
ANNUAL REPORT 
(TECHNI,CAL) 

1947 

PART II 

CENTRAL BOARD OF 
IRRIGATION INDIA 

PUBLICATION NO. 40 



ANNUAL REPORT 

(TECHNICAL) 

OF THE 

CENTRAL BOARD OF 
IRRIGATION INDIA 

1947 
PUBLICATION NO. 40 

PART II 

EDITED BY 

N. D. GULHATI, I.S.E., M.I.E. (INDIA) 
SECRETARY 

GOVERNMENT OF INDIA 
PUBLISHED BY ORDER OF THE BOARD 

U. D. CLASS1FICAT10N 
lm+5S1+608.4+626+627+(0S8)] 

SIMLA 
JANUARY 19-48. 



ADVERTISEMEft 

fhe Central Board o(Irrigation~ as a·. bodr is not respon1itle either 
,-: .lor the statements made or for the opinions upressed 

,, "' "' - ..... j ,... - ; . ~ . .. ·, .. ' . ' . 

in the following pages. 
. i • 



THm CENTRAL B0ABD OJ' IIUUGATION 
LIST OF MEmmRS AS ON DECEMBER 1, 1947. 

Gtit1Unment of Indio 
1. Shree A. N. Khosla., l.S.E., M.I.E., .(Ind.), 

Chairman, Centra.l W a.terwa.ys, Irriga
tion and Naviga.tion Commission. 

2. Shree S. C. Majumdar, Member, Central 
Waterways; Irrigation and Navigation 
Commission. · · · 

J. M.ohsin Ali, Esq., Member, Central Water
. ways. Irrigation and Naviga.tion Cotnmie

sion. 
4. II. :M. M:athen'B, Esqr., C.I.E., Chairma.n. 

Central Technical Power Board. 
A88am 
5. Shree R. Chandra, I.S.E., Chief Engin· 

eer and Secretary, Public Worki Depart
ment. 

Bahau;alpur 
(}. James L. Roy, Esqr., I.S.E., Chief E~:tgin• 

eer, Public Worka Department. 

Bal·achistan 
7. Col. G. H. Vaughanlee, O.B.E., Chief En· 

glheer and Secretary, Public Works De· 
• partment. 

Bihar 
8. Shree D. ~1ehta, I.S.E., ChiefEngiueerand 

Secretary, Public Works Department. 
9. Shree M. L. Bahl, I.S.E., ChiefEngineer 

' and Secretary, Public Works Department. 

Bombay 
10. Shree N. P. Gurjar, B.E., I.S.E., Chief 

Engineer and Secretary, Public Works 
Department. 

Burma 
11. U. Aye Moung, Esqr. LS.E., Chief 

Engineer Irrigation. 

0. P. and Berar. 
12. Shree C.B., Roy. I.S.E., Chief Engineer 

and Secret.ary, Public Works Depavt
ment. 

Ceylon 
13. S. G. Taylor, Esqr., B.Sc., (Ena.\. 

M.I.C.E., Director of Ircig;atioJt .. 
East Bengal 
14. J. F. Russell, Esqr., C.I.E., O.B.E., I.S.E., 

Chief Engineer Irrigation. 

East Punjab 
lG. Shree Gita Ram Ga.rg, L S. E., Chief 

Engineer and Secretary to Government 
(Canals). 

ln. Sardar Sarup Singh, t.s.E. Chief Engineer 
and Secretary, to Government (Projects). 

17. Sbrtw' S. A. G J.clka.ry, B. E., .M.I.E.E., 
!Lond.), A.A.I.E., C.P.E., Tech., M.L'$., 
( lnd.), Chief Enginoo:r Electricity. 

Gwtdior 
18. Major N. K. Bhonsle, Chtef Engieaes, 

Public Works DQpartmeut. 
Hylerabad 
19. S.M. Younus, Esqr., B.A., Chief Engineer 

Irrigation, Waterworks and Drainage. 
Madras 
20. Shree A.R. Venkatacharya, I.S.E., Chi•f 

Engiaeer Irrigation. 
21. S~ N. Govindaraja Ayya.nga:r Chief 

Engineer Irrigation {Speciil.l). 
22. Sh:ree G. Sundaram, Chief Engineer 

Electricity. 
Mr•ore 
23. Raja.ka.ryapra.sakta. M. Narasim:haiy~o 

Chief Engineer (Irrigation). 
North W ut Frontier Province 
24. Col W.' G. Lang Anderson, O.B.E.. B.. E., 

Chief Engineer and Secretary, Public 
Works Department. 

OriiBa 
25. J. Shaw, Esqr., I.S.E., Chief Enigneer 

and Secretary, Public Works Depa.rt• 
ment. 

26. Shree R. L. Narayanan, Jhief Engineer 
Electricity. 

Sind 
27. Syed Ghulam Mustafa, I.S.E., Chief 

Engineer and Secretary, Public W orka 
Department. 

28. Shree M.P. :Mathrani, I.S.E., Joint Chief 
Engineer and Joint Secretary, Publio 
Works Department. 
r. A. W. Foy-(on leave). 

