest value of 0 · 00270 foot per Et'Cond aJ.d the transmission constan~ .. r 
of "down" was 0 · 00366 foot per second. Th~e results are consistent with the 
res:nlts obtained by the siltometer analysis. The mean diamtt~r as found 
by the siltometer analysis of the sand particles of "up., sample was 0·9 
mm., while the mean diameter of the" centre" sample was 0·642 mm._and the 
mean diameter oft he "down" sample was 0·884 mm. The "up" sample consistt 
ed of co~rse and with small stones and gravels and was sJightly reddi~h in colour. 
The "centre" sample consisted mainly of coarse sand and was uniformly dis
tribu~d. The "down" sample consisted of coarse and withrome small stones 
and gravel. Both the "up" and "down" are non-uniform in their distribution 
A cross section of the river bed at the 'centre site was taken. · A number of 
bormg3 was also carried out at the sanie cro3s sections. Assuming that the 
sand all throughout in the cross section was of the same tex~ure and water 
was-flowing through the whole section, the average discharge was found to., 
be 16·35 cusecs ,and the minimum_ dhcharge 10·76 cus«;s. These ~-:. 

charges ware calcula~3d 0:1 the assumption t:!lat the whole vc-lume or sand on 
th~ riv~r bed wa-s tapped. B:1t .as thi~ was not; pQJsible it was not expeoted 
to~~~~-~ l}'a ~~a.n,.fi V'a ~l S.U Clll3C1 d;~ring the dry part. o£ the ye~r •. - . . . 

-
Sample No. 

. .. . 
Up . . . .. 

• . 
Centre-

..: ··~ 
·, . 

' ·-
Down .. 

' 
.. . . 

" '· . -

.. . 
TABLE2E.l . 

.-
~ . - . -:;- .;. ... ·.. ;::.. .~-

&retA ·:4.nalgBia in per cent. 

,...· ... -. . . ......... 

Stollel ud 
grave_l . .. Ymegmvel Coanesand . ... ""' ~ -

-. . 
" . - - - - ·- . 

1·4 G·4 83·8 
' . • . . --- l 

. 
. lrQ - ·2·2 -' . 82·8 - - ' . 

~ . 

- .... 
" . - . - -

2·8 6·8 - 73•4 . . 
, . _, . . -- -·-

. ·-

I ~l&lld 
- , 

9•4 

- U·O --

- . ·-
11·0 

~ 

. ... --· -;.. 



Sample 
No. 

I 
Date of 

sampling 

Up •• : Nil . 

Nil ! l •• 

.Down .. Nil 

- .. 
Description of sand 

samples 

·Coarse sand with small stones 
• and gra vela and is slightly 

·reddish in colour! , 

Mainly coarse sand •• • • 

l ' 
Cc 4rsa sand with some stones 
' : and graveL 

TABLE 2E.ll 

Ex~mental Results 

I. . . 
Mean 

diameter 
in mm. 

Per cent. . K 11 
above (foot per 

0.6 mm. second) 

' . 
. 
' 

Q. 
.(cuseos) • 

< . . 

0·90 76•58 0•00605 - 16•35 

-
56•48 -~0•642 . 0•00270 . •• 

' 

' . 
66•94' . )),•884 

I 

\ 
. 

< Q.min 
(cuaecs) 

~ 

' .. 

. 
Remarks 

58 per cent. of the samples lie 
between 0•6-1•0 mm. Non 
unifo~ sa~ple, 

53 • 8 per cent. of the samples lie 
between 0·6-1·0 mm. Non-
uniform sample. ' · 

. ' . ' 

49•4 per cent. or the sample~ 
lie between 0•6-1•0 mnit Non.~ 

• uniform sample. • · • 

I . 
--------~----~~~r-.-----------~----~----~------------~----------------------------.-..-------...---------1. :~ ..... ~ 

'Area of.cross·seotion of thQ river 'bed-3,9~8• q.U. .. . ... 
- ' -



TABLE 2E. III 

Obseroot1'ona! Data _for'determining "K" from Bed Sand Sample 

t \Qua.ntit~ c~lloc-I Temperature I Temperature, 

. 
) ' Hydraulic e·;· Time K K". 

I :-ample 
' '· ted Q. t 0 0. I t°C · gradient - correction. (cusecs) 

No. - (minutes) (o.o.) In Out L (ousecs) 
I , ·- -
' I 

i ~TJ, i 182 27 28 t•l5 0·161 ' 1·19 0•1915 
I ' ' ' 

~ 6 181 27 28- I 2·10 0·161 1•19 0·1916 ~ 

6 190 27 28 3·03 0·169 1•19 0·1892 . 
i , 188 27 28' 2·05 0·159 1·19 0·1892 

8 lSi '27 ~8 , I 
Z·05 0·159 

t 
1•19 0·.1892 • . 

I • 180 27 28 2•1! 0·157 ~ 1•19 0·1868 
I 

J. 
i 180 27 28 2•12 0·157 1•19 0·1868 

G 174 27 28 2·19 0•157 1·19 0•1868 

IJ 170 27 28 2·.22 0·155 1•19 0•1844 

5 171 27 28 2·22 0•155 1·19 0•1S" 
I 

• 
6 . ·171 27 28 2·22 0•155 1•19 0·1844 

. 
G 167 27 28 2·26 0•155 1·19 0•1844 . . 
5 167 27 28 2·26 0•155 1•19 0·1844 . • . . .. . 

-



TABLE 2E._Ill~UJn.t.a. 
~ _.. 

< . 
~ 

I Temperature ' 

- . . ' . 

Sample Time Quantity colleo- --· -- • • • Temperature ' 
. 

l 
Hydraulic K Ku ' 

No. t ted Q. t0 0 t00 gradient 
e (ouseo) correction (ousec) 

{1\linut~s) • .Jn O'l.t • L " 
_ (c.c.) • 

• 

" " 
• ' 

' 

- . I 
. 

I 

. . 
I 

, 

. 
A 

. 
. .. 
~ 

. . 
Centre 5 ' 127 28 29 l·!U 0·0689 1·22 0·0841 

... I 

\ .5 ,\2.0 28 29 1·38 0·0685 1·22 ()·0836 

l 
. 

: I I I 
' 

l '5 I 1H4 28 '29 1:38 0·0685 ' 1.22 0.0832 
I . ~ 

. 
j 

[ 

.. 
' 0·06801 

5 ! 121 28 29 1·38 ' 1·22 0·0~30 

\ ' 

! 5 :~~p f8 I .29 1:3~ 0·0675 1•22 0•0823 
. 

I 
" 

.. 
t . -

. •' ' 
. 

5 
} I 

. O·b823 
.~2.0 . '- . . 1·36 0·0675 1•22 

. 
" . . . 

' 
r 

j 

~ ' 

t 5 120 
. 

28 .2QI 1·36 0·0675 1·22 oJ,p~2~ 

. ' ' 

5 ' 
120 28 29 1·36' 0·0675 1•22 0·0823 

. - ·~- ---- ...... .ill....,..,..-~-,.. -· ~r-- "' 
~ 

- • .. ' 

' I 120 . 28 29 • 1·36 0·0675 1•22 0·0823. 
' 

' 

I 
r ...... - ' ' ~ 

/ • . . . - I 

'~ "·~ ... 
"2s." •. ~ 

.. 
5 .. : - I ll:·., l20• ._' . 

29 I; 1·~- Q·0675 1•22 . 0.0823 I 

l~ .. " 
. ., 

• ~-- - - . ) . 

-~. • : ' .120 ~ 
. ,.; 

5 " ! ,• 28' ~9 1·36 . 0·06J5. 1·~2 0·0823 
.. ... ' 

• ~t / .. • ' ' -. . . 
. . .. ~ .. .,. ~ ~ .. • ~ ' . I ~ 

I' 
r I • -- ... ...~...-~ 

. .... - _.,. ~ ...... ~ 

-,..,:.,-,. •. .. . 

• 
-<. 

'Kw=O·pB~3 ouseo. 



· TABLE 2E. III-coned. 
-·- - . -... T~II!-perature .. 

Sample Time Quantity· Hydraulic K Temperature K,o t . '> 

No. ' collected· q. · • . t0 0. t0 0. gradient ~ (cusec) correction (ouaeo) 
i ' (minute!') (c.o.) In Out L 

. .. - - ' -
I 

-

I 28, . Dowa G 161 27 1•U 0·0959 ' 1·19 0•1141 •• 
6 161 . 27 28 1·~ 0·0959 1·19 0•1141 

G 150 27 28 1•52 0•0948 1•19 0·1128 

G 163 27 28 1•'9 0·0943 1•19 0•1122 

I 153 27 28 1·'9 0·0943 1•19 0·1122 
I 

I 

G US3 27 28 1·" 0·0937 1·19 0·1115 
• 

• 
G 152 27 28 1•60 0·0937 1•19 O·llUi 

IS 1M 27 28 1·52 0·0937 . 1·19 0•1115 
' • 

I 152 27 28 1·50 0·0937 1•19 0·1115 
,. . . 

5 152 27 28 1•60 0·0937 1•19 0•1115 
~ • ' 

. 
6 ' 152 27 28 1•50 0·0937 1·19 . 0•1115 

I 

• . 
f I 

' . . 
-

.K11.-0·Jl15 cmseo. 
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' 12) EFFECT .... OF VARIOUS SOIL FACTORS ON TBE FIELD CAPACITY IN 
- - SOILS l2)-

Field capacity has been described as the upper limit of soil moi~ture content 
found under field conditions in a ~oil having unobstructed sub-drainage. Each 
Jayer of the soil would retain· as muc.h of moisture as it ~ould hold against gravity 
and any excess of it would ;move further down to lower strata. It is, therefore, 
an important Eoil characteri5tic in a soil moisture system. 

The technique developed for the determination of the :field capacity of 
soils and the effect of clay and initial, moisture content were described in the 
Annual Report of the Lahore Institute for 1946~_ 

The results showed that:-
(1) The·other factors remaining the same, there if;! a gradual decrease in 

the field capacity with a decr{fase in clay content. 
(2) The value of"the field capacity is independent of the moisture content • 

• 
Further work in this connrction was carried out to study the effect of the 

salts and humus. · · · 

EFFECT OF THE NATURE OF SALT ON THE FIELD CAPACITY IN SOILS • 

The same typical Punjab-soil containing about 16% clay was used in all 
these experiments. It was compacted at 1·5 dry bulk den.Sity. . 

The effect of increasing the amounts of Sodium Chloride, Sodium Sulphate
and Calcium Sulphate was investigated. The results a}'e present • ed in .Table 
2 E. IV. • 

Serial 
No. 

TABLE 2E.- IV 

Salt percentage 

(a) Eft'eot of Sodium Chloride 
1 0·0 
2 0•6 
3 2•6 
4 6•0 
5 10•0 

6 
7 
8 
9 

(b) Effect of Sodium Sulphate 
1·0 
2·5 
5·0 

10·0 

10 
11 
12 

(c) Effect of Calcium Sulphate . 
0·5 
1•25 
2·6 

Field capacity 

21·0 
20·3 
19•6 .. 
15·9 
16•7 

21•7 
-21·2 
20·6 
20·3 

21•0 
22·2 
22·4 

This shows that there was an appreciable decrease in the :(ield capacity of 
soils by the additi~n of Sodium. CJ:lloride, while Sodium Sulphate did not effect it 
very much. Calcium Sulphate mcreased the field capacity to a very small 
degree. _ _ _ . . 

l') lih1t P • .u]~'l lr:-t>i~•li->.:1 "l.Hl.rJ!l Ia.Jtit'l~l. An ·it"j.u, A-:11Hl R1_.,u:~. lH1. ,,., ,· •. n u., 
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EFFECT OF HUMUS ON TllE FIELD CAPACITY IN SOILS 

Experiments were next undertaken to determine the effect of the humus on 
the field capacity in soils. The results are given in Table 2E. V. . 

TABLE2EjV 

Serial Field Capacity 
No. Humus Percentage , -

/ Experimental By equation -
1 0·0 21·0 21·0 

I . 
,2 0·5 21•9 . 22·2 

. ' 

3 1·3 23•7 24·4: 
' . I 

' • 1·7 25·3 25·6 
~ 

5 . 2·7 30·8 29·0 I . 
6 3·8 - 33·8 33·4 

. 
It will be seen that there was a gradual increase of the field capacity with the 

increase in humus. The results have a direct bearing on the phenomenon of 
conservation of moisture in soils. The results can be expressed by an empirical 
equation':- · -

. H2 • 
MF=21_•0+2·3H+4 (2 E. 1) 

- ~here MF=Field capacity. 
H . Humus percentage. 
T.he agreement between the-experimental and the calculated value is ex

cellent. 

(3) HYDRAULIC GRADIENTS IN SOJI.S (MODEL EXPERlMENTS) l 3
) 

ABSTRACT 
As water moves through a saturated soil under the action o! gravity (as) 

distinct from its capillary movement} the now is resisted bY the soil particles 
(surfac& exposed in son ports). Naturally finer the soil, greater the frictional 
resistance and greater the loss of head. The water gradient (drop in pressure 
head), therefore, should indicate the frictional resistance as is particularlY 
noticeable adjacent to drains· cutting a water table. TheoreticallY the 
hydraulic gradient is stated to be independent of the soil material so long as it 
is homogeneous. In earthen dams of uniform and homogeneous material, for 
instance, the gradient is said to depend on the geometrical shape and not on 
the material used. The present investigation has been taken up with a view 
to observing how for the soil factor aftects the hydraulic gradients and if it can 
be ignored altogether . 

.t • · (8) Poona Irrigation and Research Division. Public Works Department. :Bombay, • ?ocma, 
Annual Report. 1947. 1'8-Jres 38--4:6. ' • · ' 



EXPERDIEN't 

Annual lteport (Technical) of the ·work done d\tting th~ year 1944 by the 
Indian 'Vaterways Experiment:Statiorr (now Centra) Waterways Irrig~tion 'and 
Navigation Research Station) mentions on page ··59 under "Dams and 
Reservoirs"' certain experiments conducted at KhaMwasla in connection 'with 
the proposed Solani Khaair and Balta Jheel reservoirs in the United Province~• 
the Solani . .Khadir soil . material co~sists of fuie ~ilt containing 4 • 3 percent. 
clay (diameter <40·0039 mm. M=0·092 IIllli.) and is pervious. 

A. masonry cham be~ (28 feet long,-6 .feet Wide arid.' a·feet deep) was used in 
these experiments. Figure 2E.2 shows the upstream water tank, the central 

~soil chamber and the downstream pe~c~la#on -~D;k, $~ bed. and side 
projections to prevent direct creep of water between the ·soil and the 
chamber walls. The same chamber was used in the present experiments after 
testing that it was water tight: Only two rows of observation tubes were ·kep~ 
instead of the three in the.,.wiginal Solani experiment. The auto~atic feed 
arrangement fully described in that report was also used in these experiments. · 

C. B. I. 
ObservatiOn ~ubes \ r e projection 4X5 . e d .. "' 

'~'A ·~ 
' • 11.~ 

lr . ' 

•' .i li· c 
. 

•' 0 • • • .f • • 0 I E nl < 

.A- Upstream , tl • 0 0 ., .. .. . ., ~ c 
water tank 6 :~ ....... '• .._ o~ B 

. . I- l• t: ·.:; 
'• • 0 • • ..r • • • 0 0 o II C.!! 
II I' ~8 

• II ,. 0 L. ,, -. IICGI 
il a. - 20 . -~ 

Plan 
~ 

~ '" 
. , .... Soil c~amber 

bservatlon tubes 
2 3 4 7 8 -9 

,. , I ll -rr .. 
II II I It 

II 
•I 

~ 
II I II If 
II 

II II II 
,, II 

II It I'' 11 I ~ 
t' 'I 

., I' I ·: ' II !• :. .: I· 

Upstream 
,. I II ~ 

8r ~ II II II I 
I I, E~ ,, II I 

water tank II 
It I I II nl ... 

II I• II ,, II t I 1t'Uc 

~ II tl I I I, ... 0 ,, I ... _ 
II II It I I 1 ...... 

~ 
., If r· I ,. ~.!! -
II II ,. I •: o8 

~ f I p ·: 
I I 
I I '•o .._ 
I I II "' 

. -- • ~ Q. , .. 6 B d •t~j.l~ ·S~ r_.,. 2 + 2' -1- t + 2 -1- 2'-1- 2'-H ·54-1+5.,. 2-t 
e proJeCtion- 4 S • -

Sectidn on A B ·. ·.' • · . '. 

gure 2E .2 : Showirtg mascmry CJzamber ~used j01 the-hydraulic g·rail~~nt (ex-" · · · at uz. _ _,_, ___ ..:_1_ :p_er1~ 
.IU~~).. ~ 

• 



Typical black soil of ~h~ Bomb~y ·Deccan, ~argely used for hearting in 
earthen dams wa~screened through i meh mesh s1eve and 1i1led in the chamber 
in 4 inches ~aye!s _after mixing it ~t~ 15 percent_. moisture. Each layer· was 

- ~ammed' ~~th ~n uon ra~er weighing 22 lbs. d~opped from a height of one 
foot) until Jt d1d not consolidate further. Physical analysis and other data 
for this soil arP given below. 

Results of p'hysicaJ analysis ancl other physical properties of the Bltu'lt 
Cotton Sozl used in the llfdrQmiG gradient Experi~t at Khadakwa8~. 

(1) Mechanical analysis :-,Vithout chtmical treatment for dispcision. 

TABLE 2E. VI 
- . - • 1 . ' 

Serial MAterial Diameter in mm. % . 
No. -

1 Clay .. . . <·002 25 . .. 
-l 

2 Silt .. .. ·00.2-·02 30 

3 Fine sand . . .. ·0.2-2 37•7 
-

-
4 Coarse sand . >•1 - 7•3 .. . . • -

/ ' 

. 
Summation and :distribution curves have been plotted in Figure 2E. 3. 

(2) Absolute specific gravity • • =2·392 

(3) Liquid limit =49·8 

(4) Plastic limit _ =31·5 
(5) Plasticity Index =18·3 

(6) Volume weight of the soil :- . 
The soil screened through ! inch size weighed 64lbs. per cubic foot, while 

loose, but when rammed with a rammer of 22lb. weight falling through a height 
oi one ioot it weighed 77 lb. per cubic foot. With moisture added at 15 per
cent., the dry bulk density of the compacted soil was found to be 83 lb. per 
c11bic foot (or 1'·33). · · 

·£he dry bulk density as ~alculated from the total weight of the soil used in 
- filling the R.C.C. Chamber and the actual -volume occupied by the soil, 

was found to be 1. 2992 or ab~ut 81 lbs. per cubic foot. Actual tests 
·of compaction by driving a- Eoil cylinder into th'3 compacted soil in the chamber 
gave a dry bulk density of 1·191 (or 74·3lb. per cubic foot) in the surface foot 
of the soil. _ · · 

(7}. Hygro..c;copic moisture m the soil= lO•(pcrcent.-
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Figure 2E.3 (Left):- Cumulative & size distribution curves for Black Cotton soil used inSolani chamber at Khadakwasfa 

Figure 2E.4 (Right):- Relation between moisture content & dry bulk density under a constant co"!pacting effort 
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(8) After the experiment was ~ progre~s for a~ut five ~onths, mois~ure 
content at different depths of the soil was estunated between eighth and mnth 
observation tubes. Table 2E. VII shows 'the travel of the. moisture at 
diffe~ent depths of the so~ column. 

TABLE 2E. VII 

PoSition of the sample 

Surface~ ~pper 6• 

toot. J , Lower 2• 

4th foot 

7th foot 

•• .. . . 
.. 

•• 

•• ·~-

.. • • 

.. 

M~isture% 

, . 

.18·6 

29.4 

36·7 

46·0 

-

(9) The soil was compacted in steel cylj.nders diameter 3 in~hesx 4 inches 
high in three layers with different moisture contents under a ,.constant -~om· 
pacting effort viz., by a rammer weighing lllb. faN.ing through a height of 
18 inch of strokes being 25. Dry bulk density was calculat-ed in each caEc 
with the results given in Tc:tb1e, 2E. VIII . 

• 

TABLE 2E. VIII 

Moisture added. D.B.D. - -
~ 

J 

-
10% .. .. .. . . 1•424 

. 12 .. .. 1•491 •• .. -
\ 

14: .. •• •• 
---

• • 1·549 

16 •• •• •• . . 1•558 
- . ' -

18 - -1·5585 \ . •• •• .. . . . 
20 •• .. • • .. 1•537' 

These values have been plotted Figu.J"e 2 E. 4. From the graph it is seen 
that the maximum D. B. D. of 1·562 occurs at 15·8 percent." moisture. 

I < 

Results: 

~ere was no . pe~colafi'On and wa.~er abJorbed by the soil could not 
be e~t1m1ted quantitatively for reasona exp1a!ned above. The gradient3 are, 
h?wever, truly representative for gauges upto five feet when there wa.s no 
disturbance of any sort. The. injt!al reading3 when the ga.uges were ra.ised 
and wate: flowed in.~ a comparatively drier soil. are shown in Figure 2E.5. 
The re~dmg~ that ware repeated in a comparatively. moist soil later .are. 
shown 1n F1gure 2E. 6. · 
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{ i) Hydraulic gradients in Figure 2E. 5. are somewhat linear. The average 
gradient for each gauge was as given in Table 2 E. IX. 

TABLE 2E. IX • 
. 

I Distance to which 
Depth of water.(Feet) water reached (feet) Gradient 

' 
5 18·5 1 in 3·7 
4 17·0 1 in 4·3 
3 15·0 . lin5 
2 10·0 lin5 
1 • .... 5·0 1in5 .. 

<~~> Gradients m Figure zE. 6 (for the moiSt state of the EOil)show definite . 
. curvature..- The curves are divisible into three portions. · 

(a) Steep slvpe at entry upto observation tube No. 1 showing greater 
loss of head. Figure 2E. 7 shows the loss. is prf\portional t~ head 
and is probably caused by the reduction in pore ... necks_ on tswelling. 
of the soil in contact wih the upstream_ water face. 

(b) There is a regular fall to a distance shown by a straight portion . 
. (c) This is followed hy a flatter grade indicating negligible movement pf 

.watervergingtowardsstagnationandconsequent little drop in head. 

i 
0·8 

-a: 0·7 
~ -"0 

"' ~ 0·6 -.) 0 -

0.4 
0 

Gauge 

5 
4 
3 
2 
1 

- ..... 

<V~ 

. / 
~ .V 

/ 

I 2 3 - 4 
x-Gauge (fee.t)-

., Figure 2E. 7 -

TABLE. 2.E. X -

-

s 

Straight portion 
O.T. 1 to O.T. No. ' Gradient 

---
4 1.9 
3 2.1 
-2 2.2 
2 5.0 .. Reversed 

C.B.I. 

References 
Y- Loss of head 
x- Depth of water 
Indicated by the gauge 

Y=-{o+ 0·30 

I • 

,I Flat portion gradient 

7·7 
- 8·0 

7·7 
11·6 
12·0 

Neglecting gradients for one foot and two feet the rest are in close agreement· 
.The gradient for the straight portion (I in 2)not being influenced either by entry -
Qr draw down probably represents the true characteristic gradient for this soil. 
The. rem1inder of th ~ por~ion. showl a tendency tow a.rds stagn.a.tion, the head 
h'lvmg beeuco~su.med. As noticed. £rom the asymptotic na.t11re o£ the curves 
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and absence ot any percolation, the subsequent movement aided by absorption: 
evaporation and'dH!llsion,,merely resulted in stagnation or ponding. _ 

(iii) The nature of these (drop in the line of saturation with distance) curves 
is exponential as shown in''Table 2 E.XI. . . · · · 

The chamber was completely filled with the soil as the idea was not so much 
to investigate any particular section for a dam but to ascertain the nature 
of hy..draulic gradient in black cotton soil in a unifortp.ly deep soil area. The 
soil surface was covered with a tarpauline to prevent evaporation. A shed exis
ted over the masonry chamber and was covered on all sides as a precaution 
against the effect of the sun and wind. · 

Water level in the upstream chamber was stepped up and maintained at 
each foot height (from first to fifth foot) for a sufficiently long period (one to two 
weeks) for the water levels in the observation tubes to attain equilibrium. ThQ 
automaticfeeddeviceformaintaininga water level was used. Watex levels in 
the two rows of observation tubes were r~ad several times every day. The read
ings in all the tubes were recorded every day until when it was notice9, that the 
water levels had attained equilibrium. Readings in the corresponding 'observa
tion t}lbe~ in the two rows,.with a few exceptions, were remarkably in agreement. 

For.water levels at six feet and above, _the upstream tank was found to 
" leak badly and ·a c\>nstant water level could not' be maintained. It may be men
.· tioned that there was no percolation in, the downstream tank even when, the 

water level was raised to 7 · 5, the soil being impervious. During the experiment, 
the soil, however, became more moist, whereafte~ readings for the first five fee~. 
though repeated several times were found to agree closely. These, however, 
differed from the initial readings taken by stepping up the water level foot by 
foot, when the soil was originally comparatively drier (1,5 percent. mojsture 
content). · · 

TABLE 2E. XI 
.. Statement -showing drop in head with distances 

, 
_Distance Gauge 3 Gauge4 Gauge 5 

- -
0 

. . 0 0 0' 
'0·5 0•6 0·8 0·8 . 
1•5 ,. 

1·1 1·35 1·4 
3·0 1•35. 2·0 2·2 
5·0 1·85 2·45 

. 3·0 . -
7·0 1•95 2·65 3·35 , 
9·0 2·1 3·55 . 2•85 • 

11·0 2•35 3·25 3·95 
13·0 .2·55 3·45 4•37 
15·0 2·82 3•77 - 4·65 
16·0 3•0 
17·0 

I 
- 3·85 4·8 ~ 

18·5 4·0 ·5·0 
I . 

·. The readings for ga.uges ~ and 5 have been plotted on the semilog paper. It 
~Ill be seen that t~e pomts he on straight lines. The relation oetween H (drop 
m head) and D (d1stance of travel) is thus exponential and is shown jn. Figure 
2E. 8 by the following equatiens :-

5feet gauge: 1l~1·515e 0·07256D .. -(2E .. 2) 
- 0•0649D 

{fedgauge:H 1·39a · ... ... ' . 
l2E. 3} 



• Figure 2 E. 9 shows t~e gradients for the comparatively dry condition. 
(Figure 2. E 5 ) and the moist condition (Figure 2 E. 6) of the black_cotton soil 
on a separate datum for' each of the ga.uges, Table 2 E. XII. It will be seen that 
the gradients in the latter c_ase are lower in the upper section and higher in the 
lower one than those in the former (dry condition). The point of crossing ad
vances as the gauge increases. For ga.uge 1 the point is the nearest and that for 
gauge 5 the farthest. -Figure 2 E. 10 shows that the distance of the crossing is 
proportional to the pressur~ head (gauge). ~ · 

Y (diStance) - 4 (~1), • • (2 E. 4) 

where X = gauge. 

Figiue 2 E. 9 confirms the ponding theory. The inflow of water, however 
slight, and ~ts movement further on is indicated by the gradient despite any 
marked drainage downstream. This could only be explained as the stagnation 
of water in the portion when the flow practically came to an end. This is borne 
out by the flattening of the gradient when the downstream slope and toe. ar ' 
extended by the addition of material (4). A slight moveJl!en~ is also. probablr 
cause.d by evaporation and diffusion through soil pores, althougn reduce~ ~o 
minixrium by preventive measures. 

20 
C.B.I 

- C) 

/ 
- v '; 

. .. 
/ . : : 

-

/-
v 
) 

1-

-5 
( v 

v 
' ' I 

. 
0 

0 . I - 2 3 - s 
Gau e in feet--

Figure 2E. 10 

( 6) Technic:d memora.tldumNo. 17. United Provinces Public Works Detl.ll'tment Irriga~oa 
Aesearch Sta.t~ Repan 04 Research Progress during 194.6. Drawing ~o. 1 (facing pa~elS). 



' TABLE 2 E. XII .. 
. 'Statefnent snowing average gradients in different portions of the curvilinear uiatet:. 'slopes ani! the overall gradient& (Fi!JW1e 2 E 6J • 

I . I 

I Steep fall a.t entry upto Regular fall portion O.T. 1 to 0. T. at ' I 

O.T. . kink.· - Flatter or pondmg portion Overall gradient ' . . 
• J .• . 0Terall . 

gradient in ' I -- ·w.L. ' ... 
·· the ini tia.l . Gauge in O.T. Fall Gradient W.L. W.L Fall .. Distance Gra.di- Fall Net distance for Gradient Gauge Total Gradient stage when No. -..for the inO.T. inO.T. to kink ent. incW.L. the fa.U . 1 iDJ distance 1 in BOil was drier. 0. 5: ; distance (I) at kink, tube. . . distance • , 

l 
. 

1 • 
' . \ ' - .. 

1 2' . , 
.4 5 6 8 9' 10 12 I:t 14 15 )6 

I 3 ' 7 ll I 

. . . -- ------- - -• I 
. ·- --' . . . . . 

·It. 
, lin . 

' - Feet. Ft. Feet. Ft. Feet. I in Ft. Feet Ft. Ft. . . '· ' I r 
' l 

. f • . 
1 ! 4·2 

, 
0·8 0·62 18·5 3'·7 ' 

·IS 4·2 4)1•8 2·4 4·5 1·9 1·8 1885--4·5-14·0 7·'1 5·0· : a~T . -. .: " . . '\ . . I 

. '4 3·2 0·75 0·69 3·2 3)2·0 1·2 2:5 2·1 2·0 18·5-2·5-16·0 s.·& 4-.0. 18·5 ·«·6 ~a. " . I . .. l . - ' \ 

:) 
-.. a 2•4 0·60 0•83 2;-4 2)1•95 0·45 1·0 !·2 1·95 16·0-1·&-lli·O 1·1 3·0 . 16·0. 5•3 6·0 . . ; I . .. . 

' . . . . . 
,I -

I ~ I 
.. . - . ! 2 1•5 0·50 1·0 1•5 2)1·3 0·2 1·0 3·0 1·3 '16·0-1·&-15·0 11·6 2·0. I6·0 S.·0· 6•& 

·I '. r .; ; '\ 
~ I . I - ·. 

' 
. ~ . 

' ~ 

I 
. " 

12·~ 
' ll 0•4 I • ~ .. ~· 15·0-3·&-12·0 ··1·0 12·0 1!'·0 G·O. .. . . . . . . .. . .. 
-' ' I 

' . . . ' ' ' ~ . .. , -
l ~ 

. 
' I. ' 

.. . 
" , < ' . \ 

<• ' - ' • ' l " ~· -~ -~~ -~-~- ., .. ' ' 
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· The average gradients for the two sets of conditions are given in Table 2 E. 
XIII. . . 

TABLE 2E. XIII 

Gauge 
Initial dry stage Moist stage 

Hydraulic gradient 

6 3·7 3·7 
4 4•3 4·6 
3 6·0 5·3 
2 5•0 8·0 
1 5·0 12·0· 

The average gradient in either case is the same for each of the gauge, but as 
shown in Figure 2E. 9 t_he nature of the gradient is diiierent. .. 

, F~e 2E. 11 shows the gradients observed in the very chamber undt>r 
nearly similar conditiQns in respect of the Solani silt. R is seen that in this pn
vious silty material from Solani, although the hydraulic gradient H JL (total ht>ad 
i.e.,.di:ffereoce between upstream and downstream water levels divided by the cU~· 
tance) can ~t.ill be said! to be the same as that in the black cotton soil, the nature of 
~he gradient is altogethel different. The flatter gradient shows that water enterE 
and flows with ease in theSolani material up to where it,is disturbed by the draw 
down effect of the drain. This gradient is, therefore, quite the reverse oi 
that in black cotton soil. 
' . 
: It would,appear from the two types of gradients jn Figure 2E. 11, that, in 
earthen dams: on impervious foundation under identical conditioLS, the gradient 
in a loose (homCJgeneous) material will be flatter (will not be affected by any 
appreciable loss.at entry and soil resistance) but will be largely affected by tbe 
drawdown effect at the toe of the dam, and the slope of the gradient "ill be con
vex. The gradient in impervious (homogeneous) material on tne other hand 

1will be ~teeper at tbe upstream side and flatter at down~tream side and it~ shape 
~ill be concave as shown in Figure 2E. 12. · 

C. B. I. 

Figure 2E. 12 
• Water~will pond and rise in the lower portion 1p1~il i~ is ab.l~. to force its 

rva-r thrC?ugb the. ~e, and maintain a ba~.nce, 
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The lin~ of saturation is thus affected by the soil material. The soil material 
therefore, forms one of the factors shaping the hydraulic gradient. By homo-. 
geneous material is meant a matE'rial consisting of particles of uniform diameter, 
irrespective of what the diameter is, or uniform texture and of uniform structure 
all over. Under these conditions percentage pore space and its nature is the 
same a.nd indepen'dent of the material. Theoretically, a finer soil will transmit 
less water than a coarse one but the flo'\\ gradient will be the same in both. In 
actual practice soil material used in earthen dams is never homogenous and is 
never packed to the same consistency throughout. The hydraulic gradient in 
earthen dams is besides largely affected l;>y tbe entry and dr,aw down effect ati 
the toe and the nature· of the gradient characteristic of t'Se soil material is only to 
be found beyond the influence of the draw down effect as is shown in Figure 
2E.11 (or Figure 75 in tbe report of the Indian Waterways Experiment Statio,n 
1944 quoted above). Hydraulic gradients consi<lered from the pract1cal poin~ 
of view, vary characteristically according to the type of material used and a 
kp.owledge of this is necessary in t~e design of dams. · ·, · • 

(4) HYDRAULIC GRADmNTS IN SOJLS (LABORATORY EXPERIMENTS) (5) 

The results of the observations on hydraulic gradients in black cotton s.oil 
carried out in tlie masonry chamber at Khadakwasla are described in item (3) 
above. Experiments carried out with Solani silt and black cotton soil 
under controlled laboratory conditions are described in this note. 

The apparatus used consisted of a glass tube two inches diameter, _40 inches 
long, with side tubes ! inch diameter, 4 inches long, spaced 4 inches a part. 
The complete arr~ngement of the experiment including the upstream water tank, 
the manometer tubes and the downstream exit end is shQwn in Figure 
2E. 13. The manometer tubes extended to the centre of the glass tube so ~hat 
they were in contact ~th the water flowing through the soil bulk. -

• The Solani silt and black cotton soil were packed in the glass tubes as 
uniformly as possible.-· The Dry Bulk Density obtained after packing ~was 
1· 233 in the case of black cotton soil and 1· 381 in the case of Solani silt. The 
soils were allowed to saturate under constant hydrostatic head ~nd the water 
lev~ls were observed when they attained equilibriun;t. These water levels .have 
been plotted in Figure 2E. 13: 

From the figure it will be seen that the gradient in the case of Solani silt from 
tube No. 2 to tube No. 8 is 1 in 1 · 48, that in the case ofl>lack cotton soil is 1 in 
0·237from tube No. 2totubeNo. 3andfrom tube No. 3totubeNo.8itis 1 in6;5, 

'Fhe percolation obtained in the case of Solani silt was 138 cc. per day and 
that 1~ the case of balck cotton soil4 cc. per day. This gave a permeability 
coe:ffiment of 0 · 000202 foot per minute and 0 · 00000608 feet per minute res-
pectively in the case of Solani silt and black .cotton. soil. . · 

Jfroni the ~gure it is seen•that the•gradient.in the case of Solani sil~ is 
pra.ctiCally .stra1ght upto tube No. 4, tending to become convex further down, 
while that In the ca~e of black cotton soil is concave. r • 

This experiment confirms the conclusion of item No. (3} above that the 
soiJ material forms ~ne of the factors shaping the hydrauJip ~ad~~n~: _ 

1 

• 
' . . 
•-- (')

1 
PRoona. Irrigation 'and ~searc~ ~visio~. PqbllcrWo:rks Dena.rtment: 'Bombay,_Poona, 

~ua enort 1947 paue"47 ", -· ., , - ·I • ' of'- , ' , Q ~ • • ' 
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(5) HYDRAULIC GRADIENTS IN CANAL .BANXS {0) 

~ .ABSTRACT 

The Nira Left Bank Cau=1l appeared tc. leak in sevaral placas and it was pro
posed tG constrUct seepag1" drains along th~ to3 <if the-~embankments t<. keep the 
banks, drr. and obviate the danglr of th3ir slipping. Advantage of this wu 
taken to observ~ hYdraulic gradients in canal banks before a.nd after diainage. 

- A cro~s se~tion was taken ne.ar the Aqueduct No. 16, at mile 50, 2 furlongs, 
100 feet, for this purpose (See Figure 2E. 14). Figure 2.E 14 also shows 
damage by seepage which is, however, slight. The bank is of black soil with 
a casing of coarse murum, Figure 2E.l5. Sand is found in the last two pita 
(Nos. 6 and 7) near the toe. Bores were taken at the positions shown and 
watP..r levels were observed daily during the running and closure periods of 
the canal, Table 2E. XIV). Water levels in the bores corresponding to the water 
flowing in the canal (at particular canal gauge) are shown in Figure 2E.16 
an~ these represen~ the seepage flow gradients in the canal bank. -

:.Curves (a) and (b) serial No.3 and 5 of Table 2E.xiV show gradients when 
the can~l was running for long periods of 19 and 22 days respectively at about 
nearly the same canal gauge and when water levels had become stable. 

There is a sharp drop or rapid change in gradient, known as ground water 
cascade, from pit No. 5 to pit No. 6 due to the presence of a pervious material in 
pits, No.6 and No.7. Uniform material (black chopan) occurs upto pit No. 5 
only. From pit No.3 to pit No.5, the water line is almost horizontal indicat
ing little flow through the bank. The actual true gradient for the soil 
materials occurs from pit No. I to pit No.3. The rapid fall from water edge to 
pit No. 1 being mainly due to resistance at entry. Water gradient from pit 
No. 1 to pit No.3 works out to I in 5 which represents the true gradient charac
teristic for this soil. The nature of hydraulic gradient in ~~he stin black 
(chopan) soil is similar to the one explained in item (3) above for the_ black· 
cotton soil. The little slope from pit No. 3 to pit No. 5 represents the ponding 
zone explained in that note and this field observation fully confirms the findings 
of laboratory experiment. Curve ( c fshows the condition during a long closure 
(11 days). There was no water in the pits except in the sandy pits No. 6 and 
7 at the toe. The gradients (a) and (b) showed little leakage guring flow period 
and the leakaue during the closure from the stagnant water in the canal mu3t 
be very little,

0

if any. The water level at the toe (pit No. 7) is only slightly 
· lowered. The presence of water along the toe must be, therefore, due to seepage 

from the portion of the natural ridge higher up and not due to water seeping 
through the bank at this point. Curve (d) is a typical case for the flow period 
extending from October, 20, 1947 to December 23, 1947 viz., two months 
and curve (e) for a short closure of two days. These results substantiaiiy 
confirm what has been stated before viz., water gradient is I in 5 .for black 
clwpan soil. No drains have been constructed for this seepage section yet. 

Another cross secti~n was taken near aqueduct No. 15 at n?Ie 47! furlo~g I, 
feet 100 of Nira Left Bank Canal, (Figure 2E. 16). The. so:I sectiOn (Figure 
2E.18) consist of black soil on a layer of black ckopan which m a constructed 

- . ----
{') Poona. Irriga.tio~ and R~earoh Division. Pub~c Worlts J?e~~ent, Bombay. Poon&, 

~ual Re:port, 1947, pages 48-53. 
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Datum 70 

Figure 2E.I 5:- Cross section near Aqueduct No./6 
showing soil section 
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Figure 2E.I6:~ Hydraulic gradient in canal bank during 
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oJ ---v ..... flt;u;;;;"' "'" pns.JOT nyaraulic B.xperiment,in mile No. Of2 OfL Nt-ra Left Bank Car,al 

Gaug(} l • ' a I I I I So rial 
No. 

Rotation period 1947 from 1 Pit- . ! Pit Pit Pit Pit Pit Pit -
canal ' No. 1 j' No. 2 No. 3 • No. 4 No. 5• No. 6. I No. 7 Remarks, girl.!er 

·--~-·------_-_-~2--------.-~·-3--~---4--~'--5--,~--6--~--;--~--~s-.,...r-g-~-~o- -, ll 

3j50 · 1·95 I Running 7 da~s. 
1 August 1 to August 6 .• 

.2 August 7, to August 8 .• 

3 August 9 to August 27 

4: August 28,·to August 30 

5 August 31 t? September 21 

6 September 22 to September 25 •• 

7 September 26 to September 27 •. · 
I , 

8 September 28, to October 8 

9 October 9 to October 15 
I 

10 October 16 to October 19 

11 Octo~r 20 to October 31_ 

.12 November 1 to November 15 

. . 

.. 
• 

013 November-17 to November 30 .. 

14 December 1 to December 23 
I 

15 December 24 to December 25 • •• 

I(S December 26 to December 31 ... 

I 

.. 

.. 

.. 
' 

3·77 

8·06 

3·87 

7·46 

3·96 

5·06 

4·27 

8·95 

.. 4·58 

7·54 

4·36 

4~16 

4·02 

4·481 

, 11·22 13·27 7·16 

6·75* ' 13·0* 14·0* 8·95 

4·98 

7 ·OS*t. 
5·23 1 

'.·7·02*1 
' - ' I 

. 5·95 I 
.I 

'7·17*J 

5·n I 

\ . 
10·87 12'·87 -- 6·35 

ll·72*· 13·66* 9·09 

12•48 13·35 - 7·52 

13·09* 14·17* 8·42 

13•33*1 14:·17* 9·58 

13·33* 

11·47 

14·17*· 9·9~ 

Ia:-,~.1- 3·49 

7•17* 13·33* 14·17* 7·17-
-

4·81 11·07 12·39 7·17 
I 

4·38 

4·79 

5·69 

' 

• 
10·43 12·60* 

· 1J·5Q I 12-01 

1~·29.1, '12·72 
,..._.._, ~ , ~ 

6·83 - 12·0 
-

6·14 . u-69 ·12-2s I , . . I 
:;:;;' 

*~o water in the pits. 

6·72 

3·75 

5·81 

3·58 

5·00 

4•18 

5·19 

4·35 

3·17 

4·03 

3·49 

3·51 

~ ·17 Closure 2 dclys. 

·85 Running 19 days. 

' 1·00 Closure 3 days. 

· 95 Running 2~ days. 

1· 00 _Running 4 days. 
' . 

1·00 Running'2 days. 

.FI9 Closure I~ tlays. 

· 96 Running 7 days. 
' 

6·58 4·46 · . ·1·0q Closure~. days._ 

4·61 3·60 • 
, ·93 ~unning 12 days. 

' -
· ·81 Running 1.6 days. 

-~1 

--
3·63 3·32 ·70 Runn~ng 23 days. 

4·75 4·90 ·81 Closure 2 days. 
. 

·81 R~g6days. 
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bank only means mo:e consolidated black soil. '\Vater levels during different 
periods are shown in Table 2-E XV. 

' ;f - - • 

Curve (a) shows the gradient during a continuous running of the canal for 
T days. Due to overlying (loose) balck soil, there does not appear any loJs at 
entry. The gradient is almost straight upto pit No.4 beyond which the stag
nation or pending effect is ·seen by the horizontal water line. The hydraulic 
gradient from pit No.2 to pit No.4 is 1 in 5. From pit No.6 to pit No. 10 at 
the toe th~ water level is kept low probably by evaporation. The falling gradi
ent is mostly due to the sloping face of the embankment causing a reduction of 
flow section necessitating a steeper gradient to pass the discharge. 

This has been observed in the case of Solani experiment at Khadakwasl 
(Annual Report I.W.E. Station Poona 1944, Page 61. Curve (b) ·shows 
the .conditions during a closure of thiee days. A reversion of gradient from 
pit No.2 towards the canal (due to fall in water level in the canal) is-seen. The 
explanation is that the underlying layer 'of consolidated black soil does notre
linquish its water very rapidly. Probable gradient towards the toe is also 
indicated by a dotted line. 

Curve (c) shows the gradient during running of the canal for 22 days 
The gradient is 1 in 5 from pit No. 1 to pit No. 3 and 1 in 6 upto pit No. 4. 
Curve \d) for a closrire for 11 days and none of the pits showed any water 
level above the limit shown by the dotted line. 

A probable line of water levels is shown by the curve (d). Curve (e) is 
again.for long running of the canal (23 days). The gradient (pit No. I to"' pit 
.No.3} is 1 in 4·6. ~ 

Curve {f) is for a short closure o~ two days following the above mentioned 
running of the canal. No drains have been excavated yet for draining the toe. 

One more observation was taken at the cross section in mile 35,. 1 furlong 
'0 feet of the Nira L~t Bank Canal, Figure 2E-19. The soil section 
(Figure 2E-20) shows chopan materials of various sorts. Ohoprm is an imp~r
vious material. .Jlurum is noticed in pits No.._3 to No. 8 but not in pits No. 1 
and No.2 near the canal. This murumis probably a continuation oft he mururr. 
ridge at mile 44 (Figure 2E-21): Longitudinal sectio~ of canal and this 
appears mainly responsible for the damage inS. No. 304, 317 and 177 (Figure 
2E-19). Depressions on either side of the ridge (mile 44) are running towards 
the nalla. Drains have been constructed as shown in the Figures 2E-19 and 
2E-20. The drains are actually choked and practically carry no discharge. 
Seepage water from the murum cutting flows along the natural depression and 
not through the drains. The construction of the rubble drains have, practi
cally had rio ~ffect {)n the low lying portion near the aqueduct and the condi twns 
have remained as they were. 

Gradients (a) and (b) in Figure2 E-20 show the conditions during two run
ning periods of 10 and 23 days. The nature of the gradients show absence of 
any seepage from the canal. On the contrary a tendency of the flow towards 
the canal,. is. noticed4 It is also seen that the rubble drains is nQt 
duulliDg.the toe_but iUeedingwater to it. ;Gradient tc) shows conditions 
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Figure 2E.I 9:-Showlng position of cross section taken for hydraulic 
gradient observation in canal bank 

(Nlra Left Bank Canal, Aqueduct No./3) 
Rei. No. 2737 XDD (C) "SO·I.liO (P.Z.O.). 
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Hydraulic grad1ent in canal bank during rt.tnnrng & closure of the canaf 

Figure 2E.20:-Cross section near Aqueduct No./3 showing soil strata 
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from Canal Pit I l>it Pit Pit Pit Pit Pit Pit Pit I Pit I • 

Serial Rotation period. Girder No. I NQ. No. No. No. No. No. No. No. No. • 
No. 1947 R.L.- 1 I 2 3 4 5 6 7 8 9 10 R~ark.S 

" 100·00 . 
------ --- _; __ --~---- ---. ---

3-~ 4 . i 5 ~I ~ 7 8 
---.. 

1 2 9 10 11 12 13 
I • 14 . 

I 

1 August 1 to August 6 . . .. 2·41 2·36 5·4518·46 7·40 4·85 2·20 ·85 ·30 •58 ·70 Running 7 days. · 

~ August 7 to August 8 . . .. 6·88 4·33 3·58 8·25 8·58. 5·97 3·29 2·0 1·16 1·02 ·96 Clo~ure 2 days. 

.AugWit 9 to August 27 
I 1·70 ! 1·46 4·84 7·25*! 7·00* 4·65 2·07 ·65 ·30 ·64 " ·73 Running 19 ~ays. 3 .. I 

I 
I 

6·7213·03 
' 

4: August 28 to August 30 .. 6·54 7·25* 7·00* 7·00 4·13 2·98 ·96 ·96 . ·89 Closure 3 days. • 

·6 Au.gust 31 to September 21 .. 2·14 1·§9 5·17 9·50* 7·27 4·92 2·11 1·1 ·63 ·79 ·79 Running 22 day~. 
I 

! 6 Septembet: 22 to September 25 .. 2·92 4·61' 7·05 9·50il' 7·00* 3·61 2·83 1·89 1·0 ·99 ·91 Closure 4 days. I 

' • 
J;epte1pber 26 to September 27 2·92 2·80 6·14 

. 
.7·58* 4·38 2·46 1·44 ·94 ·96 ·85 Running 2 days. 7 .. , 

I ' - : 
8 September 28 to-October 8 . . 7·24 4·66*! 7·50* .. • 8·00* 4·61* ,3·74 1·92 1·18 1·02 ·92 Closure 11 days. 

• . . 
~ petober 9 to Oc~ober 15 .. 2·51 1·93 5·14 " 7·83 4·75* 2·62 1·51 1·03 •94: . ' ·87 ~llJliling 7 days. . ' 

. JO Pet.ober 16 to October 18 .. 6·65 4·16 7·07 " 
7·92* 5·38* 3·23 1·90 1·27' •93 ·90 Closure 3 da. ys, 

t / - '. 

·11 pefiober 19 to Oct~ber 31 ', 2·49 2·02 5·52 ,, 7·30 4·98 2·32 1 .. 4:2 . ·97 ·97 "•89 Running 13 days. 

-2·021' 1·65' - D November l,to November 15 .. 4·93 " 
6·57 4·21 1·70 ·98 ·68 ·7& --72 Running 15 days .. . - ~ . 

' • ' • 
J3 November 16 to November 30 1·80 1·52 4·93 6'152 3·62 1·58 ,. •63 ·23 ·55 ·65 Running 15 days. ~ . . , . . I I \ 

14 December 1 to December 23 - 1·84 1·44 I 4•73 6·24 4·18 1·49 • ·o3 •23 ·51 '·62 .Running 23 days. .. 
I " . • 

~5 December 21 to December 25 .. 6·83 4·53 6·75 ,, 6·71 3 96 2·58 1·34 •79 ·70 ··70 Closure 2 days. 
.. --
16' ~mber 26 to December 31 i . f·72 1·50 .s:u . 6·34 4·00 1·78 ·94 ·81 ·82 ·71 Running 6 days. : .. " ~ .~ .. . 

' 
.. .. · - ~ 

, .. 

• No water m the p1ts. , 
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during a short closure preceding t~o running periods. The small variation 
noticed in these three gradients {a), (b) and (c) confirms that the bank is absolute
ly watertight and there is no seepage. If there is 'formation of liquid mud in 
this area, it is due to the water flowing in the depressions. 'f!js_ is evidently 
brought down from other source3 viz., percolating muru.m bridge or tLe junction 
of the cutting and embankment. · . 

Th~ banks are nea;ly '15 feet high and yet our observations show that 
there is no qanger of this portion of the embankment slipping. The water· 
logged portion..near the toe is due to the choking up of the nalla and watlt of 
·sufficient grading to the _nalla course. 

CONCLC'SIONS 

Hydraulic-gradients in stiff black soil in these cases are of the order of 1 in 
5 to 1 in 6 (cross section near Aqueduct 16 and 15). Chopan is absolutely water 
tight and there is no gradient (cross section near Aqueduct 13). Gradients in 
black soil in the can~l bank discussed above fully confirm the findings of the 
model experiment [item (3).] - - -----------
~) MOVEMmrr OF .. SUB:-SOIL W.t\'IER TAELE Mt"D FLOW GRADIE~"''S( 7). 

ABSTRACT 

Lay of tha ~ub-£oil water table, it:: relaticr.7 if any~ with the co~guaticn 
ol the land and fluctuation in the wat&r table canrequut on the !lc!dition (irri
gation) and tl!o tlep~c.ti~n (drain2ga) C;i w:::.t£·r a.r.e Joint~· of great b:t0nd in 
hydrology. 'l'he eaees in~editattd in· this ccn.nrcticn uc frcm rn uca on 
(1) the Godavari Left Bank Canal Dis-tributary N~. 6 and (2f the Pravara Lfft 
Bank-canal, distributary Nc. 5. • • • 

• · Small areas with uniform &ub-s~il conditions and such as arc-least affcc•cd 
by local and.e:xtraneous factors wtre·selected. 'Ihe axeas under investigation 
W9re divid~d into smaller suitable squares.azid auga pits (six inch~s in dh
meter) were tab·n on. the ccrLers ol these squarGs. 'lhP pits were about 10 
fed deep and peuttrated a Uhiiorm sub-sGil mat~rial. Wa~er levels in the ;its 
were cbs ... !ved urtil they wera stt equilibrium. Flow gradients were \lorked out 
along the lines of flow. Variations in watet lev3ls l:eing narrow, the sub
soil w~ter tabl6 is in a stata oi cc.ttinuc.us, slow and unlior:tl motion under a 
constant head- d press1,re. An attem_~t was madJ to observJ i~ tha flow 
gradient unda · th3 C(IDditions mentioned is char~tcteristic cf the sub-soH 
-material through which the water flowed. 

Figure 2E-22 an index plan, shows the area selected for observation of 
Distributary No. 6 Godavari Left Bank-canal. It also shows the positions 
of the distributary, .drainage trenches provided and other details. 

Figure 2 E-23 is an enlarged plan which ehows the ground contours, water 
contours and sub-soil material in the pits at about 10 feet. 

_It will be seen that many of the pits near about the Distributary are dry but 
a uniform water table occurred in the Man (massive r.n.nkar) zone and the Clto
pan Zone s~own in different out]Jnes . 

. 
· (') Poona. Irrigation and Research Diviaicm, Publio Worka De~ent. Boinba.y, Poona 
Annual Bepon 19!~.-~gea ~~-- ,.___ _ ___ . _ ____ ___ _ __ _ 
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Man or massive Kankar is a ·Pf;tvio~s-.ma~t:ial consisting of fine sand 
emented with lime. -The'material is fi~sured throughout and-is pervious:on 
hat account. · · · · "' 

· Chopan 'js a yellowish clay material more or less. impervious. 
• • f .. ' ' -

Physical analysiq' of man (massive Kankm:) and' Ohopan by the 
tiona I method is given in Tabl.e 2 E-XVI. ' ' 

r ! , .. 

tABLE 2 E-X~I . " . -
-

!fassive Ohopan 
Composition 

Clay0·002 and loss mm. diameter •. 
Silt. 0·002 to 0·02 mm ... 
Fine sand 0·02 to 0·2 mm. 
Sand. 0·2 to 2 mm. 
Ca0033°~ .. •• 
1\Ioistu:re and loss on ignition 

' .. .. 
. . 
... 

-

Kankar 
(percent. ) ' (percent.) 

36·25 50·75 
25·00 • 14·0 
16·73 7·64 

3•4 . 2·4 
li·5 14·72. 
'1·0 10·00 .. 

It will be seen. from Figure 2E-23 that~ ground fdl is.Jrom west to east 
whereas the water fiOntours fall frQm north to south. In fi:ct' water contours 
are at right. angles O:t normal to the ground fall, which is rather peculiar for thiS 
nrea. It means the sub-soH water is mainly flowing in the yalley. along the 
drain fall.- .. · · 

. ~ ' 

A scction.(Figure 2E-24) is drawn along the direction of the flow of the 
water table. 'J;hc Section runs into both the zones, Man (Massive kankar)~nd 
Chopan. The flow gradient in the pervious Man (massive lcankar) Zone is of 
tly:- ord..,r of lin 1350 (Pits 63 to 6Q) and that in the iJD.tlarvious Ohopan of the 
order of 1 in 225 (Pits 60 to 57). · 

The oLstnrations were repeated in_ an<?ther area which consiE>ted of.Chopan 
only. ' .· - · : ..., ~ ~-:r • 

. -- ~ \' 

' 

Figtl re 2E · 25 an inde.x plan shows th~ area' selected on Distributary 6, 
Pra vara Ldt Bank Canal_ and its surround~ngs, positjow of the Djstributary and . 
drain etc. · · _ · · · · . . 

• ~ t r -

Figure 2 E-26 an· enlarged plan shows the g~o~nd and the water contours: 
C" ~ ~ ~ 

It will be seen that the w:ater contours 'ate falling in a definite direction 
{North 'Vest to So·uthEast)-regardless of th~ g_round fall which is i:rregulJtr. _ 
The water contours are approximate]y normal to the distributary and the drain. 
The gradients are sharply bent near the drain a.s is natural; . The water contours 
have a definite direction of fall and two,_cross sectio~s (Figure 2 E-27) are plotted 
along the line of flow. The average gradients in the two s~ctions CD and EF. 
are 1 in 246 and 1 in 250 respectively.. , 

. These results are in agreement with thos~ fo:t elw~n given above. 
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IUDARY AND CONCLUSIONS 

\Vater levels in the equally spaced bores, give the lay of the water tabl-:. 
The water table bears little relation to tne ground falL ' 

The movement of water is through the sub-soil valley. and normal 
fall,( or distributary and-drain). Flow gradients are generally characteristic of 
the sub-soil materiaL In Man or Massive Kankar which is pt-rvious, the gradi
ent is about 1 in 1350. In chopan, which is imperv·ious, it is about 1 in 225 to 
150. . 

DISCUSSION BY THE RESEARCH COMMl.T'lEE 
DR. ~OSE introduced item (1). 

DR. DHAWAN introduced item (2) and said that the method for t~e 
determination of field -mipacity-and the effect of clay, and initial moisture 
content had been dealt with in the last year's annual report. The effect of 
various salines and the humus was determined. The results showed that there 
was an apprecia:ble decrease in the field-capacity of soils by the nddition of 
Sodium Chloride, while Sodium Sulphate did not affect it very much. Calcium 
Sulphate increased the field capacity to a very Email degree. There was 
gradual increase in the field capacity with the increase in the humus. 

Introducing item (3) MR. NAEGAMVALA said that experi~nts W.:lre conduc
t~d in Poona for the sak~ oft~e Gangpur Storage Reservoir.. • 

DR. GOKl:lALE described the experiment in which a typical black cotton 
soil was rammed in a masonry chamber (20 feet X 6 feet X 8 feet). This chamber 
was connected to an upstream (ank by a screen partition. Similarly there wa~ 
a downstream tank for measuring percolation. The water level was maintained 
at depths varyin.g from one to five- feet and water levels were observed daily in 
observation'tubes spaced at suitable intervals until the water 1-avela were 
&table. 1,hese indicate! the mean line of saturation (water gradient) in black 
cotton soil under the conditions mentioned. 

, This gradient was compared with that obtained for the So1ani silt in 
the· very chamber under almost similar conditions. 

The nature of the curves was different. in the !wo soils: (1) that for the 
blacK cotton soil being concave, and (2) that for the Solani silt convex. The 
experiment showed that the mean line of saturation (water gradient) was 
affected by the soil material also. This was contrary to the statement made 
on mathematical raasoning that the hydraulic gradient was independent of the 
soil material provided it was homogeneous. A further laboratory experiment 
as per item (4) in glass_tub~ with these very soils confirmed this. 

Referring to item (5) he said that the saturation lines in canal banks during 
continuous running of the canal-at a definite gauge corrobotated the statement 
made above.-

Item (6) gave the flow gradients of ~ub-soil water. These were charactEr 
istio-of the sub-soil strata through which water :flowed. 'Vater contours were 
D.lrmal to the ground slope on either side and the flow was mainly in the valley 
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Figure 2E.22 :- Showing hydraulic gradient observation area Distributary No.-6 

• Godavari Left Bank Canal 
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Reg No 2737XDO(C)'50-1,210(P.Z.O). 
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Figure 2E.26:- Showing hydraulic gradient observation area on 
o=stributary No.5, Parvara Left Bank Canal 
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Figure 2E.27:- Showing hydrauliC grad1ent along cross sect•on CO & E.F 



, 
DR. GoKHALE concluded that the shape of the hydraulic gradient 

lepcnded on the soil type. Soil factor had to be taken into consideration a.nd 
:ould not be igno!ed. The present mathematical reasoning based mostly on 
:xperiments c~t ded out in sandy soils needed reconsideration in the light 
,f experiments with clay soils lik('l the black cotton soil. . 

Dr~. VAIDHIANATHAN said that the experiment with the black cotton so:t 
ra~ altogether wrong, being largely affected by evaporation. The diff~rence 
~the shape of the hydraulic gradient line was not due to the' difference in the. 
1aterial of the dam. It was a fundamental difference 110t dependent on 
1aterial. In the experiment black cotton soil had been used which has a 
apillarity of about 10 feet and all the experiments mentioned had been done 
1 the capilla~y range. By mai_!ltaining water at one face of the block, opltr 
little portion of the block adJacent to the water had been saturated and 

b.e lin~ actually got did not represent the hydraulic gradient. 

. -
DR. GoKHALE asserted that evaporation did not affectthese experiments 

ecau~e (1) the c1pillary height in black cotton soil was four feet or even l~s~: 
~)the experimental chamber was covere~ with a tarpauline and a shed of 
amboo m'l.tting prutected it on all sides. Mper the cessation of the 
rperim~nt the soil was fou!.ld to be quite dry to a depth from two to three feet. 

MR. GovrNDA RAo slid that th~ hydraulic gradient had to be determined 
hen the seepage flow lin13s in the dam reached a condition of dynamic 
[Uilihrium. The st:1.ble condition~ seemed to have been reached after the 
m·1ing of th~J can1ls for 22 days. Since the bank had not been of homogeneous 
,j} th~ hydraulic gra.dient would run through two or tbree different soils. 
n'Je th~ d'3pth of the soil over. the gradient line was also varying it was 
·obably difficult to assert defi.ni~ely the gradient in any type of soil in this 
mk. Tbe same remarks applied to banks near an aqueduct. ' 

DR. RAMDAS said that capillarity acted in, all directions. He had 
ported about his experiments on this question last year. He was not sure 
!l~ther his findings would be relevant to this problem. 

-

, DR. BosE opin,ed that what Dr. Vaidbianathan said was partially correct. 

l\IR. NAEGAMVALA said that he liked to quote one example regarding 
rthen embankments and canals where it was observed that that hydraulic 
adients were found to get depressed with age. There were certain " 
periments carried 'out in America also by the United States Bureau of 
'clam'ltion which showed this phenomenon. ' 

DR. BosE said that it might be possible with Bombay soils. That WB.S 

1at Dr. Ramdas's experiments indicated. 

'_DR. RAo ~aid that it might be, because the hydraulic gradient was 
nnected with the permeability of the soil. As the permeability became 
:s and less, the gradient might get depressed. , 
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Mit. NAEGAMVALA said that Dr. Bose and Dr. Rao seemed to agree tha~ the 
cause was decreased permeabilit:;--. But the dam was still homogeneous 
and he thought ·that the permeability was an important factor in, the 
determination of hydraulic gradient.- ... 

R.B. BIJAWAT said that the explanation given by Dr. Rao seemed to him 
to be correct. For example, in Okhla we:r which was founded on loose soil_the 
hydraulic gradient_ was somewhat horizontal. "But as years passed on, the 
pores got filled, permeability decreased and the hydraulic gradient fell d0wn 
to about 1 : 6. 

-
It was decided that the subject should continue_ on the Agenda. 

DISCUSSION BY THE BOARD -
THE SECRETARY said that six items were discussed at the R~scarrh 

c,,mmittee meeting (page- 357). There ws.s no resolution. A sub-committee 
appointed by the Board to prepare a note on • Fundamentals of experimeJ1ts 
on ~toil research' was continuing its work. • -



3 E._ Land ·Reclamation 
PRELIMINARY NOTE 

' -
This subject has been discussed ~t various meetings of the Board sine.e 

its very inception, and appeared on the agenda of the Research Committee 
in 1939 under the heading " 'Vater-:Logging and Land Reclamation "·- The 
various resolutions passed by the Board are given in the Preliminary Note for 
1946, , on the subject., _· · _ ~ 

In September, 1938, the Board issued publication No. 17, entitled" Note 
on 'Vater-Logging and Land Reclamation in the form of a Questiolm.aire ". 
Inform:1.tion received from Provinces was listed under-26 questions appertajninfl 
to water-logging and 23 questions concerning land reclamation. 

i In 1939 the Board decided that"the reclamation of alkaline soils by lowering 
the water table was open to considerable do~bt in view of the result of research 
work since carried out. A~ the subject was still being studied intensivelY, 
they considered it to be premature for them to express any further opinion at· 
that stage .. The Board considered_that the Questionnaire or Land Reclamation· 
be brought up _to date. · . , , _ , _ 

On a recommendation of the Research Committee the Board decided in 
1940, that" Land Reclamation" should be considered ao·a_separate subject 
and " \Vater-Logging " be orili.tted. _ -

) -In 1941, the Board resolved that the collection of further inforin.ation by 
·means of a questionnaire should not be•continued,_but that it was desirable 
that the progress up-to-date on reclamation in different provinces be written 
up where this had not already been done, and any frirther development be 
raported annually for the information of the Board. The subject waa removed 
from the agenda of the Research Committee in 1942, but was retained on the 
agenda of the Board to keep the Board acquainted with developments. In the 
1945 meeting of the Board, it was decided to bring this subject on the a.genQ.a 
of the Research Committee with two sub-heads. as follows :-

• 

' 
( i) Saline lands, and 

(ii) 'Vater-logged land! . 

(i) Saline lands 
PRELIMINARY NOTE 

. ' 

The following items were discussed at the 1947 meeting of the Research 
Committee :- - · 

(1) Penetration depth of different intensities of irrigation 

(2) Vertical mov~ment of salts under reclamation watern;gs. 

(3) Reclamation. 
385 
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I]ecent Literature 
1. Chrhtiansen, J. E. :-Som~ permeability characteristics nf saline and 

al~aline soils. Agricultural Engineering, Vol. 23. No. 4. April 194 7. 
2. Ramdas, L.A. and Mallik. A. K. :-Effect of sodium chloride in improv· 

ingthepermeabilityofalkalisoils. Current Science, Vol.l6, No·. 6,June 19i7. 
THE YEAR'S WORK 

The followinf items were, discussed at the 1948 Research Committee . ~ 

meetmg :- · 
, (1) The occurrence and significance of Boron in Punjab soils. 

(2) How far a leguminous crop could restore the nutritive elements in 
a soil depleted of its nutritive elements by the process of reclamatior. 

(3) Correlation of the yield of gram with soil factor3. 
{4} Damaged areas in Deccan Canal Tract. 
(5) Improvement of soil tilth in drained lands. 

# " ' 

(1) THE OCCURRENCE AND SIGNIFICANCE OF BORON ~ PUNJ'AB SOILS (1
) 

-

I 

Soil .samples bearing dift'~rent type9 of natural veg~htion w~re analysed 
and the results ~f the typical properties are given in T.:tble 3 F. I. 

TABLE 3 F. I. 

Slwwing tlte Calcium/Boron ratios of two typical Punjab ProJiles 
-

I 

I 
CalciumRa.tio 

Serial Depths (<Th!) 'pH Boron in --No. P.P.M. :Boron 

' 

(a) A typical deteriorated profile devoid o£ any ~egetn.tion. 
-

1 0-1·3 . . .. . . . . 9·28 8·0 •s·o 
2 1·3-17·8 . . . . . . . . . . . . .. 
3 17·8~5·7 .. .. . . 9·79 10·0 50·4 
• ,45·7-81•3 •• .. .. .. 10·90 10·0 18·0 
5 81·3-12~·0 .• . . . . .. 10·00 10·0 ,22·0 

I 
~ I ' . - (b} A typical good profile of Jand. . 

" . 
8·58 I 6 0-5 I I Nil. X .. . . . . .. 

7 5-26 8·02 . 2·5 556·8 
\ .. . . . . . . 

