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FOREWORD 

In this leaflet, an attempt has been made to acquaint the 
.-eader with what is being done in connection with Irrigation 
.Research in India. Details of the highly technical work nay 
:not interest all, but a general knowledge of what has been achiev­
~ in the country and what is being done for the optimum utili­
sation and conservation of the water resources of the country 

s hou~d no doubt, be avai'ab!e to every citizen. 

Details about individual t:xperimtnts or of work dcpe c,n 
different s.ubjects are available in the office of the Secretary, 
Cenfral Board of Irrigation and the undersigned will be only too 
glad to furnish further information to those who feel interested. 

KENNEDY HousE, 

SIMiA. 

5th January, l947. 

N. D. GULHATI. 

Secr:eta.~y. 



IRRIGATION RESEARCH IN INDIA 

THE ·NEED FOR RESEARCH 

"Nature to be co1Illll3.nded must be obeyed" 

TO construCt works, "all that man can do is to put together 
or put asunder natural bodies. The rest is done by nature work­

ing '\\ithin ". -, "Human kno,vledge and human power meet in 
one ; for where the cause is not known the effect cannot b<.' pro­
duced. Nature to be commanded must be obeyed; and that which 
in contemplation is as the cause is in operation as the rule '". 
These are the words of Francis Bacon who '' elaborated · the 

A part view of the Indian Watetwa:JI 
Experiment StatioD at Jooa 
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basic philosophy of modern science ; test everything by experi­
ment, accept nothing that cannot be corroborated by experi­
ence"· 

To harness the forces of nature for the benefit of mankind, 
it is evidently essential that the manifestations of nature mu:;t 
be studied and examined in all their implications. Research is 
the modern method of these elaborate studies. To build weirs. 
dums, embankments, bridges, falls and othep hydraulic struc~ 
tures, strong enough to withstand damage and deterioration by 
elements, the engineer is increasingly dependent upon the con­
clusions drawn from experimental investigations. In fact re­
search of this nature -has become almost a branch of enginecr­
iilg i:p.- itself. 

THE GROWTH OF RESEARCH. 

The great irrigation works that were constructed in India 
. in the 19th century were designed when the Science of Hydrau­
lics and Irrigation Engineering was in its infancy. Mistake~:o 
·were made and had to be corrected over a long period of trial 
and error. Works as designed could not withstand the rles­
trnctive action of flowing waters. But the damage done wa~ re­
paired, year after year, on improved lines. Problems as they 
arose were overcome by dogged persistence and shrewd com­
monsense which had to be substituted for correct scientific know­
ledge. 

Irrigation Research in India had humble beginnings. In~ 
dividual officers interested in the development of the subject and 
anxious to solve correctly the problems with which they were 
faced THOUGHT, OBSERVED AND CONCLUDED. The 
records of the engineering associations in the country give suffi­
cient evidence of the keen interest taken by some engineer offi­
cers in developing, as best as could be done without the aid of 
modern research technique, the theory of flow of water in artifi­
cial earthen channels, measures for the improved distribution. 
of water and the design of_ hydraulic structures. 

Experimental research in India, in connection with irriga­
ti(\n, is of. recent origin and the first in the field was Bombay, 
where a Hydrodyuamic Research Station was opened on a small 
distributal"Y near Poona in 1920. As the supply of water avail­
able for experiments was limited at this place, in 1925 the 
_Khad~asla Hydrodynamic Research Station· was opened. 

The next in the field was the Punjab, where, like Bombay it 
was .found that something must be done to combat the gro'\\ine: 
evil of· waterloe;ging,and·deterioration of land l;>y salts ; both 
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the problems appeared to have been directly or indirectly the re­
sult of· the development of canal irrig~tion. . Investigations 
were started in 1~25 and gradually a hydraulic laboratory was 

. established in Lahore which has gradually grown into the presen~ 
Punjab Irrigation Research Institute at Lahore with a large 
field station at Malikpore near Pathankote .. · . 

A small ·Hydraulic Research Station was established iJ} 
·Karachi in 1930 and about the same time an officer of' the Irriga­
tion Department in the U. P. was entrusted with research work; 
in addition to his other duties. 

In 1931, the Central Board of Irrigation was formed and an 
impetus was ·given to irrigation research in the country by the 
annual meetings of research officers and chief engineers in which 
thC' research carried out during the year was discussed, inform·· 
ation pooled, and further programme chalked out. . 