Travancore 
29. Shree K. Raja Raja Varma, Chief 

Engineer, Public Works Department. 
Un.ited ProtJincu 
30. Kunwar Balbir Singh, I.S.E. Chief 

Engineer Irrigation (Eastern Can.als). 
31. Shree Sumer Chand, I.S.E. Chief Engineer 

Irrigation (Development). 
32. Shree P. C. Agarwal, M.B.E., I.S.E., Chief 

Engineer IrrigatiOn (Western Canals). 
West Bengal 
33. Shree S. K. Guha, I.:::;.E., Chief 

Engineer Irrigation. 
West Punjab 
34. T. Burtt, Esqr., I.S.E., Chief Engineer 

and Secretary (Irrigation). 
35. E. L. Protheroe, Esqr., I.S.E.. Chief 

Engineer a.nd Secretary (Irdgation). 
36 M. A. Hamid. Esqr., l.S.E., C!tief 

Engineer a.nd Secrata.ry (Irriga.don) •. 

(ll 



( ii ) 

RESEARCH OFFICERS 
Mombay 
I. Shree J. P. Naegamvala, B.S.E., (1), 

EXP('Utive Engineer. 

Central Watertcay.,, Irrigation ancl Naviga-
tion Research Station 

2. Shree K. K._Framji, I.S.E., Director. 

Ceylon 

3. Dr. R. Y. Burns, B.Sc., Ph.D., D.I.C., 
Divisional Engineer. 

EutPunjab 

4. Shree S. L. Malhotra, I.S.E., Director. 

llydere&lx14 
6. Dr. S. P. Raju, Director. 

Madra~ 

6. Jenab T. P. Kuttiammu Sahib Bahadur, 
B.E., A.M.I.E., Executive Engineer. 

ltlysore 
7. Shree V. Ga.nesh Iyer, Direotor. 

Sincl 
8. Sh.ree T. R. Sethna, hecuti'9e 

Engineer. 

Unit eel Province~ 
9. Shree R. S. Chaturved.i, Research Officer. 

West Bengal 
10. Dr. N. K. Bose, M.Sc., Ph.D., Director. 

West Punjab 
11. Lt. Col. T. Blench, I.S.E., Direutor. 



( ill ) 

FOREWORD 

This Annual Report contains an account of resettrch and other tecb.nica 1 
investigations on subjects connected with :rrigation, wate.nvays, hydro-electric, 
navigation and allied subjects, carried out in India and other member <'.ountries 
during the year 1947. It is publishcJ. for the information of engineers and 
scientists in India and abroad who are interested in tho work of the Central 
Board of Irrigation (India). 

Summary reports of the work carried out during the year 1946 at eight out 
of the ten research stations in the member countries, and papers on specific 
subjects selected by the Board, together with the discussi~ns thereon, appear 
under the respective subject-heads. The discussions constitute the technical, 
proceedings of : 

{t) The seventeenth annual meeting of the Research Committee of the 
Board held in Simla from July 7 to 12, 1947 and · 

(ii) The eighteenth annual meeting of the Central Board of Irrigation, 
held in Delhi from December 1 to 6, 194:7. 

1\e preliminary notes were written by the Secretary for tho information of 
ih0f8 attending the Research Committee and the Board meetings. 

It is regretted that, due to lack of space, it has not beJn l!OS3ib1e t.o include 
in full articles from the annual reports of the rE',search ttations contributed for 
discussion at the Research Committee meeting. Abstract~ or abridgements 
of a.rticles not included in full are, however, provided. In other cases where 
~or explanatory introductions were not supplied by authors, the Secre
tary baa provided introductory abstracts. 

The report like tnat of last year is printed in two volumes, but is arranged 
according to the latest grouping of subjects approved by the Board: Hydro~ogy, 
Theory of fiow and design of channels, Hydraulic Works, Water power works, 
Soil science, Water utilization projects and General. In addition as usual there 
are two chapters on Meetings of the Board and the Research Committee dunng 
the year and summarised annual reports of the research stations given in the 
beginning. 
. The undersigned would repeat the request, contained in previous reports, 

for the supply of information relating to any of the problems mentioned in the 
publication. He will gla4ly furnish further details of any of the experiments 
mvestigations elc., or other information relating thereto. 

Simla 
Dated J"nw,ry 17, 1948. 

( iv ) 

N. D. GULHNri, 
Set'~r,-tJry, 

Central Board of 1 rrigatimt. 
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1 C-Limitations of Model Experiments 
Comparison of Models and Proto-and 

types 
PRELIMINARY NOTE 

This subject has been on the agenda o£ the Board since 1939, with the 
object of comparing the results obtained from works built or remodelled iit 
accorJance with indications obtained from model experiments in ordef t<f 
asse~s the value and limitations of the use of models in solving problems con:· 
nected with irrigation and river training works. It is particularly desired to" 
make a ~tudy of such cases where the results on the prototype are different from 
those on th·~ model with a view to developing the technique of experimentation .. 

At the 1945 Board Meeting the following resolution was passed :--

" Hesolved that a guide to the construction and operation of hydraulic 
models would be of value to all Researoh Stations, that this guide be prepared 
in the office of the Central Board pf Irrigation, based on contributions by 
research officers. To this end, it may be necessary to place a re8earcb officer. 
on sp·ecial duty in the office of the Board. " . 