8 26-60 .. .. .. .. 7·96 2·0 439·0 
9 60-70 . . .. .. .. 8·12 4·0 142·5 

10 77-'97 .. . . . . .. 8·12 4·0 2l~IS 
11 97-122 

, 
8·22 3·0 156·6 . . .. . . .. 

I 

• The main conclusions were :-
(i} Boron was present in the Punjab soils as a trace element even to -a 

depth of 4 · 0 fed. 
(ii) The C<Jlcium ratios of the deteriorated soils was considu ably ]ower 

th 'Wl that that of tl1e fertile Eoils. 

' 
(

1
) East Punjab Irrigation Research Institute, Amdt~ar, Allllua.l Report, 1947, Page 67. 
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(2) BOW FAB A LEGUMINOUS CROP COULD :RESTORE THE NUTRI
TIVE ELErrlENTS m A SOIL DEPLETED OF ITS NUTRITIVE ~LE-
. !lENTS BY THE PRQCESS OFrRECLAl\I:A,TION (2

) _ . 

It was observed that during reclamation the s0il lost coru;iderably some of 
the most essential nutritive elements i.e., Nitrogen, Phosphate .and :Man ganes~. 
The results of tllls investigation weTe given in the Annual Report for 1946. Sod 
samples were ta'Ken from different reclaimed fields bdore and after the harvest-. 
ing of gram and analysed for the above element~. 

It was conclu~ed that the gram crop proved a great ameliorative and tb.e 
nitrates and the available phosphates_ were sufl3_ciently resotrrd. Fo~ a~y 
~uccessful reclamation the inclusion of leguminous crcp in the usual rota.t10n IS 

thus verv essential. · · 
" 

(3) CORRELATION OF rHE YIELD OF GRAM WITH SOIL FACTORS (3
)· 

Soil samples were taken from a number of sites ~iving varying yields of 
gram and were analysed for percentage of saJt content, pH, Calcium Carbonate, 
exchangeable bases, :Manganese, available Phosphate, Nitrogen and Nitrate 
content. · · 

There was no relation between the yield of gram .and the percentage of 
soluble salt content of soils, pH and Calcium Carbonate. 

\. 

,. (4) DAMAGED AREAS IN THE DECCAN' CANAL 'IRAtT (4
) 

ABSTRACT 
The Nira Left Bank Canal was opened for inigation in ~1885. Canal irri

gation was then still in its infancy and water had to be supplied wherever de
manded, for popularising and developing canaLirrigation. Supp)y there was in 
excess of the demand and water was available in copious quantity. Sugarcane 
which is a robust crop, resistent to heavy irrigation and highly :remunerative, 
was grown wh~ver possible regardless of the amount of water or type of soil 
over which the water was used. Cane was mostly· grown by tenant-cultivators 
who migrated from outside (Saswad malis) and had little interest in the land. 
The local cultivator was generally poor and· had not enough capital to grow the 
oostly cane crop nor was he acquainted With cane cultivation as the Saswad mali,; 
The result was ill-managed heavy irrigation and extensive damage by water 
logging and salt ensued all over in the cane irrigated area. Damage increased 
rapidly with cane irrigation as was obvious from survey carried out at different 
times. 

The Godavarl Canals were opened for irrigation in 1911-12 and the Sasw'"ad 
malis from the Nira Left Bank Canal migrated there in numbers. The same 
tale as ·on the llira Left Bank Canal was repeated on the Godavari Canals in a 
still worse form. Government realizing the seriousness of the evil opened in 
1916 a new Research Division (then called Special Irrigation on District) fol' 
investigating the causes of damage and determining measures for vr-everi.ting 
further increase in damage and reducing that which had already occurred. ~.-

{2) East Punjab Irrigation Research Institute, Amritsar, Annual Report, 1947, Pages 677'68. ~ 
(

8
) East Punjab Irrigation Research InsLitute, Amrttsar, Annual Report, 1947 page 68. , . 

(') Poona. Irrigation and Research Division, Public Works Department Bombay, Poona,-
Annual Report. 1947,- pages 57-61. 
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WORK DONE BY THE RESEARCH DIVISION 

From 1918 to 1928 this Division has carried o~~ _ . 
(1) A syste~atic soil and sub-soil survey of all the major c~nal areas in 

the Deccan, -
(2) Annual survey of areas damsgrd by water loggi~g and salt, 

(3) Hydrological surveys of ground water (ric;;e of sub-soil water levels), 

(4) It has also solved the problem of land dra.inage and reclamation by 
conducting a series of experiments at Baramati and constructing 
drainage for demonstration on each canal. 

As a result of experiments and experience gained, this Division with a view 
to achieving maximum efficiency in-irrigation and drainage h.:ts recommended-

(i) Installation of modules and other measuring devices for controlling 
irrigation water with a view to serving minimum requirements of 
crops for water and preventing over-irrigation. 

( ii) Selection of area depending on soil and sub-soil conditions to suit 
crops re11uiring irrigation of different intensity. As damage is 
closely as8ociated with cane irrigation, limit to which cane 8hould l~ 
restricted in cane fit areas is also laid down 1n such cases to prevent 
damage to other lands also. Cane jg also concentrated in weJJ 
drained (naturaJly or artificially) area in upper reaches of the 
canal as far as possible to reduce losses by evaporation and absorp-
tion. · 

(iii) Construction-of artificial d.raina g~ where economically ft>asible. 

The principles ~numerated ~hove applied as far a~ possible to .all the major 
canals in the Deccan because it was not so simple a matter to er..force these 
rigqtously for various reasons such as ve~ted iterest of irrigators, loss of revenue 
although temporary, political aspect etc. The Ol_lly attempt made was to shift 
cane irrigation to "suitable lands as far ns practicable. This was possible only 
when demanded for cane irrigation exceeded the supply, since the establish
ment of sugar factories in 1935 and due to the world war thereafter. 

As regards moduling and drainage these jmprovcments can ·only be intro
duced when funds are made available. This has not been possible up to now. 

-· 
·During the period of investigation, another major canal-the Pravara 

Canal-was opened for irrigation in 1924. 

RESULTS 

As shown in note No. 2 · 21, Poona Irrigation and Research Division Annual 
Report for 1946 page 30, damaged areas are closely related to cane irrigation 
and if damaged areas on each canal are compared with cane areas, it can roughly 
indicate efficiency of irrigation due to selection of areas and limiting, cane area, 
to suit them. 
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. 
LAND RECLAMATION '\ !89 . 

Nlra Left Bank a~d Goda.va~i.which are old,t:::.nals exhibitea the seriousness 
of the damage and led to the· formatio::1. of the Irrigation Research Division. 
Prav.ua Canal as mcntionrd bffor;.e \Y&s opened in 1924 during the period when 
inv~[;tig1ti~u:3 by t~e Irrig;2tion Resesrc4 Di"ision were still in progress, The 
principles e'\ro]ved by t.]fis Division were r~ally introduced o:p the· Nira Right 
B[!,nk Can'll from the very t,tart i.e., when it was opened for -cane irrigation in 
1933, and it is this canal t.hat would show the benEfits arising out of' our sele_ctions 
for once. · · 

I, '. L ,I ' I ' ~ ' t r ~' ' ""t ' ~ f " 
1 ~ • ..., • ~ ~ • ,_ l ' 

Figures 3 E-1 to ·3 E-4 ehow cane and damaged areas on the Nira L~ft Bank 
Canal, Godavari and Pravara c~nals for a corresponding period from 1933 to 
194.0. These figures also how the relation between cane and damage. Even 
taking into accoll.Ut that fome of the damage is due to seepage from canal and 
not who~_ly due to cane, the association between_tlie two i~ fairly close. f 

Figure 3E. fi sh~ws the corr~lati~n bet wee~ cane and damr ge (b;·groupin g 
the data for suitable pe~iods). 1 

: • ' • 

Godavari shows maximum .rate of damage (p~r unjt of cane). Pra~ara 
~tands next. , 

As Nira Left Bank Canal is an old canal, cane area is stable and does not 
fluctuate .much and hence the readings arC. few for, drawing a c9mple1!e line of 
correlation. 

On the Nira Right Ba:rik Canal c~ne area has increased rapidly and attain· 
ed its maximum limit. - , • 

For an area of 10,000 acres-of cane according to this graph the damaged 
are~ on the Godavari is 26,000 acres, Pravara is 22,500 Nira Left Bank Canal 
19,000 and Nlra Right Bank Canal 10,000. The .figures show that the Nira 
:)light Bank Canal has the least damage per acre of sugarcane; , · 

I 

CONCLUSION 

' 
The Nira Right Bank Canal, where the principles of atea selection and 

imposition of sugarcane limits were introduced from the start, show the leal~ 
damage. · · , 

----
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(5) Il\fPROVEMENT OF SOIL TILTH IN DRAINED LANDS (5) 

Ambadi and Tamarind leaves stand first an~ second respectively in 
raising t~e crop outturn. · Hundi Jawar which was tried "after the application 
of four. different types of gree~ manures showed the efficiency-of the above 
green manures over the rest. In a succession crop of Khapla tried in the 
r~!Ji season, tamarind leaves stood first in point of view of out turn followt>d 
by Dhainch3. -

In the acid compost series farm yard manures plus-molasses and molasses 
plus acid leaves gave superior results to the rest of the treatments in case of 
both the Hundi Jawar and Khapla, crop. 

· In case of acid irrigation waters molasses and su1phuric acid treatment 
gave superior outturns over the rest of the treatments. Gypsum stood thir,d 

DISCUSSION BY THE RESEARCH COMMI'l'IEE 
DR. C. L. DHAWAN introducing item (1) said that investigations had been 

parried out with respect to the significance of Boron in soiJs. The soils were 
classified according to Calcium Boron ratio in soils. ·Regarding problems (2) 
and (3) conclusive \esults of the investigations could not be presented due to 
handicaps encountered in 1947. They hoped to be able to give the results in the 
next year 's report. 
' ·MR. J. P. NAEGAMVAT.A next introduced item (4) and said that damage 
was generally restricted by proper soil selection. 
- . DR. V. K. GoKHALE introduced item (5) a:Q.d said that soil tilth did not 

recover easily afte: drainage in the case of stiff soils unless treated. 
The experiments were conducted in an extremely stiff soil in the J\lanjri 

Drainage Area (Pn=IO). The stiff .soil was treated with green organic manures 
' viz.,' (1) Athbadi (Hebiscus Canabinus), (2) Vinchuka (Martinia Diandra), (3) 

,Tamarind leaves (Tamarindus indica) with a view to neutralising alkali. F.Y. 
M. was kept as control. ·None of the green manures excelled F.Y.M. (10 to 20 
tons). Molasses and rude sulphuric acid and alum'-etc., were applied .. with 
irrigation waters. Molasses gave better results. . - • 

RAI BAHADUR R. I~. SETHI said that these experiments by the Irrigation 
Departments were of an agricultural nature and w~re of great interest to the 
agricultural department. He did no~ know why Boron was particularly selected 
in these investigations by the Punjab Research Institute, perhaps because 
of its high micronutrient .value. It co~ld have been seen easily from the 
stugies of the yield rather than of the soil. Studies of this nature were beiug 
car.ried out by the Indian Council of Agricultural Research at New De~i. ~n 
addition there were certain plants that indicated the presence of Boron m sods 
easily. The sun :flower for example, ~it grew in a particula:r area it wa.s enough 
proof to show that there was B?ron .m tha~ area. By th_is met~od cne .could 
find out the presence of the var1ous mgradients of the s01l. Soil analysiS wa, 
not ao y~ry essential. 

(') Poona. Irrlga.tion a.nd Researeh Dhision. Publio Worka Department. Bomba,.. Poona, 
Annual Report, 1947, pagea 6.2-6a. 



L,AND 'nECLAMA TION 

Referring to item (2), RAI BAHADUR R. L. SETHI said that this was of a 
fundamental nature. Trials were being carried out in the Agriculture Depart
ment regarding the increase in yield by tlie use of leguminuous crops. Bu~ it 
was heartening to_ know that tbe,lrrigation Department too was carJying out 
the analysis of the soil and then carrying out the detailed investigations They 
wo"uld watch with interest the results of these investigations. They, w,:ere not 
10 very 8imple, as would appear at first. · · . · 

/ 

THE PRESIDENT explaine·d the main purposes of ·these experiments. , They 
were made in connection·with reclamation of land. . - : . ::. 

' ' ... • y 

~ t ~~ .:.c.. "" "" ~ J , : 

.. DR. R. C. HooN briefly referred to the experiments done in the Punjab a 
{cw years back As would appear from the table, Boron had been deter~ed 
in soils of very high 'p8 • It would greatly increase the value of the work 
if experiments were carried cut with variety of soils manifesting varying crop 
yields instead of go~ng by the Pa value as the sole index of soil quality. 

DR. DHA~AN in reply to,R. B. S.ethi said that the present investigation was 
in continuation of the work already carried out by them on trace-elements 
i.e., .Manganese. Regarding R. B. Sethi's' remarks about item (2), .Dr. 
Dhawan drew attention to his paper on the "Effect of Reclamation on Soil
Nutrients, "in which he had concluc)ed that the soil was depleted of its essential 
nutritive elements after reclamatio~ · It was, therefore, necessary to see 
how far gram crop could restore tlie equilibrium. Replying to DR. HooN, • 
DR. DHAWAN said that the field was considered good as the yield of :wheat on 
the plot was 20 maunds per acre. ' · 

Regarding R. B. Sethi's remarks about the preliminary'character of these 
experiments, Mr. S. L. Malhotra said that when"they were in West Punjab they 
were faced with the problem of reclamation and hence the necessity of these. 
&tudies. Now in East Punjab the problem did n<1t exist to the same extent._ 

·' 
DISCUSSION BY THE BOARD 

-

THE SECRETARY said that five items were discussed at the Research 
Committee meeting (page 386). There was no resolution. 

(ii) Water-Logged_ Lands 
PRELIMINARY NOTE 

The follo~ing items were discussed at the 1947 m~eting of the Research 
Committee :- -

(1) Effect""Qf heavy cane irrigation-on sub-~oil water table in deep s,oil 
area near Jinti-Nira Right Bank Canal. - ·' 

(2) lEffect. of Ferennial caral irrigation on Eub-roil water table and· 
consequent damage to lands. 



Recent Literatur~ 

(1) Markwick, A. H: D. and Dobson, A. F. :-· Application of electrosmoisis 
to soil drainage. Engineering Vol. 163, No. 4230, Febmary 1947. . ~ 

. (2) Haile, W. H. :-Flood prevention schemes in Holland ~nd the Zuid.er 
Zee Reclamation 'Scheme. Journal of the Institution of Municipal and County 
Engineers, Vol. 72, No. 12, July 21, 1946. · 

' 
(3) Gain, E. ,V. :-,Vartime drainage in England. Agricultural Eng:llleer-

ing, Vol. 28, No.2, Febmary 1947. 
' ' 

THE YEAR'S WORK 

DISv"USSION BY THE RESEARCH COMMIT lEE 
• f ' - l -

. , There were n_o contributions. on. this subje~t. The item was, however, 
retained on the agenda. .. 

. . 
.. DISCUSSION BY THE BOARD 

Tl'IE SECRETARY said that there was no contribution and no discussion at 
the Research Committee meeting. 



4 E. Water Requirements of Crops 
PRELIMINARY ~OTE · 

.At the 1946 Research Collunittee·and Board Meeting '' Factors affecting 
area irrigated and growth of crops " ..;a,s one of the subjects introduced under 
the head " Miscellaneous ". The subject " Water Requirements of Crops " 
was also discussed b~the Board in 1936 under the heading " The fair incidence 
of cost of irrigation water in different classes of crops" and the foll(J.wing 
resolu~ion was passed :.....- , 

" The Board is 'of the opinion that there appears to be a necessity for 
introducing a more satisfactory method of assessing water rate f.or crops,
which will afford'encouragement ~the Zamindar to cultivate in a more scientific 
manner, and the rates should bear more relation to the value of the· crops 
and their water requirements. In regard to th~ latter, further investigations 
are desirable by the irrigation and agricultural departments to ascertain more 
precisely the water requirem.ents for particular crops.' 

" It is resolved that, whileappreciating the benefits. likely to be derived by 
· introducing scientific ·crop rotations, this Board 'is of the opinion that the 
question raised of attempting to enforce them n1;ust be entirely ·a provincial' 
one as it does not lend itself to general application '-'. • . 

In 1938, the Research Committee passed the following resolution:-
... 

" In the opinion of this Committee the study of basic problems, common to 
all provinces in India, of_ the application of water to crops should be undertaken 
at the Ixpperial_\gricultural Research Institute at New Delhi. For this purpose 
i."'Tigation officers should be deputed to a special section directed by an irrigation 
officer, which would ensure the co-operation of the Agricultural and Irrigation 
officers in the investigation of joint problems. The committee considers this 
most essential ". 

A similar resolution was passed by the Board at their 1946 meeting~ 

" In order that the result'3 of Erxperiments carried out by the Agricultural 
Departmen,ts on the water requirements of crops be more representative and 
comprehensive than at present, the Research Committee'iecommends to the 
Board to address the Government of India, the Imperial Cc:,>uncil of Agricultural 
Research and the Provincial and State Governments with a request that all 
research in respect of water requirements of crops be conducted hi the ~gri
eultural, Meteorological and Irrigation Departments jointly··or in co:.operation 
with each other. Further the Board may request the Imperi~l Coun:cil of 
Agricultural Research to issue a directive in this respect to all experimental 
farms operating with funds supplied by the Indian Council of Agricultural· 
Research". 
M2ICBI 393 
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. . 

The Crops and Soils Wing of the Board of Agriculture and .Animal 
Husbandry in India in its 1945 meeting made certain recommendations on 
the subject* • 

.At the 1947 meeting of the Board the following r~oolution was passed:-

. " Resolved that with a view to" ensuring effective ~co-operation and 
co-ordination between Irrigation, Agriculture and Meteorological Dep~rtments 
in the tesearch towards the determination of w:ater requirements of crops in 
different parts of the country and other allied problems like quality of waters, 
land reclamation, soil survey and rotation of crops, ~he Government o:" India 
be requested to Jorm, for the purpose, a permanent ltdvisory committee 
comprising five representatives of the Central Board of Irrigation, five 
representatives of Indian Council of Agricultural Research and two representa
tives of the Meteorological Department. 

· "That this Committee should meet once a year just before the Researc], 
Committee meeting to review research on the s~ject that has b~en carried out 
during the previous year, examine the technique, suggest improvements and 
make suitable recommendations <>n the sub-ject to the Central Board of Irrigation, 
$he Indian Council of Agr~cultural Research and the Meteorolo~ical DepartmeJ?.t-

" The Central Board of Irrigation and the Indi~n Council of Agriculturt
Research may request all Research Organisations connected with them to 
afford the fullest co-operation to the proposed co:mi:nittee. 

"Resolved further th!Lt in every province and major state similar local 
committees be set up: if one does not exist already, comprising two representa
tives each:of the local Irrigation and Agriculture Departments and one representa
tive of the Meteorological Department. The function of these local Committees 
should be to carry out and supervise the research being carried out in their 
administrations on the subjects mentioned above and to assist in carrying 
out the policy to be laid down by the Com..rillttee to ~e formed at the cent_re ". 

In response to the resolution ~f the Board, ~oth the Indian Council of 
-Agricultural Research and the India Meteorological Department expressed 
whole-hearted co-operation and have nominated , their representatives on the 
Permanent Standing Advisory Committee. Tb.e Committee now· consists of :-

. -
Indian Council .of Agricultural Re$earch 

(1) The Agricultural Commissioner with the Government of In4ia. 

(2) The Director, Indian Agricultural Resear~h Institute .. 

(3) Dr. J. K. Ba~m; Soil Physicist to Government of B?mbay, 'SJ:lolapm. 
-. ~ - - -
(()'The Head of the Division of Agronomy, Indian Agricultural ~esear~h 

Institute or any other eminent Agronomist from -provinces. - . 

'" (5) RA.i B~hadur Dr. R. D. Rage, Deputy Director, Agriculture, Bombay, 
Poona. 

_, 

------·- -----
"' The C«1b&l Doard of Irrigation Journal, Aprill946, Pase 111. 
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w:Atitt. lt:EQum'EMEN'Ts'·or- 61i6PS · 

Central -Board ·of Irrigation: 

(1) Rai Bahadur A. N. Khosla, ~.S.:E.; Chairman, Central Waterpower, 
lnigation and Navigation <;)ommission, ·New Delhi. 

(2) Rao Bahadur A. R. Venkatacharya, I.S.E., Cruef Engineer for 
Irrigation, Madras, Chepauk. 

' f I i .. J1. ' 

(3) Shri N. D. Gqlhati, I.S.E:, Secretary, Central Board of Irriga~ion. 

(4) Shri R. S. Chaturvedi, Research Officer, P. W. D., United Provinces 
Inigation Branch, Haridwar. 

(5) Shri J. P. Naegamavalal B. S. E. (I), }Jxecutive Engineer, Poona 
Irrigation Research Division, Poona. 

I nclian Meteorological Department . 
• 

(1) Dr. S. K. Banerji, Director Q-eneral of Observatories, India Meteorolo-. 
gical Department, New Delhi. : , ' 

I 

(2) Dr. L.A. R.amdas, ~irect~r A~i9ultural Meteoro~o~, foona. 

. .. It has also been agreed by the Indian Council of. AgricUltural Res~rch ·.: 
that Rai Bahadur A. N. Kho§la will be the Chairman and the Secretary, Central •· 
Board of Irrigation as me~ber Secretary of the Committee. -. · · - · 

' ' 

· The following items were discussed.at the 1947 Research Committee 
Meeting :: · · · · · · 

(1). Water requirements of crops (Experiments to determine ·water 
requirements for sugar-cane and wheat crops for the maximum· yield . 
with the most economical use of water). · · 

(2) Amount of water ·utilized per acre ~f sugar-cane by sug~r fact~:rie~,i n -
the Bombay Deccan Canal areas. 

Recene Literature 

(1) Hunter, A. S. and Kelley, 0. 'J. :-A new·technique· for studying the 
absorption of moisture and nutrients from soil by plant. roots. Soil Science, 
·Vol. 62, No. 6, December 1946. • . ' 

(2) Absorption of moisture by the plant mat~ri~ls; (Reprinted from Science. 
and Cultures, Vol. 1~, 194q-47). · ' - · · ~ ... , -

~ II • 

. (3) Chakladar, M;N. :-Infiuence of soil moisture_ on the -yield of padyd. 
Indian Journal Agricultural Science, Vo~. 16, Part II, April 1946. · 

' . 
· ·- .: . THE YEAR'S WO~K - '• ' ,. 

.. ~ u ~ , .. , 

There wah only one item on this subject which was discussed-at the 1948:-~ 
r. n h C . . . -
~ese~rc.- om nittee:meetmgmz;;-·- --------- - - ___ : ______ - -- - --- . . . _ ·, 

• \ ,.. ,. "'\ ,ro. ..... 'i • ~ • ) ~ : • ' · : ,- 1 ,~ '1"" (; , - ~, r 

(1) Watu: requirements for sugarcane, wheai and paddy c.r~p~:i 
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{1) WATER REQUmEMENT FOR SUGARCANE WHEAT AND PADDY 
CROPS(1) -

ABSTllACT 

Agricultural experiments were continued at Bara Banki, Bulandsbahr, 
Atarra (Banda), Tisuhi (.Mirzapur) and Nagina farms to determine the water 
requirements for the sugarcane, wheat and paddy crops for the maximum yield
with the most economical use of water. Only sugarcane and wheat experi
ments were conducted at the first two of the above mentioned farms, for which 
the year under review is the fifth for the experiments. At the remaining farms, 
paddy experiments alone we:ru taken up for the second year in succession. 
The Jattar (paddy experiments). were also intitiated at Bahadrabad this year. 

(alPADDY 

Details of experiments condu~ted for the second time at Nagina (Bijnor) 
Atarra (Banda) and Tisuhi (Mirzapur) farms and for the first time at Bahadr
aba.d Research Station during this year are given below:-

Object.-Tnc study the effect on Jield of varying frequencies and depths 
of watering, using 0, 3, 6 and 9 inches depths at intervals of 14, 24 and 28 days 
for Nagina and Tisuhi Farms, and 0, 3, 4!, 6, 7! and 9 inches depths at intervals 
of 14, 17!, 21 and 28 days for Atarra and Bahadrabad farms. 

, Table 4 E·I gives details of date of sowing, harvesting, rainfall, type of 
paddy used, etc., at the different farms. .. , 

- This year's results of paddy experiments are again inconclusive (with the 
exception of Atarra Farm), and it is recommended that these should be conti
nued for a number of years with a view to determining the most economical 
d~pth of irrigation for maximum and optimum yietds. 

·(b) WHEAT - · .. . 
Detailed description of experiments on wheat carried out at Bara Banki 

and Bulandshahr farms is given below :-

. ' 

Objects :-(1) To study the effect of a single watering of v~rying depths, 
0, 2; 3, 4, 5 and 6 inches applied in.the middle of the' Kor 'period. 

(2) To :find the optimum time of irrigating wheat with two irrigations nf 
two, three and four inches depths with respect to the date of sowing. · 

Ty)'e of wheat used :-P-52_and Pb-591 were used at Bara Banld and 
Bulandshahr Farms respectively. 

( 1 ) Un"itei Pro~inc38 IrrigJ.tion Research Station, Report on Res~arch Pro~ess durfug I947. 
Pages 112-1!5. , ' 



-TABLE 4E. I 

Showing details of experiments at Nagina, Mirzapur, Banda and Bahadrabadfor 1947 

t I 
-I 

-r 
Details of experiments 

-
Mirza put Bahadrabad Nagin& Banda 

' (Tisuhi) (~tarra) . . . 
' 

' 1 
~ -~·- - 1 1 1 > 

· I. ,Afea of each plot in acre ; •• -- . 
158•4' 158·4 . 158.4 229·3 

I 

' J ' 

· 2. Variety of paddy used 
I 

T-21 (meduiml O-<e 1=12 (medium) ' T-36 ' T-36 
. {early) (early} 1 

I 

· 3. Type of soil . Clayey - B4_ck cotton Parwa Clayey . ..... """ .... ~ 

·~ ... 
' 

\ ' , 
1 ! 
4:. Date of sowing ' 6-6-47 22-6-47 11-6-47 . . .. 

I I I - . 
' ' 

' 
' ' ' . 

5: Date of trans~lanting 
I ,;' ' .. 10-7-47 23-7-4'7 17-8-47 i 

13-7-47 
..; 

• - - ' 
' 

6. ~ate of harvesting .. 20-10-47 23-11-47. 3-12:47 lS-10-47 . ·, . ' -
' -~ - ' - ( 

· 7. Total rainfall in inches . - -- - -
t. 42·4 ' 44•6 .. 2~·05 ' 

during the crop se~son' 4 7. 1 ' -- --
1 

-• 
' 

I 8. Ncrmal rainfall in inches . . 
I . . 48·0 35•64 .. 

I - ' .... 



:TABLE 4 E-1-contrl. 

Details of experinlent 

J __________________________________________________________ , ----------------------------~~-------------------~ 

! I - I I Mirzapur B.tnda. 
(Tisuhi) ! (Atarra) 

Nagina. 
• 

Bahadrabad 

'l-----------------------------l---------,--------------l------------------------~1--------~---~·-------------l---------~-----------
' 9. Treatment combinations .• 
I 

i 

, 10, Maximum yield per acre , . 

11. Optimum yield per acre •• 

on, an, an and 96 with 2, 3 
and 4 weeks intervals. 

I 

0", 3 ... , 6", 9" with 2,-.3 and 4 
weeks intervals. 

' 

0", 3 ... ; -4!*; 66
, 71' and 9"' 

with 2, ~l. 3 and 4 weeks · 
intervals. ' 

I 

0 ... , 3 ... , 4!', 6"', 7! .. and 9 .. 1 

with 2,' 2!, 3 and 4 weeki 
intervals. 

21·16 mds. with 6 in. depth 15·3 mds. with 96 depth of, 15 mds. with 9 in. depth ofi ~1·50 mds. with 6 in. depth 
of irrigation at 2 weeks· irrigation at 2 . weeks 1 irrigation at 2 weeks 1 of irrigation at 2 weeks 
intervq,l. __ . intervals, . _ ' intervals. intervals. 

20·51 mds. with 3 in. depth 12·3 mds.' with 36 depth of 12 mds. with 3 in. depth of 20·87 mds. 'with 7 in. depth 
of irrigation at 4 weeks irrigation at 2 weeks inter- 1 Irrigation at 2j weeks of Irrigation at 4 weeks 

it intervals. , vals. ; -1 intervals:· -- ' · intervals. 
:1

11-.---.--:--------l---..-,,------:'----........ ----.-:-------...---_,..l·-------~ 
12~ Percentage ratio of optimum 

yield/Maximum yield. · ' 
I 

I 
13. Total depth of irrigatic·n in 

inches (including monsoon: , .. . . 

96·8 96·7 

80.66 
' 

- 'l I • , rajnfaU) for Maximum yield. 

l----------------------~
1

-!---------~-----------....-~·r--------------------------r------------------------r-------------~------· < 

14. Total depth of irrigation in 
inches (including monsoon, 
rain~all) fQr optimum yield.: 

--

• 

~ 

;,• 
'. 

,. . . 
~ 

. . 

-*~ .. . . 67·1 . I 

i 
' 

83 2 I . . 
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Depth of lrrlptlon In Inches -

References:• 

I Barabankl 1944-45 

1 Barabankl I 945-46 0 0 

3 Bulandahahr 1944-45 

.. Bulandshahr 1946-47 

5 Barabankl 1943-44 ------
6 Barabankl 1946-47 ' UU If 

7 Bulandshahr 1945-46 -·-·-

figure 4E.I :- Showing comparative 
yield of wheat at &rabankl and 
8ulandshahr for ont: Irrigation 
treatment from 1943-44toi1J46-47 

a,.. Na. \717 liDO (C) '50•1.210 (P Z 0 ). 
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If 
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Date of sowing .••• 9 To 11·11-1946 
Oat' of harvestlnc ••• 1 To 5-4·1947 
Rainfall during the crop season I• 3 6• 

Depth of Irrigation In Inches-

Dates of Irrigation .. 
4-11-46 & I· I ·47 
4-11-46 & 8. 1-47 ......... ~~~~. ...... 
4-11-46 & 18· 1-47 -·----

14-11-46 • 18· 1-47 --------
14-11-46 & 19· 1-47 
14-11-46 & 8· 1-47 • 11:1 .. 
I· 1·47 & 8- l-47 --··--·· 
I; 1·47 & 9- 2-47 
l· 1·47 & 10· 2·47 
3- 1-47 • ,_ 2-47 
3· 1-47 & 8- 2-47 
l· r --47 a 14- 2-47 a a • 

Figure 4E.2:- Showing yield of wheat at 
Barabankl farm for the year 1946-41 

f 
§ 
g_ 

Experiment. No.2 

it~----~~~~-+~~~~~~~ 
~ 
.5 
'0 

~ 
Date of sowing ........ .4-11-1946 
Date of harv"tlnc .•... April 1947. 
Rainfall during the erop season .. I· 8 

5~--------~----------~--------~-----------~ 0 4 

Depth of lrrtcatton In Inches-

Oates of Irrigation> 
I 10-ll-46 & 1· '-47 
2 10-11·•16 & 14· 1-47 . ........... 
3 10-11-46 & 11- 1-·47 ---·-
4 28-11-46 & 14· 1-47 ---- --· 
5 10-11-46 • 24-· 1·47 
6 10-12·-46 & 31· 1·47 
7 l0-12-46 & 27· 1·47 --··---8 30·11-46 & 5- 2·47 
9 30·11--46 • 8- 1--47 
10 ,. 1·47 & ,_ 2-47 
II ,_ •··47 • 20- 2-47 
12 ,_ ' .... 7 • 20- 2-47 • a o--

Figure 4E.3:-Showlng yield 'ofwheat Pb-591 
at Agriculture School Farm 8ulandshahr for 

the year 1946-47 
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Recora$-;_ Records of germination, tillering, growth, water logging ~nd 

other ,essential data were maintained. Rainfall figures for Bara Banki and 
Bulandsh"ahr were 1· 36 and 1· 8 inches respectively ~uring the crop season. 
The yield data for different treatment~ was collected.-Figure 4 E-1 has been 
plotted from·a comparative statement giving the yield in maunds per acre for 
Bara Banki and Bulandshahr for one irrigation treatment. 

CONCLUSIONS 
~ ,\ 

Experiment No. 1 :-For Bara Banld, it is found statistically that there 
are no significant differences in the mean yield due to three, fou:r:~rtd five inches 
depths of irrigation, although the maximum yield is obtain~d at four inches 
depth, being only slightly higher than that for three inches depth. It may be 
seen that graphical results are also the same, vide Figure 4 E-1 which shows 
that the maximum yield is obtained wit:h both three. and fou~ inches _depths. 
Last year, tlie maximum yield was obtained for three inches depth only. 
The most economical depth of watering is two inches which gives about 90 
per cent. of the maximum yield obtained with three inches depth. -This is in 
conformity with last year's results. . . . ; . · 

For Bulandshahr, it is brought out both statistic~lly 'and graphically that 
three inches depth of irrigation produces the maximum yield. The ,most 
economical depth of watering, in this case also, is two inches, for whieh the 
m:an yield is almost the same as that for four inches and six inches depth and 
is about 83 per cent. of the maximum yield obtained with three inches depth. 

· From ~igure 4 E-1, which gives figures for last fou~ years, it is brought 
out that the trend towards three inches depth giving the maximum yield is 
clearly exhibited (except for one or two cases where 4 inches gives slightly 
higher yield hp.t .th.e"difference is insignificant). From the same graph it is_ 
also brought cut)l\.at two inches is the most economical depth of irrigation. 
~xperiment No! f;Jilay, therefo:te, be said to b(l finalised with the a~ove conclus
Ions, needing no more repetitions. The conclusions .are also confirmed by 
statistical analysis. ' . 

Experiment No.2 :-For Bara Banki, it is found graphically (vide Figure 
4 E-2) that two inches irrigation-at four weeks int~rval gives the maximum 

yield which is in 'agreement wit~ last year's findings. It is 111· 88 per cent. 
of the maximum yield with one 3 inches irrigation.· The results, however, ~re 
statistically insignifi.caat, only the effect· of dates is significant which means 
that an early ir~igation produces a good effect ~n the yield of wheat. 

For Bulandshahr, it may be seen from Figure 4 E-3 that' 3 inches depth of 
irrigation at 4 weeks interval gives the maximum yield, which, too, is in 
conf0rmity with last year's conclusions. The yield i~ 146·27 per cent .. of the 
maximum yields obtained with one three inches irrigation, thus justifying the 
necessity of two irrigations in the drier districts of the' western pa~t of the 
Province, The data, however, does not give any statistically significant result~'. 
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DISCUSSION BY THE RESEARCH COMMITTEE -

MR. S. N. GUPTA introducing item(i} said that agricultural experiments were 
being conducted in different parts of the United Pmvinces with a view to 
determining the minimum amount of water needed for the maximum yield of a 
particular crop. The crops under experiment were wheat, paddy and sugarcane. 

Some of the interesting conclusions were : 

(i} One 3-inch depth'of ~atering given in the middle of the Kor period 
gave the m~~mum yield in the case of wheat crop both in the Eastern and 
the_ Western part3 of the United Provinces. 

(ii) The maximum wheat crop yield increased by 50 per cent. with two 
irrigation treatments in the Western districts whert>as the increase • • ' was only 10 per cent. in the Eastern districts indicating the necess~ty 
of two irrigations in the drier parts of the United P;ovinces, 

No conclusive results had yet been arrived at in 'the case of paddy and 
sugarcane. 

• RAI BAHADUR Ii. L. SETHI liked to make a few observations on the paddy 
growth experiment. He thought it would have been better to select any station 
other than Bahadurabad. Between Najibabad and Bahadurabad it would 
not show much difference. The interval of 17! days looked rather difficult 
for calculation. In Agricultural Department no half days were calculated in..the 
matter of irrigation. It was better to have complete days. Then again he 
suggested ~hat a split plot design would have been: better ~than the 
randomised design actu?.lly adopted, as a number of factors Wtiu involved. 
The experiments showed that there was variation between the -yarieties of 
dates of sowing and transplanting. The plot size 1/50 acre was too small for 
carrying out irrigation trials. Regarding wheat-also he }}ad·simil3.r remarks 
to offer. •• · . .. -• 

DR. L.A. RAMDAS eaid that he had not carried o~t any extensive ~eld 
trial in connection with intensity of irrigation on crops. He. would like to make 
a few general observations on some labora~ory experiments done by him. His 
experiments did not deal with superficial irrigation but· might thro)V some
light on sub-soil irrigatlon. It consisted of a vessel full of soil with seedlings 
sown on top and with water tables maintained at diffei"ent levels. The results 
of these had been sent to the Central Board of Irrigation Journal and might bt> 
published soon. · 

• MR. M. P. MATHRANI enquired of Mr. Gupta as to how they accounted for 
rainfall separately in the ~xperiments conducted in the United Provinces. 

_ l'riR. S. N. GUPTA' replied that they gave waterings independent of the 
.Iainfall. 

l'riR. KAHAI liked to know whether the porosity factor of the soil was taken 
into consideration: The porosity was of great importance in these experimentfl. 
The texture of the soil affected the results a great deal. He would like to know 
as to . what· was the water table, bec1use wat~r table again '3offeQted the 
requirements ofwater for crops. 
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' ' 

THE CHA.IRMAN (SARDAR BAHADUR SARDAR SARUP SINGH) said that ne 
happened to read a book about c The Man, Moon_ and Seed '. The time of the 
sowing of the seed was important -stated the book. Th~ rel~tion was with the 
1\Ioon. That factor might also- be taken into consideration in future 
experiments. · -

MR. S. N. GUPTA: in reply to R. B. Sethi's questions said th~t they adopted' 
randomised block design in consultation with: Agriculture Department, 
Lucknow. It might not be advisable to adopt split block design midway 
when the experiments had been going on for the last few years. Bahadurabad 
was different from Najibabad in a way as the former was more of a tarai and 
latter in piains. 'I he interval of seventeen and a half days was adopted in· 
view of the suggestion· from the Exec~tive Engineer, Mirz1pur Can!tl." 
Perhapa this ~terval suited his a~ea better: . ,. . 

MR. B. P .. SAXENA said tliat with regard to the rainfall it v~ried differently , 
in all these localities. They had been doing these experiments _considering"~ 
that their canals were running continuously. Their aim was to determine the 
interval which was required for giving water to the various areas irrespective 
of rainfall, which in any case was pra.ctically nil in the month ·or September 
when the water.was given:. · . , 

MR. M. P. MATHRANI op~ed that for the Gangetic region, unless. the 
position of the water table was ascertained for different rainfall conditions the 
results of these experiments might not be useful. • ,;,. 

It was decided that the subject should continue on the Agenda • 
. 

DISCUSSION BY THE BOARD 

THE SECRET~~:.said. tliat only one item was discussed at the Research 
Committee m~eting (page 395). The resolution passed by the Board last year 
to form a permanent Advisory Committee for research on the subject was still 
und~r the examination of the Government of India. 

# .. 

DR. BANER.TI said that he liked to invite special attention to the import
ance o( the subject. The preliminary enquiry which was· carried out had 
brought out very .important aspects of this problem. It had been pointed 
out in the stu.vey which was carried out that the transpiration lossess and evapo
ration losses, on a tentative estimate, would amount to 40 per cent. of the total 
rainfall which showed that it was a very large figure to account for and, there
fore, it any savings could be made by these investigations, then the sooner they 
carried a thorough investigation, the better. That would give them a better 
idea as to how their water resources had been utilized. The subject, to his 
miud, involved laboratory experiment as well as open air experiments. They 
had yet to know the transpiration losses· and the evaporation losses separately. 
This was a subject in which so many parties were interested. All those who 
were u,"ing water resources were interested, viz., the Irrigation Department, 
Agricultural Department and the Meteorological Department. So he thought 
that they would have to put up a combined effort. He suggested a~"khg,,all· 
the interested departmentc:1 to come togetht>r ~for investigg,tiou ·_ so -~)la,t they 
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. could get· measureme~ts on which they could rely.· So he strongly urged that 
apart from :he fo:mation of ~he ~ommittee they ought to find out ways and 
means o£ domg this work and ii this was done satisfactorily they would have to 
approach the departments c~ncemed so that all collectively contributed to this 
work. · 

, MR. BHATTACHARYA said that since .the last meeting at Simla, results.had 
been finalized and conclusions drawn regarding water requirements for sugar

- cane crop at Bulandshahr, which is representative of'\yestern U.P . 
. DR. N. K. BosE said that perhaps Dr •. Banerji might be knowing the 

action the Da~odar Yalley Corporation had taken on this matter, . 

' RAI 'BAHADUR KANwAR SAIN said that it would be appreciated-that the 
subject was of a very great economic value to the Irrigation Engineers particu
larly when a large number of storage projects w~re under active consideration. 
If the engineers <;ould find a way of saving some water they certainly could 
make an improvement in the irrigation performance. It was a eubject of 
x:esearch on which the storage projects should be able to spend much more 
money. It would ultimately make the projects financially more promising, 
He referred ·to some liter~ture which showed that at least 30 percent economy 
of water could be made if the water was given properly at the proper- time. 
So he would submit that the subject was of very great importance not only on 
account of its academic interest but it was really in the interest of immediate 
economic development of the ·co~try and perhaps the Agriculture Department 
might be able to contribute something towards the cost of these experiments. 

MR. J. c: liARDIKAR said that the procedure adopted by the U.P. Research 
Station for experiment\ to determine the water requirements of crops was 
that, fixed quantity of water was applied at fixed intervals. He felt that this 

. · was not a correct procedure. Rat~er than giving a fixed quantity of water 
· ev.ery week or every alternative week etc., a better method would be to study 
. the water requirements of different crops under three categories. 

(a) Quantity required -for plant growth, -(b) Quantity required for 
- evaporation from surface of the field,.. (c) Quantity lost due to 

· percolation from ~lie field. - · 
In Hyderabad s~me prelim.lliacy~ experiments on these lines ":ere conducted 

:···imde~- ~izamsagar. These experiments were conducted with puddy cr?P· 
' So~e soH plots were cultivated in the normal way ; while a concrete bed With " 
· (i!aining arr_ange!llents was provided for other soil plots. Evaporati~n loss,es 
. were recorded ,on an evap_oration pan adjoining the plots. Losses ~ue to 
. percolat~on were record!3d from the plots with concrete bed ~y collectmg the 
water percolated. '_fhe total quantity of water supplied was measru:ed. Deduc

. ting the evapo_rati_on and perc_ol~tion losses ~om the total 9uantity of_ wat~r 
-supply, the actual quantity utilized for plant growth was deriye~. The res~~s 
were very interest?Ig~ It was found that out of the total quant1tr ?f approXI
mately fifty five inches of water required for the crop the plant utilizatiOn was 
about ten inches only. Other investigators in India have also found t~at the 
'\lfater requirements for plant growth of paddy was about 800 pounds of wat~r 
:per pound of paddy. · 
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~ ....... ~-

.. T_hn.s thesE pre~ary.' eipe~iments indicated ·that ~~-e.~c~~-~quire-
·. rp.ents for plant 0 :Lowt4 was little compared to the ~o~al qua~ntity required ~y t~e 

crop. It may not b_e possibl~ for us to control the eyaporation l?sses, b:ut 
means can be devised for controlling and reducing the percolation· losses. 
The percolation losses observed were in order of twenty two inches out of the -

. total of fifty -five inches. :. ~e 'thought tha~ experiin~nt~ conducted -on these 
lines will yield very ~eful information. · · - · r :· • 

- .-... - . - ' . - .. _ ... 

Thes~ experiments -also indicated that the water 'require~nents fflt a. 
particular crop also varied during the crop period. There were certain periods 
for the p3.ddy crop when the requirement of the -~rop· was actually 2_to' 2! 
times the ·average rate for the whole crop period"' .: This featu.:r.e. will have ~n 
important bearing on the' design~ of the carrying capaci~y of.canals .. 'Norm.~lly 
the canal for p'addy crop is designed to diScharge 1· 3 times.the average reqmre
ni.ents during the·crop period. ·But if the .peak rate of'requirement is of-t~e 
order of 2 to 2! times the average,. as indicated by experiinents; the canjtt_v?Il 
fail to serve the needs of the crop:· A canal designed With a. carrying capaQ.Ity 
of 2! times the average requirement wilt:p~turally; be unecon~mica~":. Thus~ 
more experimental work on thyse line~- is necessary- 'to ·study- not· <?rilY the 
total water requirem~nts-for tli.e whole crop period, .but ·alSo its vaJ;iatio:ri during 
the crop period. , " -. · · , · -· · - -- - _, 

• ~ • "' • I - ~ ~ 

- · MR.:. A. C; MrTRA said that he thought that· t~y- :werii. :r;to"'t. taJri~g into 
account variation of the crop output ·With ·the futal· quantity ·of- wn.ter ~d. 
This was very important when supplies were short. The problem arises whether 
the optimum water was to be distributed to a few fields or over a larger area for 
the maximum total yield. This aspect of the problem should be investigated. 

THE SECRETA~Y ,said that tw9 _aspect~ ~ere being dealt with. One was 
regarding the investigation (as requested by Dr. Banerji) about the water 
requirements of 9rops. He did not think that Damodar Valley Corporation 
would not fall in line with the suggestion of the Board and carry out these 
investiga tiona. . 

. Regarding the point, raised by Dr. Banerji and Rai Bahadur Kanwar · 
Sain, the idea of this Committee was to co-ordinate research and to determine 
the objectives. Actually different experiments were being carried out by 
different administrations. The§'e experiments had to be sponsored by their 
respective provincial Governments. Experiments carried out in the Punjab 
might not benefit Madras. For each project, this work had to be carried out 
and the entire cost should be borne by the respective provinces or·units. There
fore, the suggestion of the Board was that in addition to the committee at the 
centre, every province and major state should set up similar local committees 
comprising 2 representatives each from the local Irrigation and Agricultural 
Departments and one representative of the Meteorological Department. The 
function of these local Committees should be to carry out and supervise the 
research being carried out in their administrations on the subjects mentioned 
ab.ove and to assist in carrying out the policy to be laid down- by_ the Com• 
mtttee to be formed at the centre. 
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DR. N. K. BosE said that he did not mean thatDamodar Valley ·Corpora
tion would not coopet:ate. But they said that they ·would not be able to bear_ 
the cost. Their contention was that the results of these experiments would be 
useful for other parts of the country also. 

MR. -S. N. GUPTA wished to raise a word of caution viz., that before one 
entered into the fineries of agricultural experiments, he should be able to 
decide about the preliminaries. In the last July meeting at Simla Dr. Sethi 
polhted ouJi that the experiments should be planned on the split block system, 
whereas now in U.P. they were using randomised block system. He sent 
his statistical officer to Lucknow to get details from the Statistician of the 
Agricultural.Department about the split block system and they just pointed 
out to him that this type of system was _only used for very specialised type of 
experiments. " Thus randomised block system was better suited for carrying 
out experiments which were primarily meant to be conducted under conditions 
which~ cultivatar is likely to face in the field. This will readily afford a means 
to save every cusec of water which is being wasted these ~ays on our canals. " 

THE PRESIDENT .observed that this was a matter of detail which the 
·committee ni.ight look after. He said the Committee should be able to form a 
questionnaire on the subject. · 

THE SECRETARY requested the Provinces and States to form committees 
on this basis, if that had not already been formed. · 



5 E. Soil Surveys 
PRELIMINARY NOTE 

'!,his subject was introduced for the first time in 194:7 and the fo]owing 
resolution was passed by the Board :-

. "Resolved that scientific soil surve;s, both r~connaissance and intensi~e, 
should be carried out for all irrigation projects from the polll.ts of view of . suit
ability of lands for cultivation, alignment of irrigation channels, and dramage 
prevention of water logging, alkalinity ':'nd other cognate matters. 

" That a fairly representative number of soil bores to _adequate depths 
should be examined for purposes of intensive soil surveys and field ~otes,. as 
comprehensive as possible, collected during such.survey work. The classificatiOn 
of soils should be based on specific soil standards and use may also be made, 
wherever possible, of the :results and experience of the agricultural and health 
departments of the soils of the areas under survey. • 

~' Resolved further that a sub-committee comprising Rai Bahaqur Sethi1 · 

D.r. Gokhale of Bombay, Dr. KrishnanofHyde:rabad, Mr. S. B. Kahai of S~d, 
Mr. M. L. Mehta of East Punjab and Dr. Hoon as convener be formed to define· 
soil standards for soil survey to be carried out by various :research stations and 
to review those standards from time to time -on the basis of the experience 
gained by such work ". , 

In :response to the above :resolution information-has been received fio:m the 
Central Waterpower, Irrigation and Navigation Commission detailing the steps 
taken to implement the Board's decision. - · -

- - . 
The practice adopted by the Irrigation Department Ceylon as regards soil 

surveys has been explained· by that department as follows : 

"Before an irrigation project is taken up for construction, preliminary 
investigations are--done :regarding suitability of site of a dam and the general 
layout of the area to be .developed. , The area to be developed is surveyed 
by the Agricultural Chemist. · 

" In studying the foundation materials for the construction of the dam, bore· 
holes are driven and samples of soil are obtained. These samples are tested 
in the soil Mechanics Laboratory and the floils are classified. The soil classi
fication adopted is similar to tlie one ad_opted by the American Bureau of Soils.1' 

Bombay has replied saying that the resolution has been given effect to 
and the Superintending Engineers of the different circles h~ve been asked to 
bear the points mentioned in the :resol~tion in mind while preparing project 
reports. - ' · · · 

Bihar has said that the resolution will be kept in mind while proceeding with 
the projects in the Province. - · 

40:> 
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The United Provinces informs that no steps have so far been taken to 
~ple~ent the. resolution but it is pro~sed to carry out s?il surveys when majci 
m:IgatiOn proJects are unqerta¥:en m. future, ,, ~ 

_ Assam ~nforms th~t p~oposal f~r stlJorting .a ~esearch Irrigation and Soil 
La~oratory In th~ Provmce Is under contemplation ~nd soil surveys etc. referred 
t~ m the resolution can be taken up when the Lab_oratory is completed. 

The Central Provinces, Orissa a:Q.d-Bikaner regret· that no action on the 
r~olution is possible at present. . 

- Replies from others are awaited. 
. " The su~-~oiDIDittee set up as per resolution has not met so far. It is 

propos~d that its first meeti11g _will be held prior to the Research Committe~ ' 
Meeting--1948. - - . 

The following item was discussed at th~_ l947 me~ting of the Research 
Committee :- , · .. · _ _ -

- 4 • • • 

(1) Soil survey <>f the area con1:ma.nded by the Mor Project. 

Recent Literature 
.. ~- - . -
, .{1) Soil sw;v~r p~qc_~dureaAditsapplicationin road construction. Depart

ment of ScientHi~ and Industrial Research, Road Research Bulletin No. 4, 
1946. . ' - . -

- -

·. (2 y Soil mechamcs fact finding sur¥ey progress report triaxial shear research 
and pressure distribution studies on soils. War Department, Corps of En-· 
gineers_, __ Mississippi-River _Cpii).mission, Waterways Experiment Station, Vicks
burg, April 1947: -- _. 

- > 

' (3) Soil sampling and testing instruments. Roads and Road construction,· 
Vol. 23, No. 276, Dec~mber 1945 ~nd Vol. 24, Nos; 278-280, February, Marcb 
and April 1949.:. · __ _ 

. -'(4) Hul:)ble;·G.D. :-Soil survey ofpartof-Wate:rHouse'Estate, C~untry of 
Dorset;, North. East ·.coast Tasmania. Journal-of Council of Scie~tiiic and_ 
lndJlSt:rial ~Res~arch; August 1946. -

-
(5) Pen<!Jeton, ~-L. :-Soil~ of India-four soi! suryey!i in Gwalior State. 

Soil-Science-, Vol. 63J N~:6,- June _1941. . · . - . - · _ _ 
f - . : - / -
_·:- . (.6) Ray'Chaudhll:ri, S. P., . an~ Mukheriee, S. K::-_Present position of soil_ 

sirvey in India~ J~urnal_of Scientific a~d In~us_t'ria! Rese~rch, Vol. 6, No. 10~ 
October 1947. ·· · _ __ 

o: .: cirsen,-i, Y~ki~ -.A.~-C~-M#~~e, s. ~-:,-~is'!an~ili~ B. :-.Ci>mpar~t~ve 
studies. on Indian ~ils IV-mecharuc~l analysis of S?Il pro£1~. Indian_ . 
.loutnal 't>f AgricUltUie Science; Vol: 16,· Part III, June 1946 • . 

_-__ (8) Das, S., Mukherjee, S, K., Sen; .A., ~nd Vi -wanath, B.- :-Comparative 
studies--ori- Indian Soifs'liL~ Base exchange- pre _.;_1erties. _:_- ~!l~~n J ?umal ot 
Agriculture Science, Vol. 16, Part Ill7 J1me 46. ~ 
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' 

_ (9) Mukherjee, B. K.,.and MuJcl;lerjee, P. :-S~ud~es 1n Ga~getic alluyium_· 
of United Provinces-cultivated soils of:Unao DI~trwt. Indian J:ournal of 
.Agricultural Science, Vol. 16, Pa1t III, June 1946.--

(10) Smith, H. W. and Moodie, C. P. :-Collectiop. and_p~es~rvation of soli 
p~ofiles.' Soil Science, Vol. 64, No. 1, July 194.7. . 

. . 
- (11) Winterkorn., .Hans F.-Engineering uses and limitations of pedology 

for regional exploration of soils. International Conference on Soil Mechanics 
and FG t.ndation Engineering, Rotterdam, Vol. 1. · · 

' 
(12) Belcher, Donlad J ., Associate Prof~ssor. of Civil. Engin~~ring, Corn~ll 

University, Ithacca, New York.-The deterrmnat10n of sod conditiOns by aerial 
photographic analysis. Internati9nal Conference on Soil Mechanics and 
Foundation Engineering, Rotterdam, 1948, Vol. I. 

(13) Frost, R. E. and Woods, K. B., Purdue Univ;rsity.--Aerial photo ... 
graphs used for' an engineering evaluation of soil materials. Internati~nal \. 
Conference on Soil Mechanics an~ Foundation Engineering, Rotterdam, . 

.. 1948, Vol. I. . . 

(14) Oosterbeck Jr., H. J. Assistant of the Soil Mechanics· taboratory; · 
Research Department, Delft., ' Holland.-Soil Vibrations. International 
Conference on Soil Mechanics and Foundation Engineering, Rotterdam, 1948, 
Vol. III. · · 

THE YEAR'S WORK 

The following two items were discussed at the 1948 Research Comm1ttee 
meeting:- · 

(1) Survey and analysis of the Suri {Tilpara Ghat) soil f?r the pux-; 
pose of land acquisition. 

(2) Soil investigation for Lq_wer Bhavani dam area. 

.. . 
(1) SURVEY AND ANALYSIS OF 'IHE SURI {~ILPABA GHAT) SOIL FOR .. 

- THE PURPOSE OF- LAND ACQUISITIO~(l) - · --_ 

· In connection with t~.e acquisition of land fo~ the Mor Project -it was . 
necessary to test t~e fertility: of pa~dy fields on either side of the proposed· 
a:ffiux bund near Tilpara Ghat. Th!s area was to be .acquired for the. Mor ~ 
Project and the quality of the soil was ~o be determined for the purpose of· 
paying compen~ation. Acco~dingly a sur:fey was _arranged for. getting : 
samples from these fields. The area .comprised of about 500 ·acres and con.:·. 
sisted of a high land paddy field and a low Ian~ paddy field differing in Ieve· 
hr. nearly 15-16 ft. Bo~_h ~he fields had a rolling, topography ~ the drainage" 
water .generally accU:IDula~q in the low land from where it was directed to. the ... 
M~~ n~er thr~ugh ~ 4r"a~nag~ ~~anne!. The a:ffiux bund has been put .. -~~P.~ 

(
1

) River Research Instituie, "Vest B~~?al~ Aflliu~llt~p~Tt; 1947, pages 163-165. 
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recently separating the tw~ :fields.:_ A rapid .. survey of the high land area 
showed that .the surface soil was apparently of a uniform character and had 
the following features. The surface soil was grey loam of granular structure 
but towards the lower depths the compactness gradually increased. The roots 
of plants, however, were seen even at 4 feet depth. There was an abundance 
of kankar nodules which were :fi.rm.ly embedded in the compact soil mass. 
The surface soil of the low land was also almost uniform throughout and had 
a loamy nature but th~ profile cha!acters were some what different from the 
high paddy field: The greyish surface soil changed its colour to brown at 
lower depths. The surface soil had a crumb structure and became pulverized 
under press of fingers. At lower depths between 4-5 feet accumulation of 
large-sized stony materials was observed. The soil was moist throughout as a 
result of its low level. The roots of planG penetrated to about 3 feet. The 
compactness of the high land soil at loweJ,: depths appeared to be a limiting 
factor for consideration of its sJ}itability for agricultural purposes so far as 
drainage was concerned; but the high level of the land might be t~ken advantage 
of by increasing artificial ~drainage. The construction of drainage channel 
seemed to be necessary in view of the proposed afllux bund since the latter 
might 'prevent natural drainage. The low :field did not seem to -be affected 
. by any such topographical defects. 

In order to examine the soil chemically in the laboratory samples were 
collected ~rom different ·depths of the profile. As no sharp horizons were 
discernible, the depths were arbitrarily chosen. The clay and silt contents 
gave an idea of the physical condition of the soil. It was seen that both thes~ 
censtituents increased towards lower depths in the case of high land paddy 
.field corresponding to the compactness of the soil as observed in the .fields. 
This increase of compactness at lower depths is generally due to the process 
known as alluviation which is of general occurrence in continuously ploughed 
la!lds and gives -rise to plough pans. The surface soil was rich in nitrogen ani 
moderately so also in phosphorous and potash. The contents of P 2 0 5 and 
K2 0 at lower depths were also reasonably good. A satisfactory feature 
insp:te of the high clay content and compactness of soil was the presence of 
lime carbonate which contributed although indirectly to a high value of 
exchangeable calcium. The presence ~f calcium in the soil in larger amounts. 
made the soil permeable and also suitable for growth of such useful bacteria 
as azotobacter and nitrosomonous. The alkaline pH was not due to the 
pre~ence of undesirable alkalies but was a result of -high calcium saturation o~ 
th~ soil and the presence of calcium carbonate. The low land soil seemed to b_e 
equally good in nutrient status particularly when the figures for surface soil 
were considered. _The low content of potash at lower depths (3-5ft.) was 
not harmful for such crops as paddy which are not deep root~g. The ~ghter 
texture of soil at lower depths as revealed from the clay and silt figures IS also 
not ve_ry harmful because level of the land w~s sufficiently l~w to enable t~e 
soil to supply with necessary amount of mOisture. The high clay and silt 
contents o! upper layers of the low land were most likely the result of their 
enrichment with materials washed from the high paddy :fields. The values of 
exchangeable calcium and pH were quite s~tisfactory. 
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(2) SOIL mVESTIGATION FOR· LOWER BHAV ANI DAM AREA (2) 

A preliminary investigation of tlie types of soils available iri. the regio'D. 
round about the proposed Lower Bhavani Da.m· was undertaken. . 

' - ' . . 
By progressive cl~l3s!fication of the test results in resp~ect of the 64 samples 

received, eight groups of soils were recognized in the Lower Bhavani Dam site 
area. A representative sample for each group. was thereafter picked up and 
tested for its permeability. Tentative standards of the grain size dis~ribu~ion, 
plasticity and permeability values were arrived at ; and in relation to these 
standards the suitability .of the different groups of soils was assessed. ·The 
con9lusions arrived at were that (a) Group II to VI could be used for the imper
meable section, (b) Groups I to VI could be used in semi-permeable sections ot 
the earth dam and (c) Groups VII and VIII could be 1'tsed in the puddle core of' 
the dam. · - · · 

. Trial pits were recommended to be: dug at intervals of about 250 feet 
on a grid system and samples of soils from different layers from each pit t::tkan 
out and completely tested: · Each of the trial pits would have to be taken down 
to the bedrock, which was likely to be. in general within 6 feet depth from the 
ground level, in the ar~a under consideration except in the Bagadudorai regio J. •.• 

This was suggested to enable quantity survey to be ma'de of the different soils· 
a vailabie. - ' · 

• 
I • 

DISCUSSIONBYTBEP-ESEARCBCOMMITTEE, 
DR. BosE introduced item (1). ' · · · 
• 1 • \ • 

M&. SESHADRI 'introduc~ item (2) and said that the experiments referred 
to the preliminary in'\restigation of soils that were available for the proposed. 
Lower Bhavani Dam. During the survey, 45 borrow pits wer~ dug and soil 
samples from each wer~ taken and sent to the laboratory at Mad~as for testing. 
As a result of these tests, eight distinct types of soil were recogniSed and the 
results were given in tabular form. Classification for these was done according to · 
Ca.sagranda's method. Soils used in American dams were studied with reference 
to these soils and it was found that ,these ~oils corresponded nearly to the soils 
that were used in the various American dam~. The permeability f&.ctor was 
also determined. From the experience of the American dams tentative stand·, 
a~ds of permeability value for soils to be used in the impermeable, semi-, 
permeable and permeable zones of the dams were fixed. The entire- survey 
procedure had been described· in the report. ~ 

' . ' - . . ""' 
DR. HooN ~shed to know how the permeab~lity of the soil with ~ g;eat 

percentage of the coarser material was determined especially of the portion that 
passed through No. 4 mesh, and how the results of permeability in terms of 
the full sample were interpreted. , 

DR. D. G. KuLKARNI explained his experi~nce of the work he did in Gujrat 
with ;resptct to soil survey for agricultural purposes. 
-----~--------------------------------------------------------------.----------------~~ 

(
1

) Irrigation Re~~a.rch ~ta.tion, Ma.<!ras, A.tmua.l Report, 1947, pages 150-156, 
M21CBI 
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DB. ~VAIDIUANATRAN said that the' Coefficient of permeability_' given by 
M-\dra.s should re~Uy be rea.d ae "TrJ.nsmission Constant" as it bad not been 
divide({ by vi~cosity. · 

RAI BAHADUR KHosLA asked Dr. Hoon to introduce bri~fly the report 
of the Sub-C-ommittee on "Standards for Soil Surveys" and the recommenda
tions made by it. 

DR._HooN said that the results obtained by some provinces must be of some 
use to othe~s at least 4t the interpretation put on the exact characteristic of that 
soil. It was the view of the Committee that reconnaissance soil survey was 
essential before intensified soil survey was taken up in ·any area. After the 
reconnaissance soil s~vey one would be able to come to some decision regarding 
the quality of soil samples, and it had been laid down that usually- one sample 

·per 400 acres ofland might be taken for the purpose of this soil survey. Similarly 
a limit of four squ · re miles had been fixed for the trial pits. The wording had 
been left elastic so as to take into consideration all the aspects of the country. 
It had also been stated that the number of soil sample sites could be increased, if 
found necessary, at any particular locality. 

It had been also decided that it-was much better to take the sample~ from 
the pits rather than by augex because by-taking them from the pit one could 
actually see the height and the horizons. of_ different layers. 

DR. BosE enquired as to what size of pit had been rP.commended. 

DR. HooN replied that the samyling depth was mainly determined by the 
depth of the soil crust. It ha.f been recommended that the soil samples might 
·be obtained for the entire depth where the soil crust wns sh3llow. With deeper 
SOil crust it might be necessary to go up }0 to 12 feet depth but at a few r\it.eR 
the sample should be carried right up to the water talle. If the water table 
was higher, then sampling might' be restricted up to the water table only. 

Regarding the field notes, it was int~nded to draw out printed or 
cyclof.tyled forms that would quicken the soil surveyor regarding the infor
mation required to be collected by him. 

Stress had been laid o:u how sub-soil water level should be noted. The 
reading had to be taken from the open wells at an early time in the day so that 
if the weB were to be used then there might not be some depletion in the water 
lev_el. For intensive soil sampling it had been decided to dig one bore hole for 

~ nearly JO · acres of land. 

: · . , Tli.e laboratory examination of the soils in the case of soil samples of 
intensive soil survey w2s. necessary, that is, one had to study phosphates, 
potassium in these soils- also. . 

Finally it had been recommended that the Central Board of lrrigat:on 
might move the Government of India and Agriculture Department so as to bring 
about greater collaboration between the two so that the results of one Depart
·ment could be utilised and studied by the other Departments, and it was also 
thought necessa:ry that one or two more members from each Department who 

- were a.ctually engaged on the soil survey work might compare notes occasionally~ 
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R. B. S~THI said that there was some differe~ce in the pro~eedi~Igs in re~pect 
oi collaboration especially between Agriculture and Irrigation Departments. The 
Committee at the outset had decided that soil conservation was required to be
carried out by-many .departments such ~s Forest, Irrigation and Agriculture, and .. 
a recommendation had been made by the Indian Qouncil of Agricultural Research: 
that a Central Survey Committee should be established· consisting of members. 
from all the departme:t;tts. In fact it was thought that no work should be carried 
out actually before taking decision on that Committee. ,But the actu~l work -
could not wait. Then it' was decided that the Committee should proceed. That 
Committee was very essential in order to avoid duplication of work being c~ri~ 
out by different departments. That was the ~in introductory part which 
ha.d not been included in these proceedings. In order not to_ i].elay the present 
work of the Irrigation Departm~nt, it was thought that the work should proceed! 
as it existed and that when the AU-India Committee was· constituted the 
work of this Committee Should be taken over by:that ~ommittee. ~ · 

1\fu. S. L. MALHOTRA observed that Mr. 1\fehta. who was, formerly in tho 
Com:nlittee had _now left and he wanted Dr. Dhawan 'to be inc!uded as a 
representative from the Punjab. This was agreed to. -

- ' t; • 
MR. GoVINDA RAo suggested to Dr. Hoon that the sodi~ and p~tass1um 

contents in a few flora might also be- investigated during soil surv_eys, ~san 
indication of soil fertility and suitability for various agricultural crops .. 

DR. V AIDHIAN;ATHAN opined that .this was not ,only duplication but 
quadrup!ic3.tion of work. They had already instru~tion for, p.reparing the pa.r
ticulars for underground watertable and when it would b~ printed, it would 
contain much of the particulars required by ·this Committee. , 

MR. BIJAWAT said that so far as the movements of sub-'Soil w..ttertabl~ was 
concerned, their dep&.rtment had undertaken the work1 and secondly, they \v:ere 
going to print in their yeat book monthly tables giving' detailed movem~nts 
of watertable; That year book would contain two maps, one giV'ing movements 
of the watertable on May 15, and the other on October 15. What he 
meant was that year book would contain complete information so.1far as 
movement of watertable was concerned and that further work by any other 
department would be more or less duplication of work. They did · not know 
anything about this Committee being -formed, otherwise they would , have 
pointed this out earlier. · ' · ' 

. 'MR. GULHATI referring to' the re~r}.ffi made_,by R.~ B. Sethi ,said that 
tho proposal had been referred to the , Board_ by the. 1\Lnistry of Agr:cu~t~~e-
and itiwould be considered by the Executive Coinmittee. ~ · .. -

~ ? - ., (' .,. , .#4, ...,. 