The Research Station at Khadakvasla near Poona was · 
taken over by the Government of _India in 1937 as the Central 
Hydrodynamic Research Station, since named the Indian 'Vater­
wayB Experiment Station. Bombay however continued to 
maintain a separate research station where inter alia the problem 
of the .disposal of untreated sewage of Poona by irrigation 
methods continues to be examined and de~eloped. 

More recentlY a Research Station was established in Mysore · 
en<l others in Bengal (1943) and Madras (1944). The United 
!!rovinces has developed its activities and has recently opened a 
research station near Hardwar. The Hyderabad State is now 
constructing a large engineering research station with a com­
prehensive programme, and the Government of India has sanc­
tioned the construction of a new Central Waterways, Irrigation 
and Navigation research station at Delhi, which will embrace all 
branches of research dealing with the control and conservation 
of water. 

Ceylon established a research station in 1938 and at pre­
sent there are 10 research stations in India and Ceylon._ 'rhe 
activities of all these stations are co-ordinated by· the Central 
Doard of. Irrigation. 

PRESENT ACTIVITIES . 
" 

Among tlw numerous problems which. are referred . to tho 
Irrigation Research Institutes in the country, the following ma); 
be mentio11ed : 

Model Experiments.-Hydraulics is an elusive science. 11~ 
laws are Jimited in their application to definite sets of conditions, 
and when one of those conditions is. altered, a:law_per.f~etly gQ.od 
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-otherwise, ie no longer applicable. ·It ie di.mcnlt to avoid tb.e 
;tendency to apply a rule or formula to a situation where it dot..">S 
not apply. To overcome the consequences of such tendencies, 
large hydraulic structures are :fi.nt examined on model'! ''here an 
attempt is made, as best as possible, to simulate conditions that 
e:xist in the original or prototype. . 

. :Model experiments are thus employed to verify thn de~ig11 
.of large structures and these experiments give such useful indi· 

·cations throt considerable sums of money have been saved in the 
past by spending small sums on model experiments. 

A v~ew of the complete model of the river Beas looking upstream 
--Experiments were carried out to devise measures to prevent the river 

·from leaving its original course . · 

Model exp-eriments are particnlai·ly u!eful for l'Ll'£'1" pro­
tection works. The laws relating to the behaviour of rivers under 

'"·{Efferent conditions are so little known, that the only possible 
· · method· of tackling .river problems is by recourse to thHRG f'XlJl'ti­

mcnts, and even their application is limited by the extent to which 
it is pos~i~)le to simulate the natural conditions on th~ model~. 

Silt Investigations.-Silt or detritus in flowing wat<!r is:.:cat 
()IlCe .the bane and blessing of the canal en~neer and play! a Y£lTY 



important part in hi~ every day work. Silting and :!'lcouru}~,Q;tl 
irrigation channels, silting of reservoirs, and meandering of ~ riv~:~;:~. 
are F•)me r.f the manifestations of the silt problem with which­
the irrigation enginet>r is directly concerned and a considerable 
amount of research is carried out on the nnalys1s of silt, 1he 
capacity of different kinds of channels to carry vary~ng silt loads 
~t.nd the cfi"ect of silt on the behaviour of rivers: 

Model experiments on silt exclusion 

Design of channels.-The determination :of - th~ ·:m~;i ~ ~G()ll~ 
mical size and shape of earthen channel for carrying ir,rigntiq}l 
supplies charged with different silt loads is another probleP'lJP.~,t 
constantly engageJ the attention of the research station_s., ,,. v:·<d.i 

Works on sandy foundations.-Good rock and strongfoimda­
tions are not always aYailable for all massive structures. ·' J\fa:ny 
of the large irrigation structure3 particularly ·in the plains m 
Northern lndia have to be built on sandy foundation-; liahle:to 
~cour and permeable to the flow of water. Not an inconside~'al;l~ 
·timt> of the research stations is devoted to basic research· in con;­
nec:tion ·,'-ith the desii'n oL such itructurea and .;to . . thfl. sfudyJ.11· 
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model e:tperiments of measure~ proposed for the safetv of exist-
ing works oil rivers and canals. · 

. . 

LtiC.TH ~If., ,_l"f'T '"'\.£--- ~ 

... "'"t:' .., ~...,.,.. ~[· ~ ....... , 
UMr.TM ttr J • ~f~ "'-' _ 

I.DW:l N Of t LOI.... _ __M 

Lines of subsoil flow under a weir 'on account of 
hydrau[c head as seen in a model 

Soil Science.-Soil science is now engaging close attention of 
inigation research stations, from the agricultural aspect, for the 
reclamation of salt lands, in connection with the rise of water 
table, for determining the bearing capacity in connection with 
foundation lo.ad;; and for the consolidation of earth dar.::s and 
embankments. 