In response to this resolution, the Indian Waterways Experiment Station 
contributed a comprehensive note on "Methods followed in fixing model scale 
ratios and over-coming model limitations, based on experience gained at the 
Indian W~terways Experiment Station, Poona.(l) 

The Engineering Research Laboratories, Hyderabad have forwarded two 
pamphlets as a contribution on the subject. ·Directors of the Sind and the · 
Punjab Researrh Organisations have sent ill advanre copies of their contri
butions which have yet to be approved by their respective Chief Engineer" 
Bombay, United Provinces, Ceylon and Madras have no contribution to make. 
Heplies from Bengal and Mysore are ~till awaited. · · 

The note on " The Development of Electrical Analogy Methods in India " 
promised by Dr. V. I. Vaidhianathan is still awa~ted. · 

The following items were discussed at the 1946 Reflearch Committee meet-
) 

ing :-
(1) Measure8 taken to control erosion of tbe left bank of the Rupnarain 

upstream of Bengal N agpur Railway Bridge at Kolaghat by mean8 of a deflect
ing groyne. 

(2) Behaviour of the river Sutlej at Suleimanki headworks, Sutlej Valley 
Project, in the pre~cnoo or a pitched island and its comparison with model 
results. 

(3) Behaviour of the river Indus at Kalabagh headworks, Thai Prolect, 
d.uring the river diversion and its comparison with thf\ model re8ult~ 

( l}Indian WaterY'\YI Experiment Stdion Pcxma, Annual Report Technicall94:5, page 119-16~. 

"~ 
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(4) Methods followed in fixing model scale ratios and in overcoming model 
limitations ba~ed on experience gained at the Indian 'Vaterways, Experiment 
Station, Poona. 

Research Officers met in an informal conference on July 1946, and discussed 
the various problems in connection with hydraulic model experimentation. 
Tbe general consensus of opinion was that it would be desirable to lay down 
certain broad principles dealing with such model experiments. These were 
th_erefore, discu~sed and laid down(2). 

The Research Committee approved of the principles and the Board 
accepted them. 

Recent Literature. 

1. Blaisdell, F. ,V. and Muff, A. N. : Report on tests made on three types 
of fiume entrance-U. S. Deptt. of Agriculture Soil Conservation Service August 
1944. 

2. Krumbein, 'y. C. : Shore Currents and aand movement on a model 
beach-,Var Department Corps of Engineer, U. S. Army 'Vashington, D. C. 
Technical Memo. No. 7, September, 1941. 

3. Inglis, C. C. : Training works conl'ltructed in the Rupnarain river in 
Bengal-after modfll f\XpP-r:iments--to prevent fmther bank eroaion <'ndanger
ing the ""Bengal Na.gp:t r..,1ilw.:.; line linking Calcutta with Bombay and Madras, 
1946.--Institute of Civil Engineers London, 1946 

4. Harris, C. ,V.: Hydraulic Models-Bulletin Univer~ity of 'Vashington 
_Engineering, Experiment Station Series, Bulletin No. 112 June 1944. 

5. Chatley, H.: The use and validity of models in harbour and e~tuary 
·investigations-Dock and Harb Auth. Vol. 27 N. 311, September 1946). 

6. Peckover, F. L. :Design and construction of an Hydraulic model of the 
Pra.Qerriver at New 'Vestminster,B. C.--National Researoh Council of Canada 
Division of Mechanical Engineering, Hydraulic Section, Report, No. MH 6 
Copy No.9 Ottawa, August 6, 1946. 

7. Tingley, S. F. : The application of stress models to ~pecific structural 
problems--Proceerungs of the Society for Experimental Stress analysis, 
U.S. A. 1945. 

The Year's Work 
'fhe following it(·ms were di~cussed at the 1947 Research Committee 

meeting:-
(1) Modellimit~tions as regards bank erosion and accretion upstrenm and 

downstream of a tiee groyne. 

· (2) Model experi~nents in r.onnection with scour hole be1ow .head regulator . 
over Rohri Canal. 

---~---------------------------------------------------
(') Central 1\oa.rd of Irri~n~j(,n, 'PubHcation No. 38. 



MODEL EXPE;RIMENTS 4ol 

{1) MODEL LIMITATIONS AS REGARDS BANK EROSION AND ACCRETfON 
. UPSTREAM AND DOWNSTREAM OF A TREE GROYNE (3) 

A striking example i:ri wbirh a model could not reproduce bank erosion 
was found in the case of the model oftbe river Sutlej at Samasata(4). In this 

· case, in order to accelerate the development of a cut-off an " attract:ng , 
impermeable groyne, facing 60° downstream, was tested. It was expected 
th~t this groyne would attract the flow, thus tending to increase the bank erosion 
up~tream and thus inducing more river curvature and reducing the distance of 
the ' neck' --conditions favourable for a cut-off. In the model, the banks 
consisted of consolidated, incohesive sand. Velocities upstream of this groyne 
and curvature of flow increased; and bank erosion occurred very rapidly to 
start with. After a short time, however, the bank assumed a flatter slope of 
2 : 1-the natura] angle of repose of the material-there by reducing the 
velocities and bank erosion became imperceptible. 