With regards to remarks on the sub-soil watertable he thought that this 
was mixed thinking. What they were discussing here was soil survey 'and dm:hg 
the survey one would be recording the watertable as a secondary item. So 

' there w&.s no duplication. Re had, no doubt, that the recommendation' now 
made by Ground Water Organisation regarding the manner in which this work 
would be conducted would be taken up by the Committee as soon a~ information 
w~s t\Vailqb!e. The intentigp w~s that it should b~ reviewecl from t~e tQ time 
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MR. MATHRANI wanted to know how far this was being done on a systema
tic basis. What he liked to know was what was the object of the All-Imlia. 
Committee 1 Was it only an Advisory Committee or wa,s it a Committee which 
would organise the work, i. e., organising and carrying out of tr.e soil ~urvcy 
work 1 In Sind, for exnmp1e, where there was no cultivation, they did not 
generally do any extensive soil survey. The purpose of these intensified soil 
surveys should be to get a record of soil profile for the whole· country.:" . ' 

MR. KHOSLA said that they must adopt the recommendation of the 
Sub~Committee with one or two suggestions made and keep the thing on the 
agenda. -

. DR. HooN replying said that with regard to Mr. Sethi's remarks that 
certain things had not been reported, he wanted to mention that it had been 
decided that only the main points on which they had decided regarding standard
isation were to be reco~ended. Regarding the Survey Committee, there 
existed already a Soil Survey Department in the _.\gricultural Institute; but how 
far its.present a~tivities covered the work that was required by the various 
projects,was· doubtful. It was on that basis that it was decided that this 
Committee should proceed on with the present work of standardizatior,. 
because it was felt that since the work of the projects had a very great priority, 
they could not await the_ decision of that central body. 

Replying to Mr. Govind~ Rao he said that the analysis of the sodium and 
potassium cont~nts of the flora could only be done in such c- ses where tfH1t sort, 
ofinformation could be advanhgeous but tire inc1us'on of that work &s a part 
of the routine soil ana.lys·s for SPrvey work could be very difficult. 

The fo1lowing recommendations of the Sub-Committee · were then 
adopted by the Research Committee:- , · 

STANDARDS FOR SOIL SURVEY* 

1. For purpose of soil survey use should be made of thf. India Survey Depart
ment's survey and contour maps and the village revenue maps for fixing sampling 
sites. · 
• 2. The reconnaissance soil survey must necessarily be carried before 

undertaking intensive soil surveys. 
' 

' , (A) ~CONNAISSANcE SOIL SURVEY 
(J) Intensity of soil s2mpling sites : _ 

(a) for the purpose of r6connaissance soil survey, one . soil sampling pit 
should _represent ever1 about 400 acres or at the maximum 4 sq. miles, £.e., 1/10 
of the normal grid, in areas where the land terrain is fairly even. ... 

(b) for areas where the land is uneven, it is difficult to lay down specific 
1¥nits, but the sites shoilld be so selected as to aftord a fair representation of almost 
all the major aspects at any place; 

(c) the number of sampling sites may be suitably increased if the variation 
in soil texture, pH, zones of soluble salts, calcareous strata, etc., so justify. 

' ···--
*-Framed by a. Sub- Committee comprising (I) Ra.i Bahadur R. L. Sethi ; (2) Mr. H.S. 

Ka.ha.i of Orissa; (3) Mr. Mehrotra. ofthe J. s. I.; (4) Dr. V. K. Gokhale of Bombay; 
,5) Dr. J. N. Mukerjee ofl. A. R.I.; and (6) Dr. R. C. Hoon (Convener). 
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(2) Sail sampl~ng :~lwulil preferably be ilone from pits excavated_ at ear:h 
samplinJ site for that purpJSe than by soil augers. . 

{3). Sampling Depth.-The depth to which the soil sampling may be done : 

f.}~- (a) is mainly determined by the surface geology ; i.e., the depth of soil crust 
and nature of sub-strata inf_ormation regarding which can be obtained by 'Samp ... 
ling, say, upto 30 feet or so from deeper test pits made at representative places,. 
say, one in each four sq~a miles, i.e., 1/100 of the normal main survey grid. . . 

(b) at places where the depth of the soil crust only extends to about six feets,_ 
the sampling should be done upto its full depth, with a soil auger or a boring · . . . ... \" 

machine. ,. · · 

(c) at places with comparatively deeper soil crust sampling should be dons 
to a depth of 10 to 12 feet or even upto the watertable. -

(4). Collection of soil sampleS'.-The soil sa~pling should preferably be done 
according to the various horizons along the profile exposed. However, in such 
cases, where a marked difierentiation of hcrizons in the profile is not met with, 

'the sampling can altemati~ely he done by scale. 

(5). Fielil notes~-The surveror must be given complete instruetions 
regarding the systematic collect on of field notes and relevant inforJil2,tion about. 
cropping S1Qheme, drainage, natural flora,-etc., in the area 1n general and in the 
proximity t>f the sampling site in particular. . Printed. forms bound in books of 
suitable size must be supplied to field parties, to enter a.1l field data in a systematic 
manner. With regard to natural flora, more popular local names may be 
recorded a.nd, ·if po:;sible, their botanical names ascertained later from suitable· 

' source. · · • .. 
t 6 J. Sub-soil W atertable.-It is veo necessary that as complete infoim&tion 

as possible should be recorded about the watertable, its sea~onal fluctuations and 
the quality of the sub-soil water in the area surveyed. Where the depth of the 
water level in the wells is recorded, an attempt should be made to take observa
tions as early in the day as possible to cut out variation due to- the subsequent 
working of that well. For more systematic obsPrva.tions ll in dia. G.I. pipes 
30 feet deep, one in each four square miles, will have to be fixed. 

~ . 
As far as possible, information regarding the internal drainage may also 

be collected. - .. 
(B) INTENSIVE SOIL SURVEY 

(1). The location of test pits for the purposes of intensive soil sampling will 
veo largely depend on t be local variation and the information made a.vailabl~ 
as tile result of the reconnaissance soil survey. One bore in every 25 acres may be 
a fairly good unit for the intensive soil survey. One bore in 16 to 32 acres will 
probably fit in the location of the bores on the grid &ystem better and can be 
adopted wherever possible. - · · · 
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(2). With regard to the depth~~ the test pits and methods of soU sampling. 
same conditions as 5Uggested for ~he reconnaissance soU survey may be adopted. . . 
. . (3). The laboratory examination of the samples collected during the inten

sive soil surveys, will have to be mr.:.re comprehensive and include, besides other 
analysis, the determination of organic carbon, N.P.K. especially in the topsoil 

, the contents of N a, J(, Ca and lrlg in the exchange complex, total base e%change 
capacity, etc. For more detailed infcrmation regarding the genetic clastification 
the chemical analysis of clay fraction br.s to be' done. 

(C) MISCELLANEOUS RECOW.lENDATIONS 
-

(1). In·view of the magnitude of the future .soil survey wcn:!tover the whole 
country, the Sub-Committee comidend that a cloFe collaboration between the 
Ministry of Agriculture. and th'3 Central Board of Irrigation in thiS' matter is 
very essential. It will be advantageous if the future work is put on a more 
unified basis. It will undoubtedly e :1tcil a big organisation and the training of 
a very large num'!ler of surveyors for the- future work apart from the extensive 
laboratory facilities for the examina.t'ion of soilr. , · 

(2). The Sub-Committee must continue to function to review the standards 
· in future_ on the b:u.is of experience gained b~ the surveyors engaged on this work. 

Moreover, a few more members, actually engaged on that tYJJ e of work, be added 
to the Sub-Committee, so that while 1-eviewing the standards, they may have the 
benefit of their field and laboratQIY eiperie;1ces. · 

(3 J. When. a Central Soil.Survey Organi!:ation is estal.lished, it ~y become 
possible to circulate relevant information for the benefit of other agencies in 
various ·parts of thf. country engagd on timilar wol'k. · 
~ . . 
. . DIS~U£SIC!i :BY THE BOAr~ 

THE ·SECRETARY said that two items were discussed at the- Research 
Committee meeting.- The Board last year appointed a sub-committee to 

:- define standards for soil survey to be carried out by various research stations 
and to -review these standards from time to tim~ on. the basis of the experience 
to be· gained by such work. The sub-committee submitted its recommendations 
at the Research Committee meeting. These had been adopted by the Research 
Committee ·and were on page 412 to 414:. The ~.oard might confirm the 
recommendations.- "' 

DR. R. G. Hoo~ explained the resolution which was adopted by the Board. 
___..._ __ 
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6E. MISCELLANEOUS 
"" · - · THE YEAR'S WORK .. .. .. 

The following one paper ;as discussed at the 1948 Reseaich Co~mi~tee 
Meeting :-_ , : , , ' 

(1) Routine Analysis. 

jl) ~OuTINE. ANALYSIS (1) 
- -

During 1947 altogether 62 ~ater S~J?lples, one soil sample and one sand 
sample were received for routine chemical analysis. The water samplea.. 
sent from different· rive:C. systems were analysed for their clay and silt con
tent, pH_ and salt ·content. The soil sample was submitted to ni.&hanical 
analysis and also to chemical analysis for its salt content, organic matter • 
content and pH. ·The sand samples col!ected from Mor River bed was ana-

· lysed for its moisture content, specific gravity, absorption, material passing 
·No~ 200 screen, distribution of particles of different sizes, and Fineness · 
Modulus in order to find its suitability for making concrete struc~res. 

~ 

DISCUSSION BY THE RESEARCH COMMITTEE - ' 
DR. BosE introduced item (1) 

There was no discllSsion. 

DISCUSSION':. BY THE BOARD.· . .. .... . 
~ - .. 

THE SECRE'fARY said that one item was contributed· at the Research 
Committee meeting. There was no discussion: 

( 1) River Rese.1.rch Institute, West Bengal, Ar\nual Report, 1947, Page 166 

415-416 
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I F. Study of Individual Projects· 
PRELIMINARY NOTE 

' 
' ' ' 

The following :projects were discussed at- the 1947 Board meet~ng :-.. 
< 

(1) " Two crore scheme for dealing wi~ minor irrigation worb in the 
Mysore State" by Shri M. Narasmmaiya, Chief Engineer, Mysor~ .. 

'.J • 

(2) "The project .for constructing a dam at Gangapur· near 'Nasik, 
Bombay-feasibility · of , constructing · the· ·dam· irl earth ~, by 
Shri N. P. Gurjar, I.S.E., Chief Engineer~ Bombay: . . · ·· I 

"' • ~ r ..... ~, ..... ,. 'of 

(3) " The Meshwa Canal Project, Bombay-Design of the weir .and 
head regU.Iator on pervious foundations", by. Shfi N. ·P. Glirjar, 
I.S.E., Chief Engineer, Bombay. . • 

-
' • I • 

(4) "Nangal Hydel Project "by Shri S. A •. Gadkary, I.S.E., -Chie 
Engineer, Electricity Branch, East Punjab. \ \'• 

. . 
Shri Gurjar was requested· by the Board to~ fo~ward in gockr time,· 'ror next 

meeting of the Board, a note on subjects (2)' and {3) with piB.ris etc., and ·after 
making !3uch · modifications as he niight consider neces~ry a~ a re~ult oi. the 
informal discussion lield 'on the· su~ject. · 

--___,.. 
THE YEAR'S WdRK 

The following items were presented to the 1948 Research Committee 
Meeting:- .. .. 

_ (1) The Sakri River Project (Bihar). 

(2) Indus. water to Kutch State : A no~e on the vossibilities of bringing-
~. ~ ' " ( " '~) ) ' ,-~ 

. (3) The Don river ~rigatio~ project in tlie Bijap~ District. · · ~ 
- . . .... 

The following items were presented for discussion at the. i948 Annual 
Me~ting of the Bo~rd. · · · 

( 4) " Hydro·electric development-the Mahanadi Hirakud :site " by 
S.A. GadkarJ. 

(5) " Piprai Dam " by B. P. Saxena> -. 
\ 

(6) " Yamuna Hydro-electric Scheme" by A. C~ MITRA. 
' 419 



420 TliE CENTRAL BOARD OF IRRIGATION ANNUA{t REPORT" 19.48 -
" 

(1) THE_ SAKRI RIVER PROJECT (BIHAR) e) ... 
INTRODUCTION 

. 
The project proVides for an inundation canal taking off·fro.m the Sakri 

River in Bihar. The principal function o~ this canal is to fill tanks etc. so as 

to. enable the irrigators to lift water at their convenience . . 
The project is suggested to be developed in three stages as under :-

' 

.1st Stage :-

• The Canal ... is to draw up to a maximum of 1,000 cusecs and must depend 
for sand exclusion mainly on ~he proper positioning and alignment of the head 
r~gulator . 
.. 

: 2nd Stage :-

, Should th.e sand exclusion by natural curvature be found inadequate 
after three to four years~ a sand ejector is to be constructed. - . 

3rd Stage:-

The Cap.~l Section and Head Regulator are to be remodelled for increased 
detp.and of water up to maximum of 2,000 cusecs. 

The case was referred to the Station for general advice regarding the design 
of a sand-excluding Head Regulator, of the canal and allied works in the pro
ject. 

As the project is to be develop•ed in thre~ s~ages, the design has..,been dealt 
with, accordingly, in three parts. 

PART I -• 
Project design for conditions in Stage 1: 

REQUIREMENTS 

The ~oss requirements _including losses worked out to 9,650 cusecs days. 

BEAD REGULATOR 
" . ' 

( i} Positioning of He'iul Regulator : 
' 

The first requirement governing the choi~e of site ~or the Head Regulator 
is sufficiently developed favourable natural curvature. m the parent chann~l. 
Experience and experiments made at the Poona Station have shown that,. m 
alluvial rivers, reliable and effective silt--or, more correctly, sand-exclusiOn 
c~m be obtained by c9rrectly :fTo~itioning the off-take of a c&,nal_ towards the 

· ( 1) Central Waterways Irrigation and Navigation Resear~h Statio~ Poona., Annual Report 
1eohnical 1947, pages 199-202. • ·- • 
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Proposed site or san 
ejector: the canal should 
also be suffictentlyretlred 

'" this reach 

Figure I F.l :- Index plan showmg proposed canal head regulator and site 

for sand ejector in the Sakr1 River project 
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Figure I F.2:- Showing datum wall and proposed head regulator for Sakrl 

project canal 
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lower end of; suitably concave bank so as only to draw of£ the relat~ely sand 
free, surface water, the bottom bed water being deflected into the river. This 
is Nature's way of exclusion and experiments with the Sarda Barrage( 2 ) and 
the Son Anicut(3) have shown thlsopen-type ex~luder to be efficient even with 
relatively coarse material. A site was suggested which appeared suitable for 

' ' 

natural exclusion in this ~n.anner, see Figure IF .. I. 
. 

. The selection of the site was also guided by other considerations such 
as stability of the river reach in the vicinity, availability of hard and reliable 
stratp. at the proper level for foundations, adaqu1.t~ command of the area 
proposed to be flow irrigated, etc. 

(ii) Alignment of the .Head Regulator : 

It was suggested that the Regulator should· be located on the .curved 
right bank facing fairly square to the cur~ent am~ the canal made to tak:e of£ 
tangentially to the river curve-. as shown in,Figure 1 F.2. 

t " : 

This would result in the optimum sand exclusion possible under the 
existing conditions ; and incidentally help in obtaining a, high velocity of 
approach-practically equal tQ, the river velocity-· which ~1i ~.qable ~me 
hortening of the regulator wid~Ii. ·: :. · 

(iii) Olear waterway of the Head Regulatot: 

The only hydrograph available was for the year 1946. After detailed 
study and analysis of this hydrograph, 'the sill of the Head Regulator was 
proposEtd to be at R. L. 263·00, i.e. six inche.<{above the river bed. The clear· 
lineal waterway required to pass the necessary discharges, at all stages, will be-· 
proportionate to the river discharge, as desired. 

(iv) Details of the Head Regulator : . , 

It was suggested· that, the Head ~egulator should consist of 10 spans, 
with piers 2 · 5 feet wi4e provided with semicircular cut-and ease-waters. The 
width between abutments will then be 122 · 5 feet, i.e. equ~l to the wid.th of the 
canal, designed for a high bed width/depth ratio. 

( 3) Indian Waterways Experiment Station, Poona, 'Annual Report,_ Technical. 1941-42. 
page 19. . . 

' . . 
(

3
) Indian Waterways Experiment Station, P~ona, Annual Report, Technical, 1941-t2, 

page 20. · . .. 
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• . 

In order to enable the canal to -tap only the surface, sand-free water 
at l~w and mediu.m rivet stages, a set of sliding gates was suggested by the 
Station. The design of the regulator gates proposed is shown in Figure 1 F.3. 

I ~ 

s' R.L • 
. 26.5'.00 

ft.l. 
264.50 

' 
G.ar and lever C.l.l 
arnn&ement for 

~?:~ :.~ operatln• &ates 
~··· . 
! /.~·=~ r 

f)'!)._:.~ .... ,.: ··•.,t\r!t'!:.!.:i ,• ........ •·' • • • "' .~ .... .,., .... ,... .• ·.-- ....... ·.·;w 
· ...... ~ _:_:,.,.- __ _. ·- 3rca:t wd( 

• 01"'.,. ..... w..-;y~ .... -:. .• .. ,a,.~ ',,·, •. •.c.-·.~ .;·.·-=· .. "--·.···· .. 
: ·~·!.·~ .,.•.:·· ... •• .: •• • ·:: ,· ... ·-~. ~-. '- ........... -9 ·--.·· ·-·~~ ·· .... ~ .... ~"· .... • 

Ctnal side 1 n 
lack ~ate 2-9 hi:~ 

--------~o;j;, ___ c; ____ s_it .. r_ae_·,a_l..,}_~ .... ~-..... ·c_o,,_, 

River bed 262.$0 ~ ' 

~ 

- ( i) Capacity _: • 

l?igure IF.3 

CANAL :DESIGN 

' The design was- made for 1,000 cusecs capacity with scope for increase, 
and for transporting lower discharges without undue risk of silting. 

' - -

(ii) Oonditi~s guiding the canal· design: 

. The Full Supply Level of the canal, in this case, will mainly depend on the 
river water level available for passing 1,000 cusecs' through the Head Regulator; 
and has. to be. as low as possible with non-&ilting slope so that it will run in, 
low· cutting avoiding heavy losses, _ · ' · 
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The.-% ~atio of the river.= 186,._indicatiz!g a heavy· b_M charge in ~he 
river. A wider, shallower and steeper canal. than according· 'to the Lacey's 

' " .. .... > ... 

dimensions was, therefore, su~gested. · A wide initial section was also desir-. - } 

able to allow the deepening of th_e canal for passing increased_discqarges, in-

future, rather than widening it as the _latter woUld be more expensive entailing 

alterations to cross-drainage works, crossings, etc. The steeper slope pr~-·
vided would avoid the necessity of subsequent raising of the.banks fo~owing: 

sanding due to deficient slope. 

' - ~ 

. The canal was designed- for ! : 1-side. slopes~ but was recomme11:ded to 

be-.constructed to :flatter side slope~ so'as. to.~llow sufficient ~apacity even after 

berming of i·: 1 slope • 

. (iii) Canal section and slope adopted : 

Various alternative designs_,· with different slopes and with a width ~qual 
to or wider than the width between abutment of the Head Regulator, were_ 

""" - "~''" " II'J ~ ' ,... -WI ~ c ..,... / ~.,.. l 

preparrd according t2 Lacey and -~~n~~dy forxnulae. 
' .. 

Conditions guiding the desing-.mentioned above suggested the choice of 
' v - - f "' .. • ~ 

the following design :- ' 

Bed width 

Slope 

' 
Surface Slope_ 

Depth for 1,000 cusecs· ' 

Velocity for 1,000 cusecs 

= 120 feet. 
,. 

-
· 0·0004: i.e. 1 iD. 2,500. . 

,, '- ' 

. _.::; 1/2 : 1-(to b~ constructed at I : 1) 
' - "l ' . ' 

= 3·22 ·f~et 
' ., 

.:__. 2:61 feet per. sec. .. ' 

Full Supply le-;el for 1,000 cusecs =.R. L. 262·03 •. 
' 

(iv) Oq,nal alignmen:t: 
'· 

The canal alignment propos~d by the local ?r~ject EnginEfer approached 
dangerously close to the river at the point, ma!'~ed (A) in Figure-1~F:1~ The 
rivC'r in ~his reach ~is :flowing along a sparp ben~, and the possibility Qf an 
inroad into the canal must not be ove!looked. It wa~, therefore, suggested 
that the canal should, from the start, lie·sufficiently retir~d in thi~ · reach. to 
avoid the necessity of ~ su.bseq,uent dive!sjo~. ~ ~ 
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. PUOOA. DATUM 

A " pucca ,datnm " acro3s the river designed to maintain its bed at the 
same level a~ the Regulator sill was proposed by the Project Engineer. 

· In order to protect the Datum wall from scour and ~ubsequent under• 
cutting, loo3e sto!le pitching-as in Figure IF. 4-was suggested. This will 
alsc;» prevent any retrogression of levels downstream of the datum aff~rting the • 

~bed. levels upstream. , 

C.B.I. 
Top of datum wall R.l.263·00 

. -
thick stone or 

cement block pitch in', 

' 

River bed on 

upstream 1ide • 

-.vv bed. on 4ownttrHM aide 

Figure IF. 4 
, TRAINING WORKS 

" To. lioid the riv"'er between its presei:tt high l;>~nks, to provide a smooth 
approach and to• stabilise the existing favourable concave curvat:'re along the 
right bank for a suitable offtake, it was recollllD.ended that the right bank 
should be pitched and sufficient apron be provided against the probable scour. 

PART II 
Project design for conditions in Stage 2 . 

There IS scope in the proposed design for the subsequent addition, in 
the future, of an ejector near point A in Figure 1 F. 1 if at all found neces~ry. 

PART III 
Prl>ject design for conditions in Stage '3 

In future, th~ requireiQ.ents are expected to increase to double the present 
requirements. 

The modifications then required will be as follows :-
(1) The Head Regulai;or will have to be sufficiently widened, or 

:fl.umed and widened, to double the discharging capacity. 
(2). The canal will have to be remodelled andfor lined, the choice being 

_ governed by the considerations of economy and efficiency. 
The design suggest~d, wh,ile meeting the present requirements, allows 

full scope for such a:lterations and: modifications as are likely to be neces .. 
sary. 
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(2) INDUS WATER TO CUTCH STATE-A NOTE ON. TBEROSSIBILITY 
OF BRINGING(') . 

ABSTRACT 

A note by Brigadier Hawes on" the possibilites of bringing Indus water (p 
Cutch State " is discussed. · · · · 

Brigadier Hawes' Proposals.-Brigadier Hawes first considered the feasi
bility of bringing the Indus water to Cutch via the Nara canal ex the Sukkur 
Barrage ·and the Ptiran Dhoro but condemned it on the grounds of prohi
bitive cost. 

The ~uggestions sponsored by him was to take off a separate Feeder from 
the proposed Lower Sind Barrage, (then contemplated to be construc~ed near 
Hajipur) about 75 miles from the nearest point in Cutch Territory, alternatively 
for taking water to (a) Village Luna to irrigate lands near Banni or (b) the 
border of the Rann at mile 75 to commence irrigation for· the lands thereabout, 
Figure I F. 5. He, however, himself considered the proposal (a) to be a rather_ 
hopeless task as the Feeder from Cutch boundary to village Luna would have 
to run in very heavy banking and thus be expensive and constantly liable to 
serious breaches. He favoured the latter proposal (b) as it would enable drop
ping the FuJl Supply Level from R. L. 29·80 toR. L. 16·0 through falls at 
two places resulting in the reduction of. the c<f) of the scheme .... t .... . ~ .. . 

The costs of these two alternative ·schemes as worked out by him were 
Rs. 1,64,20,000 and Rs .. 70,70,000 respectively. -

Brigadier Hawes' note was written in July 1943, when the Lower Sind 
Barrage was proposed to be sited at Hajipur, about 75 miles from the nearest 
poin\ in Cutch Territory. It has since been :finally decided to locate the Bar
rage near Kotri, some 23 miles further upstream on the river. This will make 
the nearest point in Cutch about 100 miles away" from the Barrage in a pro-
posal similar to that of Brigadier Hawes. , ,. 

· The costs worked out by Brigadier Hawes were based on very rough 
figures, without surveys, quantities or proper e_stimates. Actually the figures 
used by Brigadier Hawes are about only one-third the present estimates. 

The estimates would also be out as due allowance would have to be 
made for 33 per cent. additional length of the Feeder from Kotri. 

Brigadier Hawes' proposals are, moreover, impracticable with a barrag6 
at Kotri ; because it would not be possible to give the required Fuil Supply• 
Level at Luna in Cutch with a separate FeedeL · 

(') Central Waterways, Irrigation and Navigation Research Station, Poona; Ann~l ·Repott 
Technical, 1947,. pages 219-220. 
M21CBl 
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Such an idle Feeder running in very heavy bank (as already. anti
cipated by Brigadier Hawes himself) would be very expensive, liable to breach, 
difficult and costly to maintain. The transit losses would be heavier than 
expected by Brigadier Hawes, leading to waste of very valuable water and the 
r~sk of possible water-logging. Lining of this FeedEr running in heavy bank 
(20 to 30 feet above ground) has been considered impracticable by Brigadier 
Hawes, it. would certainly be a costly and hazardous undertaking. -'Vithout 
lining, however, there would be considerable risk of water-logging of the Sind 
areas· through which the Feeder would pas3, resulting in complications, dis
putes and claims for compensation by Sind, which must all be taken intq account 
in any reasonable financial forecast. Sind would, moreoyer, strongly opposA 
any _such scheme at any price. ' 

The meagre balance river supplies av.1.ilable (except in July and August) 
particularly the essential supplies in early and late Kharif months required 
for sowing and maturing, have bee-n already fully appropriat£d for the new 
Sind and Punjab Canals. The burdE-n of Ehortages would, thrn'fore, _fall on 
the new-comers, particularly as Cutch would find it hard to establishe herself as 
a" repaarian "state with a valid claim on the waters of the river. These short ' 
ages would be very heavy in five years out of ten, sepecially in May and June, 
and, on a conservative estimate Sind should count on 20 percent remissions 
on an average, on account of shortages of supply, ~xcessive losse3, breaches 
eic., This makes the poor financial aspecta of Brigadier Hawes' e:cheme a most 
glQomy.. 0 .. -

-It is also doubtful whether Sind and· Punjab would agree to participation, 
by Cutch except legal agreement that the-ir canals would ha"'e complete prio
rity in all circumstances, i.e. the ~tch Feeder would only get supplies wh€n 
and if river supplies would oe in excess of the full requirements of Sind and 
Punjab and that Sind and Plmjab would not be cn.lled upon to share supplies 

_with Cutch at such times. Under ~uch conditions participation would be of 
little value to Cutch. ' 

Alternative proposals.-~ The only scheme worthy of consideration would be 
a separate branch for Cutch upto Lun:1 from the tail of the FuleJi Canal System, 
preferably with the main lined Fuleli lin€d up __ to its tail. 

Even with the unlined Fuleli Canal, in addition to lower :first cost and a 
superior :financial forecast, there would be the following advantages:-

(a) Brigadier .H~w~s' ~ro:posal of a direct Cutch Fe~der from t~e ~arra~e 
would not give flow IIr1gat10n when the Barrage would be at Kotn while this 
proposal will. 

(b) Thi3 proposal would not entail transit lossE'S otherwise necessary in a 
bJghly banked separate Feeder •. 

(c) The ·duplication , cf canals, cross drainage works, cross regula tot::~, 
bridges, protective works·, service roads w~mld be avoided. _ 

(J) It would avoid t~e undesirable necessity of truncating the com.Ip.and 
of the Sind channels and./or providing siphons. 
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The cost of this proposal of a branch from the tail of the un1ined Fuleli 
Canal has worked out to rupees 1· 5 crores. 

As the first proposal would requfre raising of the water level in the Fulelj 
by two feet (which would be opposed by Sind), though more expensive the 
alternative proposal of a -lined Fuleli Canal was considreed more attractive. 
The merits calimed for it were as under :-

(a) The proposal would b~nefi.t, Sind as their lands would not be damaged 
by water logging, while Cutch would not be required to pay heavy compensa· 

· tion which might otherwise be claimed by ~ind. 
. . 

(b) Transit losses anq Pocket withdrawals from the Kotri Barrage 
would be reduced by 1,000 cusecs as a result of the lined Feeder and thus sa:ad· 
exclusion difficulties would not be enhanced. 

(c) It would enable flattening of gradients to the full extent necessary 
to give the Cutch lands the water Jevels required by them. 

• I 

(d) This would be the only method by which it wou]d be pos~ible to g~ve 
suppHes saved by lining to Cutch during ~he crucial months when river supplies 
are essential but would otherwise be short of Sind requirements. - 1 

, The total cot of this alternative peroposal has worked out to rupees _4·5 
crores. 

It would, in any case, be an undertaking financially very· difficult for 
Cutch ; but if the unassessable, indirect returns of giving irrigation supplies tc 
Cutch would be of sufficient value to an otherwise arid and parched area, it 
would be a project worthy of Cutch's consideration. , · 

•' 

(3) THE DON RIVE_R IRRtGA'liON PROJECT IN THE BIJ'APUR DIS';miC'I{5) 

INTRODUCTION 
I ' , 

The Bijapur District is ·a tract of- deficient rainfall, regularly visited by 
scarcity and often by severe famines. There are hardly any irrigation works 
worthy of name in this District. Government has been anxiou~ since long to 
gi'Ve this distri9t the benefit of irrigation wherever possible. The Don River~ 
Irrigation Scheme,has been talked of for over last fifty·years. Jt appears that 
the scheme was investigated a couple of times and was abandoned without 
recording proper reasons for taking such a decision. The question re
garding_ the feasibility of the Scheme was raked up again a few years ago and 
the proJect has also been included in the Post-War Recc·nstruction Plan. 

(
1

) Poons Irrigation and Research Djvision, Public. Works Department Bo:m:bay, Poona, 
Annual Report, .1947, pages 70-75. -
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PROJECT 

The Don river rises in the Bijapur District 40 nJies west of the city of 
Bijapur, flows eastwards to a distance of about 30 miles east of Bijapur 
and then takes a tum and flows in the south east direction to meet the river 
Krishna in the Ryderabad State, the catchment of the river lying wholly 
in the Bijapur District. The dam of this river for impounding the shortage is 
proposed at a site about 12 miles east-south-east of the city of Bijapur. A 
left bank canal takes off this storage for irrigating about 12,000 acres of land 
in the Sindgi Taluka and lying wholly in the Bhima valley. The lands in the 
Don valley are excluded as they are saline, clayey and very sticky and are 
npt fit for irrigation. Figure 1 F. 6 shows the·Iay-out of the project. The 
catchment above the dam which is expected to impound a gross storage of 
about 1,650 million square feet is 460 square miles. The net storage that 
will be available for irrigation after allowing for the dead storage and evapora
tion and percolation losses is about 940 !flillion cubic feet. The water-spread 
at the.fullsupply level is 5·7 square iniles. The dam will be 8,000 feet long 
and its maximum height in the gorged portion will be 55 feet. The length of 
t~e main canal is ·16 miles and that of the minors 14 miles. The entire storage 
is exj>ected to be used for irrigating Rabi seasonal crops only. 

RAINFALL AND RUNOFF 

There is not a single rain gauge station established in the catchment of 

the Don river. The nearest rain gauge stations are at Bijapur and Athni 

and the ave!age annual rainfall calculated over a period of 40 years re~rded 

at these stations is about 20 inches only, Table 1 F. I. The rainfall in the Don 

catchment must be also of the same order and cannot be exped;ed to be- any 

higher. Figure 1 F. 7 giv~s a graph showing the distribution of rainfall in ~he 

normal years. The rainfall in June, July, October and November is about 

the same, viz., 2 · 7 inches. The month of August is marked by absence of 

rain. September receives the most rain viz., 6 inches and is responsible for 

causing floods in the Don river. The annual run off iDa normal year in this . 
catchment is expected to be of the order of eight per cent. as has been f~und 

in other similar catchments in the district. The Don river is in spate two to 

three times in July about six times in September and a couple of times in 

November in a normal year. The average flood discharge is of the order of 

l,OOO to 2,000 cusecs and the :flood lasts from 24 to 48 hours. In the non

flood periods during the months from June to November the discharge in the 
river is about five clisecs only. 
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STUDY OF n.:PIVIDUAI,. ~RQ,J~CTS 

. TABLE IF. I 

wing tbe rainfall f'egi3tered at )Jijapur, Sindgi, Bagewadi, Athni for Don 
· , Irrigation Scheme. 

-·-
• 

Year Bijapur Bindgi # Bagewadi Athnl 
. . , " . 

' . (Inches) (:Inohes) (lncbes) . (lncllea) 

. 
9 17 . . •• . • . No• available Not available . .Not avaJla,ble 18•.3,, 

/ . 
• ' 918 .. •• ... " ., . 

U,•88 1 
, 

·~ , 

' - . . 
919 . 

30•M, •• ... •o; •• . . . ... l , 
& . . 

1 920 .. .,. 
·~ . 12•24. 

, 
' 13•72 JA·06 . . 13~,1; 

\ 
~ -· .. 921 ' 17•56 27•21• 20·98 2l•~i •• •• ., . . . , I 

1 
. I 

~~. 
' ' 

922 •• •22•11 . 13·57 12·26 16,•4:'1• •• • • '. 
1 

' ! 

923 ' ·11·09 '14,•36 '13·74. . 12>·8~ •• •• •• -
1 

'. . 
1 924 •• •• - • • ltS•16 22·7~. 16·98 ' 19.·~8 

•' ' 
925 'J 19·94 ... . . . .. • • 19·65, 16·87 1'·~ l 

- - ' 926 14·80 . ~ 17·0(\ 12·82 12·9· .. .. .. . 
'' 

1 ... 
1 927 •• .. •• 19•97 27·4Q 24:·04. 20•29 

~-
I .. , .... ~,., 

928 29·39 25·8~ . 
, 

•• . . .. .35·29 . . 20•17 I 
... • -

1 929 . . ' .. •• 26•18 13·65 ' l8·27 S2·M 

' : .-930 . . • • . . 19•76 21·4\ . 24·62 21•87 1 

' 
• 931 .. •• . . 25•2() 16·47 19•56 22•2;J 1 

' ~ , 

932 . 
I .. . . . . 27•86 28·61 30·77 31·1J 

I . • 

1 

. . 
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TABLE IF.I-contd. 

Showing_ll"~ rainfall registered at !Jijapur, Sindgi, Bagewadi, Athnifor Don 
, I rr~gation Sc h('me. 

. - - . 
-- ' 

Year Bijapur Sindgi Bagewadi Athni • • 

--- - . . (Inches} .. (Inches) - (Inches) (Inches} ' 
-

1933 29•10 33·94 . 40•77 32•94 .. •• . . 
1934 .. or .. 20•35 20·51 9·20 • 13•71 - - . -

1935 .. .. . . 24·02 Not available Not availabla Not available . 
-

193b ... •• .. 10•47 
-

u !>!> 19•66 
• " 

1937 .. - .. 12•51 .. JU 11•99 

''1938 
~ .... 

31·68 ' 29•40 25•69 32•80 .. .. . . 
..,_ 

1939 ··- .. .. 22•47 
/ 

18·82 24•44 26•91 

1940 .. .. . . 18•09 16·16 17•98 
. 

22·23 

- ' . -
. ~941 .. •• . . 17•50 U·68 14·99 24•99 

-

. 
1942 . . .. . . 17•22 15·70 17·28 17·29 

' t ' 
1943 .. . . .. . . 31·73 . 30·27 26•96 24·00 .. 

I .. . 

1944 .. .. . . 18·94 20·34 '20·89 19·95 -' 
- :,.-· 

.. 1945 .. .. .. 13•05 18·63 17·35 12·93 
I 

1946 . . .. ~ .. . 21•34 23·40 25·74 23·05 
-' 

'-" . .. 
·1947 . . .. ... 19•25 27·27 26·.02 26·77 

. • -
Total .. - 5~·70 530·14 527·82 626·87 

- --
Average - 20•48 21·20 21·11 20•87 .. .. I. I 
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QUALITY OF THE DON R1VEJt WATER FOR IRRIGATION 
' 

The river water is exce~ively saline during the major portion of the 
year. Figure IF. 8 gi~es a graph s~owing the amount of salt in the water 
during t~e year._ The graph is plott~d from the data collected during 1943, 
1945 and 1947. The.average quantity of salt during the rainy period from 
June to November is about 100 parts per 100,000 in t~e flood water. In 
non-flood water during the period the salinity is still higher. The salts in~ -
_crease five to ten times after November. ~ven during monsoon, it will be
seen that the quantity of water as regards its suitability for irrigation borders 
on the danger limit. · The water during fair season iS definitely injurious· 
for irrigation. Table 1 F.II shows the average composition of flood and non
flood waters collected during the rainy season of 1944. 

, 

TABLE IF.II 
" Average Composition. 

-
' 

Average composition Flood water Non-flood water . 
-

" --- -

Total salts per 100,000 parts .. .. 83•5 . 317·20 
-..- ' 

Containing principally-
' 

Oa001 
-

' •• .. . . • • ' US·20 18·34 .. I 

' 

Mg001 .. •• .. - •• 1·69 23·60 -

OaSO• .. .. .. .. 3•27 10•37 

JlgSO• 8•84 - ' . ,3•03 . . . . • • .. . --
"NaOZ_~ 

. 
29•10 111•1 '7"'1 -.. .. .. •• . 

. -
Na,so. .. .. - .. .. 18·78 103•63 -,_ 

- . --
Na100, 2·12 ' . -· ... .. . . ' .. .. • . 

-

-

Excess of sodium salts, and magnesium sulphate exceeding calciu~ sul
phate, make the water unsuitable for irrigation, 

~ 
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If the flood water is impounded with the idea of using it for rabi irriga-
tion, all the flood water itself may be just suitable for irrigation of rabi crops, 
the addition to it of highly saline non-flood discharge and to some extent evapo~ 
ration in the tailk, area, however, calculated to raise the salinity of the storag" to 
about 140 parts per 100,000 rendering the_storage unsuitable for irrigation. 

SALINITY SURVEY OF THE CATCHMENT 

The catchment of the Don river lies in the zone of" deficient rainfall and 
high temperature. Besides, it ih much flatter than a Ghat catchment . 
. Under these conditions the trap decomposes and gives rise to saline salts which 
are not leached away owing to inadequate rainfall. Hence the soils in this 
area are calcarious and saline. It is the alternating light shower~ of rainfall 

_ followed occasionally by a tonential .down pour which brings salts into the 
Don waters. The light .showers instead of leaching the salts away- bring them 
to the surface by evaporation and they are washed away in the river by occa
sionally heavy rains .. The river discharge picks up more salt and gets saline 
as it approaches the weir site. The sample collected form the river in its 
different reaches above the weir eite gave the risults given in Table IF.III. 

Place 

Bannur 

Honwad 

. 
Sarwad .. 

. Bij&p~ Hubll Road •• 

c • 

TABLE IF.III 

- I 

Distance 
above 
storage 

Bite in Miles 

39 

62 

19 

. 10 

Total salts parts per 100,000 

-
317 

; 

560 

940 

1947-48 

·330 

436 

v 
1055 

Thl&.shows that practically most of th~ catchment i~ saline and not any 
particular sub-catchment or sub-catchments thereof: This goes to prove t~at 
the detailed salinity survey as suggested by the Agncultural. Department With 
a view: to locating the weir suitably so as to exclude highlf saline sub-c~tchmen1 
or sub-catchments, is not necees ·:ry. Further the locat10n of the weii on the 
river is fixed within reasonable limits and it is not possible to achieve the in
tention with which the salinity survey was 1.mggested by the agricultural De
vartmen •• 
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Analys.i8 of (a) the. surface water-during- flood periods, (b)the spring-water 
during non-flood periods and ·(c) the sub-soil water: in the catchment gave the-. 
results given in Table I F.IV. 

TABLE 1 F.IV 

i . Flo ad QZ Non...Jtoodi ·su~..adiJ water 
· Composition rain wa.ter ot sprlllg- (well. inS. No. 

/ I 
I water 249 Honwad) , - . 

' 
Total1alta, Parts per lOO,OOO 88. 284. i 150 . . •• 

Oonbining principally- . ( 

~ . 
Oa001 . . . . . . .. 19·28 20·60 18•M 

Mgoo. . . . . .. . . 1·93 23·60 0·70 
. . . 

MgSO, ... .. . . . . 11·14 26·74. . "'' 
\ 

No.CZ . . . . . . ' .. 28·83 113·19 20·14 

NtJa801 .. . . ' . . . . 15·33 109•10 81S•32 - ~ -

Na100, • • • • . . . . . . . . .. 13·21S 

No.HOO, . . .. .. . . . . . . 13·01f 

It will be seen that surface water· eontains more NaCl', spring water 
contains equal quantities, of NaOl and Na2SO, and sub-soil w~ter contains 
No2SO, in predominance as well .as alkali carbonates.. All thefe results/tend 
to show the saline nature of the catchment. · 

SUITABILITY OF THE SOILS TO BE IRRIGATED 

The area proposed for irrigation Jies in the Sindgi Taluka in the Bhima, 
valley and comprises of seven villages of-Hippargi, Mannur, Ibrahimpur, 
KokatnoCir, Bammanjogi, Kannoli and Budhihal. The average area of crops 
;rown on rains in these villages during the last five years (1942 to 1946) was . ~ 

2,04lS acres Kharif (Mainly Bajri), 

8,257 acres Rabi (Jawar), 

297 acres eight-months crops~ 

There was no perennial irrigation as the. supply ,of sub-soil water from\ the 
wells fail in hot weather. 

The soils proposed for irrigation co~ist of ~

( ~) Coarse soil on ridge _slopes, 
(b) Retentive medium black soils, on upper slopes) · 
(e) Impervious' Karal' soils on lower Vf).lley sides, 
(d) Deep soils in the valley. 
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The black soiis, although of moderate depth (four feet to five feet) on 

well drained murum, contain a large .amount of soluble salt as a result of 
J?e&gte rain fall and deficient leaching. The soils contain soluble salts of 
&Odium. and have themselves actually become sodiumised in certain are~s. 
~hey contain abQut 50 per cent. of clay and 0 · 3 to 0· 5 per cent: of salts and are 

. highly retentive, impervious and heavy. Such soils are -called ' Karal ' soils. 
Th£>y do not yield crops properly if rainfall is above or below the optimum. 
Results of analysis of a typical profile in an open pit in a field of ' Karal ' in 
the Kannoli village are given jnlTable!IF.V. 

TABLE IF.V. 
- .... ~ .. -

I G) 

.... ~ Exchangeable bases mill· ·~ ~ 
Depth In In-

Solub- equivalent % 
g~. Desorfption lesa.Its pH 

obes 
6 

Oa Mg Na+K Total ~~s % .., 
- 0 - --- - - --

,~, 

' 
'()-4 . 

Loose black son 0·14 7•65 40 4•0 3·2 47•2 12·3 .. .. 
-

'-U .. Stiff son with wide cracks 0·85 9•98 30 10•8 ' 7·6 48•4 2·~ . . 
-· 

!'-4:0 .. Compact layer with pris- 1~125 8·8 22 13-•8. 9•6 45•4 Nil 
moidal structure. 

0---48 .. Lime hznkor, in cavities 0·65 9•8 .. -. . Not estimated 
--

48 . . Murum ... ~ .. .. . . . ,. 
' 

.. . , . ... 
' . 

--
- ; 

The results- given in Table I F.V show how the profile gets impervious 
below four inches owing to a high percentage of Na + K. 

• < 

· · Analysis of well waters in the area to be irrigated shows that the sub-soil 
water on the ridge line is sweet and fit for irrigations, but that in the valley 
contains increasing amount of salts making it unsuitable for irrigation. Sub
soil water·from wells in Hippargi, Mannur and K;katnoor which are situated 
t>n the ridge show the salinity of60, 38, and 50 parts respectively per 100,000 
parts. )V ell w!lters of lbrahimpur, Bammanjogi, Kannoli and Budhihal situa-

-ted in the valley showed a salinity of 122, 138, 114: and 160 parts respectively. 
This indicates that the rain water absorbed in the clevated-murumy and course 
s<>il in the upper lands, has travelled through the· sub-~oil towards _the valley 
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~~d got contaminated with salts. The composition of well waters CQll~ted 
from Hippargi (on ridge) and Kannoli (in_ valley) is given in _Table 1 F. VI. 

- TABLE 1 F.VI 
-------~--------::-·-. -~-------·· -------·--

Composition 

Total salts, Parts per'loo,oo~ •• 

Containing principally-
caco. 

Mgco. 

NaHC01 

Na,.SO, 

NaCZ 

Na1001 · 

CaBO, 

MgSO, 

Mg0l1 , ... 
.. 

. . . . 
•• 

' ~! f .. 

' 
Hippargi (Ridge) K~nnoli _(valley) 

13·75 20·75 

5·67 

11·55 

.. 16·24 

5·9 8·76 • . 

2·65. 

'·7.5 

19·06 25·7 j 

• '• 
2•31 

These waters are totally unsuitable for irrigation as they contain MgSO, 
in excess, and if used W'?uld spoil the land by making it impervious and saline· 

. CONCLUSION - . 

. It has been long pronounced by ~a~y that persen.nlal~irrigation is ou~ of 
question in this project. Many have expressed hopes that rabi irrigation may 
be possible and may bring some reli~f to the fan;Une s~ricken agriculturistsw 
'Ihe tillers of the soil of the area concerned have always looked askance at 
this scheme and have often expressed doubts whether the application of. saline 
water of the River don to their lands would'make the soils saline or not.1 The 
Executive Engineer's (Mr. J. ~· Naegamavala) opinion on recommendations
about the suitability of this scheme: is a definite " NO ". This scheme accord
ing to him is third rate, full of risk and'of doubtful beneficience and should be 
abandoned. Besides, the scheme is ; very costJy';one. The storage . is so 
situated that it will soon get ~ilted up.!The.waste weir is likely to be expensive. 
The scheme was estimated to cost Rs. 34,00,000 'before the last war, and was 
expected to yield only one per cent. gross revenue ; that means it could not even· 
repay the interest charges. Due to· inflation, the same scheme may cost nearly: 
a crore of rupees now. The cost of maintenance and management will also be 
fairly high. The water rates have, however, not increased in the same pro
portion and the scheme may barelyiyield any revenue at· all, not even a part 
of the interest charges. Instead of sinking a good crore of rupeeq in this 

-scheme, it will be wiser to have lift irrigation fchemes_at s~ta\>le places on the 
banks of the other four perennial and sweet water rivers with which the' Bijapur. 
Djstrict is bl£ssed. They will be mere reHable and we shall kno,w where we 
stand instead of hitting in the dark on the Don Scheme wh~ch h2.s to deal 
with saline waters and which has an uncertain catchment in a scarcity tract. 

' . ' 



436 THE CENTRAL BOARD O:B' IRRIGATION .A.NNtrAL REPORT 1948 . ' 

(4) HYDRO-ELECTRIC POWER DEVELOPMENT-THE MAHANADI 
BIRAKUD srrE 

by 
. -

~·A. GAD~Y, B.E., M.I.E.E." (London), C.P.E. (Tech.), Ml.E • . 
Member (Hydro-Electric), Oentral W aterp~er, Irrigation and N avigati011 

· Oommi1sion. 

INTRODUCTION 

The design features of a hydro-electric generating station will vary very 
eonsiderably depending upon the volume of water to be handled, working head 
available, the variation in head from month to month, storage capacity, etc. 
Therefore each such project will have its own special features and it is proposed 
to deal with the Mahanadi, Hirakund site, Project in this paper. Incidentally 
this would also bring O'Q.t the metliod of our working and would give opportuni
ties to other engineers to make theil contribution on the subject, by way of 
comments a'hd suggestions based upon their practice in handling the same sub-
l.ect. ... 

GENERAL 

The basic factors for the determination of . potential water power are (1) 
stream flow and (2) available head or fall through which the stream flow may be 
utilized for the development of power • 

. Determination of head is a simple matter as it only means' correct contour 
survey of the site. However, determination of stream flow to be taken as the 
basis for estimating power potential is often a complex matter requiring a de· 
tailed study in hydrology .. 

Stream flow, or run off, at any site depends upon many factors such as.pre-
cipitation, extent of catc~ent area, condition and quality of soil in the area, 
temperature, evaporation, percolation~ vegetation, slope of the ground etc. 
. . 

Stream flow depends largely upon precipitation, its intensitf, distn"bution 
over the catchment area, the total amount and the extent of the catchment 
area. Therefore, it is necessary to know rainfall gauge readings over the ~ntire 
catchment area, if direct stream flow readings are not available over a penod of 
several years. Conversion of rainfall into stream flow readings involves ma~y 
approximations and naturally the results estimated arl:' liable to great vana
tions. It is beyond the' scope of this paper to describe the various metho~ and 
formula employed by different engineers, in different countries, to amve at 

' the estimation of average mean monthly flow, at any given 'site from the d~ta 
available under varying conditions such as (1) a very limited data for the s1te 

. selected, (2) data applicable to a similar site somewhere else, (3) data available on 
the same river but ~everal miles away, etc. 
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' 
SCOPE OF THE PAPER 

This paper really begins where average monthly run-o:fffor the' design year' 
is :finally arrived at. For the Mahanadi (Hirakud) Project, such design year 
figures are given in Table IF.VII. Other relevant data obained f~r use on :thi~ 
project is recorded in Tables IF-VIII to IF .XII. This ends with the determina
tion of ,Generator and Turbine capacities and their characteristics as required 
for the Mahanadf (Hiraku~) Project. 

November 
December •• 
January 

February 
March 
April 

May 
June 
July •• 

August 
September •• 
October 

... 

TABLE IF-VII 
• 

Month 

.. *' 

.. 

' 

. . . 
.. .. 

' .. 

.. . 

lnf!ow dQring the 
month • 

(Million acre teet) 
.J 

. . . 

1·01 
0·57 
0·45 

0·33 
0·33 
0·23 

0·10 
0·73 

10·93 

18·02 
20•66 
'·09 

.. 

IMPORTANCE OF THE COLLECTION OF"DATA 

: 

--

Before we proceed with the subject proper, it is desirable to record, that 
Bituated as we are in India, with immense power potential spread over th~ en
tire length and breadth of this vast subcontinent, our National Government 
must undertake from now on, at least, to start providing means on all im.portan t 
rivers, to record stream flow data at all prospective power generation sites 
Without such power development, industrialization of the country and its 
agriculture on modern lines will not be possible. Nor we Will be able to raise 
the standard of living of our.people without providing them with ·cheap and 
abundant supply of electric power, spread over t:he entire len~h and. breadth 
of our country. Keeping this most important national factor into accoUn.t, our ' 
government~ must take a long view of the futnre·and incur expendit~e on tlie 
collection of such data by such means as necessary on all major rivers of Inilia. 
Small extra cost involved now-will work out to a trifle percentage of total cost on 
any one project on the river. . • . 

This question is als<? directly linked up with the question of malring a fresh 
hydro-electric power survey of India and determination of prospective power 
generation sites so that future generations might not be 'handicapped for want 
of dependable hydraulic data to plan their power developmel!t schemes in-the 

_interest of the country as a whole. · 
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IMPORTANCE OF THE ACCURACY OF THE DATA COLLECTED 
• 

- It is well to remember that all our calculations of potential waterpower are 
dependent for their accuracy _on the correctness of the mean monthly flow as 
assumed for the design year and secondly to the extent to which this mean 
monthly flow coincides with the reality in any given year. Therefore it is most 
important that the design year data should be first arrived at with as much 
care as possible. · 

As for the record limitation given above, we have to recognise the fact that 
the nature follows no fixed known lines either in rainfall intensity or frequency 
over a given catchment area and, therefore, the stream flow is never exactly -
alike, ~th reference to time in any two years. So it is futile to expect scien
tific accuracy, and yet, a reasonable accuracy is necessary if our projects are not 
to be a mere guess work based on hit and miss.method. If any project is so
much on the border that even a variation of 10 to 15 per cent. between the de
sign year data and the actual, frequently obtained, is likely to make it an un
economic one ; then it should not be recommended unless there are other known 
cqunterbalancing factors justifying the sa~e. .. 

Similarly, no such project 'Whould be based on absolute minimum p~ssi
bjlities, extending over a period of 30 years or more as we would thereby be 
loosing good deal of our natural advantage and would not be utilizing our nat
ural resources to our best interests. It is here that we have to estimate 'meen 
monthly flow ' for the~ design year ' as accurately as we possibly could. Then 
t_he subject should be restudied_by assuming say 15 to 25 per cent. variation bet-· 
ween the design data and the actual results. If this study still indicated an 
economic proposition, an engineer is working within safe limits and there should 
be no hesitation in undertaking the implementation of such a project. 

DETERMINATION OF MEAN MONTHLY FLOW FOR THE DESIGN YEAR 

In keepiD.g with the above principles, normally the following two methods 
are employed in arriving at the mean monthly flow to obtain as close a figure 
as possible, with reference to _the actual figures likely to be obtained in practice 
for most of the years. , : 

( i) Calendar year metkod.-In this method, monthly records of each year 
are arranged in order of niagnituda, beginning from the driest month. There 
a.re thu3 twelve readings, for each) ear, in order of dey ness covering the entire 
period of all th~ }ears for which data is available. Then an a·y-erage or m~an 
of each month in" order of. dryness is arrived at ·to from the degign year With 
twelve monthly readings. It is obvious from the above that each month ~ow 
repre~ents in order of dryness an average based not on the averege readmgs 
of any particular month of di:fferent"years bat an a'\~erage o_f _corresponding ~y 
month in each year. This definite!}' give~ far more pos~1bilty of. reproducmg 
in actual practice than the ordinary-monthly average mentiOned abo\e. 
Here month is taken as a. time unit. If daily or weekly figures are available, 
different time unit may be U3ed. Rtill, the method will be the same. 
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( ii) Total period method.-In tliis m~thod all tl!e available monthly readings 
> taking month as a unit, are arranged in order of magnitude irrespective of the 

. month or the year in which they occur. Then the total readings so obtained are 
divided into twelve equal parts to form one mbnth of the design year.· An 
average of such readings in each month is taken as the rt-ading for the Jcorrespmi
ding month of the design year. These readings having no real reference to any 
particular month of. the design year, are arranged in order of dryness and are 
then attributed names of corresponding months of the design year as required. 

~ . 
BASIC HYDRAULIC DATA (POWER HOUSE N0 •. 1) 

Having given above the general principles and method of working, the 
Mahanadi Project will now be taken up and the basic hydraulic d~ta utilized. 
in the design of the two generating stations of this project, will be recorded. ~-

Maximum reservoir level 

• Minimum reservoir level 

Maximum t&llrace level. 

:Minimum tailrace level 

.. 

.. ' 

•• 

. . 

•• 

Storage capacity of the reserv.:oir upto R. L. 625·0 
- ... " 
D~ad storage capacity up to R. L. 590 

TABLE lF.VIII ' . . 

R. L. 625·0 

R. L. 590·0 

• . R. L. 515·0 

R. L. 510·0 

• . 5 · 98 million acre feet . 
2 • 24 million acre feet 

Capacity of reservoir at dif!erent levels (in million acre feet.)· . . . 

R.L. Million acre f~et 
-

690·0 ... • • . .. 2·24. 
: 

~91 ·0 .. , .. 2·32 

592·0 .. 2·40 
~ 

593·0 "" 2·4:8 . • . .. 
; 

594·0 .. .. 2·56 

595·0 2·64 

596·0 -. ' . . . 2·72 

597·0 
. , .. 

2·81 

~S98·0 ·90 

599·0 •.• .. 2·99 

600·0 3·08 

601•0 3·17 

--
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• 
'TABLE lF.VIII-:-eontcL 

R.L. Million acre feet 

602 .. 
3·"27 .. .. 

603 ::-
8·3'7 ... 

'" 
604 .. 

3•47 
,. 

6(15 .... .. 3•67 
~'"" I ' 

'606 
-· 

.. 3·~'7 

607 .... 3•'17 

608 - ' 3·87 -· 
609 .... ... ,, 3•97 

610 .... 4 0007 
611 .... ,·18 

.612 .. .. ... 0'0 ........ 4•.29 

~.en ,. 
1·40 -· ... -

8U .. .. 4.•61 
• ..,.. ' 615 .; 

4·63 . . . • 

616 
1'· ... ......... · '·75 

617 4·87 
618 ... 5·00 

• 619 ... .,. 5·13 
• 620 .. ' 5·26 

621 0.•40 '. . ... 
622 G•M ... 

'623 .. 5·68 
624 6·83 
625 . 

5·98 .. ... . . 
ti A .. 

626 ... 6·12 
627 .. 6·27 

1628 , . 
6·43 . . 
• 

630 .. 6·73-

"' .. 
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'TABLE fF.lX . . -- .... ....-::-· .- - . 
' - ' I ... . . •• Quantity reqmred ' Eva.poratioJl lone• 

llonth . for irrigation. · · (Million' aere feet}. .. 
. (Milli.on aero feet), , ... . . I . . .. . ,. '# 

' 
. . . . . . . 

·>A·· 
Xnemlrer ' 

. 
' 0·37 O·M . . . ~ . . . . . . . . . ~ 

'-> , l ' ... 
~mb~r . • .... ·o··15 0·08 -. . .. . . - . . 

I .. .. ' 
~. . • . ~ .. ~, j . . ·. 0·15 - 0·0. Janua.ry . . .. . . . . ' . ' . .- . 

0•13 February . . .. . . ; .. . 0·03 . ~ - -. . 
" 0·05 Jda.rch il O·IS . ~ .. . . .. - • . ' . - . 