There are many other activities of the research fitations, 
including various aspects of hydraulics, hydraulic machinery, 
hydraulic structures, river training. soils, cements, materin~ o.r 
eonstruction

1 
applied physics, physical chemistry, higher m:1.the­

matics, statistics and agriculture. 

SOME ACHIEVEMENTS 

The reader would, no doubt. like to know some of tl1e out­
~anding·achievements of irrigation research carried out in India 
whether as a ·result of experimental investigation in the research 
institutes or by individual officers who have made special observa­
tions an9 investigations on specific problems. 

One of the first problems on which a solution was furnished, 
was the design of earthen irrigation channels. This wa~ a,:: early 
a-s the beginning of the 20th century and it made pMsihle the 
large dewlopment that has since taken place in irrigation works 
in the eotmtry. Some of the'3e conclusions have had to be revised 
a." .ft!rlher lmowledge and experience was gained and mor~ recent 
De~ of. researeh have bee11. hreui:ht to bear •• the problem . . ~ . 
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and thfl! work dou iu lRdia ia thiao respeet is n.ot unworthy o! · 
her. 

Another p}.·oblem on which India has made a very valuable · 
cc.ntribution is the design of hydraulic structures· on ·Sandy or . 
permeable foundations. India gave the world the initial and later 
HtF. final f heory of design of such structures -; the last is contained' 
in cne of the world renowned publications · of the Central Board 
of Irrigation. 

·Outstanding contributions have been made by India to the de-:·· 
sign of canal structures of all kinds, for devices for the exclusion of 
silt, for :·J.:thods of dealing with scour caused by fallin~ waters: 
and, \Yhat is perhaps the nio,st important, for the automatic (with .. 
out nwm1al control) and equitable distribution of water on a 
scale not lmown elsewhere in the \Vorld. 

Itlodel tests of a new device for the control of rivers 
A Pitched lsland to improve the approach of the river to the Suleimankc 

Headworks on the rivel' Sutlej 

New methods, new apparatus and new equipments h8ve been 
d('vi::;ed for use in experimentai research and in the :field. It 
would mak(dhis leaflet very long if details are given of all these 
inv<>ntions. The following- extracts, from a recent lssne . of 
:· E11gineenng ", arweekly journal iesued in London, wlll however 
mrerest the reader : · . · . . 

. " The irri~ation engineers of India are making a . strong. 
bid for pre-eminence in the field of river and canal engineering; 
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arid it t:l~~riil ·thAt' Ticbbur!", Delft and :Manchester will b& vc to · 
lo.qk ~,o _ ~heu ~ur~~s ;, the latest (ten~h) annual technical report . 
of · the ~e~1t_~al Ir;tgahon Board..! covermg the year 1944 _and. pub­
H~he.d Hi' ~i.rnla m Augus~ 194t> (though it has reached u,; onl)' 
\\'It~Hl .tll_e past month),_ displays a picture of organised research 
wh_;<'h Is, ::.Jmost as. a.dnnrable as _the joint work of the Arnt~rican, 
Bt:ltlsh :tnd- Canadian-men of scrence in their successful produc­
tion of th.:! atomic bomb. 

- . Model of · a Fall over the Dadu Canal in Sind 
The ~Cide} is working . under . . full _ supply conditions after final 

mod-ifieations:- Shows smooth tlciw indicative of no scour-holes 

_ . ''. (i;r~at -e~phasis is placed on- the ~use of models aud the 
Miap;tdson· of'- these· models with their natural prototYPes, but 
much attention is given also to the comparison of rivers of 
variom;; sizes, the accumulation of hydraulic data of all kinds, and 
w~ 'qili~e~(p~:r:s~it of_valid generalisations. 

: · . . . .- .. .. . . . .. 
~~· ~~~:· ( t · . ...... ·· ·., . '• ~ - . 
'' .. 1 •. -The wide met~orological variations -in India, the enormous 
ff!'us , of> the; major rivers, the extensive demands of irrig-ation, 
fhe e~te'nt to which large streams can meander and even change 
cou~~.EI, and t}le geological div~rsitv make that country a perfe~t 

' sltr: :f6r.'.1l'vdr_&ulic "jnve3tigation. It is highly gratifyino: to !lee 
tlilifewry advantage is being tabri of the opportunities afforded.·~ 
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Silt ejector in the Salampur Feeder of the Upper Bari Doab Canal 
Top removed 