Actually, in the river it is expected that banks would continue to erode 
:rapidly-continuing to maintain alniost vertical sides-and at the ~arne time, 
bed material will be thrown on the opposite convex side, and the river would 
ahift•towards the right concave side. This could not, naturally, occur in the. 
model. 

Lower down, in the same model, banks consisted of stiff material (clay) 
but as the velocities in the model were naturally not high enough to cause scour 
of such material, only high velocities persisted along the bank and no appre
ciable recession of bank occurred, as would in the river. 

An experiment was also done in which tht banks were built up of alt rnate 
layers of sand and clay; as in the river, such formation is often found on out 
Bide of curves. Actually, however, it was found that some undermining of the 
stiff material of clay layers occurred in the model due to W9,shing away of the 
sand layer, but this action .in the model wa~ comparatively, very limited, due to 
sand layer assuming the natural angle of repose (2 : 1) :whereas in tile riverth@ 
undermining action is, generally, very severe and rapid during the floods, 
especially in the falling stage, great chunks of clay falling into the· bed of the 
river in quick succe8sion as soon as the sand underneath has been washed away. 

Another obvious limitation in the model is the length of the model with 
an imposed ·entry length. The model would, indeed, have to be very long 
to simulate correct meander movements of the Sutlej river. This, on top oftbe 
above limitation of bank erosion, makes n;ovements many years ahead 
impossible to predict directly from model results; 

In Sind, tree groynes have been found very successful.:-
(a) to divert or deflect the current whicl1 is directly threatening an erosion 

of the bund; 
(b) to deaden the flow in one bye-river near the bund in order to open out 

ap.other bye-river away from the bund; or · _ · · 
· (c) to 8ilt up a channel of the river at its source by checking the flow in it. 

(') Indian Waterwa:ys Experiment Station, Poona, Annual Report (Technical) 1946, pages 5 & 6 
( '} St>e page 498. · 
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In the case of the Sutlej model referred to above, a permeable tree groyne 
was tested to check the erosion of the left bank upstream. This groyne con
sisted or Sm'\11 branches of Babul tree<i (acacia arabica). From Sind experience 
it is known that when the river first rises during freshets, it brings in a l:.trrre 

- 0 

quantity of sand moving along the bed and silt in ~uspension; this is trapped 
in the branches and the twigs of the trees aDd hence upstream and Jown,tream 
of the groyne the river bed rapidly accretes, and the permeable groyne in a very 
abort time approximates to an impermeable groyne and thus deflech« the high 
Telocity :O.ow. In the model, however, there was very little silt in suspension and 
whatever amount of Qand was moving along the bed was not enough to cause 
~his accretion ; hence the channel continued to flow through tLe groyne and, 
comparatively, little throw-off occurred. Any quantitative conclusions from 
the moael itself, without regard to the behaviour of a tree groyne from actual 
field experience, would, therefore, be misleading. 

(2) MODEL EXPERIMENTS IN CONNECTION WITH SCOUR HOLE BELOW 
HEAD REGULATOR OVER ROHRI CANAL (s) 

( 

The modifications which were suggested(6) did not give satisfactory 
results on the prototype. The scour downstream ofth~ regulator has not l'lhowri. 
any sign of silti!lg. It -was felt that the deflector as provided actually brought. 
about increased velocity at the exit end, owing to restriction in tbe 'Vaterway 
and a pacca platform immediately downstream ofthedeflectorpreventinz any 
roller action in building the earthen ~lope below the deflector. It was, therefore 
qecided to_ depress the pavement and remove the deflector. As it has now been 
foWld that the flow ha~ worsened, further experimentlil are in progress to :find 
a eol.ution to tbe problem. · 

DISCUSSION BY THE RESEARCH COMMITTEE 

MR. K. K. FRAMJI, introduced item (1) and said that it was u,seful to. 
recount for future guidance three striking model limitations observed in tho 
model of the river Sutlej at Samasata. . . 

. (1) A model could not show progressive bank erosion such as occurred in 
a river in nature on the concave side of bends and the extent of bank erosion 
coUld not therefore, be directly assessed from model experiments. ·when tho 
banks consisted of consolidated incohesive sand, to start with, bank erosion 
occurred very rapidly with almost vertical sides as in nature, but after a short 
~ime the bank assumed a flat slope 2 : 1-the natural angle of reposa of tho 
material-slowing down the velocities and the bank erosion became almost 
imperceptible. 

"When banks of stiff material (clay) were reproduced in the model, the velo
cities in the model were-not high enough to cause scour of such material and no 
appreciable recession of bank occurred as would in the river: it was by the high 
velocities persisting along the bank that bank erosion must be estimated. 

{ 5). Report of the work done in the Research Division, Sind, for the year ending December 
1946, page• I and 2. 

( 1 ) Report of the work done in the Research Divis: )n, Sind. for the year endtng December 
1 945, pages I and 9. 
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I . . . . . . ~ • 

With banks built up of alternate layers of sand and ola.y, su.oh as often found 
()n the outside of curves in nature, it was found that some undermining occurred 
of the stiff material of clay layers by the washing out of the sand layer, but thirt 
action in a model was comparatively, very limited due to the sandlayerassum
ing the natural angle of repose (2 : 1). 