• ~pril.. 
~~~. 

. . . . . . . . O·lQ . 0·05 . . 
May . . .. . . . . 0·10 0·07 .. -..... _ 

-
"" J1.1ne . . .. . . . . O·U 0·05 . 

' . 
""J~,. - . 0·« 0·06 . . . . . .. . . ... 
Aacut ;~ .. I 0·33 0•08 .. . . . . . . 

' .. ]" 
' . . . 

t?•pte.mher 
. 

e-~ 0·01' - . . •• . . . . ' . 
' Oetoher ........ . . O•U. 0·05 . . . , . • • ....:: ... t 1 . 

) . 
\ ., . .-.. ... ' ~ .. . 

.BASIC BYD.RAtJLIC:DATA (POW..ER.~OtV~E~Q •. 2) 

... 
Mtt:x.innam pon,d level ... / 

.Minimum pond level .• 
•' .. 

N ornutl tailrace I eve] .•• 
,.. ~ ~ ' ... \ 

. Normal flood lev~r·· .... , 

.... . 
.. : TABLE IF.X 

' 

.. 
' 

• 

. . 

. •' 

t 

• • 
. 

" . . 

' .. 
. .. 
; ~ ..... 

. . ' .... 

- . . 
' .. 

R. L. 512 

R. L.li09. 

R. L • .S~·O 

R.L. 445·0 .. . .• 
W~ter level in 1\Iahanadi below Power House No.2. R. L .. 426•6 

Length of power ch~nnel 91,000 feet. 

Capacities rJ ponds No. 1, 2 and 3, as per Fig. 1 F. 9'" (reproduced on 17,072 acre feet. 

, .... 

t 

., 
•, 

-

' 

. 

'1 
• 

,• 

the back of },ig. 1 F.S) ~ . ' · ' ' ,J ______ _ 

:M~ICBI 



4!2 THE CENTRAL BOARD 01!' IRRIGATION ANNVAL R"EPOR.T 1948 

Month 

November -
I 

December 

January 

Februry 
... 

TABLE IF. XI 

... 
.• . 
••• 

Absorption lossea in 
power channel 

... 

• 

124. 

109 

110 

Ita 

Irrigation require. 
menta in power 
channel 

1,456 

1--'· 
552 . 
560: 

·~ • 

-~· 
.... 560 

Marcil 

April -

May 

June ... 
July 

August 

September • r 
) 

October 

• • • .~118 
- •• J) ... .. 

. . . 
, .. 

122 

130 

140 

- 164 

156 

156 

139 

560 

392 

392 
./' I 

·. 591· 

1,676 ·""' 
~·· 

1,231 

1,676 · ... ~'"' .. 
I· 1,676 , 

>-------- ______________ _..;,. ___ ----"" .. ..-- -----_.,...-----
.. 

TABLE IF.Xil, 

Jlakanadi River Data ~t Hirakud, Tikaraparat~nd Naraj. , 
------- :;-r-- -

Serial Item ' Hirakud Tikarpara Naraj 
No. - r· . ~~-:. '(, ·. 

~ . . 
1 Catchment area. in sq. miles .. 32,00<1 -, 48,000·00 51,000·00 
2 Maximum annual rainfall in inches ~ 71·21 77·80 74·00 
3 Mean annual rainfall in inches . 56·88 • 55~5 • 53·17 . . 
4 . Minimum annual rainfall in inches 37·02 22·80. 

. 
21·70 

5 Maximum annual run-off in m.a.ft. 69·90 • 102·72 ? 103·67 
with reference to rainfall. . ... . ·. . . 

6 Mean annual run-off in m.a.ft. . . 50·00 73·37 ' . 74·05 
7 Minimum annual run-off in m.a.ft. 

. 
20·61 30·09 30·37 

8 Average maximum annual discharge ~ ,95!000·00 140,000·00 141,000·00 
in cusecs. ·' ~ 

"' "' -· 
68,000·00 

~ . .. 
9 Average mean annual discharge in .· 100,000·~0 101,000·00 
' . • cusecs. • ., 

10 Averag~ minimum annual discharge 28,000·00 '4l,p00·00 42,000·00 
cusecs. 

11 Mininium discharge of x-iver in cusecs 900·00 1,350·00- 1,500•00 
12 Maximum flood discharge in cusecs j 942,000·00 1,270,000. 00 1,571,000·00 
13 River bed level above M:.S.L. .. 492·53 140·67 41·02 
14 Low water level above M.S.L - ., 503·00 168·47 68·62 
15 Maximum flood level above M.S.L. 535·00 205·25 

. 
101·96 

\ 
16 Percentage of mean run-off to me I 51·50 51·50 51·00 

annual rainfall. . 
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DESCRIPTION OF THE MAHAHADI PROJECT - . 
Before the hydraulic data r~ci~rded above, is examined a general descrip• · 

tion of the Mahanadi_ river deve~opinent will not be out of place. 
,,. #.,_.,.,. ... - . ~ ~, 

. The Mahanadi,~t~bigg~·st river ~n Orissa, carries annually 7 4 million acre· 
feet of wateFwhieh is ~lmtiSt' five times that of the Colorado river in the U. S. A. : 

~I" -'111! • --..- ~ .. • 

:at the site·of'tne~ghest dam in·the world, the Boulder d.am. The mean 
annual run .. off "of the~fndus in -th~ Punjab, Columbia in the U. S. A. a~d the -
Nile in Egypt are 87, 80 and 66 mi~li~m~cre feet respectively. Less than about 
5,per cent of this mean annual rui1·off of 7 4 million ac~e feet is at present being 
put to beneficial use for purposes'of· irrigation. The 'Test oftlie water is at 'pre· 
sent. running to waste causing llntold damage and destruction by floods in their 
passage to sea. The scheme; fo~ ~he unified development of the Maha-.~ 
nadi Valley is designed to put a stpp to this colt>ssal w"-ste 9f natural resource 
and to control, conserve· and utilis_e· the waters of the Mahanadi river for purposes · _ 

. ofirrigation, hydro power generation and flood control etc. Thi~ scheme will 
comprise ,three units, namely the Hira~d Dam Project, the- Tikarpara Dam 
Project and the'Naraj Dam Project, each one with its own canal system· and' 
hydro-electric power installations. These three units will be. individually ca- . 
pable of independent developments, irrespective of whethe~ the other two are 
oonstrncted or not, and of forming an integral part oftlie basin wide plan." .. The. 
best overall results will obviously .be obtained if and when all the three project~; 
have been completed. As a first step, it is proposed to make a start with the · 
<:onstruction of the Hirakud Da.Il! Project which work has already been taken 
in hand by the Central Waterpower, Irrigation and Navigation .Commission.· 
This project lies uppermost in the Mahariadi river._ · ' ' 

. ' -
The Hirali;!d Dam Project comprises:-

~ . 
~\J -- '\ .. .. 

(a) the (1onstructiol} ·of a dam across the Mahanadi about nine 
miles upstre~m of the town of Sambalpur. The dam will be nearly 
three miles in length a_cross the main channel with 19 miles length of 

: low dykes on the two sides. The dam will submerge an are~ of 
about 150,000 acres . .,Figure~ iF.lO shows the l~yout plan of the .dam 

' and appurtenant works and Figure,1F.ll section of the concrete dam • ... 
..... (b) Gra~ty and..fi(t:canals on either side. 
.. ~ ~ .... 'II ~.. , ~ . 

., t • ~ .... 

(c) Construction of two generating stations-one at the main-dam at· 
~ . -

Hirakud to ~tilize the fall. created by the construc'tion of the dam 
and the second at the subsidiary dam forming the balancing reser
voir at the end~ of tha power channel (280 feet wide and 16 · 5 feet 

~ 

·deep from the upper power house, to utilise th_~ steep slope in the 
river below H4'akud. Figure 1 F.12 shows the longitudinal section' 
-of the power channel •. , . · 
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. ... 

. IMPORTANCE OF MAXIMUM FLOOD LEVEL ANO .MINJMtJM TAILRACE LEVEL 
1 • ~ ~ "' .r ,. t - .... 'I- • I L 

It is very necessary to know maximum tlo.nd 1e;e1 ai the power plant be
calise on.it will depend location of generator"fl~or level. Equally important 
is the m.inim'!m tailrace level as this fixes th'"e. s~tting ;;f turbine (vertical unit)r 
which in turn determines the amount of excavation~required in the tailrace. 
I~ the setting of the turbine, elevation o( t~-unit above sea level should b~ 
ta;ken into account specially a.t high _altitUde~''\thich involves low pressures in 
the draft tube. · 

..... 4 ... 

STUDIES OF STOQAGE EFFECT 
"1 • • ... 1" .. ( 

_ It is common knowledg.e that stream flo,v-,varies from day to day, betwe.en 
maximum and miillmum limits of the year, while load requirements keep on 
changing from hour to hour on each working'aa'x, ·And fal1 off substantial1y 
during holidays. Thus, if power generatio~S. based only on stream flow, 
there is a colossal wastage of water during! jlours of Jight load. Storing o£ 
water, therefore, -during hours of light load and its utilizatiop during hours 
of peak load provides the most economical '"'arr11ongements. · 

Storage. permit"fJ holding back in reservoir~ -~xcess :flow available in times
of high W!lter, and using it more or less regularly according to r_equirements 
during the dnr period of the year. 

Storage helps in fi~!~ng !n gaps of unevenness of stream 1l~w from day to ~ay, 
~It .also helps in.reducing the ~ariation between the_ design year flow and the ac-_ 
tiial, particular~y if the storage is a substan~ia\ one as in the '!Jirakud .Projeei.e 
:Po~er generation is dependent only partly <!~_!;he run of the rive! during dry 
period, .and t~ertfore, percentage error between·a2tuaJ and the des1gn year. flow, 
has correspondingly less adverse effect on po~er generation., . . ' 

Storage for power generation can also be. utilized for flood C<?ntrol wh~n th~ ... ~ 
wet season is well demarcated as on the M._ahanadi. During the rainy aeaso}\ 1

• 

the quantity of water available due to ~un-61£ of th.,e river is so immense that i(. 
is not economical to utilize :t for storage scheiD.e. Therefore, storage capacity 
is utilized to reduce the cr~st intensi~y of :flood discharge by spreading it over 
..a long period and thereby reduce flood damage while power generation can 
depend on the run-cff of the river d_uring thiff p~riod quite safely. \V.hen the.: .. 
wet Eeason is approaching its end and,the "discharge of the river still exceeds 
power generation requirements, the storr ge of the reservoir is filled to its capa; 
city and thEm begins to operate in the inte-rest ofpower generation during th~ 
remaining dry period of tl:e y~ar. In this method of u_se of storage the reser
vo:r is usuallv pulled down fo a safe minimum at the end· or the dry perio~r 
to get :rp.axim~m primary power with the st<'rage effect added to tite es"tim~te.il· 
run-off of the rivE;r. .This method hr~s been 'utilized QD the Jfahanadi Hirakus! 
project. _ ~ _"'tt: 

Yet another use of storr.g,., is to c:quaiise, or at lea:--t, to minimise effect 
of variation-in total water.available from tire sheam of the river. In thi$ 
metl:od the reservoir is not pulled down to safe minimum but certa'in quantity 
of water is allowed to be carried over to the next year as a margin of s:tfety 
foi steady ger..eration of power of safe yield ·as _it is s?metimes called. . -. . .. ~ 
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Agure I F. II:- Showing concrete dam section-straight gravity 

non overflow type-[Hirakud dam project] 

Reg. No. 2737 XDO (q '50-1,210 (f'.Z.O.). 

C.B.I. 
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Figure I F.l2:- Showing longitudinal section of power channel ( Hirakud Dam Project) 
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-STUDY OF INDIVIDUAL 'PROJECTS 

·ibis method is particularly used when the dry years are too frequent, 
1Sa.J after every three or four years and the wet years when th~y come are gene
rally devastating in their flood effect. • 

On the :Mahanadi· Hirakud• reservoir storage capacity of the reservoir i~ 
given as 5 · 98 million acr.e feet at R. L. 625 · 00 the normal reservoir level when 
it is fu1J. In case of nessessity in·an unusually dry year it can b~ ra~sed to 6·73 
million acre feet at R. L. 63 · 000. Because of other requirements, such as silting 
provision, evaporation and seepage losses, etc. minimum level to which storage 
ran be safely reduced at the end of the dry period isfi.xeg at R: L. 59~·00 with 
a reservoir capacity of 2·24 million acre feet. This leaves 5·98-2·24=3:74: 
million acre feet storage for power generation during dry period. During the 
period of 8 months, namely 1st of N ovembeft to 30th of June of the following 
year, water available due-to the run-off of the river is estimated' at ~·77 million. 
acre feet according to the design year data. Mter deducting losses and irr~ga-: 
tion requirements amounting to 1. 66 million acre fe~t the n~t addition due to 
run of the river is· 3·71-1·66=2·11 million ac~Je~t. So the totatqua:Q.-
tity of water available for power generation is3·74+2·11..:..5·85_million "3-cre-
feet. · ·- -- · · · · 

. As~uming that ~ur design year ~ow .,does not~mate!ialilA _in pr~-ctiee and 
faU.s.short by say 25 per cent. in. any y~ar, then the actual shortage. would be 
}·77 X ! ==0·94: millio~ acre feet.. In such a year ifR. L .. 630. capacity oftlie:. 
·eseryoir is used we get an a~qition of 6. 73--5. 98=0 ·,75 mil1ion acr~ feet. ·-
·• This would reduce net loss to 0·94..---0·75 = 0·19 million acre_feet. Thi3 
~vrms 3 · 2 per ·cent. of the total water available for power generation. .There· 
'ore. reduction in power up to 3 · 2 per cent. may be anticipated if the- design 
r<'ar stream flo_w proves to be overestimafed by 5 per "Cent .. • .. • ~·., ; - .. 

It is clear that 25 p~r ·cent is a very high variation, and therefore, assump-
.ion of still higher variation is not justified. - - . . . - ~ 

\.11 this effect is due to the. storage" effect of the reserv9ir as p!anned~ 

EFFECT OF DRIEST YEAR ON POWER GENERATION 

X ow taking an extre~e case, of a driest yea~ one·in 20 years as sta.ted in the 
1·lahanadi Report 194 7, we get the following results·:- - -

"rater available in eight months of dry period by the run of the river is 
given as 1· 7 4 million acre feet. This will give shortage of 3 · 7 
-1· 7J =2 · 03 million acre feet. 

By raising the reservoir level from R. L. 625·00 to R. L. 630·00 at the 
~ginning of tb e season, we can add. 0 · 7 5 mi11ion acre feet to the storag~. Thi; 
•Jll reduce the net shortage to 2 · 03~ · 75= 1· 28 million acre feet. s~ the 
erct>nta ge shortage will be ; · ·- ·-.. 

1·28xlOO .... ' 
·~ - 5 .8{--=22 per cent. 

\Ve have, . therefore, to expect a shortage of 22 perce~t· in k \Vh 
'~erati~n·._on:c~ iJ?- 2~Q_ !~~!~: Obvio~sly it i~_not 'desirable to reduce QJrr 
"Jmary power generatiOn permanently based on such an extreme caseJikely.'to' 
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occur after long intervals. - It is obvious that if such a driest ye~r were to 
appear before both the power houses are loaded below 78 per cent, it will have 
no adverse effect. - · . 

If one more hydro pow_er station series is in operation by this time then 
aga!n there will be no adverse effect until the ·second series of power hou~s is 
also fully loaded. 

Normal possibilities are that when one series of power houses is 50 per cent. 
loaded, it would be time to undertake the construction of second series, and the 
process is likely. to be continued for a very large number of years, and, there
fore, there is no occasion to entertain any fear ove;r the condition of developed 
load during the period of driest year on any one particular project. 

However it need be, the following methods can be adopted. for·tjding over 
the difficulty without permanently reducing the normal power potential of the 
project. - · '• · • 
. (i) .Oontrol Oller consumption of wa.ter should be brought into effect 

sufficiently earlier _to_ spread the shortage over a mlJ.ximum period, thereby 
reducing its intensity. 

(ii) Water for irrigation can also be reduced proportionately for one season • 
• (iii) Load could be sta·ggered to .reduce the pe~k dem1nd but as shortage 

.of water affecti K. W. hour consumption, proport~onate restriction in consunip~ 
· tion can be affected without much jnconvenience to the public. 
· (iv) Certain types of load. which do not form part of most essential ser· 

:!ices can be easlly stopped, as is usually done during the war years, the~eby 
affecting a substantial saving. 

' .... .,.. -
These and so:n;te other methods can safely be used without adversely affect

ing "the interest of the consumers for one season in 20 years. 

J)ETERMINATION OF MAX114UM POWER POTENTIAL 
J 

The water available as per design year data, with the head available in 
·J>ower House, No •. 1 and 2, has a definite maximum power potential. AfteT 
deducting the inevitable loss, and after making provision fo:r irrigation require
ments etc., the remaining power potential must be utilized to our best advantage 
h} converting this power potential into power available at the generator bus bars •• 
This po""Ner at the bus bars can be a combination of primary. and secondary power. 
Primary power is one that can be made available all the year round, and the 
secondary power is one that can be made available only during certain periods 
of the year. , To be of any practical use water power must generally be avail
able all the year round, and throughout the whol~ of each day, althou~h the 
actual demand may vary from hour to hour. There can be an exception to 
this when some other source of supply, such as thermal power, is also available 
in conjunction with hydro power, and yet the primary object wo.uld be to create· 
maximum primary power by the combination of such sources of supply. 
Therefore, on the<l\Iahanadi Project the problem is how best to convert all the 
available power Ji<?tential into steady maximum power for sale. If during the 

·dry period bf the year any secondary power is generated from this' available 
power potential, it must necessarily mean that maximum primary power iS 



reduced correspondingly. This would mean that we have not made mos~.eco
nomical use of our available power resources by converting it into maximum 
primary supply. Ideal condition would be when we have utilized all the water 
available in both the Power Houses ,under the conditions given, and that it 
would produce some steady primary supply for sale without any extr8i. water 
going to waste or without coming across any shortage at the tail end of the dry 
season. In other words, this means that the sum total of power put up for sale, 
as it is generated, in bQth the Power Houses working under varying conditions 
from day to day and from month to month must be a constant figure for all tli~ 
period of the year. Then alone we can say that we have succeeded in utilizing 
OUr available power potentia} tO OUr best advantage.. , I 

• 
In attempting this conversion from available power potential into steady 

constant supply all the year round we come across many variables. Each 
variable has the effect of producing· either more power or less power for some
period of the year, JVith the result that some primary and some secondary power· 
is generated making up the sum total over the year equal to the available power' 
potential. :.. • · 

For instance, head in Power House No. 1 keeps on. changing frol!l day to 
day du,ring the 8 months of dry period. If we were to· utilis~ water on constant 
head drop basis, power to be generated will keep on varying\as the head de
creases. The water so released will vary in quantity as the head goes down. 
This will produce varying power in Power House No. 2, which would go,.on 
decreasing as the quantity of water keeps on reducing. The net result will 
be that substantial portion of secondary power ~iii be produced,_ and therefore, 
primary power is- correspondingly reduced, total potential bemg constant., . 

If we were to base our draw down from the reservoir on constant power 
basis, then the quantity of water consumed for generat,ing the same power at 
lower head will keep on increasing. This yaryittg quantity of water will pro
duce varying power in Power House No. 2·and the sum total ca~ot be constap.t 
or approximately constant figure. ~ 

..... 
Then again in Powrr House No. 2 all the water released by Powe:t. House 

No. 1 will not be available for power.generation. There is~~ gravitr canal. 
taking out from po'Yer channel requiring varying quantity of water each niohth:- · 
The head will fluctuate mqre violently only during the rainy season when tail· 
race level will rise in the Mahanadi. But during this period hydraulic efficiency 
~11 be of no consequence as a very large quantity of water will be passing over 
the weir at Power ~ouse No.1 without generating any power. 

·so some mean has to be struck, and generation of power in each Power 
Houc;)e has to be allowed to vary from mohth to month, out the variation under . 
the given conditions has to b~ so synchronised that the s11m total available for 
sale, after making the required special provision for lift irrigation load which 
forms par~ of this project, will remain constant.- . .. ~ 

"v 

Such an attempt has been made and u]timately Table 1F.XIII has been 
produced which gives the desired result. · 
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EXAMINATION OF TABLE 1 F.Xlll 

Examination of the Table will indicate the following :-

. ' ... 
(1) Reservoir level has been held down at R. L. 600 ·00 even during rain, 

r.eason as required to provide for heavy floods. Reservoir will be· filled UJ.l 
only when the danger of heavy flood is over. -

.. · (2) Inflow during the month of October is shown- as 4 ·09 million acrf 
feet, while the total requirements for the rnop.th are 1 :35 million acre fee~. . . . 

Capac-ity required to fill rese;voir from ~- L. 600 to ·R. L. 6~~ is 5 ·9s-:-
3·08=2 ·90 million acre fe.et. . ThiS gives the total requiiement to 4 ·25 milliol 
acre _feet as against ( ·09' mjl~op. acre· fee~ ·av~ilable for .fllling_ t~e-re~~~o~ 
It will, th:erefor~, be necessary to start filling 1n oi the r~er-ymr. m the :ta.tteJ 
part of September.. · - · -

·. 
(3) 'Ve can·getconst~nt primary power maximum demand of 21S M. W. 

~II the year round at the load factor assumed duting eight ~onths of-dry yew 
with a variation not more than 1 in 218. 1 Even this variation is for twc 
months only as table has been· prepar£d. In practice even that too can b.: 
~liminated by finer adjustment on daily basis instead of monthly basis as taken 
in calculations in preparing this paper. · 

. In brief the distribution of water from the reservoir ·shown in the tabl€ 
gives practically ideal co:rditions visualised earlier in this paper. 

- ( () l\Ionthly load facto~ of io per cent for the system has been_ assum:ed. 
This is regarded "': .. s a. practical-proposition and a reasonable one with heavy 
industries such as aluminium, iron and steel, cement factories etc. that are 
contemplat.ed in this project area. With the above assumption and Power 
IIouse No. 2 operating at 100 per cent. load factor, Power House No. 1 will 
operate at 56 per cent. monthly load factor. 

(5) There-is special proyision of 16 M.,V. 'for pumping load in d~y pe~rod 
~fit were not to n1aterialise, this being primary power, it can be released for 

sale. 

-
(6) There is a provision ef seasonal power for lift irrigation as required in 

t.he regional report (1947). If it were not to materialise, additional machinery 
to be provided in the Power House No. 1 for seasonal use and also' as additional 
spa~e .f?r s~ven months in. a year will not be fnsta1Jed. ~hls provides complete 
ilex1~1ht~ 1f'the li~t irriga~i~n loa·~ ~~re·.~o~ to_.~aterial~~ ·ip. p!a9tic~ ~-s :-\1.7 · 
snahsed Jn the ProJect fo!_ ~ome years to come. · · · · ~·} ·· · · :- ·····-" 

• •A .,. 
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. . (7) It may·b~ noted that this maximum primary power genertion ~lcula
tions are quite independent of the size of ,the unit or the numb€r of units to be 
used in any power house. These designed calculations are bas£d strictly on 
t~e hyd~au1ic and other data supplied to us on this project and is aimed' at utiJi
smg available power potential by converting the entire maximum primary power 
to be made available for sale and therefore for revenue. -

FUNDAMENTAL BASIS OF ECONOMIC OPERATION OF POWER HOUSES N0.1 and 2 

Power Houses No. I and 2 are hydraulically connected as the water rdeaEed 
from Power House No.1 is to be r~ustd in Power House No.2. It is most.. 
essential that the elec~rical operation of the two power houses-must be sucli 
that. the pondage required between the two power houses should be as little as 
possible and that water utilized over a given period in Power House No. 2 
.should be equal to the waterreleasedf10mPowerHouse No. I. Theremmt be 
no wastage of water without power generation at Power House No. 2, nor should 
~here be any shortage because of the time lag forth~ water to travel from No. L 
'to No/2 Powe~ House. Secondly, it is to be kept in mind that the synchronous 
~tability ooth under steady state and transient conditions between the machines 
m ~oth the power houses operating in parallel can only be achieved when the 
active and the reactive kVa is shared between the machines in proportion 
to their.capacities. Thirdly, any power house takeing t.he peak load should 
operate' at as high a load factor as possible to get heFt hydraulic dfici(ncy and to 
get maximum use of the capital invested. 

Possible methods of operation are-. 
(i) No. I Po~er House runs at base load s~ation ana No.2 takes the peak:. 

(ii) Both the Power Houses take :fbctuating lo:td and a shu~ of p€'ak 
demand, and 

(iii) Pow~r House Nu. 2 works as a base lo.1d station and Pow~r House 
No. 1 .takes the pea'ks. 

When all the three above mentioned criterions are f ppli(d to each o 
this case, it is obvious that alternative No. (iii) viz. Power house No. 2 taking 
the base lo~d and No. 1 taking the peak lo~d is the bn.t wlution. 

.1 
This method of operation will have an additional advantage that during 

hours of very low load ~md on ho1idays when the load i3 normally very much 
les:;, water not u~ed on ~verage monthly load ~asis mll remain ~tor(d in the 
main restrvoir where there will be ample capacity and would help in providing 
higher head during working days. If this had not been the case aJl thi3 water. 
temporarily saved would need extra storage between No. 1 and 'So. 2 Power 
Houses invohing additional un;teeessary expenditu.re. 
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DETERMINATION OF GENERATOR CAPACITY 

Factors to be taken into account for the determination_ of the generator 
c~pacity at any power station after_power potential h~s been estimated are:-

' . (1) Maximum estimated peak demand should be evenly distributed ove~ 
a minimum number of units. · 

(2) Size of each unit should :fi~ in with the practical consid-eration of 
size of penstock, weight of unit and its single heaviest 
component part, transport limitations, operating facilities, etc. 

(3) SmalJer the number of units to generate a given power, less is the cost 
per killowatt of instal~ed capacity and hence the overall cost. Us
ually,. if other conditions perplit, three units with one spare or in 
power stations with large generating capacities six units with tw& 
spares should be the very maximum. This should give statisfac-:-
tory operating facilities. This is for isolated power stations. In 
the case of power stations interconnected through transmission 
line network, the qnestion of spare capacity should be determined 
keeping in view the installed capacity and the operating conditions 
at individua:I stations covered by this network. . , 

- Taking the case of the Hirakud Dam Project again and keeping in view 
the above basic principles, the generator capacity at Pow~r Hous~ No. 2 has 
been fixed at 37, 500, k,V. A reference to column N<QJ-6 i:tfthe table would show 
that average peak output from January to June works out ·to_l51 ~{. W. 
when tlistributed over three machines, it -would give a generator size of 5o 
M.W., with ~corresponding maximum turbine output with movable blade pro
peller type turbines about 88,000 H.P. This size goes beyond the limit of recog
nised satisfactory operation with the heads available. Cavitation problem also 
becomes serious and, therefore, it is not recommended by leading manufac
turers. Therefore, this size may be passed over as unsuitable. The next con ve 

nient size is obtained by using 4 machines instead of three. This works out to 
generator capacity of 37 · 75:\L,V. 

' 

Examining the same data from a different angle it is found that the ma-
ximum peak load of 184 ~I. 'V. when divided into five machines in the rainy 
season, gives a generator capacity of 36·8 M.\V. I{ the average_size required 
for dry ana monsoon seaso-ns is taken into ~count, the size of individual u~it. 
works out to 37•~71. M.W .. 

I 
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Considering all the above and remembering that actual working conditions 
-can_onq be visualized at present, as best as possible, a size of37·5 1\f,,V. appears 
to be a most reson:able choice for the generator capacity 37·5 M.,V. generator 
rating corresponds with 66,500 maximum output of the" turbine which size 
'is wi~in the practi{Jal limits of successful operation under the heads to be en
.countered at sit,e. Cavitation problem also is within safe limits for tbis size. 
Four machines will be required to take the peak load for nearly seven montla.s 
in a ye~r, aJ?.d five machines for the re:Uaining period. If heavy repairs are 
concentrated i~ a period when only four machines are required, it should be 
possible to operate the po.Wt:;,r house successfully with only one machine as spare, 
when five machines are in operation. On such an arrAngement, it should be 
posSible to carry out minor repairs, adjustments, routine. maintenance works 
with one ·spare machine which could be put back into se-rVice within a short 

, ~ime after the occurre~ce of a·D. emergency.· So, the Installed capacity for 
_pri~ary power should be fi.\'e unit~. However; spfice wiJJ be providfd in the 
power house for two more units, ~possible extension for -secondary-load and 
an ad.ditionalspare machine, if at ann'ecessary, rt any futur~ daft-. 

~ , ,. ~ 

. SELECTION OF TYPE OF TURBINE, J'fS CAPACITY AND ~HARACTERJSTICS 

There are two types of turbines that can be used, namely mo'vable bladtt 
propellor type (Kaplan) or Francis type. Before we proceed to work out de
tails of water turbine, it is necessary to decide which of the above two typ(S 
~hould be used in Power Houses No. I and 2. ' . 

. - -
: . 

On detailed considera1lm it is found desirable to use movable blade pro-. . ' 

peller type turbine, as it will provide the following advantages as compared 
~ith the Francj~ type :- . • 

(i) Higher elficiency over a wide variation in head. 

(ii) Higher specific speed, and, therefore, Jess cost_ for a generator. 

(iii) Over~ll efficiency will be higher under part-load operating co~di
tions. This would give niost eco~omical use of water, i.e. more average output 

with the same quantity of wa~r. .. 
• 

- {i-v) ]?hysical dimensions comparatively ~mall.er. 

(v) 'Veight will be comparatively less. . ' 

. ·(vi)- Sa·ving in power house building cost, as th.~ SJ:>.ac.~ taken· by_ t~e -~..: _ 
chine wiJI be Jess. 
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(t'i-i) Crane c:- 'r~city will als:~ be le~-th~~eby introducjng ~av.ir.g in cwne-
co~t, UtJ;pdrt.ing Strtict~re._elC~~ .. . . 

. 
In Po,va House No.2 fluctuation in head during dry period is romparatively 

miPwr and that the p.ow~?r house lnachinei"=iHso ate expe.cted to run at full load 
capacity. Thert>for(', it ia not v~ry n€cessary ~have movable blade prop_e11or-

. type turbines. Francis type turbines can be consider<'d as ·an alternative, if 
it were to provide any substantial 2dvahtage.. Otherwise uniformity in ty~ 
is ,l*~Iy to be helpful in trainh;g the personnel, and providing .oper~tion and 
maintenance facilities common to both the power houf3es. - lnCJdently, use of 
Jrio.vable bJade propeJlor turbine might ma~e it possible for the, JmlllUfacturers I 
to provide almost the R11me turbine as for Pow . .)r House No. I, br.cause in l?oth 
the ,cases crjtical heads are the sam·~ and part gate opening operation willliav'e-
almo~t similar effect as ill one case it will be guidflrl by higher head requirements: 
And in the other Jowr·r out-put requirements. However, it is best to leave this 
P?int to the designers of the leading manufacturers of such machines, for ad
VJO~. 

A.s for the capacity of the turbine, it is dependet~t. upon th~ capacity of th~ 
~encrator to which it is directly coupled. \Vhen the generator rating is .ex~
p.r~~scd .~ " Maximum Co~tinous .Rati~g ", the turbine is required to · deve-· 
lf?p . .thi• .. max4n\l~ c~p_acity undet all condi,tions_·of 9Pf:ratio~. The chief fac-· 
tQ.t In ·the aesign· of t.urbine":1S:·tne crjtical·head .or~th'e de&ign he.a.d .. At this 

· ~e~(\'of water, turbine has~oproduee an output equal to. the-' generator M.C.R. 
rhting at its best efficiency .. -In tbe-particular_ca~ under consideration critical! 
head will have to coincide Witli the niinimum:licad as·jt·provides comp}ete'~n<l 
sat.isfactory operat.ion from the cavitation point of view:when operated ~t the 
maximum head. There is no advantage what-~w-ever in :fixing the critic~l 
hea.d higher than ~h£> minimum a,s the cost of the turbine is practicnlly the 
same whether turbine is called upon to handle little more or little less quantity 
of ~at.er at full gate opening. So far as the strength of the machine is concern-
~d, it must naturally depend upon it-s output which cann-ot ~xceed the M. C. R. 
rating of the generator. By fixing a higher critica.l h~ad say corresppnding t<r 
the average head, we would be introducing a disadvantage_ that when the head. 
is lower than the average, genera~or output would be reduced correspondingly.: 
In other words, instaiJcd capacity wilJ have to be increased to keep up the same_. 
maximum demand as given in Table IF. XIII. · 

CONCLUSION 

It may be stated in conclusion that the above is only a brief outline of ther 
power generation aspect of the project. Detailed technical work is still in pro
gress. It is honed t.Ju~:t it will be possible .to bring. thi~ paper up-to::date as the 
work advances, so t.hat ultimately it may record a good deR1 of useful data of· 
this iirst project of t.he .:\fahar1adi. -

• .J ' .ol '- ~ .. 

. \ . 
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(5) PIPRAI DAM 

by 

B. P. s,xena, I. S. E., 

~upert"ntend_iJHJ.Rngf.:rJ-e,er,-IY O~rcle;-lrrigation ~orks, U. P., Jhiin'Ji. 
~ - - -- ... 0,. L ~ • ~ ' 

• - INTRotrutnoN 

· Piprai Dam is situated in a narrow gorge formed by laminated sandstone 
hills ofViridhyan r~nges on Narayan River which forms the boundary between 
the United Provinces and the Central Provinces. It is an all earthen dam, 
-6,740 feet long, rising 100 feet in the bed or the river, with flood spillways of 
Volute and Saddle siphons on the flanks. The object of the Dam is two-fold, 
{i) to provide water for irrigating 116,000 acres food~ctops annually in Jhansi, · 
.Jalaun and Hamirpur districts and in the adjoining territories of Bundelkhand • 
States where the spring level is generally below 30 feet and the subsoil strat~ 
.does not ordinarily permit the construction or wells ; and (2) to give a steady 
-daily water supply on the existing Dhukwan m1sonry dam for generating 
about 2500 K.W . .firm power. · 

' CATCHMENT AND RUNOFF 

- Th~ catchment contains two raingauge stations for which rer..ord of rain
fall for 16 consecutive years is available. Afoor excluding years of heavy rain
fall, and diyiding the catchment 1"lto six different types, run-off has been cal .. 
.culated according to Strange's. dhgrams. Average run-off is 13,842 million 
.cub~c.Jeet. whereas storage capacity has been provided ro~ 11,600 million . 
cubi~. f~et only on: a conservative estiml}te. Jhis is equivalent to 23 million 
.cuhic feet per..s9uare mile. of catchment. · 

.' -SUBMERGED AREA 

The submerged area ~fthe Lake is 10,000 acres at. Full S11pply I~evell310·0 
comprising of 6,000 acres of forests and waste land. 2,000 acres pasture land 
and ~,000 acres cultiv~ted land. Some ten small villaga hamlets get submerged 
.affecting about 500 persons only. But the distress is insignificant, ronsidering 

, that new hamlets shall be established within half a mile of the old site, and 
1 emerged land will be available for cultivation, more enriched by submergence. 
Cases of dispo~session of land by cultivators will be rare as enough .d.lturable 
.arPa is available on the fringes cfthe lake. 

DESIGN 

The essential features of the earth fill dam area (a) base on firm rocks, 
(b} masonry corewall in the whole length, (d) fill of impervi?us soil laid with earth 
moving mechanical equipment, moisture content and compaction being deter
mined by Laboratory tests at site, (d) eight feet freeboard and 35 feet top 
'width, (e) 3:1 upEtream slope protected by 1·5 feet deep Hone pitching, {j) 
.6 : l downstream slope ending in a strong .filter toe of graded sand and stone in · 
. the river sectionJ and 4 : 1 downstream slope in other parts. 
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~laximum net flood discharge for escapes is· 1,36,000 cusecs of which-
3o 000 cusec; Will pass over 1,000 feet longopenspillway on the extreme right 

I ' 

1lank, provided with three feet high drop ~butters.· The balance wi11 be pa&sed 
by saddle siphon& an~ partly by Volute siphons . 

. Gross capacity of the reservoir is 12,400 million cubio feet at R. L.l311. -
Allowance for silting is 800 million cubic feet equivalent to 1· 5 million cubic 
feet per square mile of catchment for 100 years. Effective storage is 11,6QO 
million cubic feet. · 

IRRIG~TION 

.Are·a to be irrigated lies in' two separate tracts, namely, (J) Betwa Canal 
"Doab and (2) Betwa Shahzad-Sajnam Doab. In former case, lwater will be pas-·· 
sed through river sluices into Betwa River. over Dh:ukwari dam for use o~_the · 
existing Betwa Canal system which will be enlarg~d by 200 miles of additional 
channels in Jalaun a'nd Hamirpur districts, and also it will hep to generate 
about 2500 K.,V. firm power on 50 feet hea~ water turbines at Dhukwan. ·In 
the latter ·case; a two mile tunnel will be 'cut through the hilly ·ranges of the 
right flan~ of the gorge for the irrigation of Betwa-Shahzad doab .. ay '26Q -~ 
miles of new channels. 

· A~ticipat~d.water consumption will be:--

,. 
Three W~terlng-at' 14 ·.acres per 77,000 acres Rabi 

25,000 acres early Rice 

14:,000 acres Sugar 

million cuhio feet 1 , • 

. . Two waterings-at 121' acres per ·million 
cubic feet 

- . . Three waterings-at 7 acres per million 
cubic feet .,.. 

Village tanks for drinking water dur· 
ing summer 

Reserve for fish cuLture . . . 

Losses by evaporation and in transit 

Total 

CAPITAL OUTLAY 

·Million . 
cubic 

feet 
' 5,500 

2,opo 

2,000 
_. 300 

100 

• 'i,7oo 

11,600 

Estimated cos~ ofworks is Rs. 1,72,29,760, Direct Charges, R51. 9,69,620 
and Indirect Charges Rs. 3,92,298. Total cost_ of the scheme is Rs. 1,85,92,000 
approximately., 

, 
' . 

Annual working expenses are estimated as Rs: 1,63, 750. Annual Revenue 
Rs. 6,87 ,450,, and Net Direct Return on Capital Outlay is 2 · 8 per cent. The 
construction is being started this year and is expected to be completed in four 
years. · · 
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(6) YAMUNA HYDRO ELECTRIC scBiam, 
by 

A. C. llitra 

Sttptrintending Engint!ff, Pr<>ject Oirclt- Wtst, Irrigation Wmh, Unitt'l 
Provinus. 

ABSTRACT 

-Constfuction work hac; commeJleed this ytar, on the Stde l of the 
Yamuna Hydro-Electric Scheme, which will be developed in two stages. Thil 
stage comprises (i) 2,000 feet long barrage, (ii) eight miles of open concrete 
lined channel with a carrying capacity of 4,600 cusccs (iii) two power housea 
50 and 100 ft.et head respectively. Stage n will comprise (i) in the narrow 

· gorge of the river Tons a 70 f~et 1>:-igh concrrte dam (ii) a 8· 75 mile long 
e~ncrete lined tunnel in two st-ctionl _with (iii; a c!cub1E';·14 fut c!b.u:ftfr, Eteel 
pipe-siphon aqueduct. the schrme will incna'e :ricdu(ticn of wahr 1cwer 
for industl'ialiEation· of the Unih:d Pxovincts six fold, as ((mJ and to the· r·retent 
power out put. The 1wo power houses of the flnt dage _will ultimately 
contain eight bplan t:n.e, . 8~t;CO kiJcwa.ttr, turlc·a.Itrrnatort, ,whilst in 
the single JJOWer house of _the sta~e D will be installed si:r Francis type 
80~~ )til~~attB ~rboal~maton. · - · · · · 

• -- ~ .. ~ 

JURODUUfJO)f -

The United Provinces is not rich .in.c_oal-or :fuel oil resouroe8. Whatev~r 
coal ~here ex~~ts must be reserved for manufa:cturing p~ocesses instead of being. 
used up for power produ~tion ... 1'he. PJo_viJ!C!~ how~ver, has-a large potentia
lity, ;for the development of Hy~o-:~lec~r\c _power in the waters of its river& 
hurtling down frQm the Hi~alayan Height~> Jnto the Gangetic plains. '.tha 
energy of these :ffowmg waters can ~e :c;on;verted into cheap hydro electricr 
power, without in any way depleting the supply. _ 

- - . 
So far. however, only a. very f.ma11 fraction of theiie water re~urces has 

been utilised for the generation of electricity, by the installation of power plant 
on a number of falls on the Upper Ganga Canal in the Western United Provin

·ces. The entire output of 19~900 ldlowatts from the scheme was fully utilised 
Jong ago. The1mal Stations of 19,€00 kilowatts ca.pacity, ·which had to be 
installed to supplement hydro-power, are also over loaded. 

Several new schemes for the development of Hydro-Electric power are
tiontemplated in 'Vestem Uru~ed Provinces, Figure IF. 13. Amongst these,. 
the :Mohammadpur Power Station, on one of the few remaining .falls on th.e 
Upper Ganga Canal, which will generate 7,000 killowat.ts ?f firm P?~er, lS 

• nearing completion. _'Ihe consttuction of Pathri Power Station to ut1hse t~ 
J:u:.t of the available falls on the ~arne canal has just been commenced. It will 
increase the firm power generating capacity of _the grid_by 15.~00 killowat~s 
These statiuns are. however, expected to be loaded up JIDIDfd1atrly on the1~ 
completion of constrp.ction, as applications for :power. e:xcN•rljng t.he t.otal out-
put of both stations are already registered. ~ -
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-

Some of the. more ambitious schemes to develop large block of power in 
tu<J )Ve.stem United Provinces are as follows:- · 
· (a) The Naya.r River Project in ~istrict Garhwal, of the United Pro· 

vinces, would store, by the construction of a 600 feet high concrete, 
dam, 1·06 million acre feet (4.6,000 million cubic fe~t) of water in 
the valley of the Nayar River, a minor tribu,taryofthe River Ganga. 
This-Scheme would generate 1,81,700 kilowatts of power during 
the dry weather i.e.- Nove:rnber to May and 52,800 kilowatts 
during the remainder of the yea.t. In addition, it would provide 
irrigation to 2,38,000 acres of new area, and woula improve irrigation 
facilities on 10,68,000 acres of area at present ·inadequately 
irrigated -by the Uppe_r Ganga Canal system. The Project is 
under the consideration of Government at present. 

· {b) The Ramganga River Project, also in Garh-wal District, would store, 
by the constntction of a 340 feet high earth and rockfill dam, 1· 7 8 
million acre feet (77,000 million cubic feet) of water in the Ram-

.,. ganga valley near Kalagarh. This scheme would generate 83,000 
kilowatts of power during the dry weather. Irrigation would be 
provided to 4,68,000 acres of new area and_ improved irrigation 
service to 7,78,000 acres at present irrigated by the Lower Ganga 
Canal. Detailed surveys and subsurface exploration of the dam 
site is in progress and the project is expected to be fina_lised by-
April, 1949. . , 

{c) The Yamuna Hydro-Electric Scheme, which forms the subject mat
ter of this article, would generate 82,560 kilowatts of power 
during the dry weather and 1,98,620 kilowatts during the rest 
of the year. Its power output would thu·& be complementa;ry to 
the storage schemes mentioned above, and when run in conjllUction, 
the entire outpt:!.ts or all these schemes will be mutually firmed up. 

1'hc Yamuna river is one ·of he most important tributaries. of the Ganga, 
Figure .lF .13: Its source lies in the snow capped peaks of. the Himalayas in the 
extreme northern parts,. of Tehri G~rhwal. It thence drops· in a succE:ssion of_ 

· water falls and steep rapids, first along the boundary of Tehri Gamwal and the 
United Provinces and then inside United Provinces,territory, down to Kalsi, 
where it emerges into the J)oon valley. 
• Near Kalsi, the Yamuna is joined by the Tons which drains -the major 

portion of tho snow catchment of the system. The Tons too has its source in 
Tehri Garhwal. In its lower reaches it winds its way, in steep rapids and 
through narrow gorges, Figure 1F.14 along!the western boundary of the United 
Provinces • .: Two other tributaries, the Assam from the east and the Giri from 
tlie west join the Yamuna before it leaves the Doon valley. At Paonta the 
river enters the Shiwaliks and emerges into Gangetic Plains at Faizabad. -

The Eastern and Western Yamuna Canals, taking off from the rivet at Taje .. 
wali, two miles down stream of Faizabad, divert most of it'3 dry weather flow, " 
for the irrigation of crops in the United Provinces and the :Punjab respectively. 
Continuing along the western boundary of the United Provinces the Yamuna, 
passes Delhi and thereafter ~·nters United Province~ territory in M:1thura 
District. It turns e stwarls near Agra and ultimately joins thf' Ganga at 
Allahabad. · 
M21CJ3l 
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Proposal for the construction of a storage d~m on the Tons at Kishau, 
13 · 5 miles upstream of Kalsi, to improve irrigation facilities in the two Yamuna 
canals mentioned above, was madi: by the Punjab Government some years back. 
The scheme, however, is held in abeyance at present. 

Figure 1F.l4 : Tons Valley 

The drop of about 750 feet, between Kishau on the River Tons and Paon ta 
on the Yamuna, is now to be utilised for the generation of a large block of power 
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by the Yamuna Hydro-Electric Scheme, which can be constructed in two sepa
rate stages. -The scheme is very important on acco.unt of the large block of 
cheap power which it can make available in shortest possible time with pos
sibility for a large increase in output as the demand increases It is expected 
to start earning revenue for the Province before a major portion of the capital 
cost has been spent. 

. COMMUNICATIONS 
The nearest rail head, is Dehradun, on the 5 feet 6 inches gauge ofj;he _ 

East Indian Railway, which is about 30 miles away from the site of works of 
stage 1 and 50 miles on the average from the site of works of Stage II. 

Dehradun Chakrata metalled road runs within two miles from the site of· 
works, of stage 1,. which will be connected _ to this road by means of metalled 
approach roads. 
, 'Vhen the stage II of the Project is taken up for-construction approach 
roads. connecting the sites of works wit]J. Dahradun Chakrata road, will be 
constructed: · 

HYDROLOGY . 
By couelating the discharges of the Yamuna at Tajewala with observed . 

discharges of the .Tons at Kishau, and of the Yamuna at Kalsi it has been esti
mated that except for a few weeks,in years oi drought, 2,000 cusecs will be 
available for power generation, from Stage I of the scheme, between 1st week of 
October and middle of May and 4)600 cusecs during the rest of the year, Figure 
IF.l5. · 
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The corresponding figures of discharge of the Tons at Kishau available for 
power generation in Stage II ()f the scheme are estimated to be 1,400 and 3,800 
cusecs respectively. 

PROJECT FEATURES-STAGE I. 
General Description 

This stage of the scheme will utilise a total drop ofi50 feet available bet
ween Dakpathar, Figure IF. I6 about two miles downstream of the confluence 
of rivers Yam una and Tons, and the junction of the rivers Ahsan and Yamuna. 

A barrage 2,048feet long, having 30 bays of 60 feet clear, span each, each 
with a control gate varying in height from I3 feet on the left end to 5 feet on the 
fight end, will be constructed, across the river Yamuna, at Dakpathar. Thi.s 
will divert the wa.ters of the river through a regulator into a concrete lined 
power channel with a full supply capacity of 4,600 cusecs. There will be two 
drops of 50 feet and IOO feet respectively in the channel. · · 

The Barrage 

A bridge across the Yamuna has to be constructed for the NationarHigh-
-way and the most economical arrangement is to have it over the barrage. A 
barrage with gates along its entire length has been decided upon. This will 
give best possible control, over the river flow, which is essential in view of the 
necessity of continuously training the water supply of the river from the right 
flank, on which side it has a natural tendency, towards the power channel re-

-gula tor on the left bank. In order to help the formation of low level supply chan
nel, through the undersluices during receding :floods, the barrage will be step
ped up from the left flank to the right, Figure IF. I7. The main force of the 
floods will, howJvcr, ba spent on the rock abutment on the right flank away from 
the regulator. 

_ The s~.etion of the barrage, Figure IF. I8, is the usual glacis crest type 
which has been designed SQ that the standing wave for all conditions of flow 
is formed on the downstream slopes of the glacis whilst the downstream floor 
thickn'esses are sufficient to withstand the uplift pressure of water. Three 
main lines of cutoffs will be provided to guard the floor against scour. The 
pond _level upstream of the b3rrage will be maintained at an elevation of 14:72 
to enable the channel to have a supply of 4,600 cusecs. Extra discharge of 

, 1,000 cusecs, needed for the silt extractor, will be passed into the channel by 
·:raisiri.g the pond level t_o an elevation of I4 72 · 5. 

I The Head RegulatOT - . 
Six bays of 25-feet' each will be provided in the regulator h'lving crest 

,· elevation at I467 so that a discharge of 4,600 cusecs can be passed into the 
' channel with pond elevation at I472. 

: The Ohannel 
The channel will be 8 miles 5l furlongs long and will provide ~wo drop~, 

Figure IF. I9. ·The first fall of 50 f~et will be sited at Mile 5-0-330 of the chan
nel, where the full supply elevation is 13·44 feet above ground level and tl.e 
second fall of 100 feet will be at Mile 8-I-250, near villageDhalipur where there 
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., an abrupt drop of over 60 feet along the bank of the Ahsanriver. The chan-
1 el fina11y meets river Ahsan at Mile 8--5-250. -

In the first 21 furlongs of the head reach t he channel will be 175 feet wide 
.and will not be lined as the spring level is expected to be high. • Mter 2! fu.l .. 
longs the bed width .of the channel will be gradually reduced, to 32 feet, pro
viding 0·56 foot per mile-bed slope and 15 feet water depth fqr 4,600 cusecs. 
Thi3 is the most economical section for the channel for an average depth of 

-digging of 16• 5 feet. For deeper excavation, the most economical section would 
have been narrower but in order to provide sufficient space for working mecha· 
nical excavators, 32 feet wide section has been adopted thioughout. 

The channel will have side slopes of l i to 1 and will be concrete lined~ 
Figure IF. 20. A steeper side slope of 1i to 1 would have been possible but 
has not been p~oposed as the concrete lining in this case will have to be done by 
manual labour. A 16 feet wide roadway along the right bank and 20 feet wide 
along the left will be provided all along the channel. · 

Expansion. joints will be provided at intervah of 33 feet and will be sup- . 
ported on stone masonry bars to be constructed along the side f>lopes and ac
ros~ the bed. The expansion joints will be grouted with' water proof bitupli
nous mixture. In embanked reaches, the lining will be !einforced with i inch 
bars placed one foot apart in both directions, so as to prevent cracking by any 
local settlement of the fi.ll.-

Downstream of the first power house, the channel will be 150 feet, wide, to 
suit tbe power house dimensions, but will gradually narrow down to the usual, 
section of 32 feet bed width. Downstream of the second power house, the 
channel upto its outfall into river Ahsan, will not be lined with concrete and · 
will be 170 feet wide having a bed slope of 1· 0 foot per mile. 

The st"lt Extractor 
Quite a high percentage of sus:eended silt is likely to enter the canal during 

the monsoon which must be extracted to prevent the runner blades of tur· 
hines from wearing out excessively. This will be accomplished by providing 
a silt extractor at :rtlile 0-6-330 of the channel. Dll!ing the monsoons the chan
nel will be fed with 1,000 cusecs extra d.i&-harge, in addition to the discharge 
required for power generation; in order to work the silt extractor. 

The Power Plant 
Hydro-electric power pla;tt comprising two vertical shaft, adjustable 

blade, propeller turbines directly coupled to a .8,500 kilowatts, 11,000 volts, . 
3 phase, 50 cycles alternator each, will be installed at the first fall,' whilst four 
turb<>alternator sets of similar type arid 8,500 kilowatts capacity each will be 
installed at the second full, near the -end of the channel, where it outfalls into 
Ahsan river. · 

Each power station ~ill have space for the installation of a spare set, 
similar to the ones initially provided, which will Qe required when any storage 
s~heme such as the Nayar, Ramganga or Kishau dam project comes into oper!\-
tJon. -
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• PROJECT FEATURES-STAGE II 
. 

The river Tons brings in the greater portion of the supplies of the river 
Yamuna below the junction of the two rivers. This stage of the project will 
utilize a total drop of about 590 feet in the Tons river from the Kishau dam site 
to Dakpathar, by short circuiting the double loop of the river, by means of a 
tunnel to be driven through the intervening hills. _ -

' .A 70 feet high concrete dam will be constructed across the gorge in the 
river Tons, at. the point of commencement of the first loop, about one and a 
baH mile downstream of the proposed Kishau dam site. This will raise the 
water level to the tail water elevation of the proposed Kishau dam and will 
divert the waters into a 20 feet internal diameter, concrete lined tunnel, Figure 
IF. 21. The tunnel will be in two sections 4 miles and 2! miles long respectively. 
Between the two sections: the Tons rivu will be crossed by a double 14 
feet diameter steel pipe siphon aqueduct, the aqueduct portion of which will 
be supported above the highest flood level of the river by suspension cables, 
which will also carry a light roadway, Figure IF. 22. 

The tunnel will hally feed into a double 14 feet diameter steel pipe pen
stock which will carry the water to the power house, to be sited near vi11age 
Khadri on the right bank of river Yamuna, about 4 furlongs upstream of the 
barrage of Stage I. .A surge tank will be installed at the junction of the tun
nel and the penstocks. At the power house, five generating units of 30,000 
kilowatts each will be installed initially but space will be left for the installa
tion of a sixth similar set. The sixth set will be installed later when any stor
age scheme, such as the Nayar River Project, comes into operation, in conjunc
tion with which, the entire power output from Stage II of the Yam una Hydro_ 
Electric Scheme will become firm power. · ' 

.A highway bridge will be constructed across the Yamuna over the barrage 
at Dalq>athar as soon as the construction of Stage II of the project is approved .. 
This will provide communication facilities to the Khadri Power Station and 
tunnel outlet works. It will alw carry the Doon-Simla National Highw3.y~ pro
viding a most vital road link between the United Provinces and the ;Himachal 
Pradesh. · 

CONSTRUCTION FEATURES 

The construction of Stage I of the scheme is not likely to present any 
serious difficulty. The excavation of the power channel will have to be done 
by power shovels and trucks, as it involves a deep digging to gravel and boul
der, forming a large proportion of the material to be excavate~. -- Excavation 
of the top layers consisting mainly of soil can, however, be started by manual 
labour pending the arrival of mechanical excavators. Power shovels of 21 
cubic yard and I! cubic yards capacity with 12 cubic ;ards End Dump trucks 
will be used for the excavation. 

The construction of this stage is expected to be complete~ in 4} years i.e., 
br the first half of the years I ~53, 
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Mechanical tunnelling equipment and about 3,000 kilowatts of power 
will be required for the construction of Stage II. Its construction can, there
fore, be taken up shortly before, or immediately after, the completion of 
Stage I, from which the power for construction will be· available. If demand 
for power justifies it, the construction can be commenced earlier by installing 
a 3,000 kilowatts thermal station. The constructbn of this stage is e;pected 
to take about five years. 

POWER OUTPUT 

It is estimated that 22,560 kilowatts of firm power from the first stage 
and 60,000 kilowatts from the second stage, would be available throughout 
the year. In addition 28,360 kilowatts of seasonal power from Stage I and 87,700 
kilowatts from Stage II would be available in- the period from middle May to 
first week of October, Figure IF. 23. ' 

Discharge in many weeks will be more than that required fnr firm power, 
output. The power generated in excess of the firm output during the period 
first week of October, to middle of May will be se~ondary power. The average 
~econdary power output is estimated to be 50· 8 million kilowatt hours annu~lly 
from the first stage and 153 · 4 million kilowatt hours from the second stage. 

All the seasonal and secondary power output will, however, become firm 
power when any sto~age scheme such as the Nayar or Ramganga rroject comes 
into operation in conjunction with the Yamuna Hydro~Electric Scheme. 

Although, the average, minimum output from' the two stages of Yamuna 
Scheme would be very much more than the figures of firm power meniionefl 
above, yet in a few weeks of very dry years the output may fall below the 
limit. The storage. will, however, be inappreciable, being less than 0·5% of 
the total power output, and will be made up by the existing thermal plants 
without any difficulty. . -

• 
POWER UTILISATION -

The power to be-generated from the first stage of the scheme is e~ected 
to be utilised as given below :- ' 

(t) Himachal Pradesh (Sirmur State) •• 

( ii) Dohradun -

4,500 kilowatts firm power to be delivered 
at the power station. 

3,000 kilowatts firm power to be delivered 
at the Dehradun sub-station. ~ 

(iii) Rishikesh, Narendra Nagar (Tehri Garhwal) 500 kilowatts firm power to be delivered at 
area. Nar~ndra Nagar or Rishikesh sub-stations· 

(iv) Industrial area round about Ghaziabad 9,000 kilowatts firm power and 4,650, kilo-, 
watts seasonal power. 

(v) D~lhi. (In case this block of power is not re- 5,000 kilowatts firm power and 20,000 kilo 
q~~d by Delhi it will be utilised, in full, on watts seasonal power delivered at Ghazi-
eXIStmg Ganga Canal Grid). abad sub-station. 

-The _distrib~tion of power from Stage IT will depend on tha develop
ment of mdustr1es in' western United Provinces and the neighbouring Provin
ces and States, 
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TRANSMISSION 

Power is proposed to-be transmitted on 33,000 volts lines to Himachal 
Pradesh, Dehradun and Narendra Nagar. A 132,000 volts double circuit 
transmission line will carry the power to Ghazia.oad and Delhi . 

... : At Ghaziabad sub-station i~ will be &tepped down to 66,000 volts at which 
-the 'power will be available for Delhi. For the United -Provinces industrial 
.area, 66 KV transmission lines and 33 and 11 KV distribution systems will 
be constructed to suit the nature and location of industrial installations. A 
link with the 66 KV Ganga Grid transmission line will be provided at Dasna 
or Moradnagar for interchange of power between the two systems. Figure 
IF. 13. 

FINANCIAL 
Capital Cost 

Powe'T Generation.-· The initial capital costs of the Stages I and II of the 
project work out to Rs. 498·32 and Rs. 884 42 lakhs rospectively. If, and 
when, any storage scheme, such as the Nayar, or Ramganga Dam Project comes 
into operation in conjunction with thi3 scheme, ·one spare generating set will 
have--to be installed at each of the power s~tions. The ultimate capital cost of 
the two stages will then be Rs. 564 · 02 lahhs and R.i. 927 · 22 lakhs respective
ly. ,· 

Transmission.-A complete project· for ·the transmission lines is under 
preparation. -On the basis of a preliminary estimate, how;ever, the cost of 
transmission lines to bulk supply points and sub.:.stations for Stage I, is expected 
to be Rs. 300 lakhs, approximately, whilst the corresponding figure for the 
second stage is expected to be Rs. 839lakhs. 

The cost of 132 KV double circuit tranSmission line to Ghazia.bad and the 
sub-station at Ghaziabad is estimated at Rs. 167 ·40 lakhs. 

Cost of Generation.-
, The cost of generation for firm and seasonal power from the two stages of 

... the scheme is expected to be 1·98 pies and 1·24 pies per kilowatt hour res
pectively. The corresponding figure for the two stage& combin~d works out 
to 1·43 pies per kilowatt-hour. 

Cost of power delivered from lihe first stage, at 66,000 volts at Ghaziab[1.d 
sub-station is estimated to be 3 · 39 pie3 per kilowatt ho.u- as compared to 
10•08 pies per unit, the!average~selling rate of power from: Ganga Canal Hydro
electric Grid. 

These .fi_gures also compare very favourably w:i,th those of other existing 
power plants and most of the proposed power plants. 
Percentage Return-.. . 

Revenue :f'rom the projE?ct has been calculated assu,m.ing a selling rate, at 
the generating station, of 2!. pies per kilowatt-hour for firm power, l! pies per 
Kilowatt hour for seasonal power and i pie for secondary power. 

The percentage return on capital cost of Stage I of the scheme, excluding 
transmission lines, is expected to be 3 • 31 percent whilst from Stage II it 
would be 5 • 93 percent. The percentage return for the two stages combined 
would be 5. 00 vercent~ 
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The return will be very much increased by the construction of either the 
Nayar or Ramganga River Projects. 

. I 

The Yamuna Hydro-electric Scheme will, in additio~, yield co~siderab_le 
indirect rev~mie by the industrialisation of country as the result of the avad-
abiliti "of cheap power. - , . . . 

II I• 

PROGRAMME OF WORKS · 

It is obvious that Stage II of the scheme is much more remunerative and 
will yield a larger block of cheap power than S~age I, but this stage cannot. be 
taken in hand for construction immediately, as it would require tunnelling 
machinery, power for construction-and trained personnel for tunnelling work. 
Stage I is a straight forward scheme independent of Stage II., . It does notre
quire special construction machinery which would take time to be procured and 
has, therefore, been cominenced already. -

The construction of this stage of the project is expected to be completed~ 
by the middle of the year 1953. Orders have been placed for the construction 
equipment required for the scheme, whilst contract for the turbines, generato1 
switchgear and other auxiliary equipment will be let by the end of this fi.mncial. 
year so that the powtr plant is received in time for installation in accordance 
with the programme. " · 

• The quantities of the jmportant works of Stage I are given in the schedule' 
1n Figure IF. 24. · , · 

Work or the Head works will not. be possible for three months in the mon-
soon season due to heavy discharges in the river Yamuna. ' · _ ' 

The annual requirements, of the critical :p1aterials, for the period or co~s-
truction of the first stage are given in Table IF. XIV. . . 

' . 

TABLE IF. XIV 

------·----------------------------------------------------
Nameo 

materia 1 
r 

-
Steel . 
Cement. . 
Oil . 

1948 

250 

700 

20 

Quantity in t.ons required during the year 

1949 1950 1951 1952 

1,200 1,200 2,000 1,600 

20,000- - 25,000 25,000 25,000 

5,000 6,000 7,000 7,000 

-

1953' 

500 

5,000 

3,0QO 

Tot 
To 

al 
ns 

-
• 6,7 50 

00 

20· 

l,OJ),7 

28,0 

In the tunnel of Stage II, 1,59,18,000 cubic feet of excavation and 47,21,000 , 
cubio feet concrete lining ~II be required. , The pipe line siphon crossing and the : 
penstocks of this stage will require about 3,000 tons of steel. 

. ~rep~rations.for the construction of Stage II such as (a) survey and inves .. 
t1~atwns, .(b) training of personnel in tunneling work, (c) :finalisation of the de .. 
tailed proJect ar:e being continued and are- expecte:i to be completed in time for 
the Stage II to he_tak~n up for construction immediately after the completion 
of Stage I, or e~rlier, if power demand-warrants it. 
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SUMMARY OF PRINCIPAL FEATURES 

HEAD WORKS 

Tl.e Barrage :-Located nea,;' village Dalq1athar, about two miles downstream of the confluence 
of the rivers Tons and Yam una. • 
Maximum anticipated flood 410,000 cuseos. 
Highest flood elevation - . • '•. 1478·0. 
Normal Pond elevation • • 1472·0. 
Length • • . 204 8 feet comprising 30 bays of 60 feet clear span· each. 
Crest Elevation • • From left flank to right. 

Number and size of gates .• 

Road Width (National Highway) 

Head Regulator. 
Length 
Crest elevation 
Elevation for top of gates 

Maximum discharge 
Bed width .. 
Side slope 
Depth of water 
Total length 
Length of concrete lined cha.n.r.el 

Power Station I-Location 
Installed ca. pa.city , 

Power Stationii-Loca.tion 
Irsta.lled capacity 

Dam tm T01&8 River 
Height r 

Elevation o' top 
Tunnd 
J-ength -•• 
Type • .. .• 
Thickness of concrete lining 
Maximum discharge 

4 bays crest elevation 1460·0. 
6 bays crest elevation 1461·0. 

10 bays crest elevation 1464·5. 
10 bays crest elevation 1469·0. 
Four of 60 feet X 13 feet. 
Six of 60 feet X 12 feet. 
Ten of 60 feet X 9 feet. 
Ten of 60 feet X 5 feet. 
20 feet plus two '5 feet • side walks. 

• 
175 feet comprising six spans of 25 feet clear. 
1467·0. 
1472·0. 

POWER CHANNEL 
4,600 cusecs. 
32 feet. 
I! to I. 
15 feet. 
8 miles 5 furlongs 250 feet. 
7 miles 6 furl or gs 580 feet. 

POWER PLANT 
Mile 5-0-330 of the power channel. 
Two Kaplan turbo-alternator DDits of 8500 kW. each 
rated head 48·5.feet. Provision for one spare set. 

Mile 8-1-250 of the Power Cham·el. ' 
Four Kaplan trubo-alter:ra.tor units of 8500 kW. each 
rated head 97 feet. Provision of one spare 'set. 

STAGE II 

70 feet straight grn.vity concrete structure. 
2,068·0. 

2 sections 4 and 21 miles respectively. 
20 feet internal diameter concrete lined circular. 
18 inches average. 
3, 800 cusecs. 

Ton a croasing between the two settioi's of the tunnel. 
ype Combined siphon and aqueduc~, comprising double 14 

feet diam(Jter pipe li •e laid along tile hill sides &I'd then 
suspended across the river by cables 10 feet above the 

Span of suspension bridge 

PCYWt.r Pla1&1 
Installed capacity 

highest flood elevation of River Tons. 
270 feet central span and two 80 feet side spans. 

• • Five francis ~9 units of 30,000 kW. ~hat a rate 
head of 575 feet. Provisioi' for a spare se~. 
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DISCUSSION BY THE RESEARCH COMMITTEE-

THE SECRETARY said that 's~bjects No. IF, 2F and 3F' were generally dis
cussed at the Board meeting, and suggested that'. these be reserved till 
then unless Research Officers desired to discuss any item in particular. . . 

MR. NAEGAMV.ALA referred to item (3).and said that unfortulJately, waters 
of this river were saline. The salinity during the rainy period from June to 
November was abo~t 100 parts per 100,000 in tne flood waters. The ana
lysis was given on page 431 both for the flood season and for the winter when 
salinity was still higher. He requested for suggestions to remove this 
salinity. · 

. -
DR. HooN said that the~e were two points worth examination..: , 

(i} did the water have a permissible salinity for irrigation purposes ! 

(ii} how would the soil. stand irrigation with that t~e of saline water! 

He said that in the Punjab they had fixed an upper limit for salinity in 
irrigation water at 120 parts per hundred thousand. parts of water. It would 
have to be investigated what sort of limit could be fixed for water in other 
parts of the country.· . 

DR. RA.o said that a similar problem had been P,iscussed in Sacramento .. 
He suggested, Mr. Naegamv~la mig~t get in touch with that literature. 

DISCUSSION BY THE BOARD 
I 

MR. S. A. GADKARY in introducing it~m (4) said_ that he had .two objects 
in contributing this paper ; firstly to pursuade other experienred engineers to 
contribute to the subject by giving more detailed technicaf information on the· 
various Hydro-electric projects which· they had completed or on which they 
might, be working now. Secondly, he wanted this paper to act as an intro
duction to the bigger paper which he had promised earlier to present at the next 
meeting and in which he would like to give detailed technical data, photographs 
and tests taken on the plant and equipment to be employed on the Hirakud 
Project. He appealed to the Hydro-electric ~ngineers jn the countrytoassoc~a:
te themselves more actively with the work of the Central Board of Irr~gation. 

MR. N. N. IYENGAR, Chairman of the Central-Electricity Commission in 
opening the discussion wanted to have all the reasons which led Mr. Gadkary
to conclude that alternative No. (iii), viz. Power House No. 2 taking the base 
load and No. 1 taking the peak lor..d, was the best solution. He suggested a 
combin~tion of hydro and thermal power for an ec-onomical devel.)pmellt 'of 
the ~ystem as a whole and referred to the practice adopted in other countries 
wi~h good fuel resources and on the Damodar Valley Project. He thought that 
this should be possible as Orissa was not far from the coal resources. In this 
way, he eaid, the installed hydro capacity could be put much more than on the 
basis of the minimum flows alone. As our fuel resources, however, were not' 
as extensive as we desired, the econemirs of such_ hydro-Plectric power projects 
COllld be co~siderably improved if their con~truction programmes coul.d, be co•. 
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ordinated with constrnctions of similar projects in neighbouring areas. In the 
case of the Hirakud Project, there was of course expected to be no shortage of 
storage supplies, as only a portion of ~he total :floW. of the Mahanadi River was 
impounded. To this extent, there would be no need for any back-up from 
Thermal power stations. If the generating capa<'ity installations, however, 
were co-ordinated with power system capacities in neighbouring zohes, which 
could be connected up with transmission lines, installed generating capacities 
in all the stages of development could be utilized continuously with resulting 
economics of capital and operating costs. I would recommend that the possi
bilities of such co-ordinations be examined, when considering the programme 
of installation of generating capacities in such projects. 

· MR. S. S ... KUMAB. appreciated the lead given by the author in presenting 
paperd on Hydro-electric projects1 

- -
He referred to the author's suggestion to use Power House II as a base load 

station and pointed out that in the earlier stages when the load would be low, it 
would not be economical to run Power House I without loading it in order 
merely to run Power House II. Even when load developed, he thought there 
would be difficulties as due to the taking of irrigation water through the power 
channel, regular :flow of water could not bo counted upon to work Power House 
II.-

f 

He referred to the arrangement proposed on the Nanga! Power House in 
this respect. , 

- -
, MR. KuMAR agreed generally wit~ the principle that !'lmaller the number of 
units to generate a given power, the less would be the cost per kilowatt of instal
led capacity and hence the overall cost but there was a limitation to that state-
ment as beyond a certain size it would not be quite economical. _ 

RAo BAHADUR G. SUNDARAM .said that he had not exactly understood Mr· 
Gadkary's remarks regarding ' mean monthly :flow ' for the ' design year~ and 
that the subject should be restudied by assuming say 15 to 20 per cent 
variation between the design data and the actual results. In this connection 
it would appear that in arriving at the ' mean monthly :flow ' of water to be 
utilised in a wheme the volume of water available from the power point of view 
had also to be taken into consideration. Referring to the method by which the 
sea:gonal power was converted into firm power, he said that valid consideration 
shopld be given to the amount of thermal power that was also available. In 
his opinion the firm power should be allocated only to first class loads viz., 
urban loads, and certain industrial loads and large seasonal power should be 
ma·de available to cover loads of secondary i portance. All this, of course, 
had to, be studied keeping in view the local demands and characteristics and also 
whether possibility of thermal station existed to supplement hydel generation. 
Possibly some provinces might have to go in for thermal power rather than for 
seasonal power. Another point to be considered while converting seasonal power 
into primary load was that supposing it was a grid and the grid happened to 
have thermal and hydel plants of varying regimes, then greater use of seasonal 
water co~ld be made USE! of than was otherwise feasible. 
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MR. J. C. 'HARDIKAR said that his experience of combining the irrigation 
project with.th~ hydel was that ~h~ req_uire~ents of the two wer~ diU:erent. The 

-seasonal var1at10n of water for Irrigation dd not generally fit m w1th that for 
power generation. In some such combined schemes that he had come across he 
remarked that it was found very difficult to make them run togehter. Looking 
at the power requirements of the scheme, he said it would be found that 
very little water was left for irrigation purposes. 

Continuing he said that from Mr. Gadkary's paper, it was not clear how the 
capital cost would be apportioned between the two benefits-irrigation and 
power. 

MR. S. R. AGGARWAL referred to the need of proper load planning. It was 
not sufficient to statemerelythatthe full load would be developed in 5, 10 or 15 
years. Referring to the United Provinces projects he said that the 
total generati9n of electricity was expected to be about five lakhs ofkW. These 
they wanted to install in 10 years. He said that the power planning was not 
akin to water planning for food because the latter was relatively simpler. The 
power planning was depended on the economic conditions of the country. 
Continuing he saidthat in United Provinces they required huge quantities of 
cement and iron but they had only limited supplies of these. He believed many 
of the projects were power p!ojt:cljs. He therefore wanted that some principles · 
should be enunciated as to how the power planning should be done and what 
materials were to be taken into account. He thought they could definitely 
find out which projects were more important than the others and as such 
should be taken up first. 

MR. R. L. NARAYANAN (Orissa) in thanking Mr. Gadkary for his paper said 
that the first point he wanted to take up was regarding the running of the lower 
power house. In the case of this schemelthey had two power houses utilising the 
same water for power generation and this water was being used by the second 
power house. Besides, there was a storage reservoir of a reasonable magnitude. 
:rt~garding the installation of the plant, he said, they should take advantage, of 
all the circumstances pertaining to the scheme. Continuing he said that the 
minimum head in the upper power house occurred when that at the lower pow
er house would be a maximum. There would be no water in the river below· it 
and the storage reservoir above would not vary appreciably in level. Under the 
circum~tances the turbines at the Upper Power House would be capable of only 
the minimum output while the turbines at the Lowar Power House woulctl,e 
capable of the maximum output. One should certainly take advantage of the 
larger capacity of the turbines in the Lower Power House at this time to carry 
part of the peak load and thereby reducing the demand at peak load time qn 
the Upper Power House. The reservoir above the Lower Power House, he 
said, was big enough for this purpose. This ehould mean that part of 
the increase of load during the peak time would be carried by the Lower Power 
House and it would work at less than its average load during the off peak load 
time and correspondingly in the Upper Power House the increase between the 
low load period and the peak load time would be reduced. He said, one should 
design the two power houses to be capable of supplementing each other at 
·all times. . 
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Further one should· Ii:ot make the generator suitable for the output at the 
lowest head only but for a reasonably higher: head than the minimum. This 
"could either result in a reduced number of sets for the same load. or in the rE-duc
ed size of the turbines required to cairy the load. He wa~ therefore, of the 
opinion ~hat a reduction in size of the order of even 10 to 15 per cent. would re
sult ~ a I)Ubstantial saving in cost considering the present high rates of 
machinery. ' 

Coming to the question of the size of the turbines he said, it w~ld not he 
correct to make up the mind for just three or four machines and to base the sizes 
on this ass~mption without taking into consideration the bet that this 
might lead to a side which might necessitate going down in speed, 
for a larger generator combined with a lower speed would not necessarily 
mean a reduction' in the cost of generating' plant per k\V. Besides, the 
heavier and larger parts of a larger but slower machine, would also mean a larger 
power house, deeper foundations, deeper drought tubes e~c.# It would also mean 
a larger amount of spare capacity. , · 

Continuing he said that on analysing the installation of a larger number of 
hydro-electric stations jn America, he observed that it was very seldom indeed 
that the generating capacity was based on the basis of minimum head. 

He was , therefore, of the view that-

(1) the size of the machines should be gone into in much m:ne detail 
and made to fit the conditions at Hirakud where there were two 
generating stations with varying heads but where the variation 
in head did not occur at the same time. 

(2) the size o_fthe set should be fixed with a 'view not only to having the 
- minimum number of machines but also to having the most econo

mical rate of the generating plant per k'W. -
Referring to the remarks that during the monsoons the efficiency in the 

lower power house did not matter as there was plenty of water in the rivur, be 
said that no doubt there would be plenty of water going over the dam, but 
would not be available for No. 2 power house. 

Another point was that if they were going to base that load on minimum 
head, why to have moveable propellor blade turbines at all as they would be 
more costly. Unless one took full advantage of them the extra cost he said would 
not be justified. He therefore suggested Kaplan turbines as their efficiency 
was also fairly high over a considerable range. · 

MR~ H. R. BHATIA remarked that in a byd~o-electirc scheme the quan
tity of water availabl@ should be known for an economical design so that the 
scheme as desjgned could fulfil the requirements for which it was designed. The 
most desirable method of determining this in his opinion, was the actual river 
gauge at site and no for~ula could be applied. He was very glad to know that 
Mr. Gadkary had laid streEs on this point. Continuing he said that from the de
velopment of load point of view a step by step development was more suitable 
than an overall scheme. The Central \Vaterpower, Irrigation and Navigation 
Commission, he said, was making schemes from an All-India point of view. 
He_ was not sure if this point was being kept in view. He agreed that 
the total potential power of supply should be utilized but it did not 
necessarily follow that the total storage scheme was necessarily the mo'3t 
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economical one. Sometimes one c6uld utilize a fairly large proportion of the 
total potential power available by providing only a s;nall"'pondage instead of 
total storage. ,ThiS was particularly so when. the variations in the stream flow 
in different seasons of the year were not very wide. ·.Referring to this particular 
scheme he :first.,.poirited out to page 444 and said that it was not clear why one. 
should always go too much on the safe side in every case. Too high~ factor of 
safety. at every step would tend to make the scheme less economical. He 
next referred to page. 445 where a reduction had been made of 1·66"m.lllion 
acre feet of stora:ge on accoll.nt of ~rrigation requirements. He presumed 
from. this that a channel had been taped direct from the main :reservoir for 
irrigation requirements and this was not clear from the paper. 

With regard to running of the base load station, he thought that before 
this question could be decided, it was necessary to study the load curves with res
pect to the water flow. Further, ,it had to be studied in relation to the capacity 
of the reservoir as to how much water it could store. Unless this study was 
made from hour to hour, he did not think that this question could be decided. 
He suggested· that a detailed study should be made on ~his point. As regards 
the number of units on the last page of the Paper, he said, Mr. Gadkary had sug
gested ultimately seven Units. He personally felt that this-number of units was 
too high. In his opinion six generating units w:ould be. ~mple, four of which 
would carry the full capacity, the fifth one could take the

1
peaks and the sixth 

one would be spare. . 

MR. K.L. VIJ agreeing with Mr. Bhatia; remarked that it was of great impor
tance to know the correct data on which any hydel project was to be based. 
For that either one could take the minimum flow that had actually been observed 
in the past or one could study the cycle of rainfall. Personally he was of the 
view that one should, in each and every case, see the effect in case the minimum 
cycle came in after sometime whether the loss of power was such that it could 
be made up by other practical means. In case it was so found the design need 
not be based on the minimum flow. In this particular case, as had been shown 
by Mr. Gadkary, the loss of power in the worst year came to about 22 per cent. 
So he had a choice between designing 22 per cent. more or 22 per c~nt. less of 
power. Now in this particular case the average power which is 22 per cent. more 
was actually available in 19 out of 20 years. It was only in one year that the 
power fell short by 22 per cent. Therefore, he said he was personally of the view 
that it would be quite reasonable in this case to assume the average year flow and 
design it on that basis. Recently he said, he had a chance to see theW ain
Ganga Projec-;t in the Central Provinces. There he found actually that in the 
worst cycle o~rainfall the actual shortage of power over the average year fell by 
62 per cent. Certainly in that case the worst cycle of rainfall would have to be 
taken into account because it might not be possible to make so much shortage 
by any practical means. The second point, which he thought was a very useful 
point, and which also had been raised earlier was about the supplementation of 
the hydel power by the steam power. IJe said that since a huge hydro-electric 
programme was envisaged one could ~ot think of thermal supplementation3 
unless all the primary power available from the hydro projects had first been 
sold out. After the primary power had been sold out, it would be time then 
to think as to whether the secondary power from any project was available or 
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not and if so:whetheriit:would~b(economically reasonable to su:pplement it 
by steam power-. No:v, there was shorta~e of power only once ~n 20 years. 
A steam plant to c!lter for that one year m 20 years wouq certamly not be 
economical, · 

Another inte;resting point on which he said he would like to add his com
ments was about the parallel operation of the power houses Nos. 1 and 2. There 
were two aspects of this case to be viewed. AJl the water that was released 
from power house was actually used on power house II. Then there was the 
second aspect namely the electrical aspect. The question was whether it would 
be possible to hold the two power houses in parallel operation in the event of 
~ny major· disturbance on the system because it was most essential that both 
active and reactive power were shared between the two power houses in propor
tion to the ass~gnments made to them before hand. Otherwise if there was any 
disturbance on the system it might so happen that one power house might take 
far more reactive power than was actually assigned to it. In that case the entire 
power house would be thrown out of the system. The other station not being_ 
able to take up the entire load might follow suit. Therefore both these consi
derations should be taken into account. Personally he thought that the -elec
trical consideration was:as important as the hyde! consideration. Between 
the two power houses he ... thought, it would be very expensive to control them 
from a central control by some supervisory means. In his opinion, the be.st 
results from the electrical point of view would be obtained by running OD;e 
power house at fixed load and fixed power factor. Another point which he 
said he would like to raise was about fixation of critical load. The trouble was 
that so fa~ no manufacturing facilities were available in this country and fer 
any data or design difference between the turbines themselves one had always 
to run to foreign countries for advice. Consistent with consideration of econo
my, it would be ideal to so :fix the critical head that an output from the turbine 
equal to the rated generator output can be obtained at all heads. Previously 
they were being told all the time tha~ whether the turbine was designed for a 
head of 78 feet or 88 feet the cost would be almost the same in both cases. If 
that was correct the1:1. he thought that it would be quite reasonable to design 
for the minllp.um head of 88 feet so that it was possible to obtain an output 
equal;;, to _the generator output at all heads, otherwise. When the head was 
low: more sets had to be taken into commission. The efficiency of a Kaplan tur
bine was fairly constant between 25 per cent. full load and 100 percent full load. 
Referring to Table IF. XIII, he said, the head varied from 79 feet to 112 
feet in the months of June to November. For the three months of :May, 
June and July when the available head would fall short of the design head of 
88 feet, spare set would have to take up the additional load. 'Having recent
ly learnt that the difference in cost between a design head of 88 feet and 78 
feet would be by about 10 per cent. and because of the reason that the spare 
set is not called to run for more than three months, the design head had been 
raised from 78 feet to 88 feet. Referring to page 453 of the Paper 1\Ir. Vij 
thought that 1\Ir. Gadkary's intention was probably just to ·make a sort of a 
general case as his own experience was that the cost per kvV. depended on the 
diameter of the turbine and the regulationship indicated by Mr. Gadkary, no 
doubt, held good upto a certain limit of the turbine diameter. 
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In winding up the discussion MR. (jADKARY fel(.gratifi.ed at th~ keenintere~t 
taken by Power Engineers in his paper. · Ile said~that although he had noted · 
the points rai~ed by the vari?us speakers, it would not be possible to complet~ 
the discussion within an interval of a couple of minutes thr·n left for closing the 
discus8ion. However, he would like to refer to these points by a separate note. 
The note as received from him is reproduced _in the following form :-

. With reference to Mr. Iengar~s remarks MR~ GAD~Y.- stated that the ques .. 
tion of operation of two power houses had been gone into very much in detail, 
and the reasons for selecting No.2 (Lower) Power House for base-load opera· 
tion, when both the power houses were fully loaded, were given on page 451 
wherein three basic conditions ha~ been stated lfor their successful syn. .. 
chronous operation in parallel. To this it might be added that the hea.d in 
Power House No. 1 wa 'l higher than in Power House No. 2, and, therefore. the 
water required for generating the same power would be less at Power House · 
No.1 than at Power House No.2. Th<trefore, ior a given powe~ output,_storage 
reservoir at Power House No.1 would be less than that at Power House·No. 2. 
Secondly, storage at Power House No.1 was already existing; therefore,· its , 
additional use by storing water for peak load demand would involve no extra 
expenditure. · , 

- -
It should also be noted that the load factor at Power House No. 2 could be 

-much less than at Power Hou8e No.1, if Power house No.2 was to- take the 
peak-load._ · -

In t~~ utlimate analysis it was the overall economy that counted and. 
therefore·, when all the variable factors had been' taken into account, the 
proposition in the paper would give the best economy. 

With reference tio the use of steam power generation to firm up the s~con• 
dary power from hydro generation, MR. GADKARY stated that the following need· 
ed consideration :- · · 

Capital investment would increase when power was generated for part o~ 
the year in one power house, and for the rest of the period ip. another powe~ 
house. This meant interest and depreciation charges would increase. Interest _ 
charges would increase in direct proportion, while depreciation would increase 
at a comparatively reduced proportion. Still the sum total would be much 
higher fo; generating the same units from the combined scheme than from one 
acheme operating on 12 months basis. This uneconomic proposition could only 
be taken advantage.ofifthere were other counter-balancing factors of sufficient 
importance, as 'Y~ere sometimes found in some industrially advanced countries. 
In India, with the availability of immense firm hydro-power, the combined 

· genmation would not be economical as a rule. In this particular case, it would · 
be definitely very much uneconomical. 

It was w~rth noting that even th~ ~econdary hydro-power at Hirakud
c~uld be converted into primary power when second storage scheme, namely,_ 
T1karpara, downstream the river, came into operation. There was therefore, 
no case at al~ for firming the secondary hydro-power by st~am generation when 
the same obJect could be achieved, when required,'by another storage scheme, 
downstream of the same river. , - · ' 
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Referring t·o Mr. Kumar's remarks, MR. GADKARY pointed out that, when 
load was not fully developed, hydraulic efficJency was of no consequence, as 
water had to be wasted for want of sufficient load . ... 

' 
As for use of water for irrigation taken out from the power channel between 

the two power houses, it was already taken into account under fully developed 
load conditions as explained in the working Table 1 F. XIII. 

Referring to Mr. Sundram's remarks MR. GADKARY added that mean month
ly flow referred to the aadition of water from month to month to the water 
p.vailable by storage, taken as full, at the end of wet ~eason, percentage refer
J.'ed the mean monthly flow assumed in the design year. This was inevitable be
cans~ the discharge cycle was not constant 'in each year. However, some cycle 
.had to be assumed and therefore in this paper the assumed cycle was referred 
I;<> as design year cycle. The object in restudying the water available for power 
generation by assuming variations in any particular year with design year 
~ta in the inflow, was to bring out its effect ·on power generation and to 
~~ne whether the extent of such a loss could be met conveniently by some 
t>ther means which had already been dealt with on page 438. 

Referring to Mr. Hardikar's remarks he stated that month by month varia
tions of the requirements of irrigation had already been taken into account in 
detail in columns 8 and 18 on page 448. 

· As for.allocation of cost between irrigation and power in a multi-purpose 
J?IOject, it was a subject by itself and was beyond the scope of the paper. 

_ Referring to Mr. Narayanan's remarks, MR. GADKARY added that the study 
cf tables given on pages 448 would indicate that the variations in head at 
both the power houses in different months had been fully taken. into account ·in 
-arriving at the power potential available by the combination of two power 
JJ.ouses hydraulically connected. No. additional power could be obtained from 
the same water b~yond the limits of its power potential as given in the paper. 

Secondly, even in some months, the head at power house No. 1 was 
Jrigher than that at power house No.2 and the efficiency of Kaplan turbine was 
!Jtirly constant with a wide variation in head, therefore, water was being 
ptjlised economically. · 

As for design head, the criterion was economy in first cost,. and, therefore~ 
it had already been taken care of, by calling quotations for the design head of 
138 feet though the minimum head was 78 feet. 

- Referring to the question of number and size of units it was stated that the . ' 
~conomy mvolved in the size and numbel' selected took into account all the 
~~~ors meptioned by him. The principles laid down were true within certain 
ll.tmts, on the size of tur binec; diameter and therefore as the size chosen was 
~ithin t~is limit,. it could be safely taken as an economic proposition as per 
JJl.formation supplied by the well-known manufacturers. 
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Referring to the 'question of additional water for No. 2 power house during 
the monsoon period, MR. GADKARY added th~t it was not understood what add i
tional purpose it would serve, when all the machines :~!ad enough water for full 
load operation, and yet if for, any reason. ad~ tiona~ wate~was required, it could 
be released from power house No. 1 site Into -tailrace c~a~el, as per design 
of the power house and sluice· gates etc. proposed t9 be provided in the power . 
house section of the dam. ' -