(2) Another obvious limitation observed was of the length of the model 
vis-a-m·s, the imposed entry length. The model would, indeed, have to be 
very long to simulate correct meander movements. Thus, such models could 
not be expected to give direct predictions of results many rears ahead. ~· 

(3) In nature, it was known, when a river commenced to rise during freshetd 
it bronght in a large quantity of sand moving along the bed as well as in suSpen
sion ; a tree groyne halted and trapped the rolling sand and the suspended silt ; 
and the permeable groyne in a very short time became thickly staunched and 
approximated in its action to an impermeable spur. In the model, however, 
there was very little silt in suspension and whatever amount of sand was moving 
along the bed was not enough to simulate the staunching occurring in the river 
with.the result that the channel continued to flow through the groyne with rela.~ 
ti.vely less check and, therefore, with comparativelyless throw-ofL . 

THE PRESIDENT asked Mr. Framji, if there was no way bf siiiiulating 
su~pended silt in a model. · · · · ' 

MR. FRAMJI replied that simulation ~ models was doni by inject~g silt. 
But this silt also passed through the permeable groynes iri the model. The 
suspended silt is so fine that it would pass through any permeable obstru-ction 
in the model. · · · q 

:QR. N. K. BosE asked :Mr. Framji, if he had any instance to show where the 
lfiOdel did not agree with the prototyp~.. Mr. Franiji's observation, he felt might 
be merely hypothetical. He also enquired how this paper could come under 
this subject. As he understood, only those results of model experiments that 
were reproduced in t,he prototype could be discussed under this heading. . , 

! ~ - \ r 

MR. T. R. SETHNA introduced item (2) and explained the modificatioii 
carried out in the December closure of 1946 and the reasons for these modifica
tions not being successful on the prototype though they looked promising on the. 
inodel. He added that further. modifications were carried out in Decembe~ 
1946 closure, on the prototype, without model experiments .. The floor wa~, 
depressed at the exit end to reduce exit velocity- but the flow had worsened. 
l\Iodel experiments which were now in progress showed that a depressed floo:Ji 
with a; deflecLor of 0 · 1 D height was promising. This would be recommende<l. 
for adoption. · 

DR. BosE enquired from :Mr. Sethna whether the four feet sill impro.ved 
eonditions of flow. ' 

MR. SETHNA replied that sufficient length was not av~ilable on the dow!.\ ... 
stream side. The distance being short, every thmg seemed well on the model, 
but actually it was not so. Arrangements had now been made to ,distribute 
the discharge equally in the width. · · 
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MR. H. P. lliTHRANI explained that there was some defect in the head 
regulator. An 'S' curve had been put in to improve conditions of flow in the 
centre and experiments had been carried out with uneven openings of the 
regulator. The •S' curve with baffie teeth improved the conditions a little. The 
regulator is safe but the flow is still uneven. 

DEWAN BAHADUR GoviNDARAJA AYYANGAR asked ~Ir. H. P.l\Iathrani 
to state the effect of the work on the canal itself. 

MR. H. P.l\IATHRANI replied that at the bridge the canal wa~ 200 feet wide 
and a huge ambayment had formed below the bridge. Tbe safety of the bridge 
had been endangered. Mter making the changes the Pide scour had decreased. 

DEWAN. BAHADUR GoviNDARAJA AYYANGAR as-ked if the full supply 
level was still four feet below designed. 

MR. H. P. MATHRANI replied that there was no irrigation above the bridge. 
The working depth was 12 feet ag designed but the water level was four feet 
lower than designed. · 

THE PRESIDENT remarked that in other words the slope of the canal had 
flattened. 

MR. H. P. MATHRANI said that the slope was designed as I in 12,000 but it 
was now I in 17,000. 

DEWAN BAHADUR GoviNDARAJA AYYANGAR asked what the Eoil was like-. 
MR. H. P. MATHRANI replied that the soil was very fine. 
MR. T. P. KuTTIAMMU asked what the velocity was. 

MR. H. P. MATHRANI replied that the ·velocity was about 3·5 feet per 
!econd and agreed tha.t it was a bit too high fer the parti~ular soil. · 

THE PRESIDENT remarked that in any case the trial in tha laboratory had 
not yet been reproduced on the prototype. It was not known how the results 
would ·compare. 

MR T R. SETHNA corr<.borated the Pre~ident's remarks. 

MR. H. P. MATHRANI said that all that could be said at the moment was 
that there was some improvement. 

MR. FRAMJI referring to item (2) said that the so-called deflector was 
obviously unsatisfactorily designed with a glacis upstream of it instead of a 
:flat pavement, its relative height far too much, and the arrangement as a whole 
causing greater turbulence in already difficult conditions because of the high 
velocities due to the low depth. :Mr. Framji asked if this deflector was obtained 
from experiments carried out with the desinged canal depth, downstream, of 
12 feet of the more severe actool conditions of eight feet obtaining due to retro~ 
gresE~ion of water levels. It was not known whether correct entry conditions 
upE!tream of the regulator to reproduce cross flow and correct exit conditions 
with bellies and retrograded bed were reproduced in the model with a mobile 
bed, as wer~ absolutely necessary in euch a ca?e as this to the same extent as for 
devieing measures for excluding entry of excess ~and. In fact, it appeared 
essential to reproduce a part of the up?tream river course as well a.s the 
drawoff ~f the other bead regulator. 
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.\I&. H. P. MATHRANI replied th$1t retrogression was allowed for .. 
. .M&. T. R. 8ETHNA said that cro~s currents h1d also been represeiJted ow 

the model. · 
DR. N. K. BosE remarked t"ha.t tbe measuring wfi" was much too near· 

the crest and, therefore, the heading up affected tl1e observations. He wanted 
to know the width of the weir and the canal. 