- ..... 

Referring to Mr. Bhatia's remarks, it was stated that· the first deduction 
for irrigation requirements was with reference to the main reservoir upstream 
of power house No. 1, and the second deduction._ was on, account of gravity 
channel taken out from power channel in between the two power houses. 
Both these deductions catered for irrigation requirements as laid down in the 
design. 

Provision for the openings in the Dam for two additional units, was made, 
only to make it possible for this addition, if required to generate secondary power 
in the wet season and to convert it at a later date into primary powe:r; with 
the help of Tikarpara storage scheme, as already stated. 

In conclusion, MR. GADKARY expressed his thanks for the interest taken.; 
by Power Engineers in his paper and felt that his ~~hours in preparing the pape:rj 
had been fully justified. However, in a technical paper of this 'nature, it. was 
not possible to give in detail, several factors that had entered into the calcula
tions and, therefore, if any Power Engineer ·was interested in elucidating fur
ther information on any aspect of the case referred to in this paper, MR. GAD-; 
KARY would be extremely pleased to supply such ~additional information as 
much as he could. · ' ·· · · 

• 
THE PRESIDENT congratulated Mr. Gadkary on his Paper and on the 

exact approach that he had brought in for discussion. He said he was 
sorry that he was not able to give more time to Mr. Gadkarr to reply to the 
discussion, but he felt that this discussion would go on by personal contacts 
and through correspondence. He ho'Y~ver, assured the Members that Mr. 
Gadkary had spent considerable time on the consideration of . this subject 
and he had been ably assisted by Mr. Vij. He appreciated the results produced 
by him. The President agreed with J\Ir. Gadkary in his generalideas about sup
plementation with thermal power. _In this particular case, of course, one need 
not at all be worried about the thermal power because they were storing only 
five million acre feet where as 40 million a~re feet of water was ruuning through 
the river. Later on there was going to be another dam namely the Tikarpara 
dam, and thus storage to the full extent would be possible. It would be possible 
to develop two million kW. at Tikarpara. 1~. Gadkary's assumption that 
loads in this case, would be assured from the begi·J.ning, he thought that Mr. 
Gadkary was quite correct because it was felt that 3: large number of factories 
w?uld take big blo~ks of power and they would come in almost simultaneously 
with the construction of the dam. He, once again_ congratulated Mr. Gadkar,y 
on behalf of the Board, for the v~ry go~d paper that he bad put in. 
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. 
MR. S. R. AGGARWAL introduced item (5) in the absence of Mr. B. P. 

Saxena, and in answer to questions_ from members said that the ma.ximum, 
_minimum and the avert!ge rainfall for Khorai was 61 inches, 54 inches and 20 
inches respectively. Corresponding figures for Lalitpur 'were 53 inched, 33 
inches and 30 inches. The catchment area was 520 square miles. Diacharge 
observations had been taken fo:r the last two years throughout the mon.;oon. 
The cost of the tunnel would be rupees 40 lakhs including the main canal, which 
u 20 miles long. Length of the tunnel would be mile and a half. Diameter of 
tlie tunnel would be 10 feet and the tunnel would be huand stone. 

MR. R. CHANDRA {Assam) recommended an earthen dam as that in hlJ 
opinion, would not require several controlled materials. 

MR. A. C. MITRA in introducing item (6) regretted that the note could not 
be placed in the handd of the .Members of the Board e'lrlier. For this reason 

:he read out ce;tain portions of his Note to bring out the salient feature~ of the 
echeme and requested the Members for advice regarding the river diversion 
and the best method of lining the channels. 

MR. S.A. GADKARYenquired what was meant by cheap hydro-electric power. 

MR. A. C. MITRA in reply said that 21 pies per unit would be the sale price 
-and ll pies per unit would be the cost of generation. Explaining this he said 
that first of all they did not want to go too deep irrto the foundations and second
ly as they were going to use Kaplan turbines on Stage I he had verified from the 
variation of the discharge, that they did not get low efficiency at any stage. In 
reply to another question, he sa.id that the size of the Plant Unit was 8,500 kW 
and that the installed capacity of Stage I would be eight su5!h units. 

MR. S. A. GA.DKARY said that if they had no objection he would examine 
the scheme and give his considered opinion provided the necessary data and 
information were supplied to hjm. Offering his general remarks he said 
that the size of the units was decided on the water potentiality or on the po
tential power, which meant the head multiplied by the discharge. Mter the 
was decided, it had been found out thc.t the most economical proposition was 
to have only one unit. For various reasons he said it was an impracticable 
proposition. In the cas~ of two units one should allow one spare, i.e. 50 per 
cent spare so that the cost per k,V. again went up. By various calculations it 
had been proved that three units with one spare was the most economical pro
position. So as far as possible the entire plant should he sized on the above 
basis. Of course, i~there were mare power houses, it stood to reason that no 
1pare was essential. He said when the problem was examined on this basis it 
would be found that there were other criteria that had to he fulfilled. Inci-, 
dentally, ~e tliought thd on the generation side the scheme was economical. 
He, howeve-r, suggested that d€otails of tho scheme should be supplied to him for 
8tudy. 

Referr4tg to page 10 of the Pafer, Dr. J. K r.IALHOTP.A said that for a 
o~ncrete lined chailJlel, the_ figures of N give;1 therein appeared to be ~a trifle 
optimistic. If this particdar v,;r"t:e diu not mr.teria!ise in practice, it might 
reduce the capacity of the channel. The practice in the Ptmjab he said, was 
that deterioration should be allowed for. · 
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.... . 
RAI BARADUR C. L. HANDA referred to the practical procedure for com· 

pacting the banks, and said that instead of comp?-cting soil in horizontal layers 
as was generally done in this country; he found that in other countries they 
attached rollers to a tractor and pushed them up and down the slope. He was 
of the opinion that it was a better method for compacting soil. -. . -

eontinuhig RAI BAHADUR HANDA said that on the Nangal_Canal they had 
lot of shingle and boulders in the soil excavated ... When confronted with such 
soil compositions, he wondered if the most economical procedure to compact 
such banks had been -considered and if so he would like to know as to what 
proportion of ~hingle and boulders should b.e allowed to go in the banks. If 
boulders had to be sorted out, it meant slowing down the progress. If on 
the other hand those boulders were allowed to remain above a certain-limit they 
were going to give trouble by way of cracks etc. Dr._ Dhawan he said, had 
carried, out some experiments on this problem. · 

SHRI D. y. JoGLEKAR pointed out that the barrage site on the Yamuna. 
appeared to be wrong. The ideal site he said, was further upstream so that 
the canal would take off from the concave side of the river and would then. 
draw sand-free water due to favourable river curvature. 

. -
MR. T. J. J!4'1~CHANDANI wanted to know the length of the 132 kv. line, 

the load that it was going to carry, its regulation a.s well as its cost. 

ME. A. C. MITRA in reply said that these had not been worked out yet. 
In reply to another question, he said that a rate of 3 per cent. had been adopted 
for interest. 

. "' MR: S. A. GADKARY said that he understood that 132 kV;.line was only a 
general suggestion. He enquired if there was any rough idea regarding the 
.distance, cost or even the load to be tra~smitted. 

MR. A. C. MITRA replied that the designed load for the 132 kV. was 
60,000 and its distance was 130 miles upto Ghaziabad. 

In winding up th~ discussion, THE PRESIDENT remarked .that he would 
appreciate the idea of provincial Chief Engineers and their attaches "presenting 
papers to the Central Board of Irrigation because not only it gave a., picture of 
what was happening in the Provinces, but it also helped the writers_ to get other 
opinion about their projects. He further stated Mr. Gadkary as M~mber of 
ihe Central 'Vaterpower, Irrigation and _Navigation Com1uission had volun
teered his help to examine the schemes that might be forwarded to him and 
whatever further information was required would also be given by the Central 
Blectricity Commission. In conclusion, he said --_that Rao Bahadur J oglekar'a 
suggestion about the barrage site might also be taken into accC!unt.· Some 
training works upstream might. also be considered. 

______ ....,. 



2F. Financial Aspects of Projects 
PRELIMINARY NOTE 

' (1) Th following resolution was passed at the 1945 Annual Meeting of 
the Board. _ 

"(a) Resolved that the Government of India be requested to- form a 
committee to determine what data should be collected to enable 
the indirect benefits of irrigation to be assessed. The Committee 
should coru~ist of :-

The Ohairman of the Central Waterways, Irrigation and 
Navigation Commission (Chairman). 

A member of the Central Board of Irrigation. , 
Secretary, Central Board of Irrigation to act as Secretary of the 

, Committee. 
"(b) Resolved further that pending the framing of an accurate estimate 

of the monetary value of the indirect benefits of irrigation, the Board 
- recommends that; in view of the undoubted fact that this value is 

appreciable, the criterion for judging whether an irrigation project 
is productive or not should be '8hat the estimated net revenue shall 
not be less than the anticipated interest on the sum at charge when 
the project is fully developed. " 

The action taken by various administrations on part (b) of the resolution 
was reported to the Board at its 1946 meeting when it was decided to await the 
formation of the committee by the Government of India as recommended 
in part (a) of the resolution. Decision by the Government of India. on this 
subject_ is still awaited. - · 

A communication has been received from the United Provinces Govern
ment saying that works on the Irrigation Branch of that Government are 
classified as Productive or Unproductive according as the net revenue, i.e. the 
balance of revenue after meeting working expenses from each work on the 
expiry of ten years from the date,of closing the construction estimate, covers 
or doeg not cover the prescribed annual interest charges on the capital invested. 
If a work classed as Prod active fails to yield the prescribed return for three suc
cessive years, it is transferred to the Unproductive Class and vice versa. The 
current rate of interest for productivity was f9ur per cent. and had been in force 
since January 1942. It has also been added that that Government is ·already 
following the principle laid down in resolution (b) above. 

A note entitled 'Indirect benefits of Irrigation and a new method of 
financing irrigation projects' by Rao Bahadur A. R. Venkata.charya, I.S.E., 
Chief Engineer for .Irrigation, Madras was received and the author at the 1947 
Board Meeting exp~ained the results of his study. It was decided that (a). 
reply from the Government of India may be awaited and (b) in the meantime 
copies of Rao Bahadur Venkatacharya's note be supplied to all members of 
the Board. -

It is proposed to put up a. separate note of all the replies received at the 
time of the next Board meeting. . 

478 
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(2) At the 194 7 meeting of \he Board the question of apportionme~t of 
costs into different units of a project was also discussed at some length. It waff 
finally decided that members -and other officers interested, be asked to contri"' 
bnte papers on this subject after reading the TV A publications and a discussion 
be arranged at Roorkee in April. Unfortunately the discussion could not b_, 
arranged at Roorkee as desired by the Board. 

Recently a progress report entitled ''Qualitative aspects of Benefit-cost 
practices currently·in use by the Department of Agriculture: Department o! 
Interior, Corps of Engineers and Federal Power Commission" has been re~eived 
in.the office of the Central Board of Irrigation. ·A s~ary_extract of the samEJ 
has been circulated to the members of the Board for their information and al~o 
for inviting their opinion if they would like to examine the benefit-cost probfemlf 
of projects in India. ' · - · · 

A paper entitled "Allocation of cost in a multi"-purpose project " by Dt.~ 
Rao of Madras lias beeh received which is proposed to be discussed at the meet• 
ing. Burma Electricity Department, Madras, Orissa, C.P. and Berar and 
Travan~ore have intimated that no paper will be contributed by the officers ol 
their respective Provinces. Replies from others are awaited. 

(3) The Board at its 194 7 meeting considered the question whether where 
perennial irrigation is made possible by storage (thereby ensuring certainty o( 
water yiar in and year out), prGvision should be m!lde that charges for wa.tet 
and rent should be amalgamated (with.a c~rresponding increase in reyenue 
derivable from landlords) so fl.3 to ensure so far as this is possible 'that the wa~ 
will be used to the maximum e:x;tent possible- for a double cropping. 

The Board accepted Shri M. Narasimhaiya's proposal {that members ol 
the Board should'sent notes to the Secretary as expeditiously as possible'within 
say, a month and the Secretary should prepare a questionnaire on the subject) 
and it was decided to discuss the matter further at the informal_ meeting to be 
discussed at Roorkee in April. Unfortunately this discussion could not be 
arranged. - -

Notes have been received from the United Provinces, Bombay, East 
Punjab, 'Vest Bengal, Central Provinces and Berar and Bahawalpur. Repliea 
from others are awaited. On re~eipt of replies from all, note will be p~epated by 
the Secretary of the Board and circulated to the- Board members. 
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THE YEAR'S WORK 

The following items were presented for discussion at the 1948 Annual 
Meeting of the Board. _ - , 

(1) ','Financial 9-spects of water utilization projects" by Om Perkash 
Bhasin. ~ -

(2) "Allocation of ~osts in a. multi-purpose project~' by Dr. K L. Rao.,-
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(lrFINANCIAL ASPECTS OF WATER UriLIZATIOti PROJECTi 
by 

Om PrDkash Bhasi11 
' 

Irrigation (Hydel) Branch, Unitect Provinces. 
ABSTRACT 

The paper deals with the economy of development, engineering control, 
and economic justification of Water Utilization Projects. 

, Planning for the proper utilization of thl3 rssources of a region .. should have 
as it main objective the well-being of th3 who!e. The promotion of th~ general 
public interest is the criter;on by which the wls~om or futility of a plan must 
ultimatelJ be measured. 

To be justifiable, the total benefits of the project must not on;y exceed the 
total cost, but the project must also be less expensive than the most economical 
alternative schemes which would provide equiva!ent benefits. 

It has been saii many times that th~re is no accepted rule of a.llocation of 
common costs flowing- from joint use, a position e!oquently proved by the 
!iteration arising around this- problem of the Tennessee Valley Authority. 
That body has been charged with the obligations of maintenance of navigation, 
control of floods, and generation of power on the Tennessee River, a task that 
bJ its natura results in c~rtain of its facilities being used jointly for two or 
more functions. For the solution of that problem at least nine allocation 
theories have' been a:lvanced. 

ECONOMY OF DEVELOPMENT 

It has not been long since the day when an irrigation dam was designed 
for no purpose in addition to irrigation; when a structure for the improvemeni 
of navigation was designed with only that thought in mind; when a power 
dam was a._power dam and nothing more so far as the designer and t~e operator 
were concerned. At that time many structures were built which served well 
their individual purposes; but failed to develop valuable related uses; stmc
tures which will have to be duplicated because the related uses were overlooked. 

Mr. Abel \Volman, Chairman of the \Vater Resources Committee and 
l'resident of the American Public Health Association observed in a paper 
delivered before the American Society of Civil Engineers: 

n Whether for better or worse, people are beginning to view the control 
of a stream for flood reduction as an integral phase of the use of 
that stream for power, navigation, irrigation, public water supply 
and sanitation. To the writer it is an evolutionary step of merit. " 

:Probably the major ·problem ·is the question of planning or the develop
J»,ent of a stream so that the' water :resources available in a region can be 
conserved and developed to serve not only one need but the various needs 
of the region to the greatest economical exten.t. / · · 

It has frequently been stated in, recent years that the river drainage basin 
ia the logical element for water control planning. Thjs.is esscntiafly true, but 
it is a broad statement. \Vhat constitutes a river basin 1 , 
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There seems to be no basiS' for fixing a definite rule. The unit should not
be so large that the problem is unwieldy, or that the elements are so diverse t~t 
they can never be reasonably reconcileQ... On the other hand,_ the "?-mt 
-shoul~ not be so small that comprehe:Q.sive deve~opment for tlie unmed1ate 
region ca.n never be made, or so that- the scheme will always operate at 
cross-purposes with the development of confluent river-systems. 

It is believed that a dramage ··basin should be sufficiently inc~usi!e to 
embrace an area in which the needs for water are generally common and Widely 
'distributed, a system of streams which can feasibly be developed to meet the 
needs of the area to the fullest possible extent, with due regard to the effect on 
the large stream to which this syst~m is a tributary. 

T.he most questionable tendency hi. some recent concepts of water contr?l 
plannmg appears to ~e the idea that a definite plan should be set up for years m 
~he future. It is "not believed that any man or body of men are wise enough to 
pre~ic~ or to et;lforce a programme of development for 50 or even 25 years hence 
nor IS 1t always practi~al or economical to build for th~ distant future.__, ~oo 
many things could never be _done for practical reasons under this concept._· . -

In reality, a moderate beginning is -often required to pave the way for 
t~e ultimate end, while the carrying charge§ saved by the moderate beginning 
will often amortise the investment by the time it becomes obsolete. · 

_,/ 

Planning_(or the proper utilization of the resources of' a region should have 
as its main objective the well being of the whole people .. The promotion oi 
the general public interest is the criterion by which t_be wisdom or futility o! 
a plan must ultimately be measured. -

It is clearly recognized that the benefits accruing to the people are not to 
be measured by financial return on the investment. In addition to direct 
benefits, there are also at times important indirect benefit§ that cannot b~ 
measured in money. For instance, the storage of water in _a reservoir undertaken 
primarily to increase the low flow of a river may and often does, increase 
recreational facilities and become a factor in the conservation of bird .and fish 
life. Such a value is similar to ··these intanoible values obtained from the 

0 

development of national parks or scenic high-way3.' · 

In weighing the economic value of a project, it is necessary that, against 
the benefits that will be obtained, ther~ be set out very definitely the costs that 
must be met. Included in these costs are not only the proper interest charges, 
operation costs, allowances for depreciation, eta., but also damages to exiFtin,g 
land values and other charges that are detrimental rather than helpful. 

- ' 

Credits for benefits, such a& flood control and naviga:tion, should not be 
~apitalized in any other way than good business practice would sanction and 
permit. "\Vater-power costs should oe compared with the cost of generating 
and de~vering power to load centres by alternate available methods. The 

-econo~IC loss in power plants are power facilities already built and must btJ 
taken mto account if these plants and facilities are made to stand idle because 
the rnar~~t. they were built to serve is taken over by power generating stations 
and frlcihties built by the Government. · 
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.. A combined scheme must stand the same analysis a:qd -~crutiny as two 
-eingle schemes ; the cost must be justified by the two kinds of benefits secured. 

In the long run, economic conc;iderations must be faced and, in doing so 
the best method is to make each project to the economic line from its inception. 
Economic history shows that this has been done only when the penalty for 
unsound projects has been visited on the projectors immediately and with 
full force. -

• 
Planning for the wise use and development of our water resources requires 

the cooperation of engineers, other specialists and lay citizens. 

Those who know most about the possibilities and methods of using and 
.eon trolling water m.ust appraise and fit together projects for flood control,· 
navigation, soil conservation, irrigation, wa·ter supply, ·.pollution abatement, 
power development, and other particular water uses, so that an integrated plan 
for a whole drainage basin can be developed. Many purposes can be served 
together-protagonists for one use are coming to see their projects as part 
.of a large whole. · 

Through the democratic prooess, with pa~ticipation in planning for the 
future of the areas in which they live, our citizen<» have found opportunity to 
make known their needs and to see how their requirements may fit together in a 
general plan. Pr<?gres-,ive revision of program.mea of work and general plans 
for development is' necessary as new problems arise, new standards are 
recognized, and new methods are foun~ to meet them. 

A unified plan of water control and development, in contrast to a medley 
of unrelated projects, calls for an integrated policy with respect to the various 
types of water problems in their interlocking relationships in contrast to a 
collection of mwe or less unrelated policies. 

Coordinated control 'and developme::tt of river systems, it may be noted, 
]Ileans far more than raaliz'ltion of the multiple potentialities of individual 
projects. As already implied, it means multiple-purpose action on an areal 
basis as well as on a function·:~J basis. A river system is a natural unit. It 
presents interconnected problems that extend as a series of unbroken chains' 
from the source of each tributary to the mouth of the master stream. . A 
'single project of magnitude m!ty h!tve ttr-reaching effects upon the regime 
.of a river and upon other projects. Integrated planning, therefore, requires 
-adeq"9-ate consideration of the effects of each project of large size not only on 

'its own area but also in contiguous areas and perhaps on the entire basin. The 
need for coordin!ttion m!ty extend even to the operation of a system of completed 
works. Thus unified operation of all the reservoirs in a system designed, wholly 
.pr in part for flood control may be esse.ntial. 

-At the ~isk of some repetition it may be affirmed that substantial progress' 
in dealing with the m!l.jor water problems of the Nation is contingent upon 
accephnce of the river basin as the normal unit area in planning and in the 
.execution of plans. This view is now generally held in principle, but in many 
.quart~rs its implications are not accepted, especially in the case of inter-provin
cial rivers. Most of the large rivers of the Countxy cross one or more 

\ 
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province lines. Most major wa~er problems of the 'country accordingly involve 
inte-r-province relationships,. This is true of.neady all types ofp.robJ.ems and 
especially of the a~sooiated problems of va:t:ious types that are involved in 
the integrated control and development of river systems. It is futile to hope 

·that the separate plan~ of several provinces may fit together into an effective 
master plan for an inter-province river system. If each province attempts to 
plan and carry out alone the development of its part of such a system, wa.ste, 
inequities, and controversi~s result. · · . " 

In its report," Drainage Basin Problems and Programma, 1937 Revision," 
the National Resources Committee, representing all the Federal Agencies in 
:America, said on the subject of m1:1ltiple benefits:- · 

/ 

" Not to promote the integrated development and utilization of latent# 
· water resources as promptly and ,fully as. all relevant technical, 

economic, and social conditions warrant is to invite waste of 
potential wealth and so is incompatible with the public interest. '' 
" Integrated conyrol and use of water implie~ planning and 

-constructing projects for dual or multiple benefits wherever 
practicable. Actually, almost eyery water project of p1agnitude may 
be made to contribute to the solution of more than one problem. 
Not to realize all of its feasible potentilities is inimical to the public 
interest. A·large dam and storage reservoir built and used solely for 
flood .for flood control is a wasteful mal-adjustment, socially if not 
economically, provided it would have been practicable to design, 
construct and operate them to regulate the flow_ of the stream for 
other purp6ses as well aS' flood control, to develop marketable 
power, or to realize_ incidental reservoir values in connection with 
recreation and wild life conservation. Coming years, like the last 
few years, should witness increasing emphasis on multiple-purpose 
projects. The regulation and integrated development of rivers for 
all use!ul purposes is an attainable goal. " , 

'Conc~usions-and. commitments looking to the solution. of ~~ter 
problems should be based on facts, not on mere opinions.· 
Prompt preparation _for efficient action, rather than prompt 
action through unpreparedness is the ess,ence of right procedure. No 
u ·}ses, whether of flood or drought or work relief, should lead to 
neglect of these precept~. , The adoption of a plan for the regu· 
lation and developmenV of any large riv~r without· a definite 
study of adequate data on ·an phases of the phys!cal and human 
problems involved is illogical, is almo~t certainly wasteful, ·is a 
f.ignal for controversy, and may preclude suitable action later. 
Such studies take time, of course, but ' time pays little respect to 
that which is done without it.' Impatient planners and impatient 
cit.i?.:ens would alike do .well to heed this prov~rb. 'When the 
prospective b~neficiaries of costly measures of water control or use 
demand in their impatience that the processes of thorough-going 
investigation be-abandoned, they do themselves and the publio 
at. large a disserv'ce " 
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"The Principle of normally sharing co~ts according to benefita might 
be less unpopul_ar in rnany quarters if the elementary facts were 
kept firmly in mind that no Federa.l source of funds exists into 
which states and local communities can dip without cost to them
selves. Any so-called· gift from the Federal Government must 
eventually be paid back by the people of the country in the form of 
taxes. Moreover, sharing costs has a salutary effect in curbing 
lavish expenditures .. The principle should be maintained and 
extended in the field of water r~ourcel'." .. 

"The relation of costs and benefits is patently a crucial matter in decid
ing w-hether or not large water projects should be undertaken and in 
timing meritorious projects .. The wide-~pread practice of ignorini 
general benefits and potential ~enefits in evaluating certain type1 
of projects· is no longer defensible. Social accounting should take 
its place with economic accounting. The procedure followed by 
public -agencies in these matters should be standardized and· 
modernized. " 

In additio~ to the foregoing consideration!, policies !{)r drainage basin 
development must be related from an overall national viewpoint and to the 
business cycle. Ability to pay as well as benefits must be reckoned. It is 
·emphasized that both the amount and type of construction and the division 
of costs among Central, Provincial and Local Agencies should vary with the 
movements of the business cycle. -DGJ!IEERIXG COliTROL 

In applying engineering principles to multiple-purpo~e projects, it become• 
more neceasary than ever, in vie)V of complexities, to keep one's feet on t~e 
ground. 

Engineering control is the best utilization of all available means-terrain 
material, equipment, and personnel. The terrain is usually &!signed at the 
start. Engineering control also involves good business management, technical 
knowledge, and professional alertness. Good business management is merely 

. the applic~tion of common sense and experience to the -prevailing problems ; 
technical knowlege relates to specific ability based on knowledge of the 
natural laws ; and professional alertness involves keeping informed of th• 
lateat developments in one's field of endeavour. 

- , 
Engineering and construction is a rapidly changing science and the 

en~neer, to be successful, must keep abreast of the times. 

' The funO.amental objectives of a water control project are two-fold-economy 
and quality. Modern projects are usually large projects and mass production 
methods shall be followe<{ whenever practical. Adequate preliminary studiea 
ahould be made to insure that ihe project finally selected is the most feasible 
and gives maximum returns on the investment. There are- many ways in 
which economy may be e:ffected and it.is the responsibility of the engineer in
obarge to make certain that no alternative showing promise of a more economical 
deve~opm_ent. is overlooked. That a project will pay is sometimes not 
;;uilc1e.n1Iutilica.tion. QtLeatio:a ia,. what is the best. 
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. . 
A projeot, if undertaken_ at all, must be of high quality. Impro-ved design 

and construction facilities are justified because'they reduce the first cost or 
because they reduce operating charges. The present reduction in prevailing 
interest rates makes possible the use of a higher ratio of initial cost to annv.al 
eharges tha.n ever before and offers considerable encouragem~nt to the develop· 
mentl of higher standards in planning, design, construction and operation.· 

One of the first steps in the solution of a water· control problem is the 
preparation of a definite and comprehen~ive statement of the problem. The 
fl&p:uation of an ideaf programme covermg all of 'the desirable featUI'es and 
emitting most of :the undesirable ones is relatively simple and is perhaps the 
'eat initial step. After an ideal programme has been prepar~d it shoald l,e 
dudied carefully with the thought of later perfecting a programme whieh will 
ach1eTo the desired objectiv~s in.the most practical manner. 

The important part in setting up a definite programme, however, is to 
dftermine definitely what io do, whtm 'to do it,- and 'llihy. One~ a practical 
programme is Olltlined,, all affor,ts ~hould be concentrated on attaining its 
vbjectives rather than reconsidering those phases of the ideal programme whic:h 
we~e abandoned ip. the- establishment· of the adopted progr~mme. · 

Before undertaking a specific.. programme,· all available data bearing-on tne 
problem. should be assembled, and studied. This material inoludes all the 
available informatioJl concerning the problem ; both physical data aach u 
hydrology, topography, and geology, an<;! cultural data such as \he !ocial and, · 
economio st~tus and needs of-the urban and_rural population. It i! important 
that the accuracy and completeness of these data be analysed and recognized. 
After this· available material has been ·studied,' additional investigations. ue, 
usually_neces$ary to remedy deficiencies in the data in the interest of a lletter 
!olution of the problem. Then extreme care should be exercised in eelecting the 
methods and programme that offer the most successful solution of the overall 
.r>roblems. This programme should look to the future and consider the prohable 
•oeda two or three generations in advance, as well as the current needs. , 

- After these studies and inv~stigations have. been completed'or concmrrent 
with the maturing of such plans, tentative programme for each sub-basin in the' 
drainage &rea a.._re prepared. These plans :should be progressively revised and 
eoordinateJ. so that each will :fit logically into the most efficient regional plans, 
and the benefit va.lues_rtUocated to each sub-basin project can be determined. 
In this way it is geaerally possible to outline the'most favourable sequence of 
project develop~ent, giving pr~per considBration to the e.ffect of each project 
on its own 1ocahty and on th9 mtegrated system. 

.. The pro~lems involved in plann!ng are legion. One.may involve deciding· 
wnether to purcha.sa and flood certain 'Valuable areas or to protect them. · 

In designing a project the uim i~ low overall oost and necessarily low desigR 
cost. Frequently an extra investment in design pays for itself several times 
over in reduced conc;truction costs an~ in improvements in the facilities 
provided. The injtial step in the- design of a project should inclllde a raTiew of 
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outstanding similar jobs in order to incorporate the better features of tl:e 
previous works into the job. The adage: · 

" Be not the first by whom the new is tried 
Nor yet the last to lay the old aside. " 

_is applicable in design. Radical departures from prevailing methods are 
permissi~le only when they have been checked carefully by persons qualified 
to pass on their merits. 

The proper operation of a water control project requires the -diligent 
observation of the limitation.s and assumptions prepared by the designers. 
Mistakes in the physical operation of a water utilization project are usually 
those of omission rather than of commission. Operating crews are frequently 
reduced in size as much as possible witk the result that needed maintenance 
and repairs are often postponed longer than desirable. Periodic checks on the 
physical condition of the plant, the methods and procedures followed in operat
ing the project, and on the ability and efficiency of the personnel will ordinarily 
decrease the average annual costs of the project. 

Generally speaking, electric power, irrigation, and water supply are .. the 
only revenue-producing functions of a multipurpose development. The other 
benefits, while just as real, accrue to the public in general and are rarely assess
able. If the project is developed by public agencies,- theae general benefits 
are just as valuable as the so-called paying functions and should be included 
in -benefit analysis of the project. · 

In preparing any cost analysis, however, it is impor~ant that the general 
·benefits be estimated very conservatively in order to avoid serious mistakes 
arising from the intangible nature of these items. 

An important consideration in t'Q.e evaluation of benefits for a multi
' purpose development is that of a social nature. 

Mter a project is completed and put into operation, a careful appraisal 
should be ma.~e. An appraisal differs from a justification study in that the 
justification is based oil estimates of probable cost and benefits, whereas an_ 
appraised is an actual fact-finding process. A definite appraisal should be made 
1io determine more accurately the cost of the development and the benefits made 

. possible. Such an analysis serves as a check on the justification study and 
furnishes valuable imformation for us~ in operating the project and in plan
ning new programmes. After an appraisal has been made, a proper share of 
the total expenditures of the multiple-purpose project should be charged to. 
eac}l of the functions served in order to obtain a measure of the economy of the 
enterprise. Appraisal should include all factors. 

An allocation is similar to valuation involving, as all valuation cases, do, 
matters of judgment. tvst records are nearly always based on certain judgemen"J; 
factors and for this reason detailed cost comparisons should not be made 
without some knowledge of the construction and accounting conditions 
involved. 

The advantages of multiple-purpose development, unified in design and 
operation, cannot be over-emphasized. In a properly developed multiple
purpose project, whether it be a single structure or an integrated series oi 
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atructures, two or more separate· and distinct objectives can be realized. The
total cost of providing these objectives is materially less than the total cost o'f 
prodacing equivalent results by the construction of separate single-purpose
projects. 

-
ECONOMIC lUSTIFICATION 

· The sabject of economic justification is perhaps tae most important ae well 
as the most controversial of all problems with which the engineer has to deal. 
In fact, it is so controversiarthat experts do not even agree as to whether or 
not it is important. In the opinion of most prominent ·engineers, hqwevfrt 
especia1_1y those engaged in private practice, economic justifi.cation is fundamen .. 
tally a duty of the engineer and ju~t as much a part of his work as the strictly 
technical aspects. It is just as important for.~he engineer to plan and design 
economically and justify a project by an_ economic analysis as it is to design 
safely. · · 

The ,reason that engineers in private practice are as much more conscioug. 
of the importance of economic justification is_ that their clients usually,are · 
more interested in the economics of the project than any other feature. In· 
fact, too often they are inclined not to allow enough time and money for 
thorough technical studies and investigations, but they always insist on a report 
as to the economic feasibility of a project before investing their money. This i~ 
specially true of consulting engineers in the employ of investment companieS. 
whose main duty is to assure their clients that the investment is ~ound and will 
be returned with interest. 

· The engineer in public servl.ce, however, does not have the same urge or
the same feeling of responsibility for justifying Government proj~cts-
economically. · , 

In the words of David E. Lilienthal, Chairman of the Tennessee Valley 
Authority, ~ · '" . . 

''Plans and action are part of one's responsibility_. T.V.A. is responsi· 
ble not alone for plans but for results. IfT.V.A. had been a'' planning· 
agency " in the sense that its responsibility had been limited 'tO. 
th~ making of plans-the usual meaning of the term-those plans 
would probably have met the fate of so many other plans ; brochure& 
decorating book-shelves, adornments of the bibliography of a 
sterile learning. " . . . 

"In the T.V. A. the merging of planning and responsibility for the· 
carrying out of those plans forces our technicians to ·make them a 
part of the main stream of living in the. region or community ; this
it is that breathes into plans the breath. of life. For in the 
Tennessee Vally the e:Xpert cann,ot escape the consequences of his-

. planning, as he can and usually does where it is divorced from 
execution. This has a profound effect on the experts ·themselves. 
'Vhere planning is conceived in ,this way, the, necessity that experts-

• sh?uld be close to the problems with w~ich they are dealing iS' 
evident. " · 
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" In my opinion the idea of planning is till struggling for popular support 
in America largely for this reJ.son: that the most spectacular plans 
have been drawn by men who did not have the responsibility for 
carrying them out. They did not have" the salutary discipline which 
the experts of this valley had who have had to ask themselves : 
" Is this a plan that I can take responsibility for seeing carried out 1 
Will the people help to make it effective ! \Vilt they make the 
plan their own f " , 

Perhaps one reason why economic justifi.catimi is so much a matter of 
~ontroversy is because of the difficulty and uncertainties involved . 

• Another reason why economic justification is such a controversial subject 
is because of the lack of _basic data required. _ 

A more difficult task in economic justification for a multiple-purpose 
project is to develop the basis for comparison. For a private enterprise this is a 
very simple matter since it is only necesiary to determine whether or not the 
Jevenue will more than balance the operating cost and fixed expenses. In 
other words, whether the project will make a return on the investment suffi-
ciently great to justify the project. · 

Dana M. \Vood in his paper '-' Power Planning in Multiple-Purpose System1'' 
prepared for the Seminar on Economics. of Multiple-Purpose Projects considered 
the following points fo~ an economic justification of a multiple-purpose project : 

" (1) Comparisons should be made between two separate systems of 
plants, the second to include the project under consideration. In 
each system~ it should be assumed that the necessary power capacity 
is installed at each project to fully develop the potentialitie11, 
with tlie same relative reserves. This assumes a market for the 
power developed. In the second system, less capacity may be 
required at some of the other plants after adding the project under 
consideration than i~ the first system. This would result_ in a 
credit to the added project by the cost of the capacity eliminated. 
The same argument may apply in some degree to storage provided 
for flood control. 

(2) The economics of a project will differ, depending upon the sy~tem of 
. - projects of which it id considered a part. The planned succession 

of projects should be followed. 

'3) Possibly serious consideration should be given to a determination of 
the diminishing value of flood control storage at tributary projects 
to allow for gradual filling of storage space during the flood season 
in accordance with prescribed rule curves. 

(4:) Economic comparisons will vary, depending upon the emphasis 
placed upDn the various multiple-purposes .. " For example, a 
pra.cti cable amount of flood control development will give a different 
conclusion as to power benefits than an extreme assumption for 
flood control like that of empty storage space throughout the flood 

- season, thus affecting comparisons including combined purposes. 
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(5) Auxiliary steam plants and inter-company qonnections , effec~ 
fJCOnomies in several ways; 

(a)· A saving in combined reserve capacity, permitting sale of -more 
power with a given insta] lation, <?r requiring less combined new 
insta~led capacity . for specific loads. . r 

(b) Saving due to load diver~ity in inter-connected system~. · · 

(c) Permit economic i!lstallatio'n of tlie largest practical size of units,. 
with ·resultant lower capital and operating costs. 

(d) Permit allocation of. loads to" most efficient plants, using lef:S 
efficient for_ reserves or light-loadiJtg. .. 

( ~) Hydro and steam operation can be made complem12-ntary to ~ach 
other, operating steam on base when stream flow is low and on 
peak when it is high, with corresponding splits during intermediate 
&t~ges. 

( fi) In arriving at any benefit ;.alue of a given sfngle purpose, deduction 
· ihould be made for any tangible economic losses- to society. · .. 

(7)_ In comparing two projects with· the same, or nearly the same, total 
benefits, but one having greatest benefit in, say, navigation or flood 
control and the other in power, the Government preference in 
.regard to order of priority should govern. · 

.8) It has been contended by some that Legislature authorization and 
appropriations for such projects eliminate~ the necessity for 
economic justification. '·~ _- • 

(9) Projects economically justified with present conceptions of navigation 
and fiood control values, and With existing power rates, may noi 
be justified with future possible variation in -any or all of. the8e 
i " ' I ' ' 1actor~. . ., 

. It hae been said many time~ that there ~s no· a~cepted rule of allocation 

.,, common costs flowing from joint use, a position, ~loquen~ly proved by the 
Jite:ature arisin_g around thi~ prob~em. of ~he Te~n~s~~~ VaJI~y Authority .. 
That body has been charged w1th the C]bligat1ons of maui~enance of navigation, 
eontrol of floods, and generation of power on the Tennesse~ Riv~r, a task that by· 
its very nature results in certain of its facilities being us~d jointly for two o:r 
atore functions. For the solution of that problem, at least nine allocation 
theories have been advanced. ' · 

. . At the outset of t;hi~ probl~m,_ T._ V. A. met with preliminary difficultiea. 
·Should their allocation be influenced by the.fact that the T. V. A. Act creating 
the programme gave legal priority to navigation and :flood control ~ The 
.fLllocation of joint cost must recognize this limitation. T.V. A:, however, could. 
not nccept this limit:.ttion, because they refu~ed to substitute legal folderol !or 
economic realism. Other problems must be faced. Which are the common 
costs, and which are directly allocable to a single function 1 Presumably, 
locks pertain to navigat~on, and i:qtakes, turbines,· and electrical-pro~uoing 
facilitie& ari direct eos~ of power productiou. Shall any of the iStora·ie •pace, 
N2C~I -



THE CENTiuJ• BOARD OJ' IRRIGATION AN~"'UAL REPORT-;1948 . . 
be considered a direct adjunct to one function, or is the use of all such space 
joint use t For all its difficulties, however, the first step in most allocation 
~heories must be the separation of direct costs attributable to each function, 
leaving the remainder as th,e common cost to be allocated .. -

Before un~e~taking the discussion for allocation of joint costs in a 
multiple-p~~ pr_ojeCt,-it will be helpful to formulate a set of preliminary 
criteria by which the suggested procedures may be appraised. They are a1 
follows:-

(1) .The method should have a reasonable logical ba~is. It should no\ 
result in charging any objective with a greater investment than the 
fair capitalized value of the annual benefit of this objective to the 
consumer. It should not xesult in charging any objective with a 
greater investment than would suffice for its development at an 
alternate single purpose site., Finally, it should not charge any two 
or more objectives with a greater investment than would suffice 
for !'lternate dual purpose o• multiple-purpose improvement. 

(2) The method should not be unduly complex. In a democracy public 
agencies should be subject to the understanding scrutiny of the 
citizen body to the maximum possible extent. The goal should 
always be presentation of problems and programmes for publie 
consideration in clear and simple terms. 

(3) The method should be workable. It should not be dependent upon 
estimates which are difficult to prepare, and it should not require 
the use of data as to actual operation of the project which will not 
become available until after the passage of a considerable period 
of time. 

. (4) The method should be flexible. 'It shoUld be eCJUally applicable to 
an isolated project or a coordinated system. In the case of a system 
it should be applicable to both the initial and ultimate stages of 
development. It should be readily adaptable to changing 
conditions over plant or system life. 

(5) The method should apportion:to all purposes present at a multiple
purpose enterprise a sbare in tlie overall economy of the operation. 
The point has· two implications. First, no purpose should be 
assessed costs· as great as would suffice for alternate single purpose 
stream improvement. Second, no purpose should be assesl'ed 
costs as its capitalised benefit value. 

The several methods or theories which have been proposed by engineer~ 
and econolnists for allocating among pmposes benefited, that part of the total 
cost of multiple-purpose water control projects which has joint value for two 
or more purposes, stem from a concept of the sharing of benefits derived from 
joint endeavour or joint accomplishment in the final analysis.· 

Vendibility TheMy 
This is the method of commerce where under conditions of eff'ecti v~ 

eompetition, joint products produced in~ open market will tend to~ sold a~ 
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pri~.s which in total will equal this jo:nt cost of prOduction plus a competitive 
profit but the apport_ionment of total receipts between them will depend on tl1e 
relative demand for each. 

. --
The difficulty in applring t.hiS!]loory to the T.V .A~'s projects is that of the 

services rend~ed_ hy~rnultiple-use d~ms only two, fertilizer and electric power, 
are .salable commoditierr: ·N~l'igation and flood oontrol are not subject to any 
system of charges but are regarded" as a general oost of government. Even 
fertilizer produced by the -~uthOiity i! not sold commercially and will not 
produce dependable income sufficient to recoup a share of the general cost. 

The Vendibility Theory thus breaks down because there is no open market 
in ·which the services produced by the Authority under conditions of joint supply 
can be sold. 

Tlte Spedfic Costs Theory 

The proposal was considered that jo~nt C_9Sts be apportioned to the several 
uses in direct proportion to the specific costs incurred for each of the purposes. 
This procedure needs only to be stated in order to be rejected as irrelevant where 
the object of the allocation is to impute responsibility for joint costs. Accoun
tants have not been averse to an apportionment of overhead expenditures in 
proportion to direct expenditures, since administrative expenditures tet¥1 to 
\'&ry with direct expenditures. No such functional relationship exists bet'!een 
direct expenditures for nagivation .and power and the incurring of joint costs_. 

Eqwl Apportionment Theory • 
It was suggested th~t the joint cost might ·be apportioned on the theory 

that each of the functions served by a multiple-use structure should share C9Sts 
on the basis of equality. Thiais equivalent GO admitting that no truly scientific 
basis fot apportionment can be found. This method will produce r~onable 
results, where the representative uses of e&.ch function are substantially· 
equal. .~SuCh(i~:not the case on many ofT.V.A. projects where one of the three. 
functions may 'become of relatively minor importance. This solution would 
have Ba.tisfied-no body. · 

: . 
Bye-product Theory _ . _. · -

It ~ppears that while this was never considered as a practical solution of 
the problem, Counsel for the Authority contended that the theory consistent 
with the Statute would be to charge directly to power only the cost of power 
plant and to allocate to navigation and flood control the common costs of the 
dams excluding the power-house section. This is referred to as the "Bye-pro-· 
duct Theory ",power being considered as nothing more than a bye-product of the. 
dams which were built to satisfy, the general public by navigation and fiood 
control, as directed in the Statute. 

No-Allocation TAecry 
This theory was advanced by the 1 reJident of the Edison ,Electric Institute, 

C.,V. Kellogg, at the hearings of the Joint Committee investigating the Ten
neasee Valley Auth~ritv. Under this theory, all joint costs of a multiple-purpose 
ve;nture would be rharged to the power function, since, in the past, such had 
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been forced upon tbe private owners c.f hydro-power developme~t~ .. M-:. 
Kellogg testified that the power de~·elopmeuts at Keo~:uk on tJw _l'rftsstssippl, 
Conowingo on the Susquehanna, a..-:d Lock Island on the Columbm 11au been 
c:harged with all costs. l{e said of the Keokuk. plant : _ 

"the company_ of which· I had charge from 1914 to 1919-~uilt the 
entire navigation improvement, they created a pool 50 miles long on 
the :Mississippi River, they built a lock of the same width as the 
Panama Canal locks, and even greater lift, although not as lvng, they 
built a large dry dock, furnished buildings,· and equipment, shop~, 
tools,. store-hou:-;es for the Government, all of that being furnished 
by the power company as part of its development cost, and had to 
be .carried by it. " 

However, the multiple-purpose dams of the Authority are not comparabl~ 
io those erected by private companies, the dams are located with reference to 
the requirements of nav·gation and flood control, whereas the projects 
constructed by private companies with reg'rd to the economical generation or 
power, any expenditures for navigat:on works being limited to construction of 
an incidental character. Also the Authority is not 'permitted to regulate the 
fiow of water primarily for the purpose of producing power. Clearly this theory 
would ~mpose un-warranted costs upon consumer of power. 

ThiS theory, the majority report of the Jojnt Committee invei!tigating tAe 
·Tennessee Val~ey Authority regarded as being not consistent, and not objective, 
1mt 1arge1y controlled by the desire of its sponsors to show that the yard-stick 
for power rates was unfair snd based on too small an allocati?n to power, and 
iwa8, there/ore, rejected. _, 
.f'U lmienw;ntal~Potcer-Int·eit~t TAeorv 

. . 
· This theory was advanced by Dean Edward L.llo:re1and of the Kasl!!aehmett.s 

Institute of T-echno~ogy, when a witness for the Common-wealth and. 
Southern Corporation before the Joint Committee. Here again, the allocation 
principle referred to the common costs ; power was to be charged with tlut 
\alance of total investment~ a.fter deducting the estimsted cost of the most 
economical alternative plan for accomplishing the other purposes. The difficulty 
here wa~ .~o assjgn...a cost to each purpose subsequently where this had not been 
G.one ortgmally, although three or more purposes were taken in~o account in 
the ~uiginal design, construction and total cost. This necessarily invohea; 
llypothesis, and the hypothesis can differ very widely, according to the type of 
na-vig~tion or--flood control syst~ms that might have been built ; so that under 
tlUs particular method of allocation the costs and valuation migkt vary; 
enormously even as between different witnesses who accepted it. Further
more, this method took as its st~rting point alternative navigation and flood 
eontrol systems that would not have accomplished the purpose8 specified i:a 
the T.V.A. Statute . 

. T~is pr~posed t~eory was likewise rejected_ by the Joint Committee becauae 
<>~It! e~cuBive portlon t<? ~wer production. -
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fJ 1e of Faci~itie1 Tl.eor_y _ _ 
This theory would distribute joint costs upon the-basis of the compara\i~• 

uee of the joint facilities. To each single function would be allocated such share 
of the joint coat as is measured by the extent of its use • 

.As an example, in the steam railways, the apportionment of common cos$ 
betweeJJ. freight, mail, express, and passenger business may be made upon some 
comparable use units like the car-mile, passenger-mile, or ton-mile measure. 

This theory breaks down where ~here js no common use . unit, or wh.ere 
difference in the use units or different basis are so great as to preclude their 
being teduced to some comparable basis. For the!!'. V .A. problem it was sugges~ 
ihai an acre-foot of reservoir capacity or an acre-foot of water .released .migh\ 
ie used as the common unit, but when considering power, head is an -essential 

. f«ia•ure, while for flood control head is not a factor. Furthermore, ·reservoir 
Gapachy for flood control may be ~onsidered as' a' readine~s ,to serve 'lor 
which an. ~nalysis becomes very Pifficult. This theory was ·giv.~n seri9-us 
.omideratlon by the Authority but discarded iD. favour of the. ~int~ ~u thia ~t. 

lltaf}& Theer" 
T~ ·.theor7 of alloc~t~~g joJpt costs of ~~Jtij>le-use da~. O!l.~!te .~as~ el 

-eetima~ed J~enefits from the co~pleted developm~hts has 1-:>~en ·str_ongly ~ged. 
D~~-:.A.. 'J~: Morgan, the first Chairman· of·the Tennessee Vall~y Authority· utillW 
~his theory as the basis of a preliminary allocation wh. · $ ht: submitte4 io 
Congress at an Appropriation Committee Hearing." Its' use has been recommended 
by. the N ation'a.l Resources Board, by the Mississippi Valley ComiD:ittee, and
by vario\1& regional planning committees; · 

Th·e theo::-y is simple; it being asserted -that the common expense ~ould be . 
shared on the basis of the benefit accruing to each function. The diffi,culty fD 
applying this theory lies in the determining of the benefits wl!ich are in_ many 
cases quite unpredictable and not susceptible of valuation. For example, flood · 
control benefits go beyond any measure of actual property damage which may 
have occurred in the past or even be contemplated in the future. Protection 
t:>f human life and health, the promotion of social well being, protection of 
business and industrial losses by floods, continuance ·of industrial pay-rolls 
during periods of floods, stabilization of property values,· enco~agement of new 
investments, increase in property values not · only in flood zones but m· 
11unounding areas, red~ction in cost of local flood. protection w.or.ks, all must.be 1 

considered in any estimat.e which purports to measure benefits_ to be gai~ed from 
,flood eon,rol. · · · · 

Navigation benefits frpm the ~· V. A.~s program(Ile are numerous apd 
fat-reaching. There may be direct savings on freight-shipped by water at rates. 
lower than those available from -land carriers and also on freight shipped by 
truck or r{'il at rates influenced by the existence of water competition. There 
Ray be ~arket extensions for materials which cannot move profitably under 
existing rstes, and extensions of markets for products now limited by freight. 
rate~. Incustrial growth may be enco-g.raged through ·growth of est:1blished 
jndustrics, establishment of new· industrial development. or industriea· whosa 

- ' 



aeleetion of site! is inlluenced by availability of water transportation, stimulati<>n 
of the building industry by reason of the general developme}lt of the 
region. Increased recreational activities will inevitably follow the development 
of the waterways. The adverse effect of waterways, competition on existing 
means of transportation, such as the rail roads, where these form a necessary 
part of t:Ce regional transportation facilities should a.lso, be considered. 

The difficulty is to estimate the total benefit! tangible and intangible. Such .. 
estimates as hal-e been made indicate that the value of berefits is materi!ll:y 
in excess of the cost of construction of a smgle-purpose navigation development 
e.a. the river. Accordingly, this low dam cost has usually been taken aa the 
measure of the benefits to be derhed from ·the navigation progra.mme. 

The benefits resulting.from the de-..·elopmeni of power'by the T.V.A.'s 
.programme has been variously estimated. The simplest, and perhaps the most 
logical basis is to estimate that the power development should produce power 
at no greater cost than could be obtained by equivalent steam generation. 

Ingenious as this theory_ is, its great difficulty is the highly hypothetical, 
il:Daginary result of the attempt to evaluate benefits. It aeemed desirable, 
therefore, to develop a simpler theory of allocation, if tuch ean 'H foUR<!. 

A.ltemative-J mti.fiable-Expenditure TntOf'y 

· The T.V.A. working through an expert coma.iUee of public utili~y 
economists, rejected all these methods as unworkable in practice, and used as 
the principal guide to its final decision the "Alternative-Justifiable-Expenditure 
Theory". This theory was generally approved- by' the Joint Committee. This 
theory assumes that each of the principal purposes-navigation improve
ment, :flood control, and power development-is equally important, and that 
each should carry a share of the common costs equivalent to the savings which 
each purpose enjoys through combination in multiple-purpose enterprise. 

It -is based on the fact that river dams and works can be built for a single 
function, though the aggregate of the estimated costs of such single works 
would ordinarily exceed the cost of actual multiple-purpose dams and works. 
Thus, it is possible " to use the ratio in which these higher expenditures are 
avoided by joint action as a basis for allocating joint costs." -

This may be restated as •• under which the joint costs are shared in 
proportion to the di.f:Ierence between the estimated iustifiable costs and the 
actual costs incurred specifically for each of the pur.poses. " 

In applying this method, it is necessary to secure esti.mates of the lowes; 
-altern~tiv e cost by :.;neans of which .substantially the same quantity and quality 
of service for each separate function can be obtained. The fundamental 
assumptions which underlie the cost estimates for single use structures must 
be as. reasonable and practical as they can be made and must be based upon 
~xper1ence and after adequate .investigation. 
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This method was suggested for allocating joint costs between navigation 
and power for the St. Lawrence ~iver Project on the international section of 
that stream. It has also been used as a basis for allocating the common capital 
costs of the distribution system of water utilitieo as between commercial service 
and fire-protection service. In the latter ca~ it should be noted that a 
distribution system for fire protection would in most respects parallel o~e for 
commercial service. alone. . 

Following ia an illustration of application of this theory to a simple hy-~ 
pothetical case : , -

• 
Assllmed allocation of Rs. 1,00,00,0()(} 

Aeaum ed dirftt <!O~&ts 

. Nnigation •• 

J'Jood Clontrol 

Pow .... r • • 

Common costs 

.. 

. ' 

. . 

•• 

... 
'; .. 
•• 

'l'otn.l 

•• 

. Total proje~ts costs 

Aseumed a1tt>rnative costs 

NaTigation , • •• •• 

J'lood control •• •• 

POW\)1' ·-.. .. 

Total 

Rt . 

. . 
' 

us,oo,ooo 
10,00,000 .. 
25,00,000 

---
Rs. 

' 50,00,000 

50,00,000 

------
' 

•• I,oo,oo,ooo' · · 

Rs. 

•• 40,00,000 

•• 30,00,000 

' • T 
60,00,000 

' . 
' 

. 
1;30,00,000 

ALLOCATION (See next page) 

:.. 

The alter~ative-just~ble-expenditure ~heory affords a . justifiable basis 
for the alloc~tion of the mvestment costs. ·. · '. ' : 



• I . 
Remaining .AUoca tion of Djrect cos~s 

AlternatiTe Direct alternl\tin Percentage common added to 
costs costs costa coats a1Jocatt~rl Peroenta1e 

(1-J) costs . 
(5+2) 

a-

I 
'• 

-
·- -- . 

1 2 3 •• ~ 6 7 ___ _._::__ -. 
l Rs. Rs. Rs. % Rs. Rt. % . 

' 
Navigation 

I 
. . .. . . iO,OO,OOO 15,00,000 25,001),00 31·4 lo5,60~o00 30,60,000 30•& 

I 

-. 
.Flood control I 

10,00,000 ., . . . 30,00,000 20,00,000 !6·0 12,5o,ooo I· 22,50,000 22·5 
' 

I 

! .. 
21,90,000 1 Po1rer .. . . I 60,00,000 25,00,000 35,00,000 43·'7 46,90,000 46·9 . . 

I . 
t -

·' \ I . 
. . 
. 'l'otal 1,30,00,000 50,00,000 .. 80,00,000 100·0 50,00,000 1,00,00,000 100·0 

- . 
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SUMMARY 
~ ' 

- A nnified plu of wa.ter control and development, in contrast to a medle.r 
of unrelated projects, calls for an integrated policy ~th respect to the various 
types of water problema in their inter-locking relationships in contrast to a 
collection of more or less unrelated policies. , .; 

Drainage basins normally should b~ treated as units in pl;nning and 
carrying out the control and deve!opment of their river ·systems, for the cogent 
~eason that a chain of connected problems extel\ds from the source of each 
\ribut8ry to the mouth of the main river. 

A number of fundamental economies result from the development of an 
entire watershed by a local public agency. 

Economic justification of a project is fund~menta.lly a duty of the engineer 
and just as much a part of this work as the strictly technical aspects. : · 

The several methods or ~eories which have been· propos~ by engineers 
and economists for allocating among purpos_es benefited, that part of the total 
~ost of multiple-purpose water-control projects which has joint valueJor two or 
more purposes, st~m from a concept of the sharing of benefits derived fr9JJ'. 
i oint endeavour or joint accompliah~ent. in the final an~lysi.!. . . . 

Two theories stand out among thos~ 'Yhich haye been prop~s~ ~ beiD.1 
of greatest validity in evaluating the-returns from navigation and :tlood control 
projects, first the benefit theory, and the second, the alternative-justifiable~ 
expenditure theory. . ' -
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l2~ ALLOCATION OF COSTS IN A MULTI-PURPOSE PROJECT 
by 

Dr. K. L. Rao 

IlfTROD'Oc:tt'IOK 
A Project is said to be multiple-purpose one when it is intended for more 

than one of the foiiowing objects : 

1. Irrigation 4:. Flood control 

2. Powers 5. Municipal water supply 

3. Navigation 6. Defence purposes 

Thus the T.V.A. Dams are built to serve for Power, Navigation and Flood 
control. The U.S. Engineers' Low Dams across Mississippee are intended for 
Navigation and Power. The U.S. Bureau of Reclamation Dams in the 'Vesterr.s · 
Shtes serve for Irrigation: Power and Flood control. 

. In India very few dams have been built so far .and most of them are for 
single purpose; either Irrigation or Power. Thus in the Madras Province 
Periy:Jr Dam built in 1894-98 is for Irrigation only while P~kara and Papanasam 
project3 are for Power purpose only. 

The Mettur Dam, at present the biggest in India is a major irrigation 
structure, though power of 10,000 k'V (fum) is obtained as a bye-product. 
Some multi-purpose projects are now under contemplation in India and so tlie 
principles of allocation of costs for tbeiT various purposes has become neceasary. 

THEORIES OF ALLOCATION 

Though the allocation of the total cost of the dam ar.d appurtt>nant works 
is e.sSt'ntially based on sound judgement, nevertheless there are five theories 
which may be considered. Every one of these have some things to be said for 
and against it. The theories are summarised as follows :-. ~ 

1. Altueation ,'m,ay be made on the basis of es"im.'lted benefits which the d.ma 
wol!Jd render to ea.ch of the various uses s~rt·ed. The main difficulty comes in 
ealculating th~ benefi.t11 f~~ whi~h speci~l assumptions have to bema }i'. 



2 • .AU()l?aticm on 'tile basis of tlte romparati1:6 tlS6 of .he ioint faczlities ba~etl 
on acre -feet.· ··-This method which, appears feasible eutrers from the fact 
that the power requirements are often cut down to regulate the reservoir from 
tbe point of floods and irrigation. 

3. AUor-ation on the bast's of equal distribution. This of course is the 
Simplest but does not work scientifically. One way that this can be amended 
and made reasonable is by first calculating the cost of the intended parts for 
particular purposes; thus locks may be charged for Navigation only and Power 
House and Plant for Power onlv:- ThPn the remaining item~ of the dam and 
appurtenant works can be considered as Joint Structures serving all purpose 
and the cost divided equally. There is one trouble, however, in ~his. The locks 
tor example serve also as a part of the dam:. Had it not been built, the space 
it occupie! would have to be finished by long overflow dam forming part of the 
dam. Hence the whole cost of lock cannot be charged to Navigation. This 
kind of difference was made in the case of T. V .A. Dams for example in the 
Pickwick Landing. Thus of the total cost of 29 ·.79 million dollars, the lock 
and ohannel improvement cost lS ·8J million dollars. From this, however, 'Was
deducted 0 ·4: million dollar~ as the._ cost which will have tQ .be incurred aa a 
non-overfiow dam in this pprtion. The direct charge for Navigation has been 
5 •4J million do liars. Similarly f~r. the cost of Power House and Plant to the 
tune of 10 ·34 million dollars, a s~m or 0 ·n93 million dollars Vv:as deducted 
towards th~ ,cost,pf replacing the Power Intake Sectio~ as an ordinary 
non-overfiow seo'tion. This theory was used in the first allocation for Wilson 
Dam (T.V.A.). ~ . , 

4. Allocat!'on basea on alternate justifiable expenditure theory.-Th~s 
consists in dividing in. proportion to the cost ob\aining equal results by single 
purpose project. Thus in. the cases of the 'Vilson, 'Vheeler and Norris-Dam& 
the actual cost was 94 mil1ion dollars. While the estimated cost of single 
purpose projec~s for the above sites would come to 160 ·7 _million dollars made 
up as follows. 

Power 79 · 2 million dollara working a per~enta.ge of •• 

Na;viglltion 48•3 million dollars working a percentage of 

Flood control 33 · 2 million dollars working a percentage of 

. . 
.. 

-100·0 ___ __. 

But a correctjon is made in the above oalculaiiona by deducting d:rect cost as. 
in the original multi -pi1rpose project from the estimated single purpose amounts. 

• _ .... ,, ~ !'- ~: ~- . - -- ' 
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... .., .... ,._- •• h .,..~ • r ... ~. .. , "•-. • • ~or~ . -

Cod as single 
Direct ooe~. 

PeJ"~ntage of 
purpose pro· Ket · allocation 

jec>t. --- -
J'o•t-r •. I -' 79·~ 28·0 fi3·2 40 . . .. 

,., I :Narigntion -'8·3 43·9 '" . . .. 
Flood eontrol1 . . . ' 33·' 2·G 30·6 25 

Total . . ,160·71 33·0 1 127·7 . 100 . . 
--

- 'lhus the allocation for power, NaVigation and Flood Control in T.V.A. works 
is 40, 35 and 25 per cent_. respectively. This method is generally adopted b1 
T.V.A. 

!S. The B!Je-Product Theory.-The Bye-Product Theory holds that th• 
"Power should be charged only with direct po:wer costs and as the none of ih• 
.Joint Costs on the groun<J that the Joint Costs are ittcurred for general good 
an<l so ahould be paid by public revenue. li1ce other social services. T_!lia 
tht-ory is too .socialistic .to be seriously consi4ered in the present discussion. 

. ~ 

l 

APPLICATION OF THEORIES IM AMERICAN PRACTICE 

. The allocation ~ade by th~ U.S. Bureau of Reclamation Engineers for 
abe Missouri Projecjis, which ~re intended to develop I ·49 m.k.:W., a:cd 
irrigation of 4 ·76 m. a~ is given in the table below :- ., 

Q)o;.l 

I 
t>ll.._,..., 

Object 
:or.= 

Annual Beneflt:3 ~..., ~ 
0 .... Q;) costs ... o.o 
~ 

P-t 

Amorii· I Actu&ll 
aation Ne~ % AllOI..&· % 

distribn- benefits tion 
tt>d 

--- --
M.dollarR M:.dollars ?.I. dollar>~ 

I~ 'Irrigation . 130 7i·5 7·72+50 [)7·72 72•28 69·6 %98 20·0 

·s. Po~f.'r 3 

S. Flvod c 

21·8 12·2 . •·9+4· 

I 18·:S 10·4 3·5 

9·4 12·4: 12·0 :S76 39·0 

3·5 1[)·0 14:·4 454 31·0 

'· Nnigat ion 4·65 2·6 1·0 1•0 3·6[) ,.l) 132 8·9 

IS. MuniC"ip& 1 Wate.r 0·~0 0·3 Nil '' Nil' O•fiO 0·5 - 20 l•l 
WG!'b 

1 Tc 
' 

'71·62 103·83 1100·0 11480 I IO_p tal 
1---::----

.. 175·4:51100·0 

The final allocation 8eems to be based not on benefits but on justifiable 
expenditure theory. 

In case of T.V.A. it has been shown above th&t on the joint 
investments, the percentage &llocation was 40, 35 and 25 for Power, Navigation 
and Flood control for Wilson, \Vheeler and Norris Projects. The cos' of the 
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Pickwick Landing Dam was also allocated in about the same p;ropo:rtion 30r 
36 and 24: for Joint investments. These percentages when the ·total 
irive~tments is considf'I'ed, average to in these four Jams 52 ·8, 29 ,7 and 17 ·:S. 

Considering the seven T. V.A. dams, the total estimated expenditure for 
the dams is 500 million dollars of which Power was assigned 310, Navigation 
90 and Flood con troll 00 represent 62 per cent., 18 per. cent. and 20 per cent .. 
The~e perbtrltage! represent the allocation on the 'total investment!. Consider
able opposition was "Yoiced by Mr. Mead and others in the valuation of Flood 
Control as 100 million dollars instead of-a lower, figure of 36 million dollar. 
which was the figure suggested by them. · · 

The totalfiood atorage for T.V.A. i8 10 ·67 million acre feet as againwt the
iota} storage of 21· 98 million bore feet. in the whole !iver. This .. repre~ntlf. 
4B ·5 per r,ent. and if the allocation of this aa 'based on Second Theory, the floo<l 
control should have amounted to 339 ·:S million dollars out of 700 million 
dollars. 

In the case of Grand Coulee Dam out of a total cost on the whole system of 
•37 miiHon dollars including the canals, the allocation for Power and 
Navigation was 215 ·3 m1lJion dollars and Irrigat~on 221 ·7 million dollars. . The
cost of the Grand Coulea Dam itself is 200 million dollars. Thus tne cost of th& 
whole river dam was practically charged to the po,ver. This example of Grand 
Coulee allocation dot~ not follow any of the theo.ries enumerated above •nd 
exhibits how each case ha~ to be examined with regard to it~ alloc~tion~ 
'Vhat the Bureau did i,n the ca~e o( ~rand Cou~ec seems perfectly j:;stifiable .. 
The dam 'l r )per r~ally 8~rves the purpose of Power and Navigation only for 
w~ter has to be pump€d to· a further height be~ore ~ater is Htilised for 
Irrigation·. - · · · · · · ·· · · · · _ - · · · 

Colorado Basin~ In this basin, the total cost of all the projects is estimated 
as 2.Is:J million dollars. In order to irrigate· .2 :6. million, acres <·f land and 
prod ~e 3 ·5 m k W of po:wer. qut o! .this _ a!Jiol,ln~ .. OJ;Lly .2:5 million.· dollar-i 
·eoming to above 1 ·2 per cent. as allocated to fiood control and the rest distri
buted be ,reen Irri r.tion and_ Power .. The l<?w percentage assigned to Floo«i 
Control t:eems to be due to the fac~ that the floods in: Co~orad ~· are already 
control'cd by BouJder and Parker Dams. · · 

• t 

In the Bonvenllie Dam across Colum1:iia., t.he U.S. 'eng~neers 'hav~ 
estimated the total expenditure of 53 million dollars ,ai1 tbe c;~st an:d allocated. 
:S7 per cent. to_ Powt'r and 43 per cant. to Navigation. · .. 

Thus the allocation of costs 1eem~ to .Yaty widely with e~ch partie•lar
work. 

Conilu1ioM.-From the discussion~, the following conclusion§ may »a. 
drawn : - _ , • " 

1. Flood Control and Navigation must be fully yalu"ted and allowed for 
ill any allocation of a multi-purpose Project as these form· appreciable portiona. 

2. For Indian sohemes where Irrigation, Power and F:lood control Seem 
tQ be the main factor~, a general allocation of t:h.e Join' lnTestment ca~ b~ (.Or 
JO and 30 per cent. 
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DISCUSSION BY THE BOARD 

THE SECRETARY said_ that there were three questions at present .. being, 
discussed by tlie Board :-

~ 

(1) Indirect benefits or irrigation, 
(2) Allocation or cost in multi-purpose projects, 
(3) Amalgamation of water ra~ and land revenue for storage irrigation. 

Nos. (1) and (3) had been discussed under the Administrative agenda. 
·under (2) there were two papers for discussion, one by Mr. Om Parkash 
Bhasin (U. P.) and the other by D.r. K. L. Rao. . ... 

MB. T. J. M!BCHANDANI pointed out that there was a. conclusion at the end 
.of..Dr. Rao's paper which did not arise out of the thesis at all. He wanted to 
ask him as to how he arrived at that conclusion. · · 

MR. S. A. GADKARY remarked that he was inclined to think that there 
cQuld be-no such conclusion drawn and no such percentage could be fixed except 
in an individual specific case. A general basis would be absolutely unworkable . 

. So fai as river· talley projects were concerned, in certain cases, irrigation might 
a.Ssume.a ve~fbig proportion while in other irrigation might be a minor show. 
In that case,'a higher percentage would have to go to Power. So.every scheme 

-would have to be discussed with respect to the particular advantages of the 
ech~me and any peroenta&e would be absolutely ~workable. 
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DEWAN BAHADUR N. GoviNDARAJA AYYANGAR remarked that he consider
-ed that there were probably four major purposes that appeared to him to be 
vital. These were flood control inigation, power and navigation. He did not 
think that one need bestow undue importance on other purposes. In the pre
sent . crisis, food was probably· the most. izpportant. thing that required 
-emphasis. He considered that power was the twin brother of food.'tbooaUS8'' 
power helped to lift water and thereby incruse agricult~al production. Ot 
course, flood control was important. Navigation could be important in India, 
.only when it could ·contact the raw production centres with the incluatrial 
.centres and that would~ come only when industries were fully developed.. He 
therefore call'.3 to the conclusion that importance could only be given to food, 
power and flood control. Now so far as food was toncerned, rice would take 
nearly 3 or 4 times the water that wheat required. Rice in South India re
quired a number of wettings,' and the requirements of water would be 50 in. 
to 54 in. per acre in addition to the rainfall. The difficulty in Madras was that 
they could not raise the water rates nor could they levy heavier inclusion charges 
or betterment fees. He therefore opined that there was no chance of their 
projects producing revenue and giving a large margin over the borrowing rate 
of interest. Acre for acre rice projects have to handle three times the water 
that wheat and other surh:crops require. 

SJJRI C. L. HANDA l'eferred to administrative difficulties. 

It was decided that the subject may remain under examination and for 
the time being each projeJt should be coDSidered on its own merits. ~ 

Ul 



3F.· Legal Aspects of Projects 
P_RELIMINARY NOTE 

The following resolution was passed at the 1946 Board meeting:--

" 1. Resolved that the Board welcomes the proposal to include in &L.t'J 
Union Subjects H Communications " which term must necessarily include ~ 
_waterways of the country . .. 

The term' ·waterways 'CQmprises any stream or channel which is 
navigable, can be made navigable and the water running in and dr<lining 
into that !tream or channel. 

" 2. Resolved that the Bo.1rd recommends that statutory provisions oo 
m-1.de and n~cessary legislation enacted to provide for the following : 

(i) To set up, when nece33:1ry, in cases where more than one Province
or state are concern~1l, catchment and or sub-catchment Boards to 
form~late proposals and, i£ required, to execute works, for the 
control. conservation and regulation of river supplies for the benefil 
of all parties concerned. · 

(ii) To set up a statutory technical organisation which will co-ordinat& 
and regulate the activities of the catohment and or sub-cat9hment. 
boards ; this organisation to have powers to obtain and collect 
information relating t? all watentays in Indi!'. 

(iii) To set up a. statutory All India Ar~itr~~iQn Board to decide all 
issues eoneerning waterway~ that are referred to them for decisiorr 

(iv) To ensure that the Provinces and States shall be free to enac~ 
legislation in respect of generation and distribution of power and 
water within their respective territorial jurisdictions, and to develop 
the resources of waterways which are entirely within their territorial 

_ boundaries o:r have been alloca~ed to them for such purpose. 

" 3. Resolved further that the Board recommends that the proposed 
Electricity Bill (1946) be modified so as to confirm to the provisions stated 
in pazagraph 2." -

This resolution was communicated to the Government of India, ~nd 
subsequently a Popular Series Leaflet No.4, \Vaterways of India-their 
problems and the administrative machinery required for obtaining maximum 
'benefits-was issued in !lay 1947 and circulated to members of all the: 
legislative bodies in India. 

At the 194 7 meeting of the Board it was resolved" that the Board !1-Ccepts 
the desirability for an early legislation on the Jines proposed (to qrge 
on the Government of India the importance and necessity of 
legislation to control ani assist in the proper development &ad 

104: 
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conservation of the wat~r resources . of the ~ counky aAd. the 
d~s~a.bility of an early enactment of a comprehensive waterway~, 
intJluding grounu water, h:riga~ion and navigation Act), but would 
lil.e t.o. take further and vigorous act!on in this connection after 
the Constituen\ Assembly has-adoptrd the recommendations of 
the Union Power Committee. " 

In the Draft Con&titution of India prepared by the Constittient As8emb1y 
L.nd published in March 1948, it was found that the provisions made in Article 
239-242 which deal with " Interference with water supplies- u fell short of the 
terms of the recommendations previously made by the Board. Accordingly 
the Secretary of the Board as directed by the, Board addressed t~e Ministry of 
Works, Mines and Power pointing out the shortcomings together with sv~es
tions for improvements and requested for bringing them to the notice of the 
Constituent Assembly. ' ' · _ • , , 

' . ' 

In March this year the Ministry of Works, Mines and Power requested the 
Secretary to let them have the broad outlines of the Centra! Board of 
IJrigation's proposals in connection~with the 'Vaterways Bill. The following 
re ?lY has been sent by the Secretary :- _ 

" The proposed Waterways BiJl is. going to be a comprehensive and 
involved piece of legislation. The problem has been examined in 
some detail in the Central Board of Injgation Popular Series Leafif}t 
No. ·4, entitled " Waterways of'lndia ". • ·-

" The preparation of th.'e Bill · involves considerable t:me and lab-our 
and unless a special officer is deputed for •he purp_ose it is not 
possible for the B_oard to undertake to draft ·the Bill. It is 
understood, however, that the Central Waterpower, Irrigation and 
Navigation... Commi.ssion ·has entrusted this work to one of its 
officers. There appears;- therefore, no necessity of a duplication 
of this work in the Board's office but the Board would no doubt 
like to be consulted as soon as a tentative draft is·ready. 

"Without attempt~ng to go into the details ·of the propo~id legisla
tion, it appears desirable, at this stage, to define the objectives of 
the proposed legislation. Thes~ should be .: 

(a) To attain the optimum ~tilization ofthe natural resources of water 
from .-stream flow, from storage· of Rood waters, and from the 
sub-soil reservoir for purposes of irrigation and hydro-electric 
development, and to devise suitable administrative machinery 
for the purpose, ilf particular for. _the allocation of supplies from 
different resources to lands awaiting development in different States 
of the Union of India ; and · 

(b) t:> lay down the law and suitable administrative and executive 
machinery for flood control measures, for navigation, for the 
prevention of pollution of natural waters, and for the development of 
fish life in natural and artificial water-courses. .. -

Attention is invited to paragraphs 7-10 of the J4ea:ijet No. 4, reffnacl 
to above." 

M21CBI 



o( G THE CENTRAL BOARD OF IRRIGATION ANNUAL REPOR'r 1948 

The Board also considered the possibility and advisability of a statutory 
provision that where perennial irrigation is provided by storage and that storage 
ha~ been created by flubmerging certain areas, owners of land permanent_Iy 
benefited by the perennial irrigation should be required to give up some 
percenhge of the~r land so as to provide an area out of which tJompensation, in 
the form of land, for those submerged, can be provided. After dis~ussion... tbe 

_ following resolution was passed by the Board :-

" (i) Resolved that the Board is of the considered opinion that in deal
ing with.-persong whose lands will be submerged under E.tora gc 
reservoirs or will go under canals and allied works, it is desirable 
to compensate them as far as possible by giving them land for land. 

"lii) that for resettlement of dispossessed land-holders, land should 
be ob~ained: in order, from the follJwing sources-

. - {a) Government land, if any, . 

(6) .£\."proportion of private lands, benefited by a project subject to t1e 
condition that portion left with an owner is not less than an 
economic holding : , 

" (iii) that acquisition of land for pu1"poses of resettlement of diSf03S<'s:;ed 
land-holders should be considered under the Land Acquisition 
Act, as ac<t.uisitioned for a public purpose ; -" (iv) resolved further that in the interest of the large projects now under 
crnJideration, the Gol{ernment of India be requested to ask 
Provinces and States concerned to undertake early legislation 

"to implement the above recommendations." . 
Th~ above proposals are now under consideration with the Government of 

India. -
I 

THE YEAR'S WORKS 

DISCUSSION BY THE BOARD 

The subject. was discussed under U.e Administrative Agenda. 



4F. Anti-Malarial Aspects of Pr9jects 
-

- PRELIMINARY ~OTE 

This subJect was introduced for the first time in 1946 in view of the fact 
that big irrigation projects were going to be ~aken up in India and the question 
c.f malarial incidence was of utmost importance~ connection with them. The 
following resolution was passed by the Board at its 1947-meeting :-

" Resolved that the Board is of the considered opinion. that in all · 
irrigation projects it should be th~irrigation engineer's endeavour to 
have- malaria officers associated with the project right from the 
investigation stage and to maintain them (Malaria Officers} through
out the construction period, in sufficient numbers. The Board is 
also of the opinion that as far as possible,~ there should be unitary 
eontrol in the project area whereas the malaria officers.!"_ should 
receive technical guidance from th~ir own technical superiors; for _ 
all administration and executive functions, they should be ·ur,der · 
the engineer incharge of the project. Close association should be . . . 
maintained between the project . officers and the Malaria Institute 
of India. " · 

In response to the resolution, the Bihar Government have intimated that 
the Irrigation Department is in agreement with the spirit of the resolution alld 
they will give effect to it in their .. new big projects. The United Provinces 
Government have issued specific instructions in this respect. The Bombay 

·Government have intimated that the following procedure is in vogue in the 
Public Works Department, Bombay for co-ordin~ting the activities ·of the 
Public Health Departments. in irrigation projects :-

. (1} In the case of minor irrigation projects _the collectors should consult 
th~ local Public Health Officer (i.e. the District Health Officer if such officer is 
a I pointed in the district of the Assistant Director of Public Health) whether the 
proposed project is free from objection from the·puhlic health point _of vjew. 
In case it is feared that malaria is likely ~o tesult, the.advice of the Assistant 
Director of Public Health in-charge Malariology should be sought thr:o~gh the 
Director of Public Health. · 

(2) In case of irrigation projects contemplated by the Publio · Works 
Department, after a project is conceived and its broad outlines are determine1 1, 
the Executive Engineer of the Division concerned should furnish the Assi!ta~t t 
Direct-or of Public Health · in-charge Malariology with the following 
information :-

1i) An index plan showing the head works-in the 'case of a reservoi t' 
this plan should show area submerged and contours of the highest 
and the lo_west 8upply levelS. It ·should also show towns and 
villages situated within a distance of five miles from the full supply 
level contour. · · · · 

. - .. 507" 
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(ii) A plan showing the alignment of the canals and the commanded 
area-the water course., need not be shown but the natural as well 
as artificial drainage channels, if proposed, should be. shown. 'Ihe 
plan should also show villages. and towns within the commanded 
ares;. 

(iii) The types of crops intended to be raised on the canals and their· 
approximate acreages. 

(iv) On receipt of the information mentioned above, the Assistant 
Director of Public Health should examine the project from the 
public health point of view and communicate ·his remarks and 
suggestions to the Executive Engineer giving at the same time, if 
possible, an estimate of the .capital and recurring expenditure 
required to be camed out to comply with his suggestions so 
that this may be included in the main estimate of the project. 

·Replies from otners ar~ awaited. 

llec~ 1/iterature 

1. Hall, T.F., Penfound W.T. and Hess A.D. Water level relationships 
of plants in the Tennessee Valley with particular reference to Malaria Control
Journal of the Tennessee Academy of Science, Vol. 21, No.1, January 1946. 

THE YEAR'S WORT{ 

DJSCUsSION BY THE RESEUCH COMMITTEE 

THE SECRETARY said that no contributions had been received under 1 his 
subject, b~t that Dr. Puri of the Malaria Institute might like to say something. 

_ D•~ PURI referred to the Board's resolution passed on the subject and 
stressed tne need for a very close liaison between the officers in-charge of 
projects and the l!alaria Institute. He said that in a few cases the advice of 
lhe local staff of the Institute had been igBored by officers in-charge of works 
without reference to the Institute. 

-----. 
DISCUSSIO~ BY TBE BOA 'BD 

-
TH~ SECRETARY referred to the resolution passed by the Board last year 

and a~t10n take~ by various administrations as intimated upto the Research 
Comm.Ittee meetmg. Subsequently Gwalior had intimated that resolution of 
t~e Board had ~een noted for future works. ,East Punjab had issued instruc
t.IOn o~ the subJect for Nangal and Bhakra Dam Projects which had been. pub
lished In the October 1948 issue of the Central Board of Irrigation Journal. 

CoLOEL JASW.ANT SINGH said that there had been no momentous change 
since . he ddress~ the Board last year. He had recen~ly seen the major anti
~alaria:I Works m America particularly those ~f the T.V. A. It appeared to 
h1m as if they had solved their malaria problem finally. They h~d no malaria 
pro~l~m now but to obviate the malaria incidence they were still spending half 
a mJllion dollars every year. It was important for the Board to ensute that no 
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malariogenic conditions were left after the projects were completed. He was 
happy to note a reference in the October Number of the Central Board of Irri
gation Journal regarding the requirements of drainage in all the borrow-pits, 
and he had no doubt that those in-charge of the projects would bear this in mind .. 
They had to ensure that mosquito breeding places were not left behind if 
they had to overcome the greatest hazards in this country-that is the loss of 
life and suffering from malaria. Referring to the observations made in the 
last para on page 320 of the October issue of the Central Board of Irrigati9n 
Journal, namely" all the mosquito breeding places should be sprayed once a 
fortnight with 5 percent. D. D. T. in malarial, which is sprayed over th~ water 
surface to kill mosquito. s 80 ounces per acre and this application must l>e repeat
ed more often if there is heavy rainfall soon• after spraying". He suggested 
that D. D. T. 1hould be applied to the dwelling of the people and not to open 
water surface!. In that case D. D. T. would not on)y kill mosquitoes but 
give other collateral benefit~ such as killing flies and other insects, etc . 

• 
He suggested that wherever D. D. T. was used, it should be chiefly in its 

residual effect. Continuing he said that if D. D.~ T. was sp;ayed _on ._mosquito 
breeding places it might get washed away during frequent showers .. • On the 
other hand, if it was applied on surfaces (in dwellings where adult mosquitoes 
may rest) as an emulsion or in oil, its insecticidal effect would last for 6 weeks 

·to 3 months under suitable conditions of humidity and temperature. Even if 
the effect lasted for 6 ·weeks he thought it would be more economical than 
pouring it oftener o~ the breeding places. 

/ 

He said, he would be glad to show the Malaria Institute to any Member of 
ihe Board and discuss with him his individual problems either personally or by 
correspondence. 

' . He then described some of .the measures taken by the TV A for malaria 
control. -

THE PRESIDENT then thanke~ Col. J aswant Singh for his interel!lting 
talk. 

Shri N. GoviNDARAJA AYYANGAR said that· on the Tungabhadra Project 
they had practically eliminated malaria. He endorsed that D. D. T. left iis 
effect for six weeks though he believed that whenever officers occupied their 
buildings or inspection bungalows the Health Officer sent in D. D. T. eyery fifth 
or sixth day in order to keep out all the flies and mosquitoes. ... 



SF. Miscellaneous 
. 

PRELIMJNARY NOTE 

The Iollowing item wa& presented for discussion at th6 1947 Research 
C'om~ittee Meeting:-

... 
~ A method of coordination for the full utilization of water resources 

for irrigation in the United Provinces " by J. W. Russell. 

The discussion on this item has not taken place so far. The Board at its 
194 7 mieting passed the following resolution :-

- . 
" Resolved that the Board again invites the attention of SJ.ll 

administr~tions to the necessity of undertaking at an early O.ate 
surveys of th~ potential water resource~ of all catchments for 
purposes of irrigation and hydro-electric development a:ttd in this 
COD.J?.ection commends the action taken by the Government of Bombay 
to appoint a. technical committee and a.n officer on special duty fur 

_ the purpose. The Board recommends fuither that to secure effective 
· coordination of such activities in all Provinces and States the 
Director of Hydrology in ·Central 'Vaterways, Irrigation and 
Navigation Commission,. should be a member of local committee 
entrusted with this task. The Board also considers it desirable that . . 
the local representative of the Meteorological Department should 
also be a member of such committees." · 

It was also- considered desirable that the Boar4 might recommend to 
likely committees to publi~h an Annual 'Vater Year Book, and a sub-committee 
comprising the following officers was formed to decide upon the contents and 
form of that Water Year Book.:- · 

(1) One of the Members of the Central Waterpower, Irrigation and 
Navigation Commission as convener, .. 

(2) Rao Bahadur Shri A. R. Venkatacharya, 

(3) Rai Bahadur Shri Kanwar Sain, 

(4) Dr. N. K~ Bose, 

(5) Shri S. L. Malhotra, 

(6) Shri N. D. <Julhati, Secretary, Central Board of Irrigation, 

(7) Director of Hydroglogy, Central Waterpower, Irrigation and 
Navigation _Commission as Secretary of the Sub-Committee. 

$10 
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·A meeting of the Sub-Committee to draw up the outlines for the Year 
Book was held at Roorkee during the Informal Meeting of the Res~rch 
Committee under the dhairmanship of Mr_.-Mazumdar, Member, Ir;rigation, 
Central Waterpower, Irrigation and Navigation Commission. 

The Government of Central Provinces an:d Berar _have j.nformed that the 
. staff position of the Public Works Department there is so precarious that the 
Provincial Government can literally not spare t~e services of an officer of the 
seniority and co!Ilpetency required to undertake the work of hydrographiQ 
survey of the Province. They added that as the Central Waterpower, J.rrigation 
and Navigation Commission were opening three divisions in that Province 
for the in!estigation. of water supply resources, the P~ovincial Government felt· 

-that the Commission could easily combine this hydrographic survey as an 
Jntegral part of their work of investigation into water supply resources. A 
request was accordingly made by the Government to the Chairman, Central 
Waterpower, Irrigation and Navigation Commission, which has i.Jeen accepted. 

The Government of Bombay said that the q-g.estion of co-opting the local 
representatives of ~he _Meteorological and Geologicai·Departments was already 
under the c<;>nsideration of their department of irrigation and those departments 
were being addressed to name their officers stationed in that Province who 
could be invited to attend the Technical Committee appointed in connection 
with the proposed Water Board for the Province of Bombay, and that the 
Director's consent is being obtained to include the Director of Hydrology in 
the Central Waterpower, frrigation and Navigation Com:tnission as a mem~er 
of the Technical Committee in question. This has also been agree-d to by the 
Chairman, Central Waterpower, Irrigation anQ. Navigation Commission. -

The Chief Engineer, East Punjab has written to· say that all the items 
taken, up by the -:Bombay Govern'ffient for investigations are either already• 
being done by that department or will soon be taken up. ·The pul}lication of 
the Water Year Book too will soon be taken up by them as far. as the East 
Punjab is concerned. . 

"The Chief Engineer; Bihar intimates that proposal for establishing a Water . . 
Board in his Province were afoot and many surveys will be carried as soon as the 
Board is constituted. 

• 
Recent Literature 

. -

1. Straus, Michael W., Commissioner of Reclamation, United Sta\es OJ 
America.-Global Hydro-economics. A report on twentyone nations. 
International Commission on Large Dams, !hir~ Congress, Stockhohri, 194:8.0 •• 
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THE YEAR'S \\"OJiK 

there __ was only c:ne contribution during the ~eat viz. :-· 

(1) '' Short term aspect.; of the optimum use of river supplies for irriga
tion and hydro powe '' by Shri C. L. Handa, R.B., I.S.E., M.I.E. (India) and 
Shri Barkat Ram. 

(1) SHOBT 'll!RM ASPEC'fS 

OF THE 

OPTIMUM USE OF RIVER SUPPLIES FOR JRlUGATIOK 

AND HYDRO POWER 

• by 

Shri C. L. Harda, J.S.E. M.I.E., -

and 

Sbri Barkat Ram 

INTRODUCTION 

The dawn of independence-in the Indian sub-< ontinent has been accompani-:d 
by a great ~nd immediate demand for the development of the maximum 
resources from rivers, with which nature has endowed this country in the mcst 
bountiful de~ee. Scarcely a week passes, when the description of t1:6 
potentiality of some hydro-electric project coupled with irrigation and flood 
control benefits, does not feature prominently in the newspapers all over the 
country. This is a most welcome situation, because the talk of raising the low , 

• standards of the common man, is without-meaning,-unless tltere is an abundant 
production of food, and unless there is cheap hydro power available for small and 
large scale industries. The ideal of developing our river valley resources to their 
maximum potentiality, i~ all very well, but attention needs to be focuesed more 
on the speedy achievement of even a fraction of that ideal, rather than have to 
wait for that ideal (howsoever perfect and pleasant the final picture may be) 
for an inordinately long time, for which the cammon man will have much less 
patience ih~n those engineers, who are so deeply absorbed in their own paper 
plans-examining alternative after alternative--in order to get the maximum 
amount of irrigation •md the maximum amoUnt of hydro power out of every 
ounce of water and every foot of head. The primary value to India at th;s 
time, does not lie in the fact that she is the happy country, in which the 
maximum potential of pow~r is lying stored on top of the 29,000 feet high • 
Himalayas (of-which even the' U.S:A. feel jealous) .Put the fact that so far we 
have not even tapped 5 per cent. of the economically justifiable waterpower 
potential of the country The-comparative figures' for per capita consumption 
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of 'electricity relatively to other countries are S<;l ridiculously low that they can 
bear being quoted even in this learned gathering. These arc-

Per Capita eonsumpuon of 
Name of tountry electricity (k.W. hour•) 

India •• ~·2 

J:n&land . . .. .. .. . goa 

V.B.J.. . . ' .. 1470 

Canada 3310 
..... 

Swft.c-N'JI.nd . . .. . 19« 
' 

• •' 
:Norway - !000 . . ... 
a;weden JOOO . . . . . . . - •• . . 

This will show that a· large gap has to be covered by India before ~he ea.n· 
assume her rightful place in the present scale of civilisation. How to cover thi! 
gap in such a. way ~hat the principal emphasis is on a co-ordinated, progressive 
and rapid development, is the objective with which this paper'is being presented. 
Special reference ~as ·been made in particular to the Bhakra Nanga} 
development project in the East Punjab, with which the authors can claim 
some familiarity extendini over a period of four years first hand association. 

OPTIMU:U USE OF AVAILABLE RIVER SUPPLIES 
, 

A great number of ~ngineering and economic studies have to be marie for 
each river vai:ey scheme in order to \scertain the water resources, economical 
storage, proRer height of_ dam, capacity of irrigation canals, and the most 
economical generation for which the power stations shpuld be equipped. Each 
multi-purpose project has its own particular features, w!llch determine the above 
aspects quantitatively. There· is, however, one factor common to ·au rivar 
projects and that is related to the practicability of splitting up the project intQ 
various stages, which make it possible that an advanced JISe may be made, of 
each stage, as it gets ready. To illustrate this point, the following stages may 
be enumerated in the case of the Bhakra Nanga! development:- , 

' . . 

(a) Surplus summer supplies of ~he river Sutlej can be ~tilised via the 
Nangal Canal, into the Bhakra Canals for providing four_ months 
irri~atien facilities to the famine areas. .This can ~e done in advance 
of the completion of the Bhakra Dam. 'fhe amount of these su_ppliee 
can theoretically be equal to the full supply capacity of the Nangal 
Canal and Bhakra Canal .. system, but allowing for the grad~al 
development in the beginning, one can safP-ly take these !Upplies 
to be hair their c;~,ll supply ~apacity. , · . -
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(b) 'Vinter supplies of the river Sutlej to be -q.tilised ,for generation ol 

hydro power through the power houses on the N angal Canal. These 
power houses have a drop of about 1000 feet at each power hou~e, 
and an average winter discharge of 3600 cusecs would be available. 
To start with one power house could be completed and equipped 
for generation, and the other power house could follow soon after. 

(c) The firm hydro power, would be based on (b) above, and s~condary 
, power, if required could be got out of (a). · .. 

(d) A gradual increase could be made in (b) above, with such additional 
supplies a! can be progressively got from the dam_, not excluding th~ 
tail end of the period of construction. · 

(e) Stage stepping up, of generation capacity to be made,a.ccording to 
the expected load growth. · 

~f) The frame work of the project to be designed for maximum 
_development of irrigation and hydro power, but only such portion to 
be filled in progressively, as are justified by actual need a~d rate of 
development. This implies that the fullest use of resources would/ 
be eventually possible but the time factor ~ould receive primary 
consideration. Such portions of the project as can be completed with 
available resources, plus a minimum of imported resources would be 
completed so that they can be brought into the service of the people. 
Meanwhile work would proceed continuously and progressively 
to accomplish the tot~lity of the various piovisions in the project 
which will be_ kept suitably flexible, so as to permit the intertnking 
of the various stages with as little- wasteful modification, of 
pre~tiou3 works as ~ossible. · 

Happily for the Bhakra Nangal developm~nt, the abovestagesofthe work 
are susceptible of broad demarcation. The areas to be developed are thirsting 
for water. ln.J;labitants for these areas are available in plenty~ out of the 
vast population that has been dislocated from the 1_Vest Punjab._ Four months 
;rrigation, in advance of the perennial supply that will follow a few years later, 
will be most welcome for raising fodder, jawar, bajra and possibly providing 
(in certain favourable years) an advance irrigation to be made use of for 
wheat sowing. The introduction of summer irrigation within a period of about 
three years will hold out the most attractive promise to the people, who will 
enthusiastically co-:..operate in the construction of the Bhakra Nangal Canals. 
Regarding hydro power, the energising of the first power station, will bring in 
a firm power of about 25,000 kW. This will very much suit the creation and 
development of the electrical market. Shortly afterwards, much more power 

• w~uld be made available. The planning of cottage and large industries could 
proceed on the basis of adequate power on the completion of the Bha.kra Dam. 
Meanwhile the construction of factories could be planned by industrialists, 
helped by the Government, on the basis of their maximum eventual needs, but 
on the assured prospect of their immediate_ but fractional needs, being met with-

~ in about three years' time. The idea of stage development, accompanied by the 
certainty of rapid completion of the earlier stages would appeal to the public at 
large, much more than the _more distant prospect of a bigger achievement. At 
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this psychological moment in 'the evolution of the country it is not the ideal 
perfection or the overall colossal magnitude of any .productive engineering 
undertaking, but the speed and assured promise of earlier :realisation, that will 
evoke an enthusiastic response from ... the people. 

• &CONOMIC JUSTIFICATION OF RIVER VALLEY DEVELOPMENT PROJECTS IN THE 
. FINAL STAGE -

It goes without saying that the financial soundness of River Valley 
Projects must be a matter of utmost concern with tb.e Governments who spons?r 
these projects for the simple reason that these ·undertakings involve very huge 
sums of money, and it would be a very great strain on the finances of a Province, 
if the net revenues from the project were not to cover the interest, depreciation 
and operation charges within a reasonable periofl,'which is customarily taken as 
ten years after the co!llpletion of the proj~ct.. In view of tlie fact- ~hat "the 
introduction of irrigation must obviously v:ery much enhance the productive. 
capacity of un-irrigated land, and the fact that-the facilities due to availability 
of electric power, make life so much more pleasant and worth living, it would 
be perfectly justifiable to assume, that the completion ~f the project would be 
accompanied by a material rise in the price of agricultural land and urban 
properties. Those who benefit, cannot theref<?re, with any justification, grudge 
the payment of a betterment tax commensurate with the advantage which 
Government bring to their very dQorstep. In the case of projects in the State 
of Mysnre, the rate of contribution per acre has ranged from Rs. 100 toRs. 150 
spread over a period· of 10 or 12 years. This contribution from the people 
would be a ¢o-operative step which can set off an appreciable bit of ~he capital 
expenditure and recurring charges. · . ' 

The rates to be charged for the supply of irrigation facilities should be 
related .to the yield. from crops and the increased cost of such yield. With wheat 
selling at Rs. 20/- per mauna, there is no justification in fixing the water-rate at 
1upees four per acre, which rate was reasonable when the rate of wheat was 
rupees fh·e pcrmaund. The rate nowneed not be four times-as the present 
high food prices, let us hope, are transitory-and it is unlikely that today-'s cost 
of living may'subsist without upheaval in the~country. Similarly ~he bias in 
favour of a three pie or four pie rate per unit of electric pow~r, delivered at load 
centres must be appreciably influenced by the high cost of m:1terials, labour arid 
electrical equipment. With present day abnormal costs, we should be happy 
if our hydro projects can supply power at five pies or s1x:pies per unit, -,delivered 
at Io.ad centres. - It is well to rememb~r that. the present day cost of thermal 
power inclusive of transmission and distribution charges is. of the order of 12 
to 15 pies per unit. And then our coal and oil resources are by no means 
adequate, and there is an over!iding need for _conservation. · 

The above background is necessary for determining the financial yard ... 
stick, whiclf will measure the economic justification of~ river-valley project. 
In general it rna y be stated that any project holding out a promise of transforming 
huge un-irrigated areas into irrigation colonies, and of supplying electric 
power where none exists heretofore, will be productive if the direct and indirec 
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benefits are taken into account. Taking only the direct benefits into -,iew such 
projects will have their chances ot productivity improved, provided 
Governmental policy is suitably orientated so as to create a favourable field aLd 
psychology for rapid development. This implies a lot of educative publicity, 
eo that the people may have an intelligent picture of the development and 
they should be able to share with the Government, the sense of expectation, 
exaltation and also sacrifices which every one must make to expedite tte 
accomplishment. _ 

. 
A number of studies have to be made to determine the over-all cost of a 

multiple-purpose project. But such studies are liable to get out of date very 
soon under the continually fluctuating rates of materials and labour-due to 
ihe unusual political and economic conditions of these post-war and 
post-partition days. Still engineers cannot afford to relax in their watch of 
public expenditures, and the effort has _to be all the greater when we have to 
pay mor~ and p10re !or less and less value. · 

\ 

BELATIVE COSTS OF PRINCIPAL FEATURES OF IRRIGATION·CUJ!-POWER 
PR01ECTS 

- The details in respect of costs on various features will necessarily vary for 
each specific project. All the same, when the main 'items are expressed as a 
percentage of the total cost of the undertaking, the results have an important 
general value. With this in view, we give below the approximate costs of the 
Bhakra Nangal Development, in respect of the main units of the project, 
expressed as a percentage of total cost. Even if the absolute figures of cost 
are different from those assumed in our study, due to changes in rates or 
modifications of certain assumptions, the over-all ratios are less liable to such 
di1ference. . ' 

Relative costs of various units of the Bhakra Nangal Project expreseeda.a 
a percentage of the total cost. 

1-BWra Dam (500 ful Aigh) 

(a) Ci•·il W.wk• 

I. Dam and Fouudations 

%. DiTersion Works •• 

3. Irrigation Outlt-ts •• 

4. Spillwaya 

5. Buildings • 

ti. Railways and Communications · 

7. Special Tools and Plan~ 

8. Nanga.l Barrage 

9. Establishment 

0·8 

J·l 

0·6 

1·1 

1·2 

1·5 

i·J 

~·0 

• 
S·( 

per cent. of ~·ial 
eost. nf JltOJee>i. .. 

.. 

.. 
, 

.. 
,, 

•• 

.. 
1.5 ., 
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I. Earthwork Ca.ll&L'I ... ••• 

I. Ea.rthworrdistributari~s :. •• - ' 
a. Lining N angal and BhAkra Canals •• 

4. Cross Drainage Worb 

IS. Buildtnga 
. 
6. Special Toolll and Plant 

7. Establishment 

UI-•kclricaJ 

. . 

. . 

. . •• 

1: GeneraUng Plant Bha\tra and Nanga.! 

2. Power HouS('S (Civil Works) , •• 

"' 

• • 

• • 

•• 

Total 

.. 

.. 

.. 

.. 

.. 

S. Transmission and Distribution for Bhakra Nangal Grid 

Total 

Grand Total 

517 

- .. . 
8·~ per cent. of tota.l 

•·a 
cost of p:toje~t. ' 

, ' . 
10•8 ,, 
3•! , 
1•1 , 
1·0 .. 
1·0. .. 
30 , 

16•3 • " 
7·1 ,, 

!1·6 ,, 

4:> ,, 

100 per cent. 

The above figures are given by way~ of illustration, as their relative 
magnitude can provide a good guide in assessing the various items of work 
as to the scope that they provide for co-ordinating the construction programme 
under the present day limitations of shortage of es~ential materials like cement, 
steel and coal. It will also be obvious as to how far we have 11navoidablyto 
depend on foreign help and how far we can proceed off our own bat withou
having to depend, on dollars. or imported know-how. · . · 

Further studies have also been made to calculate the fuiancial retl1rns from 
ihese projects. ~ut the quantitative results of these studies 'are entirely 
dependent on certain fundamental assumptions. It is considered more 
important to state the nature of these assumptions, than to quote the resul~ of a 
particular e0t of studies. _ · _ ~ · . · 

'rBB IUHDAMEHTAL FACTORS AFFECTING THE RETURN AND THE ECONOMIC 
• lUSTIFICATION ABE: 

1. Capital Outlay by years taking into account, the best·co-ordina.tion for 
the various stages • 

2.'Earliest possible accomplishment of the various stages so that they can 
bring fractional benefits into the service of th~ people and also ear:n. 
revenue 

' ' 

S. Rate of growth of irrigation-both flow and from tubewells 

4r. Rate of growth of electrical load and the gradual creation of a ma.rke
for the maximum generating capacity. The generating capacity 
would of course be stepped up gradually by putting in additional 
units when the load conditions so demand~ . 
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• It can safely be stated that provided the policy of stage development 
enunciated in the earlier part of this paper, is followed, and the people get to use 
the fractional irrigation and power facilities within a reasonable time limit, 
which doe& not frustrate their short term hopes, then the development would 
receive an assured momentum as it goes on from stage to sta3e, and would 
eventually be financially remunerative. Assuming that the policy of 
industrialization succeeds, and the generating capacity is absorbed in a._ period 
or twenty five years after completion, the gross revenue from irr gation as 
c~mpared with sale of power is estimated to vary as 1 :3 in the lOth year after 
completion of projects. The ratio on full development of electric load upto 
generating capacity, as between irrigation and power income is estimated as I : 4. 
Tke development of irrigation is expected to take only half_ the time as compared 
with the full development of electric load. In the above computation, the rate 
of power has been taken as 5l pies per unit and the gross revenue pet acre 
irrigated at mp~es six: per annum. 

- HOW THE ENGINEER CAN HELP EARLY DEVELOPl't!EN'l 

The onus of the technical leadership of river valley projects all OVPt the 
country lies on the engineers. They have to be realists and they have to make 
the best use of available resources in order to complete such stag.J o~ ~he b1g 
'undertakings as will provide to the people a. practical proof that bigger Len< fits 
are on the way-. The problems will vary from project to project and also with 
the occasion. The achievement of the objective, particularly in 1ts short range 
asFect, demands, that investigations, research and collaboration should proceed 
unceasingly in order to expedite the programmes. The field is as vast aa we 
engineers, like to make it. A few instances, elementary yet important, are 
mentioned :- · 

I. ~Materials 

(a) For temporary structures needed- for the duration of the project, e.g. 
temporary buildings etc.-we would not at ull hesitate to use sun 
dried bricks, timber, thatch roofs and other loca·ly avaii ble 

: materials~ according to local conditions and usage. 

(b) Use of indigenous limes (kankar line etc.) for bu:ldings, canal 
linings etc. should be investigated and tncouraged. _ 

• 
2. Rlannig and Designs • · 

(a) Subsidiary Works.-These should keep in view the fact that 
maximum use is made of available materials. Also that elaboration 
and perf~ction are laudable objects no doubt, but ~hen they are got 
at the ptiCe of too much delay or too much settmg bacl of. the 
principal objective (making ada~ or any other integral part o~ thJ 
undertaking), then we are paying too much. Every thing has to 
be subordinated to the early bringing in of results e.g. so much more 
food produced, so much more cottage and big industries started. 

(b) Main Structuref! e.g.,- The Dam lY1' the Barrages et~.-He.re no risk 
can be taken. Every bag of cement and r:very ton of steel saved for 
this purpose .;is economy in the right direction. 
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WHAT GOVERNMENT CAN DO 
. . 

. r 
The Government ha"tre to _recognize that c~nstruction of multi:-purpose 

projects-involving high concrete dams, or lined cana.1s of ten thousand cusecs or 
over capacity, are very large jobs. They can only be accomplished within the 
desirable time limits, if the engineers in-charge can have the fullJreedpm of 
initiative, within agreed financial limit~. The day tQ-day decisions of technical 
and administrative matters concerning the projectt~, should best be completely 
delegated• to the men on the spot, who alone are in the best position to 
comprehend and overcome the forces of nature against which they have to _ 
contend in order to build structures which have to become monuments of the 
age. Too much red-tape, damps_the spirit and initiative of workers in the field, 
whose enthusiasm has to be kept buoyed up by the delegation of confidence and 
powers which are absolutely necessary for the efficient and · economica ' 
execution of complicated jobs. 

I 

Besides this, the Government can lend immense help to the organizations~ 
in-charge of the construction by establishiitg public relation agencies, who can . 
interpret fractional data and progress to the public, so that there ·may be an 
overall effort for the achievement of the objective-whi~h is so broad based that 
it effects government and the people alike. ' _ -

NEED FOR FURTHER RESEARCH AND CO-ORDINATION 

The subject matter of this paper is not a new finding, nor does it come out 
of a laboratory like that of hydraulics or soil mechanics. It is all the same of 
immediate importance and can bear r~petition and emphasis. An urgent message . 
confronts the engineers and rese~rch workers who are engaged in the ' · 
planning and construction of multipurpose projects. The country looks forward 
to its engineering and research forces more than at any time before, 
for the quickest building up of its strengf h by development of river resources. 
~he short term angle•has such special psychological arid economic significance 
at this critical time that if we falter 1n this, we may fail completely. Let us 
therefore, not rest content, only vvith the e;istence o~ tremendous long range 
potentialities. We have to put our heads together for evolving a technique of. 
quick accomplishment in the face of difficUlties, of which we engineers have to 
be more conscious, than the layll!an, whQ is watching us with. suspense and 
expectation. · < ' 

. ... 
DISCUSSION BYTHERESEUCH COMMITTEE 

• 
Intrcducing the paper, Sn~u HA~DA said that he had tried to· indicate in 

it the urgent necessity of achieving quick results from the multi-purpose 
projects under construction iri the country, and had suggested how it could 1e 
done by fractional development. He said that the country looked forward to her 
engineers and research officers more than at any other time in the past, fo the 
quickeRt building up of her strength by development of river resources~ The .dhort 
term angle had such special psyci10logical and econoniic signi:fi.c"ance at this 
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critical time that one should not re:>t content, only with the existenca of 
t.remendou1long range, potentialities. Engineerd should put their heads 
toaether for ev&lving a technique of quick accomplishment, in the face of 
difficulties, of which they must be more conscious than' the laymanho who was 
watching with suspense and expectation. 

The difficulties in obtaining materials were very very great and these would 
last for a period of three to five years. Having been a witness to some of the 
works in the Punjab, SHRI HANDA felt that resources in machinery, inJ>ersonnel 
and in;naterials were now quantitatively fairly ~onsiderably more than when the 
Pu•jab built Trimmu or Kalabagh. The need of the moment was, however, 
that work should be sectionalized and divided in portions as illustrated in the 
.P"Per. In arid districts, there was a definite need for a four a five months 
summer irrigation. Similarly, the pre-storage water supply could be used in 
power houses. He instanced the Ross Dam which wag built in three succes3ive 
stages and hydro generation was started after the first stage. It was most 
important, he said that the fir~t stage mat3rhlhed within a spe~ifi.ed time and as 
quickly as pogsible. A cert!l.in amount of modification of major designs may be 
necessary. The cos~ that would be incurred for such modification woud be sm11l. 
The idea of the stage development, accompanied by the cert.1hty of ra_:>id 
completion of the ear1br stag 3S would appeal to the public at large, much m )re 
than the more distant prospect of a bigger achievethent. The introduction of 
summer irrigation within a period of about thr~e years would hold out a most 
attractive promise to the people, who would enthusiastically cooperate in 
the construction o! the works. Regarding hydro-power, the early energising of 
one power station, would very much suit the creation and development of the 
electrical market. 

Concluding, SHRI HANDA str~ssed that it was vital that when engineers 
put up a programme to government, and take on them3elves a lot of responsibility 
they should have adequate powers of-decision. No body ~as really capable of 
discharging his responsibilities unless he had corresponding pmyers, correspond:.Ug 
capacity and corresponding delegation to discharge this responsibility. 

DR. RAo then illustrated with s'ketches how the Ross Dam was built in 
three stages and how at the first stage it was productive. He also stressed the 
need that execution of projects should be speeded. He suggested that foreign 
contractors should be called in for the construction of dams. 

DR. J. K. MALHOTRA said ~hat there was a definite sense of frustration in 
the minrls of the people of the East Punjah. They wanted more tangible results 
to be obtained, and also wanted to know how early and how soon they would be 
able to get electricity .an_d water from the Bhakra and N 1ngal projects. The 
public frustration was primarily due to faulty publicity. People's hopes had 
been raised by this sort of publicity anti these hopes had not mater~ali&ed so 
far. Although the reasons behind the delay were too well known, the public 
was not in a moo:l to appreciate them. It would be much better if they were 
told the maximum period for the complet:on of -these project3 so that 
they would know where they stood, 
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R.AI BAHADUR K.ANwAR S.AIN said that the subject of the paper was very 
important. He would sum up the paper in one eentence ; " Plan on a long range. 
basis but construct on short term basis ~'. Construction should be taken in hand 
only .when the materials were available. In the country there· were limited 
resources of materials and labour. Every project under c~nstruction would 
be subject to such r~strictions which must be imported by th'e ava!Iablity 
of ,labour and material. Each project was busy i:Q pushing up its own projects, 
but essential materia.Is of construction were not available for all items. Their 
sources were mor~ or less common. Therefore, if the authorities on the top co~Ia 
decide what projects should be compl~ted in the next five years with the Btvailable 
materials, engineers could then concentrate on these projects. If all project~ 
were taken up together, it would not be possible to complet~ any of them. 
The speaker urged that limited resources should not be spread out on too 
many projects. This would only imply postponing and delay!ng the completion 
of even those projects which could be taken up ay one time. . " 

' ' 

Speaking about N angal and. B~akra Projects, RAI BAHADUR KANW .AR 

S.A}N said that originally when the Nangal Project was taken up by the Punjab 
Government, the greatest factor which went towards inducing the Punjab 
Government to sanction it, w~s, that water· and power could be given some 
time in the middle of 1949.. ~he position today, so far as one could see was 
that the Nangal Project could not give water and power even for anQ. other 
three years or more. It was this · sort of thing which_ reallj took away, the 
confidence which the layman had in engineers. The speaker appealed to the 
authorities- to give engineers full administrative control on the projects. · 

- ' 

R.B. H.L. VADEHRA supported the previous speaker .and said that only 
those projects should be undertaken which can be comple~ed during a reasonable 
time. He also referred to the experience on the Western Yam una Canal 
where people were happy with supplies for. about three 'to four months. 

RAI BA.HADUR BIJA.WAT supported the p:fevious speaker and said 'that· 
while pla~n~ng should be on a long term basis, ~hen it came to constructioli, 
engineers should promise only what could be achieved. He sugges~ed that all 
msources should be pool~d and distributed in sucb. a way that pr~vinces or'areas 
ihat badly need food ·production should be' given such resources "distributed 
'ver a certain p.umber of years. He s-qggested that a High Power ·planning 
~ommittee be constituted which would look into· the ;need~, 'of the pl,'_ovmces, 
md dispose of ~he resources 'at their disposal. . There should-~ be a: priority list 
?repared by tliis High Power Planning Comini~tee... Unless' this 'Yas done, each, 
1cheme was being considered as an individual scheme and· 'an over-all 'picture 
>f lndia; was not taken into consideration. 

MR. lYER (Central Electricity Commission) agreed that it was necessary to 
~oncentrate attention on such projects that could be achieved' early: He said 
.hat the question of priority was a difficult task, and committEes seldom 
>roduced results. He said that it 'was essential to distribute all technical 
nanpowe!' on construction with whatever }llaterial was availa,ble. 

M2ICBI 
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MR. MATHRAN! said that programmes should be limited. He agreed that 
committees after committees would be waste of time. No outP-ider could work 
wonders. They must tackel their problems themselves. He cited the instance 
of the Damodar Valley Project, where foreign experts were hot comprehending 
the things properly. _ 

He opined that foreign contractors would not suit the conditions in India. - .. 
· J.fu. R. R. HANnA said that their difficulty was that they were. short of · 

engineers all over India. They also wanted to complete quite a number of 
projects which gave electricity as well as extra. food. If they depended only 
on their own ~ng~neers they might take very meny more years to 
complete these works than if they imported en~ineering firms from a.broa.d. 
Earlier results would result in earlier development of the country and . 
hence earlier industrial development and rise of >;)wndard of livjng aml 
prosperity_ etc. Fro..n economical point of view nlso this would be cheaper 
hecause Government of Indh had to spend money abrolld fo(imforting 

food. The earlier our Grow More Food. projects were completed this use . 
.-.of ow: sterllng bah.nces abroad would be either stopped or reduced. That 
~money could be used in other very essential works. His opin:on was· that 

·-on occasion like -this it wa., not unpatriotiC to employ some engineering 
fums from abroad in order to complete ow: works on the clear 
understandings that these firms would work only as contractors and would 
have no political concessions. 

MR.. :.M:.i:.. Soon felt that engineers were prone to under-estimate expenditure 
and paint unduly rosy picture of the benefits. He recommended that 
expenditure should not be under-estimated and revenue expected overrated . .. 

· MR. C. L.liANDA _in reply said that he would confine himself to only one 
phase of the discussion viz the employment of foreign contractors. This matter 
needed very careful consideration because it was unwise to expect that all 
difficulties would be solved by merely employing foreign contractors. One could 
only learn walking by walking. Similarly difficulties in the country would 
.enly be solved if Indians tackled the job themselves. He gave an instance of 
certain Chinese engineers_ who were visiting the U.S.A. dams at the same timE> 

. as the speaker was there. This party of about six. Chinese eng~eers was going 
_round the works on an inspection tow:. They appeared rather casual and made 
no efforts to study the works in detail. -When asked about it, they said 
, another party of y~unger engineers would come from China for that sort of thing. 
Then another party of 20 engineers cam_e and they were·to stay at the Bureau 
of Reclamation for~ years. 'Vhen they were asked, they m!d that they would 
hardly be able to get an insight into the main things during this period. 
Their real learning woa..d. s;-;a,_rt when they got bad ... ts their country and tackled 
things for them-~lves. Another Chinese engineer was at the T.V . .A. He had 
been there for two years already and he intended to stay for five years more. 
He was making a thorough job of it and he was vniting home. So , it should 
be borne in mind that no amount of superficial acquainhmce wi:JJ: the job would 
solve the problems. · One hr.d- to depend on his own initiath~e end had to solve 
his problems for himself l'l.!ld first hand. Hence only the mji?.~.r.:2m amount of 
dependence on foreign as~ktance should be made. 
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T:HE PRESIDENT in summing up the aiscussions sai~ th~t the issues raised 
were of fundamental importance. Dealing with the question , of foreign 
contractors, he said that while in certain specialised jobs and exceptional 
conditions, their employment would }?e permissible, the proposal of wholesale. 
dependence on them for anythjng big and difficult would be suicidal .. 
India could not afford to live on the brains and enterprise of others. They 
•hemselves had enough brains and spirit o~ enterprise. All that was needed 
was . the opportunifiy for the exercise of these faculties for maximum· 
creation and production effort. In the past such opportunity-was generally 
denied to them but in the few cases when opportunities did come to them, 
they had discovered to their surprise and S:ttisfaction that What outsiderS 
had done, tlley could do and in a better way.._ Combined with theix knowledge 
and experienGe they brought to bear on their task their patriotic fervoUr to, · 
acrie'Ve results for the nation. He quoted the example of Trimmu Barrage 
ofthe Ha'Veli Project which was exclusively Indian manned and was 
completed in record time of 18 months an:l at a savmg of o'Ver a (J/'01'6 of 
rupees out of the estimate of 2! crores of rupees. 

THE PRESIDENT, warned ooth engineers and administrators againsi 
undue fa1th in the capacity of, and c.ontinued' dependence on,' _foreign 1 

contractors. -
THE PRESIDENT warned that those who would indiscrim.ina.tely .call in 

foreign. contr_a.ctors, -would be doing harm to the_ present and future 
generations. , . } • 

Further he agreed .with Dr. Malhotra that faulty publicity gave false 
~op~s to the public. .. 

THE PRESIDENT expressed ·in favour of the idea of fractional stage 
development. · ·- • , :_ 

" THE PRESIDENT warned that those who would call foreign contractors 
to works, would be doing a harm to the present generation arid to the n~n. 
He felt very strongly about it and having something to do with the policy in 
the Central Government, he would like to warn one and all in the Provincial 
Governments to be careful as to how they· expressed themsehtes before their 
Chief Engineers and Ministers. •- · . , , _ , 

Further he agreed with Dr. Malhotra that faulty publicity gave false liopea 
to the public. The public wo:uld get dissatis:fi,ed if the projects did noi 
get completed within the required time. - , _ · 

Regarding the fractional-stage-development, he said that the.developmen• 
was yet in preliminary stages. 

DISCUSSION BY THE BOARD . 
' .,. -.. 

, '1'.nE SECRETARY'sa.id that a. paper by Shri C. L. Handa_ was dise'!lssed a.t 
the Research Committee meeting. This paper e'Voked considerable inter~st 
and the consensus of opinion was that planning should be on a long term basis 
but to achieve imm 3diate results construction s1;tould be on fractional ~evelop• 
ment basis. _ 1 • • 

The recommendations of the Research Comm}ttee was accepted. 
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1 G. River Pollution 
-PRELmfiNA'RY NOTF 

- This mbject was introduced on th,e agenda for the first time in 1947: 
There was no contribution or discussion on it. · 

Recent Literature 
· I. The Interstate Commission on the· Potomac river basin, ·its· ·policy 

and programme-Interstate 9otnmission on tlie Potomac River B~~in; 
Washington, D: C. 1947. · 

2. Hogo, C., Petie, A. E. J. and Collett, W. :f.· Prevention of water· 
poUution by oil from engine~ring works-Engineering; Vol. 163, Nos. 
4247-48, June 20 and 27)-1947. 

' 
THE YEAR'S WORK . . 

There was only one contripution under this-subject_._ 

(1) Efficiency_ of the sedimentation tank at Ban tala. 

(J) EFFICIENCY OF THE SEDirriF.;NTATION TANK AT BANTALA (1) . . . .. 
The sewage and storm wetor of Calcutta us~d to be throw~ fnto the river 

Didyadhari before it deta.,~orate!l: During 19Ji-~8 a channel was constructed 
by the Calcutta. COJ:poration to carry tbe sewa.; e and the storm· water to a di'3t
ant tidal river Kultigo(u. It waa a;n.J:ohcndcd -that thil .caw sewage if dropped 
into the water of rru1ti.5ong might df!t?riora~e that river. It was arranged that 
tho ~ewage water te pumped into high level channel and passed · through sedi
mcnt-ltiofl tanks con::;tructei s,pecially fot ·that. purpose at Bantala befo.re 
passing the water to the channel leading to the Kultigong. Dicusses the e!licienr.Y 
of the sedimentation tank at Bantala.. ' 

The wor"king of the sedime~tation tank can be.follow~d from Figu~e·IG.l 
which is not to F>e:de. The path of the water cnterir g _and leaving the t~nk 
through channels are shown by arrows. There are two tanks.markcd P and Q 
in ~he index-m:1p on either side of the channel leading mto the sedimenta~ion. 
~anks. As the water enters, it encounters ~he first system of sieves on the side 
of a bridw~ ·which retaiD.s large sized floating and suspended ma,t~er." .Two 
vertical doors on either side of the channelallowthewaterto be carried~ough 
two underground channels to the ~entres of the two tan,ks P and Q respecely. 
[n each of the tanks the water moves to the surface at the centre and then 

(1) River Research Institute, W~st Bengal, Annual R~port, 1947,·pages 167-171 • 
. 527 
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sprea4s out in all directions, flowin~ gently throu~u two systems of sieves 
"'Successively and tben finally overflowmg acroPs ~ IOll.Tld wn.ll. The suspended 
·matter is dropped in spaces between the two sieve atmngements and between 
the sieve and the wall. . This is collected by scrapers with a small amount 
of water w~ich keeps the sediment fluid and is finally removed by 
pumping through the pipes to the lagoons. There are altogether four lagoons 
each about 500 feetx 500 feet to arrest the suspended matter by long grasse:o; 
grown in them and to absorb the small amount of water associated wi~h the sedi- _ 
merit. · -

... 

Vertical door for ' ' 
allowmg water into 
sed•mencatton tank 

Sieve ~rnngement 

• 
Water ovef'flowing 
over this w3ll ----l 

f • 

f t 

f ' I I 
I I 
I Lag:On I 
I I 
I I 
I I 
I 

a 
Lagoon 

C. B. I. 

• 

I : --......:-...:.-. ------ -~_, ____ ._. ___ _ 
d 

Lagoon ' I 
I 
I 
I 
I -
I 
I , 
I 
I 

' 

b 
lagoOn 

--~To storm water c:h:~~tnel 

Figure IG. 1 :Showing arrangemfnt of sedimentation tank at Bantata. 

In order to test the efficiency of the sedimentation tank the tests enu
merated below were carried out on the samples coliected. The samples were 
ali· collected at 0 · 6 depth, from the channel leading into the sedimentation 
tank as we~l as from the channel, leading out from the sedimentation tank,_ 

, to get cvinparable results. Samples were atso collected from the sedimentation _ 
tank itself. A bottle sampler was used which could be dipped to any desired 
d~pth and be opened and closed from above by pulling or releasing a strings 
~he inlet had a depth of about 10 feet and the samples at that place were 
collected from a depth of six feet (the p9int marked .A in thf' index map Figure 
IGI). Inside the sedimentation tank only the overflowing desilted water was 
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Collected (point C). The depth of water in the outlet channel was about 2•5 
feet and the samples were collected from a depth of 1·5 feet (point B). , From 
each of those three points one litre of water sample was collected daily in the 
morning. They were then brought to the laboratory for analysis on the same 
date. The analysis was carried out on the following line :- . - · 

(1) One hundred- cc. of the sample previously shaken thoroughly for 
some time was allowed to evaporate on a weighted dry basin in 
an air-oven and the resulting increase in weight noted. That 
gave the weight of the suspended matt&r and spluble salt present 
·in one hundred cc. · 

(2) The sample· was .filtered and as before 100 cc. of the filtrate wa.s 
evaporated on a weighed dry basin. The increase in weight-gave 
the amount of salt and soluble matter together with particles .rlo~ 
retained by Whatman filter paper No. 42, present in 100_ cc. 

(3) The difference of values obtained from (1) and· (2) gave the amount 
of suspended solid in 100 .cc. of the original sample.. · · 

(4) The product in the basin in experiment (1) was ignited to give losS 
. on ignition, a measure of organic matter and bicarbonate present. 

(5)- The pH was determined by Lovibond comparator. . r 

(6) The filtrate from ·experiment (2) was titrated with N/50 H2, 80 
using phenolphthalin and methyl orange as indicators to detect 

· and measure the presence of hydroxide, bicarbonate and carbonate. 
The values are given in the Table lG.I. , 
From a perusal of the results obtained it would be seen that the pH value 

showed that the nature of the water was alkaline. With very few excep· 
tions tl~e samples did not 'give colouratiou with phenolphthalin but they 
coloured methyl orange requiring some amount of N/50 acid to neutralise, 
thereby indicating absence of hydroxide and carbonate. The .. alka.linityQ wal. 
thus mainly due to presence of bicarbonate.· • ' · • 

The effect after passing through the sedimentation· tank on the total 
solid content, soluble· salt content and the organic matter (loss on ignition) 
was statistically examined. The difference in each of those characteristics 
b'etween the three kinds of samples was tested by means of.." *.Student'~ 
• t ' where · ·-

t =·difference between the means'ofthe two Samples 
standard error: of the difference ... 