l\IR. SETHNA t:aid that space limitation had narrowed down ~he floor. Iu 
the recent experiments needles bad been put in. The weir was three feet wid~ 
and the canal eigbt feet. · · 

DR. S. P. RAJU wanted to know the slope of the apron. 
THE PRESIDENT asked Mr. Setbna what was the improvement effected 

in the head r ~gulator. 
1\IR. SETHNA replied that the roller that wa~ being forDJed was shortened 

and the intensity cf scour was lese. 
~IR. H. P. MATHRANI said that the water hugged tbe sides more. 
THE PRESIDENT enquired whether the trouble had shifted from the bed 

t'n to the sides. 
MR. H. P .l\IATHRANI replied in the negative and said that the trouble at ·th~ . 

sides wa~ mucb less. 
TnE PRESIDENT enquired from Mr. Mathrani as to what the overall reEtult 

was. 
::\!R. H. P. l\IATIIRANI said tbat the trouble bad be~n reduced. 

MR. SETHNA said tbat this waF a different case. 

1\IR. R. S. CHATURVEDI said that he differed from Mr. Framji and that with: 
a !'luitable material for tb~ model he had been able· to reproduce Eide scour ()11-

a two years hydrograpl1s. 

THE PRESIDKNTaskedl\lr._ Chaturvediifhewould be able to reproduce the 
mu. 

MR. CHATURVEDI replied that he :bad on record that an embayment was 
reproduced quantitatively and referred to his previous year's report on the
D~oha mode). 

THE PRESIDENT remarked that Mr. Chaturvedi had not been able to verify 
the results on the prototype as yet. 

In reply to l\Ir. Framji's question Mr. SETHNA said that all the four can.als
at the Fite had not been reproduced for the entry conditions. 

DR. R .. uu said that short entry conditions and short terms results referred 
to by 1\fr. Framji were not understood. 

MR. FRAMJI replying to the discussion referred Dr. Bose to pages 500 to 506 
of thi; report where three actual cases of tree groynes constructed in Sind 
and what happened to them had been given. The case was not merely 
hypothetical as pointed out by Dr. Bose. Information regarding model 
technique and limitations was as important as information relating to. 
comparis'1"' of behaviour of model and prototype. 
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Replying to Dr. Raju, MR. FRAMJI said that it was not correct for anyoi'e 
to try to predict from&. river ,mo2el with a year or two's course and hydrograph 
what would happen after 10-15 years. That was what he meant by shcrt 
term results. If long term results were required, then data for a long period 
had to he ~:erially reproduced on tho model and not tl:e data for one or two 
.seasons. 

MR. H. P. MATHRANI asked 1\Ir. Framji if better results woulJ be obtain: 
.ed by having impermeable groynes in the model. 

MR. FRAMJI replied that if the conditions on the river model were 
required to be correctly simulated, allowance had to be made for the fact that 
the groynes were permeable. 

DR. BosE said th&.t if enough suspended silt was not introduced in the 
model the results obtainedwould be e'!ltirely different. There sholud be as 
much of suspended silt as possible. If a kng range view of the whole thing 
was required the model must be a long one. Generally, Dr. BosE said, he 
took twice the meander length which in turn depended on the discharg6. 
DR. BosE emphasized that the entry condition was very important. 

MR. CHATURVEDI asked Mr. Framji how were the trees and leaves re.: 
produGed on the model.. 

DR. FRAMJI explained how it was possible to reproduce to_ scale the 
-tree3 and leaves but silt size could only be reduce within practical limits. 

DB. V AIDHIANATHAN said that the silt could be reproduce on the model. 

RAO BAHADUR j OGLEX:AR said that they had gone do~ to 0:05 mm~; 
lie asked what was the limit. 

DR. VAIDHIANATHAN r_aid that by precipitation one could get as fine 
partiCles as one liked and ther~ was no difficulty. 

MR. FRAMJI said that it was not a practical propoE-ition in the ~ize of 
-models in use. 

DR. V AIDHIANATHAN said that if cost were not the consideration it could 
be done. 

MHE PRESIDENT asked Dr. Vaidhianathan if he could give a rough e~ti
mate of tle co~t. 

DR. BosE said that the precipitation method had been used by Gibson 
in 1\Ianche.:.ter and 'he lad obtained accurate results on the Severn Model. 
Probably the Hooghly's muddy water coulcl he used. 

THE PRESIDENT aeked Mr. Framji how he had reproduce the babul tree;. 

1\IR. FRAMJI said that the rough djmemion of babul trees were actually 
Known. Babulleave3 and twigs were act-cally made upto tcale w as to 
repreEent the trees as faithfully as pe;s:',iblo. 

THE PRESIDENT asked Mr. Framji if he made the thing really dense. 
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MR. F&AMJI replied that this was exactly the point that he had tried to 
make. There was an essential difference between prototype flow and the model 
Bow. In the model in spite ofth~ groynes being made as dense as is practicable 
the flow passes through the trees and the silt was not trapped to nearly the 
same extent as it doer in nature. 

THE PRESIDENT remarked that in other words it had not yet been possible 
to reproduce the trees correctly. 

DEWAN BAHADUR GoVINDAR.AJA AYYANGAR asked how extensive the use 
of tree groynes was in practice. 

~IR. FRAMJI replied that though the use was fairly wide and incref).sing, the 
potentialities were even larger than the actual use. The impermeable spur 
bad several defects. One gre~t advantage of a tree groyne was that it did not 
cause scour at its nose. 

1\I:~;t. GoviNDA RAo suggested that the leaves might be repelling the· clay 
nartif'les. . . 

DR. BosE in reply to Dr. Raju said that ProfessQr Gibson had used _alum to 
increase sedimentation. 

DR. v AIDHIANATHAN said that Mr. Govinda Rao was right, the iea"\TeS had 
electric charge and hence the clay particles were repelled. IfMr~ Framji intro~ 
duced an electric field in the running model he may be able to get better results. 

MR. FRAMJI replied that this might add to the complications by _undue 
i>reci pita ti on. · · · 

THE PRESIDENT said that the results were yetincondusive and that the 
subject be kept on the agenda. 

coNSIDERATION BY mE BoAiu> 
THE SECRETARY explained that this was a new naine for the subject 

which was previously called " Field results of measures adopted after model 
experiments" and described the work done at the Research Committee 
meeting:-

Regarding progress on the Board publication on the subject, the Secr~tary 
drew attention of the members to the preliminary note on_ page 449. 

It was decided that the subject sbould continue on the agenda. 



2C-River · Control 
PRELDUNARY NOTE* 

This subject first appeared on the agenda of the Research Committee 
194:2 under the head " River Behaviour, Training and Control" though 
the subject " Meandering of Rivers" had been under discussion for many 
years past. The subject ig to be considered under the following sub-head~ :-

(i) l\Ieand~ring 
(ii) Scour 
(iii) Spill 
(iv) Tidal action including that in estuaries 
(v) Flood Control t 
(vi) Local training 
(vii) Stage discharge relation t 

(i) FLOOD PROTECTION WORKS* 

This sub-head appeared on the agenda for the first time in 1945. Certain 
aspects of this subject were discussed previously in di:fl'erent forms e.g. in 
1939-40 as" The collection and study of satistical data pertaining to rive:r 
11ood control ". • 
· · The following items were discussed at the 1946 Research Committee 
Meeting:-

(1) Experim~mts with a Model of the Mahanadi and its brancheg at 
Cuttack Orissa. 

(2) COst of da.mage caused by floods in tha Narbada and Tapti rivers. 
A sub-committee was appointed by the Board in 1946, to draft a resolu

tion on the subject calling upon all provinces and stat-es to co11ect data regarding 
floods and the manner in which it ~;hould be collect-ed. 

Recent Literature 
1. :Mayott, C.,V. : Report on Flood Control, Navigation, and Hydro

Electric Developments on the Watersheds of the Connecticut, Thames and 
Hou..<;atonic Rivers-The Hartford Electric Light Co., Hartford, Connecticut, 
September, 15, 1945. · 

2. Elgar ,V. H. The Seasonal and periodic occurrence of maximum flows in 
water courses in Great Britain. 

3. Ziemer~ G. L. :-Conservation factors in flood control plannings_.: 
Agricultural Engineering Vol. 26, No. 9, September 1945. 

4. Laverty, F. B. :-Correlating flood control and water supply, Los Angles 
Coastal Plain-Proceedings of the American Society of Civil Engin'*lr~, Vol. 71 
No. 6, June 1945. 

*This preliminary note was writtm for the Research Committee Meeting. At that 
meeting the 1ubject head was divided into the following subheads (i) Flood protection worb (ii) 
ltinr training works, (iii) Scour and erosion, (iv) Spill, (v) Meandering, and (vi) Tidal action 
includin~ tha~ in estuaries. 

t The sub-heads " Floods " and " Stage-discharge relations " have been included under 
flection A-Hydrology item (2) River behaviour and the remaining sub-heads have been arranged 
according to the new arrangemen~ of groupina of eubjects nnder discuBSion recommended by the 
Research Committee. 
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5. Guide for Public 'Vorks Department and district floods officers ·for flood 
pro~ction measures during the flood season-Public 'Vorks Department, 

Cuttack. 
6. Schuleen. E.P. :-Control of floods at Pittsburgh planned-Civil 

Engineering, Vol. 15, No. 10, Octob~r 1945. 
7. Rangaiya, M.G. :-River flood control Current Science, Vol. 14, No. 11, 

November 1945. 
8. McMillin, M. :-Flood Control in San Bernardino Valley--Excavating 

Engineer, Vol. 40, No. 3, March 1946. 
9. Ockenden, G. H.-Flood Control-The Surveyor, VoL 104, No. 2775, 

March 30, 1945. 
(ii} RIVER TRAINING WORKS 

" Training " was the original subject head but it was later divided into 
(a) falling aprons, · 
(b) the heads of guide-banks, spurs etc., and 
(c) the results of measures adopted in training rivers. 