'f • 

Most of these differences with regard to the abovementioned characteristie 
were found to be not significant on the 5 per cent. leyel. What is meant by 
tliis is that the chance of getting the value of 't' higher than the observed 
value is greater than five per cent. Again -when that difference is said to be 
significant on t~e five 'per cent. level it is meant that the,obsQrvedvalue of 
't' (which is ·a. sort of measure of the difference) is large enough and the chance 
of exceeding that in a random sample iR very small (less than·5 per cent.) 
so that, that difference could not be explained away as sampling 
fiuctuation. - -



IS30- TilE CENTRAL BOARD 01' IRRIGATION ANNUAL REPORT 1948 

TABLE 1 G-I 

-
- Sol11ble , 

Point ef Total salt and Total Losa - . Carba- Bl·Car-
collection solid and any fine suspend- on pH nate. bonate 

Date -A- soluble particle ed solid i~tion parts parts 
1917 Entrance salt in 100 not retain- in 100 in 100 c.c. 

~~n 
per 

B-Exit c.e, ed br w. c. c. million 
C-Tank 

, 
filter pa-. 
per No. 42 -, 
in JOO -~ 

c. c. 
. . 

Juuary- ' 

1 . 
1q .. - 4' .. 0·0543 

~ 
0·0208 0·0335 0·0077 8·4 0 ~-· - ' . B .. 0·0499 0·019G 0·0303 0·0110 8·4 0 390•4. , 

c -. 0·0470 0·0190 0·0280 0·0070 8·4 0 390•' 
i . -
•• . 
I -

11 ... A . . 0·0416 0·0262 0;0154 0·0111 8·0 0 390·, 
t- ' 

l 
. B . . 0·0354 0·0288 0·0066 0·0120 8·2 9 383•08 . . .. c . .. 0·0448 0·0290 0·0158 ---0·0094 8·2 • 385·54 . 

' - -

\ 
12 .. A- .. 0·0499 0·01115 O·l>304 0·0083 8·4 0 387·96 . 

B .. 0·0480 0·0202 0·0278 0·015'2 8·4 0 390·4 

c ..• 0·0472 0·0202 ·o-o?70 0·0080 8·4 0 
. 

387·96 
. 4 . 

-

13 A' " 0·0509 0·0079 8·4 0 390·4 .. .. .. . . . 
B .. 0·0536 0 0172 0·0364 0·0054 8·4 0 385·54 

/ . . -. c __ 0·0512 0·0231 :o m::st 0.!0052 8·4 0 387·96 . ~ . . .. I - -•a .. A . . 0·0540 0 0238 0 0302 0 Ol84 8·4 0 392·84 . 
B .... 0·0558 0 0.?01 0·0357 ,0·0092 .. s:4 0 !- 390·4 

I .. 
c .. 0 0440 0 024~ I 0 OJIJ8 O·OllO 8·4 0 400·16 

- ... . 
' . . . . -

15 ; 
A 

. 
0·0476 0·0199 0·0285 0·0040 8·4 0 385·54 .. .. 

• I . 0 385·54 B- .. 0·0500 0·0!?02 0·0298 0·0060 8·4 . 
... c .. 0·0397 0:0215'• 0·0182 0 0019 8·4 0 383·08 

. 
-

16 .. A 0·0.301 0·0238 0·0263 0·0071 8·4 0 383•08 
' 

B .. O·OBI2 0·0190 0·0322 0·0034- 8·4 6 370·85 

' Cl 0·0500 0·0228 0·0278 0·0126 8!4 m 353·80 . ,.. 
- . . . . 

- . 
17 A 0·0530 0 0279 0·0251 0·0084. 7·5 .. o- ,390·4 .. . .. 

B .. 0·0382 0·0316 0·0066 0·0066 8·0 0 300·( 

- c - 0·-0572 0·0318 0·0254 0·0148 '1·5 0 392•84 .. I 

' -
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TABLE lG-1-contd .• 
•' . 

' - Soluble ' 

:Point of Total and &n! ! Total Loss lin Carbo-~ ni-car· - . 

oollection solid fine suspended Lon_ pH . na.te ' 'bonate ' 

Da11., A-en- and particle sohd in i!!Dition parts parts . 
.. solnble iii 100 c.c • 1947 tra.noe :aot re· 100 c.c. ~ .... Jler per . 

I . - B-exist salt in 100 tained • millian million 

0-Tank by w: - - ' • 
c. c. ' 

filter pa· 
' . . 

' -
" per No. -

' 
I 

42 in 100 ' 
.\ 1 . • - -

~· c. e. Jk ..... --. -- - t - . 
-. . 

Jaoua.ty...: . 
- . ,. .. " -

• Ul , . A .. 0·0510 0·0214 0·0296 0·0170 '8·4 6 . 387·96. 
' 

~ Cjl ~ 
I''~" 395·28 

D .. 0·0504 0·0192 0·0312 0·0114_ I 8·2 0 
r • Jl -. 

392·84 
0 .. e·0532 0·0~20 0·0312 0·0130 8·4 0 -

- ' . . - .. . 
19 - A 0·0538 0·0220 0·0075 4 380·64 .. . . • "0·0318 8•4 ' .. -

B., 0·05i3 0·0194 
-
0·0073 383·08 .. 0·0319 ' 8·4 4 . 

' .... . 
0 .. 0·0520 0·0204 0·0316 0·0030 8·4 *6' 375·76 . 

,4 . - - . 
20 .. A .. 0·0773 0·0238 _0·0535 0·0160 7·8 - 0 439·2 

~ --
B 0·0608 0·0244 0·0434 0·0154 • 8·2 " -0 444:·08 .. . : -
0- 0·0662 0·0250 0·0412 0·0164 8·4 

... o . 448·96 . .. ' . . .. - - ,, 
~ 

. . " - . " 
21 .. A .. 0·0626 0·0237 0·0389 0·0206 '8·3 ,. •· 0' .-444·08 . . 

' B 0·0599 0·0216 O·Q383 .. 0·0176 : '446'·52 .. 8·1 0 
.... ~'o I( 

" -
0 0·0588 .o~0246 0·0100 

.. 439·2 .. .. 0·0342 8·2 0 * 
•' - . . 

23 ,. A .. 0·0608 0·023$ 0·0370 0·0154 - 8'4. 0 ,436·76" .. ~· -·' 

B "" 427·00 .. 0·05GJJ. 0·0222 0·0344 0·0094 8-o- 0 -
c .. Q·0629 0•0231_ 0·0398 0·0153 7·9 0 ~ 

43$•'16 . ~ ... 
~~ ... - .... - ' 

24 A .. 0·0536 0·0241 0·0295 0·0090 8·4 0 439·20 . . # ... . , 
B 

c 
l"'o·0090 436:76 .. 0·0576 0·0228 0·0348_ 8·4 0 . 

~ , 
~ r 

0 .. 0·0598 0·0234' '0·0364 O·Cfl18 "7 ·8 0 456·2 .... 
• 

- ' ... ~ . . 
I t . 

A 
. . 446·52 

25 . . .. 0•0536 0·0190 0·0346 0·0250 7·6 0 ' 

' -• 
B .. 0·0538 0•0208 0·0330 0·0192 7·8 0 446•52 

~ . 
0 .. . 0·0496 0·0155 0·0341 0·0068 7·4 : ~0 448·96 -
~ 

~ .. ., 

" "" . .. 
30 .. A .. 0·0498 ~0139 0·0359 0·0066 8·4 0 448·96 . . 

B .. 0·0500 0·0166 ~-0334 0·0098 8·3 0 . 436·76 
- ' . 

' 
0 .. 0·0438 0·0140 0·0.298 0·0042 8·3 0 446·52 -

I 
. -
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TABLE 1 G.l-contd . 

. . 
SoluLI<' . Pomt To tiLl salt "nd Total Loss Carbo- Bi-car• 

I of collec- solid and anv fine snspend· Qll pFT nate bonate 
Pate tion- soluble pai:tJCle ed solid ignitiOn , parts parts 

' 1947 A-En· Salt m notre- in 100 c.c in 100 c.c. per per 
trance 100 c.c •.• tained by . milhon nullion 
B-Exit w. filter -
0-Tank paper N". 

. 
- 42 in 100 -

c.c. - - --.-- --
ran•uy-' ' 

31 A .. 0·0536 0·0180 0·0356 0·0076 7·8 0 436·78 . 
. . B .. 0·0636 0·0211 0·0425 0·0110 8·2 0 439·20 

I 
.. 

LFebmary-

c .. 0·046S 0·0221 0·0247 0·0088 7·8 0 431·88 

' . 
I .. A .. 0·0656 0·0093 0·0553 0·0144 8·2 0 436·76 . 

B .. 0·0608 0·0082 0·0526 0·0214 8·1 0 429·44 
- 8·1 ~ • c .. 0·0532 0·0064 0·046.'j 0·0096 0 431·88 . 

I 
8 ... A .. 0·0646 0·0031 O·OtH!) 0·020l ..8·3 0 439·20 

13 .. 0·0630 0 0011 0·0619 0·0282 8·1 0 436·76 
/ 

,. c .. 0 0714 0·0003 0·0713 O·Q212 8·3 0 446·52 --. 
9 .. A 

. 
:. 0644 .. 0·0237 0·0407 0·0234 8·0 0 431·88 

. B .. 0670• 0 0226 0 0444 0 01;;tJ 8·0 0 346·76 --- . . c .. 0·0604 0·0212 0 0392 0·0160 8·2 0 444·08 

·10 ' - A 0·0687 .. .. 0 0231 0·0446 0·0102 8·0 0 402·6 
' . 

B ... 0·0658 0·0222 0·0436 0 0064 8·1 0 405·04 
' ~ . 

c .. 0·0623 0·0238 0·0385 0·0101 7·9 0 412·36 
,. 

11 .. A .. 0·0718 0·0202 '0;:0526 0 .. 0166 7·8 0 405·04 .. ~ 

B .. 0·0710 0·0206 0·0514 
I 

9-0254 7·8 0 392·84 
ff c .~ . 0·0650 0·0270 0·0380 0·0286 7·8 0 - 405·04 . . 

'12 .. A - .. 0·0594 0·0242 0·0352 0·0200 
I 

7·8 0 383·28 

B .. 0·0672 0·0224 0·0448 0·0242 7·9 0 292·80 

c 0·04181 7·91 
I .. 0·0632 :0·,9214 0·0226 ·o I 297·68 . . . - - : -

The total number of pairs fo~med with the. same characteristic of two 
.samples were 22 or 23 S':> tha.t the number of tlegrees of freedom for ' t ' is 
21 or 22. :for ·that value, the levels of significance ·of ' t '· ftre. 2 · 08 (on 
the five per rent. level) and 2·82 or 2·83 (on one per cent. level). This mean.s 
that the chance of exceeding the value 2 ·08 for ' t ' in a sample is 5 per cent. 
while the chance of e~ceeding the value 2 ·83 is only one pn cent. The values 
of Student's 't ,··are given in Table lGII. ' 
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TABLE lG.II 

V a?ues of Student's- ' t ' 

' 
Total solids toge- ' 

erenco between T<>tal solid con- Total sohble salt ther with tL.e Organic matter 
samples •tent content soluble content 

--
A-B .. O·u3 0 ·91 1·09 1•21 

' 

A-C 2·12 - - :_0·34 4·69 1·96 ... ' . 
B-C 1·43 

. 
-1·47 0·61 -

0·~9 .. . 

In Taofe IG.II, A denotes sample taken from the inlet 'o the sedimentati(;>n 
tank, B denotes t~e sample from the exit channel, and C the sample taken: 
from within the sedimentation tank. 'Vhen the difference between the 
samples is expressed as (A-B) it is meant that in the numerator in the expression 
for ' t ' the meab. of sample B had been subtracted from the mean of sample A' 
and so on. It is found from the above that except in the case of soluble salt 
content the value of' t 'is positive·; that is to say, the mean value of either the 
solid contents, or the solid plus soluble contents, or the organic matter, is on an 
average greatest in sample A (taken from the inlet) and le.ast in sample 0 (take_n 
from within the sedimentation tank). Thus each of those three characteristics 
is somewhat lowered as the wate~ came within the tank but is again increased 
though not to the original value., as the water passed on to the exit channel. 

' . . . 
These differences between the samples from the three places is however 

mostly not significant on the five per cent. levei, so that the difference observed 
might also have arisenJrom sampling fluctuation.. Only ·the difference in the 
total solid contents between- ~the.:..sa:rnple A (taken from _the entrance) and 

-C (taken from within the tank) is sjgnificant just on the five per cent. ·level, 
while th~ difference in the total solids. plus soluble contents between the two 
samples was significant on a higher level (1 per cent. level). _ 

--... ....... 
Thus the analysis shows that a significant amount of the solid content• 

dropped down as the water entered the sedimentation tank but as the water · 
came out via the exit channel some amount of ~o~d particles are again taken __ 
up in th~ suspended state, so that the decrea~e" in, the solid content of. the 
wa~er after pasoing through the sedimentation channel is not significant •. , · 

.... - .. 

DISCUSSION' BY THE RESEARCH CO!DnTTEE 

UR. BosB'sa.id ihat he had nothing to add by way of introduction. The 
report was noted. 

DISCUSSION BY 'IBE EOARD . ' . 
THE SECRETAitY said that only one item :was ~onttibuied at the Researc.ll 

committee meeting. There was no discussion. 



2G.- Spray Irrigation 
j 

P'RELIMlNAUV NOTE 

There was no contribution or discussion on the subject at the 1941 Research-
· Comnlittee Meeting. . 

Recent Literat·ure , 
, 

• (1) Christiansen, J. E. Lawn sprinkler system~ The College of Agriculture 
Univ~rsity <?f California, Berkeley Circular 134, March 1947. -

(2) Lyon A. V. and Pennefather R. R. Furrow irrigation of community 
settlements-Reprint from the Journal of Council for Scientific and Industrial 

_ Ret:earch, Vol. 19, No. 1 February 1946. 

THE YEAR'S WORK 

There was no Contribution or discu.ssion at the Research Committee 
)ieetijlg. 

DISCUSSION BY '!·BE BOARD 

( ]
1or ai~cus1:on by the Board ~~e pag~ 537) . 



3G. Definition.· of .Terms-in -Common Vse. 
! -~ ~ ~\ ' ,. I 

.PRELirtliNARY NOTE 

·The Board.~t its 1?46. Annual Meeting decided .to .rep:rfut:.P~l?.licatioJl. 
No.5·' Glossary of Technical and Vernac~. Terms in: ;·cop.ne_cti9n .. ·Wi~h: 
Irrigation in · India, _together with standard Notation'. ·The work on this,; 
publication is in progress in the Board's office~ · · · 

Recent Literature ~ 
(1) A glossary of technical terms. for use .in Indian Forestry-Indian··~· 

Forests Records Vol. 2, No. 1, '1946.__ · 
. 

THE YEAR'S WORK 
, , I 

There. wa~ no Contribution or discussion at the . Research Committee 
Meeting 

DISCUSSIO?l B~ Tim BOARD 
-

CFvr disc~-3sion_hy_the-Board see p~ge 537) 



4.G. Standard Notation 
PRE!JMINARY :NOTE 

Thete was no contribution or disCU:S!ion on this subject at- the 10'7 
Research Committee· Meeting. • 

... THE YEAR'S WORK 

There was no Contribution- or discussion at \he Research Committee 
Meeting. 

. DISCUSSION BY THE BOARD 

(For discussion by the Board see page 537). 



5G. Nomograms , 
PREIJ!UNARY NOTE . .. 

.At the 1946 meeting of the Research Committee a series of nomograma wettJ 
presented by the Jp.dian Waterways, Experiment Station, (nQw Central 

. Water-power, Irrigation l\lld Navigation Research Station) Poona, giving 
.re1ationt of different hydraulic elements m varjo~s formulae. 

At that meeting it was felt that it would be desirable. ~ oollec• all -
nomograms prepar_ed in. different provincee. -and i:ssue them as Board 
pnblic?ations. It waff decided this question would be e~amined later. 

Four nomograms have futther been received from the Irrigation Reseate'll 
hrtitnte, Punjab. -

. There was no contribution or discussion on the 8ubject at tbe194-7 meeting 
cl the Research Committee. -

~Lila-at~ 

(I) Smith, A. T. nomograph for design of various concrete min--
Connete, Vol. D:S, No. ~~ March 1947. 

THE YEAR'S WORK 

DlscussiQN BY ~BE RESEARCH COIUIIft'BB 

There was no contribution and no· discussion under these four subject~. 
It was decided to continue' to keep the items on the agenoa. 

DISCUSSION BY THE BOARD 
THB SECBETABT said that there was no contribution and no discuMion · 

•nder these subje~t heads ali the Rese~rch Committee meeting. 
_ liR. J. C. liABDIEAB said that he did not think spray irrigation was practi

eed anywhere in India. As such- it did not seem_ worthwhile to keep the sub-
ject on the agenda. • 

THE SECRETARY replied that Bpray irrigation JV~S impo:rtant only for 
irrigation in high value crops-garden crops like tomatoes, banana and the 
like, for which it could be economical. In America and Australia large areaa· 
under banana crop got this type of irrigation. They could also develop this 

_system in their country, particularly on tube well areas where it would be easy 
to create the ad~tional h~ad required. ' 

THE PRESIDENT said that although the equipment for this type of irriga
tion was coEtly it could be as cheap as other systems as th~re was no wastage. 
This would be particula.rly useful for high value ~rops and on slopes. 

lln.. J.P. NAEGAMvALA. said th~t another point in its favour was _thatinits. 
practice drainage works were not needed which meant considerable -savings. 

lUlCBI 



6G. Use of Diagrams in the Analy!is of 
Statistical Data 

by 

G. 11. Panchang 

The chapter on, diagrams in R. A.. Fjsher'a eluaical work the "· Statinioa.l 
Methods for Research Workers " opens with the words : . 

"The Preliminary examination of most data is facilihted by the uae of 
diagrams. Diagrams prove nothing. but bring outstanding features 
readily to the eye. " 

~ ~ 

• 
It is to bring these cr outstanding features readily to the eye " that moa' 

engineers and scientists have long been availing of the diagrammatio method 
in the interpretation of their data. Attention is intended to be called in this 
note to particular aspect of it, namely the plotting of data on logarithmic 
paper, which in essence, is a simplified methods or plotting the logarithms or 
the observed data without actually evaluating them. 

The method owes its origin in the difficulty experienced by non
mathematicians for readily ascertaining the mathematical form an expression 
would take for describing any observed distribution of points whenever it differed 
!rom the linear. Re"ltricting the number of parameters to not more than two, 
the expression chosen has been 

-
y= C Zi (60.1) .. 

where k the nearest index number of the single power function bea' 
descriptive of the lie of the points i3 determined from the ob~rved ch,a. 
~aking logarithms of both aides the e:xpresaion takes the shape 

lo1 y = log c + ~ log z - (6G.2) 

10 tha.\ despi~ the non-linear distribution of the o(iginal points repreaen.ted by 
(00; 1) the points for their)ogarithms will all lie on a straight line given by ( 6G. 2). 
It iJ t]ps peculiar feature of equation (6G. 1) that led many early investigators 
to resort to this form mo:re frequently than any other. 

The alternative method open to the student would be to fit in more oon.sta.n.ts 
for a polynomial expression, starting with a quadratic in the first instance· 
Ultimately this would result in the method of successive approximation which . 
by its very conception would involve long-drawn calculations and make it 
laborious. 'lhe engineer has }lis ~hot t.~ere!ore bj· attempting to estimate his 
relation only approximately with the help of two parameters in his equation (CG.1 ). 
He simply plots the observed data on logarithmic paper or alternatively the 
logarithms of the observed data on plain paper, when the slope of the leasL 
square average line passing through the points gives the index of the power 
r&lation. 
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. 
DIAGRAMS IN THE ANALYSIS OF STATISTICAL DATA 

While the essential sOundness of this approach must be app~~ted a' 

Ies.st so far as the relation betw~n x and y remains univariate, and monotoniCJ, 

it is necessa.ry~w .. remembeJ: certain inherent limitations of the method also. 

The geometric proportion rate of increase of the numbers fo_t._a.n. antbmetic 

proportion rate of the 1!->g~uithms is too well kno1rn to need ~re.Pe~iliop.. Bu.t 
the pattern of the relative distribution of the logarithmic numbers whil& 

being diminished in. magnitude will not be far different from that of the 

o.riginal numbera. 
.. 

Any general flattening of the curve will be...only apparent and' not real. 
This is well illustrated by a plotting of 168 days, dat~ for discharges and gauges 
on th3 Hiver Sapt Kos~ at Sona Khumbi Khola Gauge site (for the months J ~ne 
to December 1917) in F.gures·CG.l and 6G.2. It is obvious from FJgure6G.l that 
the trend or the points for the actl,lal data is non-linear which the log~rithmio 
trans!or:n:1tion in Figure 6 3.2 brings to linearity to an appreciable extent. Yet a 
few peculiar tendencies apparent in F gure 6G.l continue to make their presenc& 
apparent in F · gure 6 ~ .2 also though in a smaller measure. In fact, according to 
the statistical methods of fitting a straight line to a given set of data the fit in 
Figure 6G.2 can by.no means be called satis£actory*. n is just as bad, it no 
worse than the fit .or a straight line to the distribution in Figure 6G.l. Con
siderable improvements, howeTer. have been .... achieved in the goodness of fit in
Figure 6G.l by fitting a cubio p&rabola which shows the lie of the points in a 
truer sense. Perhaps Figure6G.2 aslocan besimilarlytreated for an improved 
dt,' but it is feared the resultin1 expression in logarithms will be more cum.bersoma 
than help Cui in actual practice. Thus the net gain the logarithmic tra.usform.a
tion of the data has achieve;d il more apparent than real. 

Yet another handicap which the method is subject to and has beea 
mentioned in passing above is the inequality of scale values in all reaches of 

the domain of the points. The distance between two points or from an obS6lVad. 

point to the mean line does not indicate the relative magnit'ude. between th.

two values, but only that between their two logarithms which values, s_trictl;r: 

speaking, are not associated with any useful significance in practice. On -t~~ 
·other hand t.he method helps essentially to deceive the eye and thus leave a f~lsa"" · 
impression of pleasing the mind. The correct me~hod of diagrammatic 

. 
*The 90 per cent. confidence belt along the best liuea.r fit to the data, encloses no more tlaan 

81 per cent. ofthfl plotted point-s. .A.Iso. see appendix for analy.~s of nriance results. 
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representation of data even when the lie of the_ po!nts is real1y logarithmic i& 
not to plot the logarithm values for being joined by a straight lin~, but to plot 
the actua1 values and draw the appropriate power curve through them. The 
latter method pf?vides the student with a ready means of comparing the 
relative differences etc., in the scatter of the points obtaining. But how is this 
acatter or to put it more correctly, the probable domain of such scatter 
ucertain¢ for any given set of data. Statistical methods come to our rescue 
once agam. 

It is common practice in mol\t bivariatE!. correlation studies to mark out. 
-certain regions in the domain of the points· as confidence belts of difference 
degrees of confidence. Thll8, for example, a confidence belt of 91 per cent. 
degree of confidence of any pre-assigned shape is defined as the narrowest bel~ 
of the described shape ~hich will envelope 90- pt>t cent. points inside and only 
10 per cent. outside. Two belts satisfying this definition are shown respectively 
mFigures 6G.l and 6G.2. , It is easy to see the belts appear :neat and enclosing 
compact areas. But in view of the observations being expressed in terms 
of their logarithm values in Figure 6G.2 it was thought rather desirable to see 
-the confidence belt transformed to its natmal scale. The enveloping lines of 
tru, ~nfidence belt in F 1gure 6G.2 have, therefore, been reproduced in natural 
-.ale in -F:gure 6G.3 along with the mean line. Just a cursory glance at this. 
-new picture will suffice to eraze the complacent effect which had previously 
lteen produced on the mind by Figure 6G.2. The two boundary lines which had . 
baeD running p&rallelin F"gure 6G.2 are seen in Figure 6G.3 to open out in two 
never-diverging directions. Thus if the results obtained by the Iogarithmict 
method of plotting when transformed to their natural seale cannot be any better
than wliat is shown by F:gnre 6G.3, it can by no stretrch· of imagination be
called a happy method at all. The present opportunity _is ~ake~_therefore to
wam the unwary student of the dangers that may emanate by· following an 
inappropriate method of analysis. The warning seems to be all- the more well 
needed especially during these days of eXtreme specialisation when the analysis of 
large masses of data can be safely entrusted to the specialist statistician and 
not dispensed with in~ haphazard ma~er, by the novice or a non-technician~ 

"'The note will be closed appropriately enough by quoting the great sevant 
.apin, - - -

u U ahould always be remembered. that the choice of_ the appropriate
methods of statistical treatment is quite independent of the choice
of the methods of diagrammatic representation. '~ 

u B. A.. YJSher has concluded this chapter on Diagrams. 
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APPENDIX~ 

TABu liS roB ANALYSES o:r VAIUANOB • 

(•) F.Jt fi~~inJ a linear equation to actual gauge and discharge readinqs. 
~ -

" Rouroo of V a.riance • - . ~ 

- ' 

ue to regression ... D 

De 

B 

w 

-yiation from regres$iC)n 
. 

~W£)tjll arra.ya with . . 
ithin array.-i . . . . 

Total 

tandard Deviation . . 

.. 

. . 

.. 
.. 
.. I 

. . 

.. 

I 
Dagrees Sum of I Mean 

ofFree<hm Squal'ltrt Square 

. 
I 1,932·8157 . . 

lo 61·6905 4·1127 
-

16 _1,994. 5062 124·6566 
-

151 74·0652 0·4905 . 
- ' 

167 2,068·5714 ---
s =·0·7004 =14,007 cusecs . 

(ii) For fitting a cubic equation to the same. 

Source of Variance ·1 Degreeo ! ' Surn of I Mea.n. 
'-

of Freedom . Squares Square 
-

~ 

Due.to regresllion . 3 1,973 ·-5163 657·8387 . . . . 
v 

Signiftcan' at 
, 

0 ·1 per oent. 
level 

0 ·1 por oent. 
len) 

-

t 

-

~s~mc&nl" 

0·1 per'eent. 
lt-vel 

..... 

..... 

l>t>Tiati\lU from regression .. 13 20·9000 - 1·6146 Just beyot¥1 . 
0· 1 per ceDt. 

I l6vel 
Bet ween a.rra.ys - 16 1,994:·5062 1 124·7566 .. "l 

Within arr&ys . .. . . 161 74·-065.2 0·,905 ' 
. -- -

Total .. 1671 2,068·5714 I 

I 

Sta.lldard Deviation .. . .. s = 0·7004 = 14,007 cusec!'! 
' 

' 

(iii) For fitting a linear equation tq the logarithms 'of the gauge and 
. dioscharge reading;. · 

' 
- I 

Degrees Sum of Mes.n 

... Soul."ce of Variance of Freedom Squares Squares Significant a.t 
- -. 

.. -- ~--
I -, I -

Dne to regression .. . . . l 8,4-23·310~ . . jo ·1 per ce.nt. 
- - level 

Deviation from regression . \ 23 I 113·8!16 -4 · 9483 lo ·1 .per cent, 
I level 

Be•ween arrays .. . 24 8,537·1224 335·7134 

\Vitl1in arrays- .. . . . . 143 103•3538 0·7228 

__ _l 
-. -

Tot a. I .. l 1tr7 8,640·4762 . . I . j t 
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DISCUSSION BY THE RESEABCB CO:r.miTTEE 

MB. PANCHANG introduced his paper on the subject and said that there 
were two occasions when an observed set of data was p1otted on logarithmic 
paper, ' 

(1) When the range of data was too wide to make its graphical 
l'epresentation convenient on an average size paper, and . 

(2) When the mathematical law governing the distribution of points was 
not obvious -

I 

logarithmic plotting was taken recourse to in order to flattena.ny non-linea.r 
trends. 

While the method might' be good in itseH, just lor the sake of plotting, it 
frequently led to a pitfall when the n:eihod was extended for the purpose of 
deducing an approximate expression o~ the mathematical law binding the 
'Y&riables. 

The present note demonstrated one ,such instance and concluded with a. 
suggestion -that the task of fitting appropriate mathematical expressions might 
'be delegated to persons best qualified for such work especially during these 
days of extreme specialisation. 

DR. Bos Esaid that the use of diagrams in analysing statistical data, was 
sometimes v~l'Y usefuL Of course, it was nece.CJSary to know ihe history of the 
data.. ·- · · 

DISCUSSION BY 'IBE BOARD -

There was no discussion .. It was decided to keep the subject on the 
agenda. 



7G. Standa~diz~tion of Steel Sheet Piling , ' 
• 

· PRELIMINARY NOTE 

This subject was introduced on the agenda in 1947. For detailed 
preliminary note on the subject attention is invited to last year.'s agenda 
for the meeting. 

The Research Committee at its last meeting had a lengthy discussion on 
the eubject when Mr. Sen of the Tata's was also present. It was agreed that the 
universal pile 5 inches by 15 inches should be retained, but that the Tata's might 
eonsider two points, :firstly, whether these could be give~ a slight bend on a 
mass scale without damaging its structural aspects and without adding to the 
eoet considerably and secondly, whether Z-Section was possible, also to -considet 
how far it could be extracted and how easily damaged portions could be 
ut .right. Further that some tests should be undertaken by extracting somtt 
piles t.bat had been in ground under structures for the last 20 yeats to ~e ~ 
wllat extent they have suffered from corrosion. 

The Board at its last meeting confirmed decision of the Research Committe~-
and. welcomed the suggestion .that Tata's were going to or could manufacture 
i nter-loeking type of piles as well. 

THE YEAR'S WORK 

DISClJSSlO:N BY 'l'BE 'RESEARCH CODmTTEB 

1'hu~ wa8 no eon~ibution and no discussion undQ thia head • . 

DISCt1SSIO!l BY THE BOABD. 

there was no dlscuss.ioa 



8G. Soil Conservation 
.PRELIMINARY llOTE 

Prior to the last Board meeth,.g in December 1947 discussion on problem 
connecte<i with soil conservation were included under the title ' Soil denunrlation 
as an adverse -factor to river supplies and agriculture'. 'Vith the 
regrouping of the subjects last year it was decided that the subje~t of • Soil 
Conservation ' be treated separately and under it should be included discussion 
of methods and practice of soil conservation. 

Soil erosio.1 is a curse fOl' the nation. It is being tackled as problem No. l 
in many countries but has not received due not;ce o! the authorities in India .. 
Some work has been done in the East Punjab in this connection but wha\ 
is wanted is to evolve and to pursue a well co-ordinated policy ofland utilisat~n. 
In pursuance of the policy, the Central Board of Irrigation has made a number 
of recommendations in the past urging the Central and Provincial Governments 
to carry out measures to control erosion and have suggested. to the 
Government of India to set up a Central Land Utilisation Board but so far 
no final action has been taken by the Govemme.nt of India in this connection 

/ 

The Board at its last meeting passed the following resolution : 
" Whereas soil conservation work is being undertaken in different part. 

of the country and includes 

(1) Control of grazing and scraping of grasil in, and afforestation or 
waste lands, 

(2) T~rracing of un-irrigated fields 
1J 1 .. · . 

(3) Reclamation of badly gullied lands 
.. 

, • ..j,t,- It 

(4) Torrent .training and canalisation of smaller -streams 
(5} Fixation of· shiftitrg . sandsj and . ' ~ . . I '. • . 

(6) Application of._,spiL .woving macbiBery to all these problems, 

and whereas it is the considered opinion of the Board that work should be 
correlated with the activities of other departments work, the Central, 
as well as Provincial and State Governments be requested to create a\ 
.an early date suitable co-ordinating bodies for this purpose. , 

A press communique from the Government of the United Provinces show• 
1hat the United Provinces Government have set up a Board known as L&nd 
Management Board consisting of the fol1owing members: 

(1) Hon'ble Minister Revenue-Chairman. 

(2) The Chief C-onservator of F~ests, United Provinces, (ex-officio). 
644 



... 
SOIL OORSDBVATIO!If l::J• 

- -
(S) The O>nservator of Forests, Land . Management Circl6. •. ~ . 
(4) The Conservator of Forests,_ Working Plans and Research Circle. 

(5) The Chief Engineer, Irrigation Branch. 

(6) The Director .of Agriculture.· 

(7) The Dir~ctor, Animal Husbandry Department.' 

(8) The Development Commissioner,- United Provinces.. 

t9) The President, Court of Wards. 

(10) The Gaon ~anchayat Organization Officer (if an~ w~en appoin~)~ · 

(11) The Officer In-charge, Animal Nutrition Section. Imperial Veterinarr 
Institute. .. . , 

(12) The Agricultural Chemist, Kanpur. 

(13) The Profe¥or of Geology • Benares Hindu UniverSity. 

(14) Five other_ members from the public. , 

~he. Revenue Secre:arr will act as Secretary to the ~~rd. 

~he func~ions of the Board will be :-

(a) To adopt measures to cheek further erosion and to recla:im ~ra viRes: 
and other areas already badly eroded with particular refe~nee 'te · 
the ravines. of the Yamuna· and Chambal_·rivers ; .• · · : , 

(b) To create village fuel plantations to release cow-dung for its proper 
·use as manure B::tid .. ·to ~p'roVicfe·~·small timber for agricultural 
implements and cottage industries ; 

.• O : : ... f• •• i • • 10 .. oo I ~~ " t 

• ~ ~ • •• • ... '!'. • -•• , .... "'.,. ~' ... io •1" --·.,. '~·· • ·4ti\ 
(c) To adopt measures to increase fodd~r s~ppli~s· ~~d ~azfugf~~t\e4; 

- ... j< • '~ 

(d) Colle?tion of statUti~~ ~~g ~th.~ aP.:·. ,~sp~~s 1P.f ,t~? f~dder ~nd 
grazmg problems, including investigations into'- ·tne 'f hutr1ent 
value of leaf fodder and grasses ; 

(e) il>-ordinati~~ ~r-~~~~a~~h ''~~A· ~ipeifihiiit~··)j~twee'ri'~' no,~~nment 
Departments and fodder and grazing probiems ·and examination !>f 

.. re~eax:ch J?~oj~qt~ . a:n~. ~it~~tion _o!._ .. ~?W: e~~~men~ on suoh 
-problems; : ' · · · ·· · --· ·' ·· ·'··.~ ·· · ' 1"D ~l · 

{/) Investigation of the best economic land use of all waste-landa 
in~J~ing_ ib.Au~s;:· ~llpla.s..,. ~q,~~r ... na~tic~a11Y _. t\te. ravines of th• Yamlina and the Ch&mbai:'· ~·"' . r. .. :~·. ,~. ,_. ... ., ·;· 



(g) To utilize the state lands such as spare railway land, canal hanka 
road side avenues, nazul etc., to the best possible and 

(A) 'l"o create the executive organisation neeessary to give effect to aboTt 
measures; 

(i) To apply practically on a large scale the experimental result5 ..... 

The Chief Engineers, East Punjab have intimated that they have already 
proposed that they would like to have their representative on the proposed 
Land Management Department for the Province as suggested at the Second 
Senior Officers Conference, held at Dehra Dun in November, 1946. . 

The Chief Engineer, Travancore, states that soil erosion is no where so 
clearly seen and its evil results so markedly perceived as in Travancore. In 
pursuance of the resolutions of the Board on the subject he has requested the 
Government to instruct the authorities of the Agricultural and Land Revenue 
Departments to take steps to educa~e the people of the evil facing the state and 
insist on terrace cultivation as a first step. 

It has been intimated by the Agricultural and Rural Development 
Department, Bombay, that after careful consideration, Government of Bombay 
:have come to the conclusion that an inclusion of an officer of the Soil 
Conservation Section on the Water Board* proposed to be constituted 
in the Province will meet the need of the co-ordinating body as proposed by th• 
Central Board of Irrigation. 

No PaPer was contributed on the subject last ·year. 

THE YEAR'S WOBlt 

.The following ite.nrs were discussed at the 1948 Meeting of the Reaearcla 
C'4mmittee :-

(1) Runoff al'ld erosion gperiment i• tray&. 

(3) Runoff and soil tl'OSion ~rimentl! with the help of artificial showm. 



SOlL CONSERVATION. 
. . 

(1) RUNOFF AND SOIL EROSION EXPERIMENT IR TRAYS 
AmTRAcT . 

Studies of the relation betwo£n rainfall, runoff and ezperiments in trays 
were also Continued during ths -sear at . the three sites, viz., Ramgarh and 
Sudamiih on tha Damo~ar, ani Barakar (Giridih) on the Barakar. The 
exper:ments were as beioro made on four trays-two on i 0° slope and two on 
50, slop:>. On each degraa of sl:>p~, there was ono tiay with ve~etation cover 
anl a;~Jth~r wlth bara s>il.- T.:.u d~'lli(}ate arangsm3nt at B:uakar-Giridih 
was discontinued thls year and the:e was one tray with Each of the. four 
specifications at all the sites. 

RAIZ..TFALL 

Rainfall at each of the sites was measured by rain gauges set up at the sites. 
The daily rainfall data at the three sites for the year 1947 were recorded . 

. The total number of rainy days at Barak:ar-Giridih during the year was. 
88 of which rainfall exceeded one inch· in depth on 12 'days. The maximum 
rainfall occurred on July 31, 1947, the magnitude being 2·56 inches. _This 
also synchronised with the highest floods in the Barakar river during the 
year which occurred..on 1st August 1947. / · 

·At Ramgarh there were 86 rainy days during the year of which· 11 day 
recorded ra~fall of more than· one inch in JD.3.gnitude. The heaviest pre
cipitation for the year was 3·42 inches on September 2, 1947, this being ths
storm producing the highest floods in the Damodar. Rainfall on two other 
days exceeded two inches in depth, these being 2·31 inches on June 8, 1941 
and 2·53 inches on October 12, 1947. · ., 

At Sudamdill precipitation. occurred on 76 days and was more than one
inch in magnitude on ·13 days.· The maximum rainfall .was 2 · 45 inches-· 
on July 5, 1947, although on September 2, 1947 (corresponding to the 
highest floods in the Datnodar) there occurred a precipitation_ of nearly the 
&ame magnitude, viz., 2 · 32 inches. The maximum average dai1y intensity 
of rainfall recor~ed at the three sites are given in Table SG. I. 

TABLE SG. I , 
- I , Intensity of rainfal 

- Bit. Date Ra.illfall in · in inch per hour 
inches ' 

lH7 
. ' 

:Banklri'..Oiridih .. . . June 21 . . 9·92 l 1•84 
I 

JLampJih •• . . . . Sepf&l!lber I . . . 0·'16 . . !·36 

hdamdih August 24: 
. t··M I .2·d .. . . . . - -

- ---
The storm from the September I to 4:, 194:7 registered a total rainfall o! 

6•18 inches at Ramgarh and 4:·23 inches at Sudamdih. This storm produced 
the highest floods in the Damodar. At Barakar-Giridih the storm correspond
ing to the highest floods in the Barakar recorded a precipitation of 4 • 43 inche5 
in the three days from July 29 to Sl, 1947. . 

( 1) Bil'el' Reaeafdl l:DSti'ttl.te, Weft Bt»..~ Auual ~ tH'7 paaeel'71-l8'3.-
." t 

' 



' BUIIOJ'J' EROSIOK 

The amount of ra.iJ:Uall, runoff and erosion were recorded month by month. 
at the three sites separately. Curves for monthly rainfall, runoff percentage 
~d erosion per unit rainfall are given in Figure 8G.I. 

At Ba.rakar-Giridih the total rainfall in the year wa3 47 ·01 inche3- while 
the average depth· of runoff from the trays wa3 9·74 inche3 giving a runoff 
percentage of 20 · 7 on the averaga. The runoff percentage wa3 highest 
(26·5) in the month of September. In October and July also tha runoff 
percentage was higher than the average for the year (23·4 and 22·0) res
pectively while in August it was 20·6. In other month3 of the year the 
percentage was much lower than the average value. The average depth 
<>f c:rosion per unit rainfall for the whole year was 23 ·1 X 10-8. This was 
higher than the average for 1946. The rate of erosion per unit rainfall was 
higest in June. 

At Ramgarh the 'total rainfall for the year was 43·,69 inches with an 
a'verage runoff_ of 11·80 inches depth so that the runoff !percentage is 40·7 
<>n an average. The average perce_ntage of runoff was highest (44·3) in 
.June about 40 or 41 in July,- August and September and less in other m:>nths. 
The average depth of erosion for the,year was 31·50 X 10--6 feet per unit 
rainfall, as against_27 ·5 X I0-6 feet in the previous year. 

At Sudamdi~ the total rainfall recorded during the year was 39:25 inch_e3 
and the average depth of runoff was 19·48 inches so that the percentage of 
run off was 4 7 · I on the average -as against 68 per cent. in the-previous year, 
while. the average erosion per unit rainfall for the whole year was 105·0 
)<10-:-6 feet which was_higher than the corr~sponding figure (76·9 X· 10-1 
feet) in the previous year. '·· · ·· 

' . .. 
-

It is thus found. that both runoff and erosien are the highest at Suda.m~h 
but the runoff peroontage at this site ~o~. tl!e y~ar was not as high ~;S. ,inJh~ 

~ ' .. . ., ,., 
p:r~vious year. T~~'"l'unoff percentages for the different months as also for 
the whole year -sho~ecl a decline at B'~r~'ka~-Giridih and Sudanidi1i; ·W.rule 
it was of the same ord~ as ln-~he prerious year at.Ramga~l;t. . 

AS observed _in the· previous year the erosion at .Sudamdih aws ne~rly. 5 
times than that ·at B'~akar-Giri~ih while more than three times than :tliat · 
at Ramgarh which conforms to th~ belief that tlie coil "field areas· (of -which· 
the soif&t Si.id&inlai~·'ia tepresent~t~ve) ·eme "heavily. 
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~OIL OONSEBVATION 

The runoff and erosion in different trays for each of the site was analysed 

1tatistically.:. The analysis was done for showers of not very low magnitude
and intensity (magnitude higher than 0; 5 inches and intensity higher· than 
0 · 3 inches). . There were 18 such showers at Ramgarh, 22 at Sudamdih and 
16 at Barakar-Giridih. · 

The analysis. :was two-fold: (1) In the first place the order of differencs 
between the trays of different specifications was tested by the Student's 
t-test. These tests were carried on for pairs of trays of same slope but differ
ing in the vegetation, and also for trays of same type of soil but of different 
~lopes. (2) The significance of the difference between the different trays-and 
also between showers was tested by the analysis of variance and the Z test. 
Both runoff percentages and erosion per unit rainfall were subjected to the 
above tests. 

The results of the a hove analysis may be stated as follows.· 

' 
(a) Ru'noff Percerttage_ 

In the case of runoff percentage the difference between the trays was very 
highly significant, and the difference between the different showers was aJso. 
highly significant, at each of the three sites. The difference· between bare soil 
and trays of the saJI!e slope but with vegetation cover was also very highly 
significant at all the three sites. The difference due to slope variation wars. 
significant, but not of such a high order as that due to vegetation cover.,' at 
Ram.garh and Sudamdih, while at Baraka~Giridih it was not si~ificant at all ... 

"' I • ~ 

(b) Ero'Jion: per w;,it Rainfall ' 

In the case of erosion also the difference from tray to t~ay is highly signi
ficant as also the difference from shower to shower, though in a Ies~er degree ... 
The difference in the erosion for vegetation cover is lrighly sl.gi?ificant at all the
three sites, while the differen~e due to slope variation has ~ot been found to be
significant in any of the sites except in the case of trays on bare soil a~. 
Bamkar-Giridih. 

CONCLUS ON 

Thus it is found that the vegetation plays a more important part than varia-
tion in slope (at least the variation that has been introduced) both for runO:fi 
and erosion. , 
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(!)ANALYSIS OF RAlNFALL AT 'IBE RUN OFF E:UERWENT 
SI'IES (2) 

Rainfall, Runoff and Soil Erosion experiments were carried out on the 'same 
lines in the Damodar Valley as in the previous years at the three sites, Ram
~:arh, Barakar-Giridih and Sudamdih. 

One Symon's Rain gauge was set up at Cha.s R()ad with effect from the 
month of October 1947. 

At Barakar-Giridih two new features were added in the programme. They 
are ( i) Rainfall and Soil Erosion experiment OJ by artificial showers and (ii} 
Weather Observations. 

Figure 8G .2 : Storm map of tAe Damodar Y alley showing rainy cOfltow 
of f.M upper catchment from September 14, 1946 to September 18, 1946. 

The three years' rainfalls during storm periods at the observation site. 
during the years 1944, 1945, 1946 and 1947 have been computed. The period 
August 24 to 31, 1944 recorded a rainfall of mor~ than six inches and the period 
September 14 to 18, 1946 recorded an average rainfall of 5· 99 inches. The latter 
ltorm was of cyclonic type and rain contour map of the upper catchment of the 
Damodar Valley has been prepared (Figure 8G. 2) showing the distribution of 
rainfall of the period between.September 14 to 18, 1946. There werethree 
depressions and the biggest depression was at Barhi. At Barhi it was a cloud 
burst type of rainfall and the Barakar river was inflated and behaved violently. 
The surging mass of water uprooted big trees and clashed with the Barakar 
bridge which ulitmately gave way. 

( ') River Research Institute, W ttst Bengal, Annual Report, t:ageli 184-189. 
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... 
To ~study the frequency of intensities and magnitude of daily rainfall, 

summation percPntage curves of intensities· of all the showers at Barakar
Giridih (Figure SG. 3) and summatign percentage frequency curves of daily rain
fall magnitudes for 1947 at Barakar-Giridih, Sudamdih and Ramgarh. (Figure 
BG. 4) have been constituted. From the cumulative percentage frequency curves 
ofBarakar-Giridih for the year 1946 and 1947 (Figure SG. 3) ranging from inten
stities 0·05 inch per hour to 1·5 inches per hour, it is s~en that more._ tha.n 95 
per cent. of the showers have mtensitiea less than 1·0 inch per hour. 
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For the three siteS' Barakar-Giridih and Ramgarh rainfalls of one day dura
tion have been considered ranging from 0 · 05 inches to 2 ·55 inches. Rainfalls 
below 0·5 inches have no direct bearing upon the Runoff Rainfall intensity 
above 2 · 5 inches seldom occurs. Also a comparative graph of summation 
percentage frequency curves of Barakar-Giridih for the year 1945, 1946 and 
1947 have been constituted (Figure 8G. 5). From both the cumulative percen
tage frequency curves of intensities and summation percentage curves of daily 
rainfall magnitudes it is evi<;lent that daily rainfalls of low magnitudes _!~.nd 
!h~wers of low intensities have been frequent during these three years 1945, 
19~6:and 1947 in th Da.modar Valley. 

i ' . 
· (3)i RUNOFF AND SOIL EROSION ~PERIMEN'IS Wl'IB 'I BE BELl' OF 

ARTIFIC_IAL SHOWERS (8) 

ABSTRACT 

To study the phcnonwnon of runoff and soil erosion in experimeDts with 
the help of natur~l rainfall it is very difficult to control the inteDsity, duration 
and the quantity of shower ; consequently, the -relationship between ruDGtl 
aDd. the soil erosion cannot be determined accurately. -

Experimerts were, therefore, set ux: at Barakar-Giridib tc stqdJ the phello
JDeDOJ1 '' surface runoff and soil erosion with the help of artificial showers. 

. . Two plots having the same type of vegetation cover have been laid out on 
~. sl()pe of 5° 5', both having equal area of 25 square feet. The tray No. 1 is 
rectangular in shape while the tray No. 2 is circular in shape. Rain is arti
ficially poured over the trays from graduated drums through showers. Runotr 
is also received in graduated dntms, Figures 80.6, 8G.7 an~ 8G.8. 

Figure_8G.6 

(') ::River RMearoh lAetitate, Weat Bengal, Annoa.l Report, 1Q47, pagea lQ0-1~1. 



f ., 
00 .. ... 
c ., 
u ... • a.. 

t 
., 
00 .. ... 
c ., 
u ... ., 
Q. 

100 

90 

80 

70 

60 

so 
40 

30 

20 

10 

0 

P.eferences :-
1---+...;...-+--1----+---+---1--t---1 Barakar Giridih --0:--

1---+--+--1----+--+---1--+----t Ramgarh --a--
Sudamdih -·~·-

0 •IS •35··55 ·75 ·9S ·115·135 ·155·175·195·215·135·2~$ .. 
Rainfall In tnchos" 

Figure 8G.4:- Showing summation percentage curves of daily 
rainfall for the year 1947 

100 

90 

80 

70 

60 

so 
40 

30 

20 

10 

0 
0 

I '~ . 
L/ I 

I f , 
o' ~-

1 ·' , .· 
References:.: 

1941 --o--
1946 -·-tr-·-
1945 --c--

·IS ·35 ·55 •75 •95 •115·13S·JSS ·175 •19S•21S:235·2SS 

Rainfall in Inches ...-

Figure SG.S:- Showing summation percentage curves of dally 
rainfall at Barakar Glridlh 

R.,. No. 27l7 XOO (C) '50·1,210 (P.Z.O.). 

C.B.I. 

C.B.I. 

• 



SOlL CONSER'V ATION 553 

At fixed time intervals rainfall are runoff and measured from the mano

meter attached with the drums and the · maximum discharge in' c.c. i8 cal

culated. The readings a:re taken till the runoff ceases. 

_ Figure sq. 7 
.. 

If we constitute the runo:f{graph, we· find .that the runoff begins some time 

after ~ain begins to be-p~ured in. The i~te of ~off gradually. ri~es and 

at~ins a maximum value {at · some i;nterm_~diate time a11d again decreases 

until ultimately it ceases al~ogether. ·This is ~xactly what happens wheri 
a storm passes over a wa~ershed. The resultant hydrograph follows nature 

very closely; Figure 8G.9. 

Figure8G.8 
M2ICBI 
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A specimen shower with rainfa11 runoff and calculation of intensity, 
etc., is shown in Table 8G.II. 

Time in ~tttes, and seoonda 

0-0 -
1-o -
2-0 

8--0 

4-0 
.. 

6-0 -- 6-o 

7-o 
0 8-o 
-

9-.-0 . 
10-0 ... 

10-10 

10-11 

10-12 

10-13 

10-14 . . 

TABLE 8G.II 

Depth in rainfall in inches 
(from manometer) 

. ' 

/ 

. 0.00 

0·052 . 
0·098 ' . 
0·146 

Oo186 .. 
·f. . Oo226 . . . . . 2o262 . 

I 
Oo298 

. 
0·~32 

0·366 . . 
Oo396 . . 
Oo40 

(,:t• 
0·40 

- 0·40 
. 0·40 

-

0.40 

~th of-~of£in inc:] 
(fr~m manometer) , 

- 0·00 

0·00 

0·00 . 
OoOO~ 

Oo013 
. 

Oo034o 

Oo056 
' . 

0 . 
Oo078 . ' . Oo102 
-
Oo122 . .. 
O·UO 

0 

0·14:6 . 
Oo148 

0'148 

. 
. 

We see, therefore, that for ;:t period of 10 minutes 10 seconds a rain of 
0·4 inch fell over the tray producing a runoff of 0·148 inches. In the eighth 
minute, it gave a ~ximum quantity of runoff amounting to 0 · 024 inch. 
Since one inch of runoff here amounts to 59,000 c.c. the maximum ~charge 
in c.c. haye been compiled as 22 · 6 c. c. per second. The intensity for the 
shower is 2 · 4 inches. 

Data from different showers have been analysed to see if there exists any 
relationship between the intensity of .rainfall and the maximum discharge. 

~ 
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The values of corre]ation co-efficients between these factors-have bE: en eal· 
cula ted separately for the two trays an4 their insignificance tested by the t-test 

where t 
r 

---vn-2 ~~ vr-=ri-
The results are given in Table 8G.III. 

TABLEIBG.lli 
• 

I I 
Theoretical values 

I Value of Degrees of 
' 

correlation of Observed ''' '? Remarb. 
Trays. co-effi- freedom value of . . 

cient. (tt-2). .,, .. 
1 per cent. 5 per cent. 

r ' 
• 

0•87 11 5·851 2·201 
. 

Highly slgni-Rectangular •• 3•106 
ficant. - ' 

Circular 0·67 ' 11 2·621 2·201 Significant on 5 .. 3•106 
per cent. level 

The value of r is highly significant for the rectangular ~ray and for the 
citcular tray it is found to be significant on the 5 per cent. level. Further 
investigation· will be ·carried out on this matter when adequate data will be 
available. · ' 

Th~ investigation so far tends to show that each tray will give a separate 
equation owing to the variance in shape. To :find out,-the maximum dis..t 
charge more accurately it is suggested to take the map6meter readings more_ 
frequently. / 

For each shower, the two trays gave different runoff volumes and er~· 
tion masses. To find out if it is due to the shape of the catchment tpat the 
runoff volumes vary; the significance of the diff~rence in the percentages o£ 
runoff from the circular and the· rectangular trays· has been tested by 
Student's "t "-test. The value of" t·" calcul~ted from the runoff volume 

/ 1 • 

! .. :rvn- 5·9 x vf7 
for 17 showers 1s - -----;-- =1·96 

Sx. 12·4 

For (n -1= 16) degrees of freedom, the 5 pr-r cent. level of significance of 
'' t" is 2·16, that is, the chance of exceedicg the·vahie 2·16 in a random 
sample is 5 per cent. The ~bs~rved value of ~' t" here is ]ower than this 
le_vel. Therefore the chance of getting a higher value of "t" (or the mean 
diameter) in a random simultaneous sampling of the two trays is greater 
than 5 p~r cent. The difference i8, therefore, not e:igni:ficant on the 5 per 
cent. .level. 
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The difference between the erosion from the two trays has been similarly 
te3ted by Student's" t ". The erosion figures have been converted to grams 
per inch of rainfall. By applying the t-test to the 17 pairs of erosion figurts 
for the two trays for the same 17 sh9wers, we get the value CJf " t " as 

'• -
~n 4·77 X \{17 

t --- = ----- =2·65, 
5x 7·42 • 

while the 5 per cent. level s.>f significance of " t " is 2 ·12. Therefore the 
chance of getting. a higher value of the mean difference in erosion than that 
obs~rved here in a random simultaneous sampling of the two trays is less 
than 5 per cent., so that the ob3erved value· of the difference is large enough 
and is significant on the 5 per cent. level. 

Therefore due to the shape of the catchment (other factors remaining 
constant) the runoff volumes do not behave differently but the erosion 
masses diff~r significantly. 

}further investigations are being done with artificial ohowers and runofF 
and erosion resulting therefrom. 

DISCUSSION BY THE RESEARCH COMMITTEE 

- MR. G. SINHA introduced item (1). 

MR.. S. K. BANERJEE introduced itema-(2) and (3). As regards item (3) he 
said that formerly the r:1infall runoff erosion observ.ttions were being carried 
on in small trays depending on natural showers, but several difficulties were 
encountered :- ~ 

(I) The first and foremost difficulty being that as it is not possibleto 
control the ~ntensity of shower 1n natural rainfall it is extremely difficult to· 
isolate the runoff and erosion caused by separate intem.itics of showers. (2) 
The second drawback w2.s that it was very di:fficu1t to carry on the t~b
servation when therein continued for a pretty long time. (3) The next draw
bat1k was 'that the'3e ob1ervations could be carried on dm:~g the rainy season 
only, that is, only four mon~hs in a year. -

To get over these difficulties a:!l attempt wa.s made to see if it is possible 
to carry on thE'se observations by means of artificial showers, as in that case 
it would be possible to c-J.rry on the observation all throughout the year. 

Accordingly two small plota.of_the same area .antl_..same slope were selected 
and rainfall runoff erosion observation was statted by means of artificial showers. 
By thi~ proce3s the intensity and duration of rainfall could be varied according 
to desire and requirement and as such the runoff and erosion caused by separate 
intensities could be isolated. These experiments are being continued. 

DISCUSSION BY THE BOARD 

There was no discussion. It was decided to retain the subject on the 
agenda. 



9G. Th~ Selection of Subjects for Discussion at 
' 

the Following-Meeting 
PREIJMINARY NOTE : • 

In 1947 the subjects under discussion were rearranged into seven sections
according to which we have taken up the discuE~sion· at this meeting. of the 
Research Committee. 

DISCUSSION BY THE RESEARCH COM1'4ITTEE 

The suggestioh·of Rai Bahadur M. C. Bijawat to change the names and 
E.ub-bead (i) Yield under A-Hydrology, 7, Sub-terranean Waters to Sources 
and Yield was accepted. 

DISCUSSION BY THE BOARD _ 

DR. J. K. ~1ALHOTRA suggested that certain subjects under the head 
G-General needed to 'be 'shifted to some oth-er headings. ' Spray Irrigation' 
sho:1ld go under ' Water requirements of crops ', ' River Pollution ' under 
'Quality of Waters' ,and' ~oil Conservation' partly under' Hydraulic Works', 
and partly under ' Soil ~cience '. · , ' 

. MR. J. C. IiA.RniKAR pointed out that 'River Pollution' ~as altogether 
a different subject from 'Quality of Waters' and as such should 'remain a 
separate subject as.at present. -· 

~ -
THE SECRETARY said that -the Research Committee ha~ accepted that 

sub-head (i) Yield under A-Hydrology, Sub-terranian Waters, be renamed 
" (1) _Sources and Yield". " 

Another addition was sub-head (vi) Buildings research under E-Soil 
Science, .I. Soil Mechanics. _..... · 

Under Section D-,Vater Power Works, subject 7-Miscellaneous was 
introdu_ced to include the papers that were not covered by other subject heads, 

' -
The proposals of the Research Committt.e were approved and it was decided 

that oth~r changes be left over for the Research Committee meeting. 
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l OG. Co-ordination of Research Work for 
the· Ensuing Year 

PREJJMINARY NOTE 

Las• year-ten Research Organisations took part in the proceedings of th{' 
R".search Committee, viz.z- . 

\1) The Central Waterways, Irrigation and Navigation Research Station, 
Poona. 

(2) The Punjab Irrigation Research Institute, Lahore. 
(3) The Irrigation Research Division, Sind. 
( 4) The United Provinces Irrigation Research Station. 
(5) The River Research Institute, Bengal. · 
(6) 'J.'he Irrigation Research Station, Madras. 
(7) The Poona Irrigation and Resear~h Division, Poona. 
(8) The Hyderabad Engineering Research Laboratories. 
(9) The Hydraulic ·Research Statioil, Krishnarajasagar, Mysore, and 
(10) The Irrigation Research Laboratories, Ceylon. 

Reports were received from all the above mentioned organisations except· 
from Hyderabad and Ceylon and items from these r~ports were discussed 
under various subject heads. 

As the reports received from some of the Research Stations were incomplete 
it was rt>commended by the Research Committee that the Research Organisa
tion should be requested to supply complete reports gi~ ing details ot all the works 
carried out in their respective organisations during the year. The Board at 
its last meeting accepted the recommendations of the Research Committee. 

The chlef Engineers of the Provinces and States in Pakistan have ceased to 
be the membt>rs of the Board from April 1, 1948. Und{'r the rules they can 
applyagainformembershipthrough diplomatic channels but none has done so 
far. As such the question of co-ordinaticn of research W"'lrk from (a) Irrigation 
Research Institute, Lahore (b) Irrigation Reseatch Division, Sind d')es not 
arise. 

The East Punjab Government have start-ed another Irrigation Reqt>arch 
Institute at Amritsar with their Hydraulic Research Station at MaJikpur near 
Pathankot. · 

There will, therefcre, be nine rt>search organisations who will participate 
in the delibrations of the Eighteenth Research Committee Meeting. Complete 
reports from all the ~e research stations have been received. Items from 
these reports have been listed for discu.ssion under the various subject heads. 

It i~ gratifying to note that Assam is planning to start an Irrigation Rt>search 
and Soil Laboratory. It is further very heartening to note the increasing amount 
oi research wo:k being turned out by different research organisations. 'l'he 
number of items discussed by the Research Committee in 1944 was 41) in 1945--
5l, jn 1946-179, in 1947-153 and this year we havP- 185 items for discussion. 
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THE YEAR'S WORK 

DISCUSSION BY THE RESEARCH COl'dl'riW.rEE 

'l'RE SECRETARY a~ked for suggestion regarding subjects w~eh should be 
discussed at the next meeting. ' -DR. RAo said that in view of the large number of subiects, it would be better 
if all subjects were first discussed between research officers and then if any 
subject was of much importance that should be brought up to in the general 
meeting of the ReE~earch Com.mitt~~· 

DR. BosE said that he had already suggested a similar arrangement to the 
Secretary. Research Officers should sit together and discuss the details of 
their work between themselves. He felt it was absolutely necessary that a day 
may be fixed for the Research Officers to meet by themselves. ~ . . 

THE SECRETARY said that he intended to raise di~cussion on this subject 
under " item 9-Co-ordination of Research Work for the eJ!Slling. year " but 
since the point had been raised, the two subject heads might be grouped for 
discussion. It was necessary in this connection, he said, to remember that 
this was primarily a· Research Officers' meeting. Of course, other engineers 
were invited so that research officers ann e~neers shollld get to know the point 
view of each other.. He welcomed the suggestion that some time be given to 
research officers to discuss matters by themselves. f!1is was particularly 
necessary fo"t the j nnror research officers who might feel Shy of resolving _their 
doubts in a full meeting. 'l.'his necessity had also been felt earlier and from the 
previous year one afte1 noon was reserved for Research Officers meeting. This 
year the meeting of the National Committee of the IntP.rnational Conference 
on Soil Mechanics ana Foundation Engineering had to be fitted in that period. 
From next year. he proposed, tl) set apart a complete day for the Research 
Officers' meeting. He suggested Wednesday or 'l.'hursday, for the purpose. 

THE CHAIRMAN said that it was a very good suggestion and should be accept
ed. 

It was dEcided -to allot in future Thursday (4th day) for the Research 
Officers Meeting. • 

DISCUSSION BY THE BOARD 

THE SECRETARY said that it was suggested at the last Research Committee 
meeting that each Research Station should send two copies of its annual report 
to all other Research Stations, instead of one copy as was being done under 
existing practice. - ' 

Th3 proposal was approved. 



ll G. Any other Business 

BISTORICAL ACCOUNT OF IRRIGATION RESEARCH DONE IN INDIA 

PRELIMINARY NOTE 

. 
·In 1945 the Board accepted the following resolution passed by the Re-

aearch- Committee. ,"'-

" 
" With a view to the compilation of an Historical Account of the research 

in connection with irrigation and waterways carried out in India, 
tlie. Committee recommends that each orgaiisation· should supply 
the Secretary with a brief description ofresearc~ which has been under
. taken in. its Province or State, stating the names of the c.:ffirers 
responsible for each particular item-of research not later than_the lst 
June 1946, for discussion at t~e 1946 meeting of the REsearch Com
mittee. The Secretary, Central Board of Irrigation should then_ 
prepare a draft for approval by the Board at its 1946 meeting. 

The contributions should be sent to the Secretary through Board mem
be_rs in_ Grde: to ensure that_ adequate reference is_ made to research 
ivork·done prior to the formation of Research Organisation, and by 
officers not directly connected with the latter." 

The Board furt)ler resolved, "that contributions should be complied u.nder 
_ · ·snbjeets .mentioning the various officers who had dealt with the 

particular-subject ". ,... 

_ In this connection _ contrih~1tions. for the draft publication have been 
received from Bombay, the Central Waterways, Irrigation_and Navigation 
Research Station, Poona, United Provinces, Hyderabad and Bengal. Ceylon 
has nothing to contribute. Sind sent in a note but after scrutiny it was returned 
for .fu:rther amplification. East Punjab has promised to send in a contributian. 
Replies from~ Madras and Mysore are still awaited. 
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THE YEAR'S WORK 

DISCUSSION BY THE RESEARmf CO:m.uTTEE -
THE SECRETARY said that he desired to draw the i"ttention of the Research, 

Committee to the necessity of translating techni_cal terms into the National 
language. It wo~d probably be necessary to ·s~~ up a special agency for: 
the purposes.- He did· not propose that they should ·come to an immediate 
decision on the subject, b~t he wanted them to give this' ~portant, matter 
their best consideration and let him have their suggestions. Perhaps by the_ -time of the Annual Bc.ard Meeting, they should take. a decision in the matter 
and set up a proper organisation for the work~ - · 

. ' 

MR. GoVINDA RAo said that in Madras there were already twq com.IIiittees 
working on this subjec~. The Secretary might ~et in touch with- them. 

RAI BAHADUR BI.JAWAT suggested that the :word~ to be selected should oe 
simple and expressive. 

DR. MALHOTRA said that the test should be, how expressive and _short & 

word is and that it lnight be useful to r~tain such words even i{ they did not· 
strictly belong to the national language. - · · 

THE CHAIRMAN said that serious efforts in this direction would have to· 
be made and he desired that ~ggestions be forwarded to the Secretary s~ that 
a d~ci~ion be possible-at the Board Meeting. · 

• ' 

The meeting came to a close with a hearty vote ofth_anks to the Chair. 
c. 

- DISCUSSION BY THE BOARD 

THE SECRETARY referred to page 318 of the technical agenda and said 
that contributions on the subject (Historical account of Irrigation Research · 
done in India) were btill awaited from East Punjab and Mysore. 

Discussion was then taken up on the item'' Translation ·of Technical 
Terms into th~ National Language".· 

THE SECRETARY said that a l~tte~ was addressed to all Board -M~mbers 
and Research Officers in India in'Viting suggestions on the bubji'ct EO that a 
decision might be possible at the meeting. The following is a aummary.of 
the replies received : 
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(1) c~ntral Electricity Commis1ion.-Intimates that the Chairman is gene
rally in favour of adopting, for technical terms, the expression already in use 
and would rather like switching on for all to International Terms. -(2) Rit:er Research Institute, West Bengal.-States that it is not clear what 
National language is meant. Intimates further that translation of some of the 
technical terms into Bengali has already been undertaken by the Bangiya 
Sahitya Parishad and Bangiya Bigyyan Parishad in Calcutta. · 

(3) Chief Engineer, Mysore.-Informs that no organisation for such work 
exists in Myso!e State. · , 

(4) Electrical Commissioner, Government of Bombay.-Suggests that -pro
fessors in Indian Engineering Colleges be given honoraria to work up the 
necessary voca"bulary in Hinqi, a course adopted by the Osmania University 
(Hyderabad-Deccan) an~ that further Education Department should depute 
some selected individuals to write 'the text books in Hindi. It is, however, 
added that international words like volts, amps, current_ etc. should stay as 
they are, in the National language. 

(lS) Chief Engineer, Irrigation-Hyd~rabad.-Intimates that individual~ 
efforts for translating engineering terms in Hyderabad did not prove successful 
and the Government, as a result, established a Translation Bureau which has 
been doing ]arge amount of works during the last 25 years. The. terms coined 
or translated by the Bureau are in Uldu. Furth~r suggests that for details 
the Director of Translation Bureau may be addressed. 

(6) Director, Translation Bureau," Osmania University, Hyderabad.-On a 
request, the Director has supplied a copy of Numerical Index to Technical 
Terms compiled and coined so far, a· copy of each of Mathematical and Astrono
mical Terms, a Jist of publication in Engineering and allied subjects of the 
Translation Bureau. These will be put up for perusal at the meeting. 

' ' -
(7) Executive Engineer, Irrigation Research Division, United Province~.-

. Suggests that the Hon'ble Minister for Communications: United Provinces and 
the Vice-Chancellor, Banaras University may be referred on the subject. 

'· 
(8) Executive Engineer, Poona Irrigation and Research Division.-Sugge~ts 

to contact Dr. Raghuvira who has published a dictionary of technical terms and 
further informs that (1) Secretary, International Academy of Indian Culture, 
Poona Branch, (2) Maharashtra Sthapatya Sabha, Poona, (3) Dr. D. D. Karve, 
Principal, Fergusson College, Poona and ·(4) Rao Bahadur N. 8. Joshi, Poona 
h:ave _promised to help in preparing technical terms. 

(9) Director, Irrigation Research, East Punjab.-Suggests the followinc 
points for the considera:tion of the Board: , 
. ' 

' ( i) Chalking out a programme according to which the technical irrigation 
t~rms might be rendered into the- National Language and taking necessaey 
steps to this end. Points out that· start should be made -rather than fixini a 
target date for the completion of the work. , 
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( ii) Forming of a policy for the source of technical vocabularies_ ~ ~he 
National Language viz., whether Sanskrit or the technical terms as are b~mg 
used to stay as they are in the National language. , 

(iii) Translation of allied sciences like math~matics, physics etc. as they 
are essential in connection with the translation of irrigation terms. 

(iv) Persons to be entmsted with the translation work viz., whether
linguists and philologists alone or in association with the engineers and also· 
whether C.B.I. woulq take up the job itself or leave it to ·individual or 
provincial enterprise. · 

(v) Writing of National Language terms in Roman also for a limited 
period so that provinces who do not use it may become familiar with the new 
terms. , 

(vi) Translation of text. books and other publi~tions into National 
Language. 

(vii) Volunteers services of Dr. J. K. Malhotra and of self, if required. 

(10) Chief Engineer, P. W.D., .Ass~.-Suggests to contact (1) Dr. Rag~u
vira, (2) Vigyan Perishad, Allahabad, (3) Dr. Vasudev Sharma, Agarwala 
Archaeological Department; Delhi and (4) Hindi Sahitya Samelan, Allahabad 
on the subjects. 

. 
(11) Chief Engineer, Travancore.-Intimates that no attempt has been 

made in the state to translate technical terms into the National Language . . 
(12) Chief Electrical Engineer, Mysore.-Holds that English should be 

retained so that higher studies in Engineering and science can be taught and. 
understood iri this international language, thus enabling Indian engineers to • 
contribute their mite to the bow ledge of the wor1d. 

(13) Chief Engineer, WestBengal.-Informs that in West Bengal, a commit
tee composed of eminent scholars of the province has been appointed for transla
tion ofEnglislt technical terms in' adlii.inistrative use into Bengali and it is hoped 
that gradually all the English technical terms will be translated into Bengali 
by that committee. Suggests that a similar committee may be formed for the 
job and that the Engineering or Technical I:Jepartments should confine their 
activities in compiling as many technical terms as possible and in getting them 
translated by the said committee. - · · 

(14) Chief Engineer, Irrigation Works, East Punjab.-Informs that the Direc- -
tor of Public Instmctions, East Punjab may be contacted on the subject. He 
has also passed on a copy of C.B.I. letter to the Chief Engineer Buildings and 
Roads, East Punjab for suggesting suitable words and phrases in Hindi for the 
English words and phrases contained in Chapter I of the Manual of Irrigation 
Practice, - · 
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(15) Secretary to Gooernment, P.W.D., Bombay informs that (l)theMah
rashtra Sahitya Parisha.d, Poona and (2) The Maharashlra Sathapatya Maha.
sabha, Poona wh ... o have done some work on the subject may be addressed. 

- . 

(16) Director, HydraulitJ Research Station, Krishnarajasagar suggests that 
most of th:e technical terms now in use may be incorporated as such so that it 
will be easy for all to understand or all terms may be translated into Sanskrit 
'and incorporated into all local languages. 

(17) Vigyan Parishad, Allahabad informs that glossary of scientific tehns 
printed by it is out of stock and further intimates that Hindi Parishail, Allah
:J.bad, Shri Sukh Ba.mpat Rai Bahadur, Ajmer and Dr. Raghuvira may be ad-
dressed on the subject. ' 

(18) Director, Engineering Research Laboratories, Hyderabad suggests that 
the Director, Translation Bureau, Osmania University may be consulted in this 
connection. 

(19) Banara~ Hindu University informs that this type of work has been 
done by.the Nagari Pracharini Sabha, Banaras and the Hindi SahityA Sam~lan, 
Allahabad and not by this University • 

. 
(20) Ohief Engineer, Electricity Branch, East Punjab suggests that a Bpecial 

comlllittee should be set up for the job after collecting all available literature on 
the subject and also draws attention to the work done by the Osma:uia Univer
sity.. -

(21) Ohief Engineer, Oentral Provinces and Berar intimates that Dr. 
Raghuvira has done a good deal of valuable work on the subject and may be 
consulted. 

· _ (22) Ohief Engineer (Special) Irr'igation, Madras informs that the Govern
ment of Madras have appointed a committee. to prepare Encyclopedia for 
local provincial terms and they may be helpful in translation work and further 
suggests that the Go~emment of Madras may be approached on the-subject. 

. . 
(23) Chief Engineer, Bikaner has forwarded' a number of irrigation forms 

that are being used containing exact translation of Urdu I'Jrm .. 
;6' 

(24) Chief Engineer, Irrigation Branch, United Provinces informs that the 
translation work is being done by the United Provinces and Central Provinces 
Governments, Hindi Sahitya Samelan and the Nagri Pracharni Sabha . 

. 
(25) Hindi Sahitya Samelan, Allahabad intimates that they are just starting 

with the work but are ready to lend" all help to the C.B.I. for the Irrigation 
Section. · · 

(26) Executive,Engineer, Irrigation Research Station, Ma_dras has no sug
gestion to make except that English words should be retained to the extent 
possible in view of their inte~tional application. 
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(27) Dictionary Publishing House, .Ajmerintimate that they have published 
five volumes of 20th Century English Dictionary of scientific and technical 
terms which may be of some use to the C.B.I. Also forwards some literature 
about the details or t4e dictionary. 

-
(28) President Maharashtrya Bathapatya Mahasabha, Poona, has recommend-

ed that the :rna.tter be referred to Prof. S. V. Apte who is M.A. in Physics, a 
scholar in Sanskrit and a retired Professor of the College of Enginee~ing, Poona, 
who is &lready busy in the framing of scientific words. Forwarded a list of tech-
nical terms in Hindi.• · 

(29) Chief Engineer, Orissa.-It is not advisable for the Central Board of 
Irrigation to take up this work just now. A beginning will have to be made in 
the Engineering Institutions for preparing text books on Engine~ring subjects 
in the National Language. Hence the future engineers 'wl1.0 study through 
those text books as well as those.in foreign languages will be in a better posi
tion to translate the technical t.ei'IIl.S. 

(30) The Secretary, Maharashtra SathapatyaMahasabha, Poona.-Referred.. 
to the list of words supplied by the President of the Mahasabha. This vocabu
lary should serve as guidance at the discussions at the meeting of the Central 
Board of Irrigation: · 

. . 

(2) "The actual framing of words is not'left to any individual writer of 
essays published by the Mahasabha, but framed by our expert Prof.· Sakha
ram Vinayak A pte, who is both a scientist being M.Sc. (Physics) and a Sanskrit 
Scholar and a student of Etymology." · -

(3) """The Association gave deep thought to this tYPe- of work and after 
many discussions and mature considerations came to the conclusion that it is 
neither desirable nor practicable ·to proceed with the work of framing scientific 
words by itself. Such an act will fail in its objective, unless accompanied by 

.actual writings (papers) in local languages. These too must be done side-by-side 
essays written in national language and scientific wor~s for that essay framed 
and introduced simultaneously in the essays and discussed ". -

(31) HoYJorary Secretary, Par~ohasha Mandal, Maharashtra SahityaParishail, 
Poona.-" The termmology Co:rpmittee of this Parishad has compiled and 
published in a book form a large number of terms dealing With the basic sciences 
like Physics, Chemistry, Mathematics, Botany, Geology etc. The p.ublicatfon 
is, however, now out of .point, ftnd a second edition is under preparation. In this 
edition, a num her of scientific branches which could not be taken up in the first 
edition are being included. The Committee will, however, be glad to supply 
your Board in advance the necessary equiva1ents which could be used in Nation
allanguage, if you could kindly supply me a list of English terms for which 
equivalents are sought". -

(32) Director of Public Instructions, East_ Punjab.-No work regarding 
translation of technical terms in the National Language has so mr been done by 
this department. 
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(33) Secretary to Gooemment of Orissa, Public Works Department, Electricitr 
Branch.-The Central Advisory Board of Education, in pursu~nce of a re
commendation of the Scientific Terminology rommittee, appointed a board of 
reference to deal with all questions regarding the grouping of Indfan Languages 

· according to their natural affinities and issues arising in connection with the 
adoption of Scientific as well as Technical terms in those languages. On the 
suggestion of the Board, five Regional Committees to deal with different lan
Juages were set up and Bengalir Assami, and Oriya constituted the - Eastern 
Group. The Board also approached the Provincial GoTernment regarding 
setting up of a regional committee for the above languages forming the eastern 
group. Government accepted the suggestions on the setting up of a Regional 
Committee for the languages Bengali, Assamese and Oriya forming the Eastern 
Group. -

The authorities -of the Utkal University, who were consulted in the matter 
have intimated that so far no translation of technical terms has been made by 
them. However they have appointed a Paribhasa Committee who will consi~ 
der among other matters the question of translating from foreign languages and 
coining suitable words in Oriya for various purposes. 

(34) Ohief Engineer, Irrigation Department, Bihar.-Forwarded a copy of a 
memo from the Translation Department, Government of Bihar containing 
informations and suggestions on the subject. 

The Board might be interested to know that a Hindi version of the Central 
Board of Irrigation Leaflet No. 3.-New Projects for Irrigation and Power in 
India-1948 had been prepared by Dr. Raghuvira, Member Constituent 
Assembly and was now ready for the press. The Secretary had also started to 
prepare a card catalogue of all Hindi words relating to Math~matics, Physics and 
Engineering. · 

A general discussion then ensued in which many-members took part. No 
decisions were taken but the general concensus of opinion was :-

(i) All technical engineering terins should be tra.JlSlated into Hindi and 
the engineers and :philologists should co-operate in this work. For 
the next many years the Hindi terms and the English terms should 
be used side by side. It was felt- that at this stage .English terms 
should not be discarded. 

(ii) All technical terms translated into Hindi should be adopted in all 
other Indian languages so that throughout India the same technical 
terms would appear in all languages with minor modifications, if 
any. 

Cili) Articles in lli.Ddi should be encouraged in the .Central Board of 
Irrigation .Journal. 

n waa agreed that the wark taken in hand on the translation of technical 
terma should continue and as more experience was gained it would be possible 
t?, tate final deciaiom. 
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THE SECRET.ABY then request€d Dr. J: K. Malhotra to read a few pages 

from the Hindi version of Leaflet No. 3 to give Memb€rs an idea of the work done. 

DR. J. K. MALHOTRA reaa out some extracts. 
- . . ' 

MR. S.- A. GADKARY proposed a vote of thanks to the Preside11;t and said 
that the member~ of the Board, and of-its Executive Committee appreciated 
highly his guidanc~ for the last three years and the services rendered by Mr. 
Khosla to the Board. He hoped that his guidance would be forthcoming in 
future also in the same manner as when he was in the Presidential chair. So on 
behalf of everyone he wished to record their ap}>reciation of his work and ser-
.vjce to the Board. · 

-MR. P. B. AnVANI endorsed aU that had bee~ said by Mr. Gadkary. 

THE PRESIDENT thanked ali the members and said that it had been~ rare 
privilege for him to be associated with this Board for such a lt>ng time. ·Be 
assured them of his help in the years to come. • 
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APPENDIX I 

Damodar Catchment* 
• - ' P .RELIMINARY SURVEY TO STUDY WATER LOSSES BY TRANSPIRATION 

AND EVAPORATION 

by 

R. K. Uicra, 

• 
.AIIiltam.4gFituZtura.Z Mtte.orologis&, MtttarologiCGl Office, Poonct. 

The Damada.r Catchment oonsists of the " basin " a.nd u plain " aJ;>eas (Figure 1 ). The form e 

Jies in Bihar aud the later in West lhngal. It is the basin area of the cato1mlent whle.b. is 

primarily important from the view point of development, and it is this area that ja reterreu to as 

the Damodar Catchment. Places of main acti'Yity with regard to the collection of actual date 

are shown in Figure 2. 

c.a.l 

Figure ~ : The IJor'moiltl Oa:lc.AmOt-J. 

• A r~Ti&ed fcrm ofthe report tha-t was pruented to the Sub-committ~e on Water ba.Ia.ncoiunstigatiou 

the 0'l modar ,.alley on .Apnl 1111 1948. 
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The Damodar Catchment comprises mainly the Hazaribagh and l!anbhum district$. n also 
ineludes parts ofPalamau, Ranchi and the San tal Pargan<U. The approximate area of each ofth6 
aboye districts enveloped by the catchplent is given in Table I. 

Figure 2: I acl~~ map of Damotlar Cak1umn' iacliccJii"f IlK pU.cc• t1i1iW atul tn. parlictdcr 
wlcre llle~Giletl ob1erwati0111 tc~are mcle. · 

T.ABLEJ 

~ppro~imate c&rea of tl•' fi•• tli.ttrictl of Bihar faUing to~Aln tAc Damodar Catchme,.,e. 

I 

.Area in 
Diatriet . aquare JDilet . 

. 
B:anribagh ; •• 600 .. .. .. .. .. . . . . 

I llr.n 'bh u lJ\ .. 
~· 

.. . . .. , . .. ' . 1,690 
' 

l'alamn. .. - .. .. 290 .. .. . . . . .. 
I 1 

-l Raneh .. .. .. . . .. 390 

I 
I 
I 

I 
'I 

-
taut~ T ""~t:.JitJ._ .. .. .. .. .. 230 

. .. 
'rota .. 7,200 

Tbe eatohment is a region of plateaux and mountainous spurs. The highest peak in the catoh~ 
:meD.t 11 that of Paraanath--4430 feet in height-belonging to the Tundi hills which are aiiuated 

• 
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aear the boundary of the Ha.za.ribagh and Manbhum districts. The elevations of the various 
places of the catchment visited in connection with the present work are given in!Table ll• Names 
within brackets irdicate the actual places where the altimeter was read. 

TABLE II 

Approximate height of certain places of the Damodar Catchment in feet above &ea le•el· 

Barhi (Kolunga) 

Barakar Giridih (Dhetlagarh 

K.a.rmatar 

Deolbari (Kasiatar) 

Topcbanchi (Deya. Bue:pahar) 

Madhuban (Khaperberha) 

Gumia (Hazari) 

Phusro (Nakhmauja) 

Ray. 

Hel)degir 

Rukn 

• 

,-

... . -

Places 

·:: •• # • 

. 
.. "''. 

., 

' 

I , 

I 

- I 

. 
Heifht in 

: feet 

I 300 

700 .. 

-7oo 

500 

800 

! 000 

'iOO ~ 

I· 
soo I 

I 

I 

•• 600 I 
2,200 

"1,300 
l 

. '"00 j l,6 ; 

I 
I 

400l 

The chief plate~ux of the are~ are those of Ran chi a.nd Hazaribagh. T'J:Leir height varies from 
aboqt 1,000 feet to 2,000 feet. 

RIVERS OF THE CATCHMEMT ' . 
The Datn:odar Catchme~t actuaUy cbi~£ist~ of' the two .basins of 1;1i.e Damodar a.nd Ba.raka.r 

rinrs. The Tundi hills serve as the main water. parting _between these two.bllSins: -.-· · 

:Many small streams of the Chota Nagpur plateau combine to form the Damddar rinr in 
Palarnau _district about 25 miles away fi;om tl].e south western bo.undary_of Hazaribagl!; _This 
river then rmis a course of about 90 miles through south Hazaribagh and then travenes-ab.od 2J8 
miles through the Manbhum, Bankura, Burdwan and Hooghly districts before ioil:~ing the · 
Hooghly uelow CalC'utta.. 
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The biggest tributary ,of the Da.modar is the river Barakar. Chief a.montst other are Garhi 
er !fandwa, Ha.ha.ro, Na.ik.a.ri, ~&fXl\&rha, Bhera, Kouar, Bokharo, Khanjo and J amunia. · 

Barakar originates iu the northern plateau of Haza.ribagh. First it flows towards the north. 
From about Barhi it changes it.s course to east by south, passes through north of the Pa.raana.th 
range and then crosses the llazaribagh boundary 32 miles before joinin.g the Damoda.r near Kulti. 
Us main trilmtaries a.re Leruja. Gokha.na., A.kta., Kisko, Ba.reto, A.rga., Usri and Ba.ra.}lkatha. 

The rlv:ersofth.ia ma are fed ODlJitJ ~~r. FlOods of brief dlli'.&tion follow th~ raiirl'a.ll. 
Wba Oil water .hat be.eza ~elli into ihe ctYa. vetr (U,tle teUIJ"ms in ~'h~ river b~tb. 'l'll~t
Jill'.Dllef mote ur less aria& off .u t:b.e trVet:l.· 

BO.CX 
• I -

'l'h.e rock of the oatehment is ..lrellaean gne-iss (Ben&l peiss). The-:re are isolated areas of 
Gondwana. rocks along and, at some places, even within the Damodar bed as well as in the Barakar 
'alley around Giridih. Micaceous shales are abundant north of Barakar River especially in the 
Barh.i-Koda.rma sector. 

The .Archaean rocks is either itself e~posed or bears its debris on the top throughout the catcia· 
ment. .The decomposition product is a.loamy soil wit~ many shades of red colour. 

DISTRIBUTION OF TREES AND PLANTS 

FORESTS 

The forests ofthis area. belong, accordmg to H. G. Champion's classification, to the (i) Dry and 
( ii) Moist Peninsular Sal type. The prominent species of these forests are woody, and deciduous 
ill habit. The leaf.fa.ll in case of these species occurs during March and April. The atll, itself 
has a very brief period ofleaf.fa.ll, say about a month starti.rig by the end of February. Champion 
while writing about the moist deoiduous forests, which are found in this area. mainly along the 
rivers and on high bill says that in such cases the sal has a semi-evergreen habit with only a. very 
brief deciduous perjod of 5 to 15 days. Fresh leaves are slowly set forth after the period of 
leaf-fall so that by the end of May or beginning of June the new leaves acquire the norma.l.aize. 
While the new leaves are still being set forth, the flowering followed by fruiting sets in. 

The forests ofthis area have been and are still mostly under private ownership. The proeesa 
of" reservation " has yet to begin on a. mass scale. 

AGRICULTURE 

The shape, size and lo~ation. of the agri~ulturallanda are .ildluencea by the genera.! undulating 
uture of tile. tract. Le.-elstretche• ofl&Ad are infrequent-. Terraeed Jielda 1rith high ~u'll.dl it 
t~' gftllerv rule. -

The orops beinAJ mainly ra.inf"ed ar& rl\ited· during the monaoolJ and post-Jnonsoon period. 
· The land li~ mo•tlyfallow dn.rin,g lhe rest of th-e. year, . 

•• J/J,uming " is a charaeteriBtic feature of agriculture in Cl'tta.in part• of this area inv.olvinr 
thlnbti eultiv&tibA, the dtat~tion of the for~at co~er and the oonaeque_nt exposure of the IJOU ,. 
•roeiOJ!. ' 
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GENE..RAL IMPRESSIONS REGARDING THE VEGETATIVE COVER 

Any person who pa.sses through t.hc D.-..moda.r Ci~otchm~nt C<\'ln::>t Fd.il to note the unpla.nn~d 

d&foresta.tion a.ntl crod,_d w.Htd.'tnd3. Ero.3ioa n ppear3 to b:J wide ~pr.;a,l at IQM;t SO per cent. 

(){the land being a.-Jectctll>y it. Gullie!l of the wor.st type a.re frequertty, to be met with in the 

forest a.rea:t ( Figur<} 3). Hullying anti scouring are common in t.he ag:.-kultura.l siurounrling!l a~ • 

well u on ihe ·wute l~mh (l-.,i&llJ"-68 -1 and ;j,. Stream -e.rogior i~ fr.eqUfi\9tly met with 9~ th·e bank• 
' -

oC ult"I.J and tivotr_s. Th-l m·).it s~v.e.r8ly· ~if~oteJi a;r.ea~ -9.'rc th·a n-o.rJh:6rn · tr.&l ts. of tire _l:buri

~a.~b di8tr.io.t be.tJf.~e• &Tbi &,Jid Giti.lih t.heS<lllt~t.l P-4r.g.•tn7J,_' ne.n Katma.ta.r a.lid th.~ so11tb.eru 

tr&ctl ~f toe ~f~~t};hwu di;ttri9f;; 

ll'igqr' 3 : Ylt'W of a hll'J! gull!/ wul»n a forut. Skti. 9uUi~1 ar~ 'J1'ue common j11 th.~ form area• 
' 

Figures' &nd 5: Guflyfng and 1couri11-g ojtlte tc.!41te lands. 

!'igur~ 6-: .{ magnified· view of 1matl jiB&ur~6 anrl jillgtr gullieJ on on~ $i:ie oft~ hun·l of ta 

paMIIfldl. 
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Rapid deforestation and the ero3ion which follows it are in evidence every where (Figura 7 ). 
Surface e:z:ca vation for m.iPerals ha.s also led to eroi!ion in the mining tr'i.cts. Agricultural praoti<l es 
inclndiniZ JAurning have aggravated local erosion. 

- ~ ' ' -
Fig(lre 7t P-icture depicting the way in to~icn. the exploitation of forests by man las &et,. Voi1t!J 

• fM,&elessly. The stumps are the only remains of the huge trees. The sapUng forest in the Mck· 
. ~nd may be noted in contrast to larqer trees of the fore-ground. The exploited area ·luu ~e-.. 
75]oughed and it is here tll.at the erosion would start its plcy. · 

• DISTRIBUTION OF VEGETATION 

The areas of the cat~hment. under various categories which will be given here nre ltased ou 
~ mea.ns !!It' the three years' figures of the Season avd Crop Report of the Agricultmal Depart· 
i!Jent of Bihar, the years being 1943-44, 44-45 and 45-46. 

· .Area under forests, c-ultivation, etc.-Table III eontaing the area3 of- the ca.tcbmentm:.dei· 
-forest and cultivation. It also shows the area which is lying waste, culturable or oUlerw:ise, and 
lfh.icb ~·not available f9r cultivation. It will be seen that the forest<~ cover about 33 per oo.nt. of t~e 

-total ~Jrea and nea~ly an equal perl.lentage is under cultivation. 

• 
Forests • . , .• 
Not aYaiJab1e for cnltivatitJn 
Waste' iiutdl 
Fallow 
Under cultivation 

TABLE III 

l)islribution of the area of th<! catchment 

' -· . ·.·-:.. -.. :~ ... 

•-: ... 
-----~~~----~~~--~-~~--~~;--"~-~~-~-------~~ 

·"'·.· 

·Area. in 
. Jlllll&ro mi1ea 

--j 
"!,3so I 
·~-~~ i 

. '940 I 
~,_-< ~ I~ . ,. :2,!'GI'If· 

.· .. I . , - . ·~_."'co-, 
• .. J . -·- . I 

. .. ·. 
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Area under crops-Tbe crop3 grown io the ca.tGhm.3nt are ~ndica.wd b9lo". 
, ... ' ... • - I 

1. Wio.ter rice. 

2. Autumn rice. 
• I 

3. Summer rice. 

4. Wheat. 

o. Barley. 

fi; ,JpU/G.r .• -~ . • 

7. Bajra. 

8~ Marua. 
• •..• • • -« ''•. :·. 
9. Maize.· 

10. Gram. 

11. Arhar. 

15. Rape and Mustard. 

16. Groundnut. 

17. Coconut. 
' . 

18. Castor. 

19. Condiments and spice-:~. 

21. Cotton. 

22. _Jute. 
~ ... .. ~ f ••• • •• .: • 1 ' 

23. ~digo. 

24. Tea. 

25. Tobaeco. 

12. Other food grains ircludirg pulses. 26. Fodder crops. 

13. Linseed. 27. Fruits. 

14. Til. 28. Potatoes. 

29. -yegetables includmg root-_orop~. 
I 

.Area under the principal crops is given in Table IV.- Rice is the m.&in crop £'overing ab:ni_trt: 
per cent. of the total area under -cultivstion. 

\ 
'\tinter rice 
Autumn rice 
:Mai~e 

I Rape and Mustard 
Grnm 

I Til 
•:Ba.rlev 

1 Liu;:;eed 
I ,.-~·1 -ea.t 
I Sn!!l!r•'E.n• 
i tJ ... ~e.,. .... )t\~,-~ 

' . ~. - ..... --
• 

I 

TABT ... E IV 

A rea of fhe catchment covered by the principal crops. 

• : .... 1 

.. 

.Area Unrler 

-'I:.. .,c • 

.... ~ ....... 

··" 
.... - . . .. ,_.'~; 

....... \. 

.. ~ ' 

.. 

....; • • .., .I ~ .. .. •J-.. • .: • ... • • ..... . . . . 
-:. • ... ' .,/" .. ~~~ "t I • • :. . .. . .· . .. . . . 

.. -· . 
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VEGETATION 

The ngetation of the c11tc~ent, excluding the crops, may be grouped as (i) forest ngeta.tion 

-.d. (H) that other than fOrests. The veg-etation on waste la~ds, along roadsides aod in the rorm 

.of groves is included in the latter. An attempt was made to estilna.t• the tota.l number of plant w 
ike e&tchme.nt and ~heir ai!es dtll'iDg the tour under revi~w.- The fol\gwing may be Po ted ih this . -

(~ TJie &tea ob11erved at e~c:h p)aQe w.as 100 f~et }J~ IOJ)f~e~. TJau• lh& total area ohh • 

..tbflatest ROtpfe~ WS.!t ll~,(\.6() square (~et. 

(3) The observations consisted of: (;) number of plants, ( ii) over-all hJig h t of repre ~en tative 

planta'in feet, and (~ii) breast-height diameter of the main ~tem in inches • 
... 

(4) Plants with a breast-height diameter of over two inches have been referred to a<J tree 

and tllose below two inches as saplings. 

Tke forest vegetation.-~~ nllmber of t~ees and sapling~ of some twcrt.vtwo :,~pecies of pla.nt 

-common in the forests of this J.rea is given in Table V. It represents the totaJ sampled :uea of tho 

forests. The fi.rRt five species in the tab!erapresevt 72 per cent. of the total number of plants of 

the sampled area. Sal alore represents 46 per cent. This species is most predominant and the 

forests of this area are indeed caUcdafterits name: The other four, viz., Kend, Piurtr, A 9a>& and 

IJhelwa represent _11, eight, four and three per cent. respectjvely. .All these are utilized mainly 

for timber; ·~al yields the best out ofthes\'1. Natives ea.t Kend a.nd Bhelwa fruits also. The stone 

Gf Bhel111a fruits yields oil for the natives. Man.ua fruits are used for va.rious purposes including 

~till&tion. The flowers of Dudhki. shrub are ca.mpa.nulate and collect honey-dew in their funl'els 

!n' the mornfng which is liked by the natives. IrulrajaUll shrubbe~:~rs seeds which have a tun 

ef very soft light brown ha.irs double the size of the seed. This shrub can beneficially be exploited 

for its beautiful fibre. The fruits of Ha"a and Brr.llera are used as spices and they have medi

einal value a.s well. 

Table V bettn out oue.. Olore featurt\ yery pro.mitleutl;r .. -A large part of the fore&£ tra.o~ i• 

popllla.ted hy' eapli~. Tbit-itself i' a ele--ar illdiD&tio~ of the rapid deforestation whiofi: hu- 6~tea 

COUag QD for cfooadel• 

Table VI gins th-e owntsa.r of plants a.nd certain Dle&aure~euts on the first fi. ve speoiea fof . / 

Ta'ble V pla.-c:e-~&. Other apecie.e }lu.e been fgr~mpt.d together and their number and 

~~~&&~qremev,ta are aJw &i ,..Jl itr 'I able VJ. 
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, TABLEV 

' . 
"f'A4 '"""bt' of eommo~.plam 1,1tciu ~et wit~£11- a" fJ9_U-r.tgat& ~'" of 11,10,000 ·~r& !"' 

ltJmplulfrom the Joruta oJ the eate.Am.ent. 

~- . 
• 

L9Cl•llfltlb.l of ' . Rot'la.nica.l·aame 

• the~oiu · ' 

' 

Nam.b.e.r N1o1mber . ' 
ef J'-of - Total 

~-- aap.U~a • 
' - . . . -~ 

. 
' . 

' -
. 

_3 ' . - ·--=---. . 
I l 

•• Sal 
. 

SJiCll'8a r,obQ~ttr; . . . . .. .... .. . a!Kl 1,48Q 1,870 
~ 

'!. K.end • • . . .. Di&"Bp;yros mela.noiylon ' 37 4Q3 «6 . . . 
' l Nya.r . . . . .. Bucha.nania Ia.tifolia • t ( . . 40 299 339 

4 Aea.n . . .. .. Terminalia. tomentosa. . . 25 151 176 
-.. 

li. thel"e .. .. . .. Semeoarpus anacardiom .. 27- 102 129 -
• Kanelo. 

. . .. .. . ~ .. . . . . I 9t 95 
. 

7. Dha.ura. •• .. . . Anogeissus latifolin. . . . . 11 72 83 
-.. 

8. Mab"ua .. . . . . Bassia. latifolia. • .. . . 29 43 72 
• . . 

9. Dudbki •• •• .. . . . . . . -0 68 68 
~ 

10 lndraja.wa.' .. . . . . . . . . 0 68 68' 

ll. (\allf'lle .• . . . C'arissa spinarum .. . . 4 58 62 
I . 

12. Ja.muu . . .. .. Eugenia jambolana. . . 
13. Aonla. .. . . .. Emblica. officina.lh . . 
14. Harra. .. . . ·; Termina.lia chebula. .. . 
15. Sidb.a .. . . .. Lagerstroemia parvifolia. 

i ' . 
. . 

f ·_-;~ ~ 
49 so 
-. . 44 44 

.. 
41· 

37 41 

. . 4 19 23 
. 

16 Paisar .. . . . . Pterocarpus marsupium . 3 7 10 

17. Kusum .. .. .. SchleicbeJ,'a. trijuga. . . 
•• 

.. 8 0 I 
8 

18. Dbak • ... . .. . . Batea. frondosa. . . ' . . 7 1 8· . 
19. Raber& ·~ .. .. Termina.lia. belerica . . .. 0 7 .7 - . 
20. Karam . . .. .. Adina. cordifolia. .. .. 4: 0 4: 

• 
tl Ga:gal .. .. . . Cocblocpermum gosaypium· . . 3 1 4: .. . 
U. G'&M1.l&T •• •• . . · GmeJina arborea . . .. I 1 2 

' 

U. lli~aneoua .. . •. . 31 404: : 
4:a$ 

.. ' . 
' 

~ 1---------·--r-----1-----.-1 ... __ __.... 
' 

. . ..... 630 3,4()() '-P31 Tott.l ... . . -. : . -
.!~ !.. ~ 

----------------------~------ -~----~----~._ ____________ __ 
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TABLE VI' 

Principal species of planta met within an area of 10,000, square f'et sampled at eac~ oil'M . 
following places antl thew me!.ln heig~t in feet and diameter in inches. 

Sal Kentl 
• • ! •• .. 

~~------~~----~--------~------~----- '. 
l--··Tiees -----S~Iinga ---~-·--··-~aplin~.---l 
I No. Height! Dia- No. Height Dia- No. Height Dia- Ko. Height Di,... 

t·. 
Place~ 

mewr merer merer merer 

1 Barlu --.· .-~ 19' ~~59----s J.2~ -.-.---:-Sa ----;J J.7 

1 
£arakar-Girid.b 1!0 22 4·2 74 8 1·1 • 6 24 7·9 49 5 . 1·1 
Maclhnban.q~. ti~' 25 5·0 59 II' ·1•5· . ..t·s 18 4·6 12 6 1·0 

· Karmataf • . 44 18 1 3·91 161 ll 1•7 0 , • • • 9 3 0•4 

r
'·Deolbari .. 50 19 3•7 320 10 1·6 0 .. .• 112 ' 5 Q-9 

Befmo I·. 17 28 5·7 24 7 1•1 3 12 2·9 16 6 1•2 

I 
:S18hengarh • . 8 27 6·7 1 256 11 1•3 0 • • .. 12 S 1·2 
Hz.z:~.rib:rh .. 48 26 5·7 1 168 9 1·2 4 20 3·5 16 6 1·5 

! r:ay - . . 40 29 5·0 1 75 n 1·5 9 19 3·0 33- '1 1·1 
• P.a.r.':uh .. 8 19 2·7 116 10 1·5 10 13 3·2 38 8 1•& 
! ?',;.'-!. .. 44 15 2·7 I 168 13 1·4 0 I .. .. 23 3 0·7 --1---- .I . -----'---'--<-) _ _, _____ ...,.....;..._ 

• 
t 
l . , --·- ..... 

Places 

--- or 

a.r-Giridih 
uban .. 
a tar .. 
ari - .. 
0 .. 

.. 

--
No. 

--
0 

I~ I 
0 
o· 

- 4 

Piyar 

Trees 
. . 

- --
Height D1a-

meter . --.. .. 
15 4·0 
18 3·7 .. 
.. .. 
19 4·3 

Asan ... 

~a.plings • Trees Saplings • 

- --;;. Heightlrna:- -N;.'" Height Di .... 
meter meter 

-----
--- -
No. Height Dia 

meter 
------ -

13 5 0·9 
36 5 0·9 
21 11 1·6 
2 4 1·0 

112 7 1·1 
11 

10 .. 
22 
.. .. 
.. 

3·5 
.. 
4·9 
.. 
. . 
. . 

10 2·0 
5 1•1 
1 1·0 
0 0·4 ! , 

::5' ~~5 

• B.uh1 
Ba.ra.k 
Madh 
Karm 
Deolb 
Berm 
Bishe 
Hazan 
Rav 
Ra;ng 
H.ukru 

ngarh 
bagh 

arh 

.. .. 
-.. .. I .. 

14 18 
8 27 
2 22 
6 16 
1 .. 

10 1 1-2~ 
~I ~:; 

ll ,1.·7 

6 1 1-0 3·5 16 9 1·1 
6·0 20 11 1·4 
4·0 20 8 ·1·5 
3:3 28 9 1·5 
.. 18 7 1 1·: 

.. . . 

1 
' 

Bkelwa Miacella~ .. ------------------------J--------------------------t • I Trees k Saplings TP..e~~ I Saplmgq i 

I
. Place

3 ~Height Dia:- --;;.- iei;bt"t D~l "N:.-1Hcightil n;.:- No. ~~,- I 
__ ~-----~---~i---~------- meter 1 
Barlu .. 0 . . . . 2 6 1·3 2 . 40 11·0 91 · 7. 1·2 r 

~ Barakar-Giridih 0 .. .. 5 7 1·5 - 4 18 5·2 46 S 0·9 1 
Madhnban 0 1 14 2·0 10 24 5·1 95 ·-··9· 0•9' 

· Karmatar · 0 2 7 1•3 1 . . I 8 · 
Deolbari 0 32 9 1•7 16 33 10>0 180 8 1•3 
Berm~ 0 0 30 21 6·1 33 10 l·.S 
Bishengarb 12 13 2·6 8 9 1·3 11 · 21 7•3 154 10 1·0 
Ha.zar1bagh 8 14 3·5 12 11 2·0 13 21 '4•0 40 9 1·2 
Ra.y • 1 11 "·5 I 4 9 1·5 7 36 12·0 84 10 HZ 

'R.amgarh 6 10 z_._s ~ 24 9 1·5 16 30 7·9 131 S 1·4 
Rukm 0 6 10 I 1·5 1 I -12 4·0 Ill 6 I l·( 

----'·--Ll 
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Vegetatio»otherthan.forui&.-The species which &l'e frequently met with outside the forests 
are giyen in T~A ble VII. Of these M akua and Dhak occur most frequently on the waste lands. 

Mango and Katkal oocur usually in groves. , Lantana, camers can safely be termed as the sbnb 
.r the coal areas. , .. 

The statistics collected on waste lands is presented in Table VUI. As regards the vegetation 
a.long road-sides, tha distance between trees as well as their size are very varying. Table IX 
lt.owner, gives some approximate estimate of these. Table X gives approximate length of roads 
-covered by the catchments caloulated from one inch to fottr miles top sheets. . \ 

I 
' 

l 
I 

TABLE VII 

Li8t of6peciu commonly 1een out8Ue thtjorul tJri'M. 

I 
. 

' i, 

Loca.l names Botanica.l names Local na.mes l -Bota.nica.! na.mea . ---' . . 
.l.aan Terminalia tomentosa Kal"anj ' 

I 
Pongamia gl&bra .. . . . . . . 

• r ' . 
Aa 

~ 
.. . . Mangifera indica. Khajur -.. . . Phcenix sylvestris 

. 
Ficus benga.)e~is Ballad Ma.hua' Bassia. la.tifolia. -- .. .. . . . . . .. -... 

Bet . . . Zizyphus jujuba. . Munga . ... :M:oringa. pterygospe~ma 
--

Dumltl .. . . Ficus glomerata ·Nim .. .. Aza.dira.chta indica. 
-

Dbak .. .. Butea -frondosa Pi pal . . .. Ficus religiosa 

lmli .. . . Tamarind us indiou. - Semal .. I . Bombax ma.la.bacioWD 
• Jamun .. ' .. Eugenia jambolana Sirit . . . . Da.lbergia.lanoeola.ria. 

I • 
Xaaum .. . . Schleicher& trijuga _Siaa& . . . .. Dalbergi~ aiss_o : 

' ~ ~ .. . 
J{araa l Adina cordifoli.; Tun' ' _,CbdreU toona - ·'-.. . . . ... ' • : !' • -
~ .. . . :piospyroa malanoxylou Tar . . .. Borassua tia.belliforlllia 

- . 
.X.thal . . .. Artocarpu1 intergrifolia --· . ' . .\ . . .1/-

' .. --
TABLE VID 

JIDd .fWOtntntn# 1peei~8 of plant& mei tDithin Gn Gr~ oJ 10,000 ,_lfuare. feet o]·f.lute t4nil 
•<Jmp~e.tl at each of the Jollowin.gt>Jacu antl t~eir mean heighe in feet anil diameter tnclw. 

', . ' ',, Jlti/atUI bT&a.k '• ll~seellanMuS , --- -------- - -
l'la.cll Trees Trees Saplings Saplings 

,, . . . - . 
~ Heightlm;;:- -------+ 

No. jneight ~ ' No. Height Dia- No. 1Height Dia.-, 
· meter - meter ~~ - _ meter - -! me~r. -------- --:-- ._....,___- --: . -:--"~~--

I ' ' • 
-

l(umatar . . 16 !!5 14·4 2 32 12·0 2 ... 'l 7 .4 .. o~.i .. 
' 

.. ' 

Topchancbi 1 35 13·0 17 . 28 13·0 42 6 1·2 - -.. . . , . .. 
. . 

Guatia. 3 .29 20·0 31 ·to-o .. .. . "21 5 5 1·4 13 6 0·8 . - , -
Ilendegir 7 46 14:·7 2 28 Il·O ' 5 0 7 59 10 1·5 .. 
Rukni 

-.. .. .. .. 49 Hl 6·0 53 5 1·6 171* 9 0·4: 

j . • Out of these 170 shrubs were of Lantana eamers. , Tbia 1hrub ia nry comJnoniu tlte lb.nbhum 
It. 11 •f H'IUM found in othe:r p&ri8 also in iaolatecl patob.ea. _ 

"I I 
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TABLE IX 

Some ob8ervatiOM on 1M treu which are found along the roada. 

Distance between trees 

Over-all height of tho treee 

Breaet-height diameter •• 

Description 

. ' 

Length in milee 

.. I 20 inches 

-- - . ---The groves are commonly seen around the populated localities and in the agricultlll'&l sur· 
roundings. It would be quite a fair approximation to consider 25 trees per orchard and three 
auch orchards per square mile of the areas under cultivation, fallow and not availabte for culti· 
vation (refer to Table II). The average size of the trees may be taken as (i) oveT-a.U height equal 
to 25 feet a.nd (ii) breast--height diameter equal to 12 inches. 

TABLE X 
---------~--~~ 

L~agt' Qf t.1a t"oCE<U of eke catchm6~ in. milu. 

----..... ---------------------~--~-ti_p_ti_on---------------------~--------t-"••m~ 
The main roads 

Other roads 

' Tot&l 

600 

730 

1,230· 

' 
1 j 

Enufl'le1'flti.Qn of plant~iDD-The'.pl&Dt population has been worked out on the buia ef ' 
the above couideratiDne loi the wh<rle of the catchment. I~ ill giv:en ill Table XI. ' 

, 1 • TABLEXI • · 
~ . 

Emmatt6 tmal•uunbtr ofl!lilati il\ mill.iwl (1,6110.000) '" fk'Ctlt~'lfJ a~Ole.it atr«.ge •a 
. 

- No. f1f plants Size af pJanta .. -- -~criptioJ?- _of the area .• Exten.O .. 
Trees Sa pimp . -

in aquare . 
" 

> [saplings--llliJq Treee Total Heigltt Diameter Height Diameter 
in feet illinchea in feet. mmct. -- --Jl'orelbl . . .. 2,-3&0 380 2.o5a 2,.(36 21 ~·9 8 l•l 

' .. -

Wal'telnda .. - .. 8.8.0 61 170 m 29 1.2·'7 • I·& 
' - . - - -- -Baade .. .. uao O·f .. 0·41 ~ 20·0 .. . . 

• ~ 

t:altintea, fal!aw and DOt 
aTr.ilable for CQttin-timl 

a.ooo 0·8 .. 0·3 25 llH} .. .. 
TotaJ .. .. 411·1 2,232 2,673·'7 -

115 4!HJ u 2·8 
--

F-
Tot&) U. rooJM! figure .. .. «2 11.232 2,674 •' . - . -. 

Mean 12·4 7 1·1 - -
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ESTIMATION OF TBE PROBABLE WATERLOSSJ:I 
• THE RAINFALL FACTOR 

I 

The factors controllin.g rain water are (a) interception if rain falls \ln vegetation before 
reaching the ground, (b) surface run off, (c) percolation through the soil : (i) retention by the 
soil, {ii) underground drainage, and (d) transpiration and evaporation . 

• 
A certain percentage of the rain drops is intercepted by the vegetation before reatJhing the 

ground. The extent of interception would, of course, depend upon the species of trees, theiJI 
density of stand and many other f&ctors. _ Kittredge (1937) states that for the averagf' forest 
conditions the seasonal interception may be of the order of 10 to 25 pe cent. of the precipitation. 
Horton (1923) puts this figure as 15 per cent. ofthe rainfall. - ' 

A part of whatever reaches the ground runs off directly from the surface creating lakes, nal~ 
and rivers and finally discharges itself ir.to the sea. Some portion sinks into the ground and is 
retained in the soil. The other portion sinks still deeper to form the underground water which 
serves as a. source of water supp1y to wells and springs. 

, The water which is held freely on the surface (lakes, reservoirs and rivera) and that which il!r 
held by the soil is subjected to the process of evaporation. The moisture contained by the soils 
bearing v~geta.tion has yet another source of depletion., viz., transpiration. 

The av,erage annual evaporation from the free surfaces of water on the catchment area of the
Da.modar river is of the order of 70 inches. 

T3AMSPIBATJON 

Transpir&tion is generally m"QUuted by the_. pli\nt physiologist with isola, ted plants under 
controlled conditions. The problerr. of &.StJessing transpiration lose- of ple.nt communities in their 
natlllal h&bita~ has really not been tackled so far. Attempts a.t estiJ:nating thia factor from the
scanty data ~ow a.vail&bl~ must thef'Cfore be treated ~ men gueas.worle intended to show up at 
l eaat very !'ougbly the order of magnitude of this phenomenon, · 

!'rtl1t.Sptra.tio~ tJ,~!ih trtgt~fi<m. ntA~r thrl.n ct-0p1-

' 
Littl& is kno~ rrg~rdi:ng van&piratioll from treea. 

Hohnel in Atl8tri& ha-d experiDlenteil between 1878 and 18-8-0 w.ith fiv-e to aix yeal'.F 
old seedlings of fore11t plants transplanted in potom.eters. The size of thes.e potome.ters was nry 
email so as to conta.in only a.bont n lbs. of soil. The nlUD'ber of plants tried per species-
was also limited~ ' ' 

Horton (America, 192'3) tried to make use en .(tohnel's da.t& by 'lollecting some more infotJU
tiott. Hi a main obj-ect was toestahUsh some kind of relationship between the height and diam.-. 
of trees em the one hand a:nd t-h& &mOOJit of water tra.u~ through those on the other. Horton. 
1rorked out th& fo1lowing emJl'!rica'l fG.rDtttla :-

where T- tra.nBJliration l.ou exp.re.s!ed. a:s -a depth in m-elre.s pet •~.re. 

d=t}l-e bre&:lt height di&:JZtetet' in in.ch-e-a. 

A=-the height of the tree i11 fc.et . 

.N=the number ofpl~ts per ficre, u.d 

E=the annualev·aporation in inche.l!. 

1 tis to be emphasiz~d once more that the basis of the above formula is only Holwel'e ivdividua}'; ---work and the dcf<>cts inherent therein would be present in B.orton'a formula. The position with-
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t'egard to this subject so far as India is concerned is indeed most unsatisfactory but to get some 
•ery Approximate idea of the order of magnitude the transpiration loss from trees over the Da.m~

_du Catchment aa estimated fro~ the above formula is given in Table XII. 

' \ 

TABLE XII ... 
W Gltr trtJMpired o./1 by the vtgdat&on. ui'Acr tAa• erop1, D! tht. DamocU&r CateA~1lt tDorla:cd on tlzt 

tMi4 of Horlo'l&'•fotmula. Dato ofTabl&Xl Mt1tJ .;·en utilized kra. T~ e~nnuaZ tvapor(llioM kl 
.Ju•IGidM 70 t~. 

Lou through 

Trees 

.1. 

t 

Amount of Y•ter tranapired 
otT 

in &ore-
inchea -1 

in inches 
spread over 
the whole 

cat<J~ment 

·------------:---------) 

.. I 

• I 

24, 7;4,49S I 5·3 

0·6 2,673,4!0 I 
:------1 

27:397.9381 5 9 

• ~ra'fU1'it'tJI.ion thfougl6 erop1.-The work here agam )las 111ostly been limited to isola ted 
plnt.s under UD.D&tuta.l conditions of expoaure. . 

"Transpiration loss has invariably been expressed in terms of' the amount of water lost per t:Dit 
my weight of plants excluding the roots and has been variously termed, e.g. coefficient of transpira
tion, transpiration ratio and water-requirement of plants, etc. The most important work on this 
problem is that of Briggs and Shantz (1914) and Briggs and Piemeisel (1927).. Leather initiated 
similar work in Indi& in the year 1906. The following maiD points may be noted in conneatioa 
with his work :-

{i) to atart with only one pot was nsed per species of plants, later on the replication 
used were two per species, • _ -

4.-<. " ; • 

(ii} the plants were exposed to sun during the day and were kept under roof iD the iugh,, 
{iii} many sizes of pots were used in the study U> order to lu>ow the effect of the size of 

pots on transpiratioi.' rate, 

~iv) two sets of pots were mainta.ired, one with plants and the other without _the rest ofth.e 
conditions remaining identical. With the first was recorded the combined 

. effect of transpiration and evaporation, while the latter gave vaporation only. Thus 
by deducting the evaporation loss froni the Jiie.t 'set was obtained the loss due to 
t!anspiration. . . ~ ' 

The average transpiration ratios for some crop plants as fourd out by Leather are given i11 
"Ta.ble XIII ' . · 

Transpiration from plants depends, besides the physical factors, upon the nature of plal:l$a, 
tlleir density, the amount of moisture present in the soil, etc. The ideal way, therefore, would be to 
consider each crop separately under different e.nTironments which are met with in the catchment it 

. ~rder to work out the actual tran.'!pirationlosa. However, for the. present, the tranepiratioll lpaa 
.. tlu beea worked out u indica.ted below.· 
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- - . 
[t. ha.1 been soon eMlier th 1.t paddy i.J tho maiu crop u£ thtl catchment. Then asswni1J6 th.~ 

(i) pa,Jdy grows in the whole cultivated area, • 
(ii) it grows as a dry land p~dy, 
(iii) its av~ra'ge total dry weight {excluding roots) per acre is SO ma.unds (20 malJu•is ~ 

of paddy grains and 60 maunds of straw) or 6,-100 lbs •• and . 
(ill) the averaae transpiration ratio is 73l, the water-loss due to transpiration througta . 

the crops ~of the catchment would work out to be 6 • 2 inches if spread over the whole- ~ 
catchment area.n£7,200 square miles. · · 

TABLE XIII- -

Thi tlveMge wa~r'Jlioa ratios for 1ome crop pla'AU. tiUOUn(ing to .Leail&er: 

Crope Transpiration 
ratios 

-- 470 .. Sugamwe 

Wheal 850 

;Jar ley .. 4.80 

Linseed 000 

SarMJa 740 
. . . 

Ora.m .. 1,400 

JotNr .. 400 

.. 250 

Ko~ .. 300 

.. .. 1,000 .. 
Guar 1,100 • 

Rice .. .. 1,000 

.. 4:l0 

Mean •• . .. '126 

. Th:n it will be s~en thd.t tho total amount of water lost annually by the proce~>s o£ tra.nspira-
tion t:..:..rough vegetation and urops of the catchm~nt rn~~.y be of the ordor of U in.ihes. 

EVAPORATION FROM SOIL 
The stndies on St)i} evaporation have been going on in the Agricult.ora.l1\ft>toorology 8Cf'tiOa 

~t Poona. for a number of yeara. Somo of the resul~ have been summ.trised by Dr. R.amu.u 
m a recent report on " Soil :\loisture t~.DJ Evap..)ra.tion Invo:iti;J ~tivll.:i". The36 are repr<>Juu~d 
!>eo.~ in Table~:~ XIV and XV. 
ltZlCCl 
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TABLE XIV 

______ _,_ ____ ------------~----- -- ----

I Moanda;Jy I Mt>an daily evaporation in inches when the thata.nre. 
between tl.c "'ater table and the evaporatlnJr top 
, aurfarP of the aoilaolnmn is 

l --Month[l939 Tyres 
of l soil• 6 inches 1 Foot Hi feet 2feet 3feet 

~---.;. 
• January A 

B 

I 
! c 

--
A 

' I 
i 

I 
, Febr•.A!"Y B l 

c i 
I 
I 

A 

! 

I \Marclt B 

'I . 1 ' c II 

.'f!....:-' ------1-;-
~1 ~,.0 
·t r--

-1 M&:r 
' , 
:! 

I 

B 

c 

A 

B 

: L---------· 
A 

June ., B 

: 
~---------~~---

c 

I 

I 

I 
I 

I ,. 

. 

0·30 0·26 0·17 O·ll 

0·29 0•23 0·21 0•18 
• 

0·05 0·02 0·02 O·Ol 

J 
I 

0·3l I 0·38 0·22 0·15 

0·37 0·25 0·22 ().)8 

0·06 __ _::~ 0·02 

0•48 0·41 0·23 0·16 

0·43 0·30 0·2) 0· 1'1 

. 
O·O.'i 0·03 0·03 0 02 

0·40 I 0·48 I 0·23 0·16 

I 0·51 0·31 0·23 0·18 

0·0!) I 0·03 0·03 0·02 

o·t') I -
{··:39 ! 0·21 0·14 

0·321 0·5f 0·24 0·18 

0·()4 0·03 L::- 0·02 

0·22 
I 

0·09 I 0·07 0·08 -
0·2.! 0·16 0·13 0·12 

0·031 0·03 0·02 0·02 

•A-R~ar• cottollsoil ofPonna. 
B-Alluvialaoil from tile Punjab (noi'JJI&J). 
C-'Bari• (alkali) aoil &om the Pojab. 

--
0·01 

0·09 

0·01 

0·02 

0·09 

O·OJ 

0·02 

0·08 

' 
0·()1 

0·01 

0 09 

0·01 

0·03 

0·08 

0·01 

0·02 

0·07 

0·01 

evaporatJou 
in 

incht>a from , 
the u.s.A. 
evap6.rimet~1 

0·25 

' 

0·3.'i 

I 

0·43' 
I 

I 
I 
\ 

o.J 

. 

0·57 

0·34 

-



------
I 

T1peol 
I . 

• 
Mouth of 

soil* 

A 

Ot~~bor 1941 D , .. .. 
' 
E 

-
l A 

f 
... 

l J:~.nuary 1942 D 

l E 

I 
~----

A 

February .. D 

E 

-- ·--
A 

i 

M&rch .. D . 
E 

......__.........._ ___ ---
A 

April .. D 

E 

------------
·A 

~hy JJ . . . 
I E 

' 
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TABLl•~ XV 

I 

.Mean daily evaporation in inches when the distance f.Moan d.illy 
between the water table and the eva}lora.ting top evaporation 

surface of the soil column is in irtches 
from th· 

\.25 feet 
standard 

9 inches 1•25 feet 1·75 feet 2•25 feet C.S.A. 
- evaporimeter 

- -

I 

-

0·31 0·!1 0•14 
'. 

0·21 0·13 0·12 
~ 

0·02 0·01 0·01 

--
I 

0·31 0·20 o:14 

0•26 0·1~ O·ll 

' 
0·03 0·01 0·01 
- ----

' 
0·40 0•22 0·16 

0·33 ' 
,0'19 0·13 

' 

0·06 ·0·02 0·01 

-
0·53 0'24 0·19 

. 
0·20 ~ 0·40' l 0·15 l 

I 
I 

. 
I 

0·09 . 0·01 I 0·01 ! . 

0·61 0·27 0·20 

0·46 0·22 0·17 

0·14 0·02 0·02 

---
0•62 . 

' 0·28 0·20 

I 
0·48 0·23 0·18 

0·14 0·02 I 0·02 
! 

• A-Black cotton soil of Poona. 
D-Red soil of B&ngalo.ro • 
.&-.<::and,t soil ofTrinndr11m. 

o·o9' 0·01 
I, 

0·06 0•01 0•24: 
' 

0·00 0·00 

-----
0·08 0·01 

' 
' 

0·06 0•01' 0·23 

0·00 0·00 
I -- -

-- 0·10 0·03 

0·07 0·02 

I 
0·31 

o·OI 0·00 I . 
-......-

O·H o·oo I l 

0·09 O·o4 0'44 
I 

' . . 
i l 

0·01 j 0·00 I 
I 

0·15 0·05 ; 

-
' 

0·12 0·04 0·50 

0·02 0·00 

•15 0•05 

0•12 0·04 0•53 

0·01 0·00 1 
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Tlteta'blHh!dicatethat the enpo~tion nries (i)from season to seasnnand(ii) from IIOi1 let 
toil ar:d tht the same soil evaporates at very much differeut rates depending upon the distance 
l;et.-t't'h the !iUrfRce of the soil &l"d the saturated level of moi'!ture below the soil surfi\Ce. Dr. 
B au:.das bs "WOrkt>d O':lt a formula for ca).-ula.ting the evaporation loss from any ginn soil. I& ia 
ginn below :-

E,=Eo Ic-Otz 

"ffhere I= the distance in centimeters betw~n the enrl~Wle orthe soil and the water-table 
(or the sa.turation zone), 

••-=the evaporation iJf inches when • is the distance as explai.ued abon, 

~o=th('l evaporation £rom a free W'llt.t'r surface, and -

«=& eonata.nt. 

Cateula.tion or evaporation from this f'ormula is eat.tj onoe we know the « value of the pa.rtJ. 
-c.Iar soil u well a.s the value of •· 

Tile soila predominantly occurring in the Da.modar Catchment are of red and whitish coloure. 
The former is most probably derived from the decomposition of the gneiss. It is the soil of the 
!crest area and is also found in agricultural lands. The colour of thq white soil is probably due to 
exceES oflime. This soil i9 found outside the forests mostly as a mixture with the red soil. 
The ratio in which the two soils are found mixed varies greatly with the locality. 

Samples cl these soils were collected from three places during the tour or the Catchment. The 
p1acee are Barakar (Giridih), Barhi ard Ramgarh. The mechaQical and chemical composition 
of these soil samples are being analysed in the Laboratories of the Agricultural Chemist to the 
Government of Bombay. The CAlntral Agrioultural Meteorological Observatory at Poon• will 
Investigate the Ot values of these soils. It is difficult to attempt the estimation of the evaporatioa 
hem the bare portions of the catchment aa we have no reliable information of the area which caa 
be designated aa" bare ... 

We may, just for making a very rl)ttg!. gueu, n &ke the following assumptions-

(a) 30 per cent, 0£ the C&tchment Can be assmed to be eff'etfvely II bare ,. during the yeU'. 

(b) evaporation from a free water surface or saturated soils 20 inches daring Jane to 
SE-ptember. 15 inches during Ottober to Januwy and 35 inches during February t4 
Mny. · 

(c) the dPr,th z of the wet zone Jn the soil iR, say, 50 rentimetPl'S du~ June to Sf>ptember, 
50 cP.ntimetcrs during October to January and 100 centimetel'li durin~ February tc 
lliy, and 

..(c!) tl::e vl\be of rs is oft!ie ordrr of, Pay, 0·01/i. Th!ln, thetota.) stnnual evaporotion from 
the" bare" soil may be PStimared l'S about 33 ir•c,he9, Uthi• a'llount. is sprE-ad ovflJ 
t!.e wlwk cctc.!Jmet~t the ~,ontnbution of direct soil eVl'por.otia:, will Ue of \h" order 
of ten inchet~ ar.ppronmattlly. 

Tbe tctal annn11l loss by evapot"ltion anJ tr&.n'~pira.tbtt {rom the catchm~nt as a wtole is 
of tLfl orde.r of about .22 inche~:~ or toughly a bout "u per ueLLt. of the a.c.nual precipitation of ~bon' 
85 uwhea. 

It wa.q attempwd duril'gth"' tour to stud1 the moistur"' content oft he plants, as intHoated by 
t~e lE-af.moistu~e. at the var•oui p!aces of \"JbJt. Thrl"e trt>es, viz., Sal, Jl a/Iva and Pi11"'· we~ 
ael~tfd for the purpose. Five pounds of ert-en lE'nVP!l of each of these tret-s Wflre collect.e.im 
4u.l'~&te, dried and then re-.weighed. The 1~ w we1ght rei'~'liAid the moJ.Sture. Tlmi Wll.3 



; . 
erpressed as the percentage of the fresh weigh~ or the leaTes. The least oout. of the 'tpriog 
Ml&oce U86d was 2·0 ou.ncea or 0·13lbs. The mean psroantage! thu3 obt'lineJ are gina iD. TAble 
XVL · 

TABLE XVI. 

Mea" peretn.ll:t,]t of mout1.1re jauntlJn the k:soes of cutai~t tre_u 

Trees . f 
I 

ru.res of sampling • 
Sal Jlallu ' PiF 

t 
I 

Bvhi 54 :I oi .. • 
551 Barakar {Giridih) 05 

.Madhuba.n 66 49 II 

-* 
Ka.rmat&r 69 ~ 66 G5 

-
Becm:. c:9 1 56 66 

" ... I 

Biehoagarfr ' .. .. .. 631 61 &8 

P.a.y .. 57 J w ~, 
Ramga.r~ 63 47 . ·j ·:1 Rukni .. · 63 I 59 

• f 

It c&n be seen that on the whole there appears to be little diffeorenoe among!'t the trees a& to 
lrheir moisture content. The trees show more or less the sa.me moisture content at all the p!aeel 
wb&ro aamplea we:a taken, at the time of this survey. 

CONCLUSIOlf 

The total lOllS of mGisture on aooounf of transpiration and evap:>ration _Cro"ll th.e Da.mo.iar 
tatohmeot is perhaps of the order of say about 22 inohes par yea.r or 40 p3r oant. of the aonuBl 
precipitation. As has boon already emphasized, this figve should ba taken &.'i a rough guess. 
Ot-ly a t!loroug!l in veitigltion of the many problem'~ involved can yield more ralia.bJe estircatea. 
Besides the~aoieotifio investig>ltions. an aerial survey of the whole cat.:hmert area iJJ also 
83..--entia.l if some idea btobeobt.ainodofthe actual distributioo ofditrerent plant oonunurutleea 
Ill tho Damodar Catchmellt. - . 
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APPENDIX II . 

Suggested Procedure for Inducing 
Precipitation f{om Clouds* 

I.NtRODUC'IION 

Tlie procedures suggested for inducing precipitation are based upon best authentic e.xpel'i-
.a.cntal evidence available to date. but no a.ssurance ';Vhatever can be given that precipitation will 
Occur on every occasion when the technique described herewith is employed. Further, although 
prPt 1p1tatlon may be produced at the base of a cloud, significant amounts may not reach the 
gror.wd 1.0 all ca.ses. 

PRE-REQUISITE METEQRO . OGICA t. CONDITIONS 

Spedfic cloud types arc c;;, ential for the success of the technique. 

Eitl1er layer or cumulus type £'londs may be used providing that the tops of the cloud iayer 
e.ttend •• bove the freezing level and comist f super £>oo'cd water droplets at temperatures bel9w 
freezi11g. Clouds consi,.ting of ice crystals or snow flakes do not respond to artificial sti.mult~. H >n. 
Cloudi consiiting of water droplets at temperatures above freezing do not normally produce preci. 
p.imtwn. · 

' It should be pointed out that the cloud conditions suitable for " soeding" are those \Thi.,b. 
can also leaa to the natural pwduction of precipitation. -

Under ctit!ca.l atmospheric conditions, it is possible that inoculati~n of the cloud may pio-
dace thunderstorms with accompanying hail and lightning. · 

Claud Identification:-

Clouds of su porcoolcd water droplets can be identified by tho followinP. cha :acteristics :-· • . ' 

(1) The temperature must be at or below freezing (32°F or 0°C). 

(~) Ice forms on the leading edges and windscreen of aircraft when flying throagl1 t.: & 

• opercooled portion of the cloud. -

(3) A glory (coloured halo) is seen around the f'l1adow ofthe aircrllft o~ tlle cloud. 

' !';A note read bv Dr S. K BJ.nerji Director ofObst.rvatories. India )leteorolo~ical D~~rtment;' Govt. "f 
}udia. at ~!:.s nineteenth annual merting oftte CE>ntral Boa1d (_)f Jr:!gation in Dece-m Lei I !)48 duiing diacussior.. • 

on \he s•tbject " Artif:C'ial Rainfall ". 
!)91 
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(4:) With cWl!nlas type clouru the ou~line it~ clear_aod hard wheu view.ed from a cikt~..;u.~ 
as contrasted with the fibrous, dt fused outlme wheQ the cloud !S composed of ice 
crystals. This is illustrated in ~igure 1. 

Fig!Jre 1 : Typical cumulu clo-wl formnlilm. 
A.-Cmnpo:wl of wakr dro-pltt8 ('JV>t~ h.ta.l outli.n.e). 
B.-Oompoaed of lc~ crystal {Mte di!fu6e4 cru.lline). 

{5) Tht> SI.L"'l, when viewed through cloud, is »harp edged. 

Clcnvl Limitationa 

Observation'! t() di\tf' indi.,atPt th'lt "cloud depth of' at lM<>t. t.OOO feet is required to prodm:lt 
significant amounts of preuipita.tion. Furt.hcr, the ha-1e of the cloucl should not be much mort· 
than 5,001; feet above the zround. For each additional2,000 feet of cloud depth, the base of tha 
cloud car be :t.bout l,OOU foot higher 

The foregoing informatio:!l appHes to sumroer clouJ. For winter o!oud, because ofthe lcwu 
Water t'.Ontent, much greater cloud dPpths nrc required. 

PREPARATION OF DRY ICE 

Although other ifi0'11:"-Pt3, :meh "~ !'li!v~r ioolde. vnl~""lie d•1~t; w .• have been f011nd t<t 
initiate precipitation iu the labf)!'~tory, onl:v ·thE' U"f' o:"" dry ice", which ha..CJ beer.. most 
.Bucoossful i11 fli7ht tPst!':! to date. wiJI be described fn this note. 

"' Dry i11e" (solid ca.rbo'l dioxid.-•) can lH ohta.j•wd eom'llerci'lHy in M lhs. bloots_ 
1lppr,..xitnarely 10 iPches X 11) inrhPs X 10 irwhes. Since drv ice evaporat-es at-110°F •• it shonld be 
stored in a. wel1 insulated container and kt>pt at a~ low a. temperature as possible to preYe nt 
exeessivf' loss. The rate of dii1appcarano*' of a 50 lb. block, of dry ice in commeroial padcing., 
when stored at 32"F. is approximately 9 lb. in the first 2l hours. 
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'"-''"l&f 
The dry ioo f·u aceding ·must be crushed. -A. praotiosJ size is a pellet ef approximately S/8 

Jach diameter, which will fall approximately_U,OOO feet before evaporating completely. Larger 
diameters aro wasteful and may constitute a huard to perso!l8 on the ~und. Smaller sizea1 an 
llOt as effective because they evaporate after a short fall. Standard o~mmel'oial ice orusher1 
are suitable for this purpose, al~hough the crushing of dry ice is a more severe process. . 

Ic. order to prevent 'caking' of the granules a.fter cnishing, the granulated dry ice should be 
aieved through an 8-mesh (appro.rill&~a.tely) screen to remove the powder. The pellets may thea
oo packed in canvas bags .or other similar containers for stowage on the aircraft. 

To avoid exoesaive evaporation. the crushing should be ca.nied out in as short .a time aa · 
po~sible before use. 

• 
H•R4ling 

Bellt.use ofthe extremely low tem~rature ofthe dry ice ( -ll0°F.), it should be handled . 
on!y with heavy gloves. -

FUGHT TECHNIQUE 
. 

Whenever possible, seeding should be carried out above the cloud. lfthit~ is not possible tho 
aeeding should be carried out as high as polNble in the cloud. and at least '500 feet above thu f~· 
ll'g level. In cumulus type cbud, where it is not desirable to enter the centl'8!1 " huJid-op.,, 
the seeding may be carried out around the periphery of the .. build-up ... but must be over the 
eloud. · 

.. Bteding Pattern 

'l'he seeding should be carried ou£ upwind of the area in which the rainfall !9-desired. n a 
recommended that, over stratus-type clouds, ~he seeding be oarriHl out io lines at right ang'ea 
'o the wind and, pproxima.tely 3 njl~; ap,,rt, since experience has shown that the preclp t.atiou 
area spreads laterally at the rate of approximately 2j mile~J per hour. Over cumulWt "luuds, 
t; e tLght path should pa.sa over or near the highe:it build-ups. 

AIRCRAFT REQUIBE.MENT& 

1'he fuUowing roquit-me.nt:t are suggested for the aircra.t't to be used for this work 1 

• 
Since the aircraft must operate in cloud, it must be fitted with blind 8ying equipmeu.t.. , 

(2) Oqge11 811ppl11 . 
To rem&in at sJtitudts above 10,000 for more than a short time, oxya,eo equipment is et.seutisl. 

(S) De-ici1tg 

Sinoe Icing ia assoolated with s11porcooled oloucb, adequate de-ioJng for engines. propellor.e 
u.d wil'gs is deft1"AWe. · 
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