In 1942, the Board pasRed the following resolution : 

* * * * * 
• " Resolved further that :Mr. Inglis be requested to write a note on 'mean-
dering ' with the data already collected by him &nd that the Secretary to colkc~ 
data from the province3 and the railway:~ nn ' Recur 'and 'Training' and p~·:a 
tl1em on to Mr. Inglis for analy<;is." . 

Accordingly a form was issued for the collection of data of launched aprolli'; 
which data it was intended to analy::se and compare with the assumptions made 
by Spring (1) and observations made on models. Most of the data available 
have been received except that from Sind, The data have be€n pa~sed 
on to the Punjab Irrigation Research Institute. for examination and presenting 
it to the Research Committee. 

As regards the collection of other data for the proposed Board Publication 
on River training, the United Provinces, Bengal, and Madras have sent in their 
contributions. 

The Railway Board also have supplied five n~tes on the subject and two 
more notes are expected. · . 

Central Provinces and Berar, Oris~a, Punjab, Ceylon, Bahawalpur, and 
Myf-'cre have nothing to contribute. Replies from the rest are awaited. · 

The following itemc; were discussed at the 1946 Research Committee Meet
mg :-

(1) Training ofLuni river to prevent it damaging Jodhpur Railway Line. 
(2) Training of river Jumna at. Delhi Gate Pumping station with pitched 

embankment on the right bank . 
(3) Training of river Deoha at Duni Barrage. 
(4) Training of river Adjai at E.I. Railway bridge. 
( 5) Proposed remodelling cf the Anderson Weir (Part A) . 

• (1} Spring, F.-"River training and Control on the guide bank systtam "R~ilw~y Board, 
'l\~chnioa.l paper No. 153, Simla, 1903. · - · · ' 
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(6) Relieving the strain on the Bheriap. spurs on the river Ra.vi, by a 
pitched island. 

(7) Protecting the left bank of river Sutlej near Samasata Railway 
Station. 

(8) A note on River Behaviour and Control by :Moti Ram, Esq., I.S.E. 
(9) Training of tidal creeks which have only small local area to drain by 

D. N. Sen Gupta, Esq., I.S.E. . 

Recent Lt"terature. 

1. Training the Yellow River.-The Engineering, Volume CLXXXII, 
No. 4739, November 8, 1946. 

2. River Control projects in the United States-Indian and Eastern 
Engineer, Vol. 96, No. 6, June 1945. · 

3. Rao, T. S. N.-History of the Hardinge bridge acros':l the Lowe:r Ganga. 
(up to 1941)-Journal of the Institution of Engineei3, India, Vol. 26, No. 1, 
September 1945. · · 

4. Niyogi, K. C.-River training in U.S.A.-Scienc~ and Culture, Vol. II,. 
No. 8, January and February 1946. 

5. Senour, C.-New project for s~abilis~g and deepening lower ?tfibcissippi 
River-Procee~iin.gs of the Amer1can Society of Engineers, Vol. 72, No.2; Part 
I, February 1946. · · · · 

6. Cozzens, H. F.--Steel rails for bimk protection on Salinas RiTer 
9&lifornia-Civil Engineering, Vol. 16, No. 3, March 1946. 

7. Thomson, O.G.-Principles of well foundations river training p.nd 
protection works-Proc~edings of the Punjab. Engineering Congress~ Paper 
No. 278, 1946. 

8. Inglis, C.C.-Training works constructed in the Rupna.rain river in 
Bengal after model experiments to prevent further bank erosjon endangering 
the Bangal Nagpur Rail~ay line linking Calcutta with Bombay and Madras-
The Institution of Civil Engineers, London. ; 

(Ul) SCO~ ANI) EBOSI()lJ 

The Indian Waterways Experiment Station is collecting data on scour 
below bridges and it is hoped that the results will be presented to the Re
search Committee as soon as they are available. 

-lng. 
The following items were di~cu::.sed ~t the 1946 Research Committee Mee'-

(1) Experiments in connection with dissipation of energy downstream of 
Lower Sind Barrage. 

(2) Scour downstream of rigid structures in wide channel&. 
(3) Experiments in connection with the proposed barrage at Guhagram. 
(4:) Proposed remodelling of the Anderson Weir. 
(~) Causes of accretion of the rive~ be~ at Suk.kur B;urage and how to 

reduce rate of rise-Pan II.· · · · · -
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Recent Lilflfature. 
Per_m~~~eble pile jetties stop river bank erosion-Construction Methoqs~ 

Vol. 27, No. 9, September 1945. 

(lv) $PILL 

This sub-b.ead was introduced for the first time in 1943. 
! • 

There was no contribution und~r the sub-head last year. 

{V) MEANDERING 

It is understood that a note on the subject has been included as a chapter in· 
the book on "River Behaviour and Control" 'written by Sir Claude Inglis: 
which is under publication by the Indiilrn 'Vaterway~, Experiment Station. 

The following items were ~scwsed at the 1946 Research Committ~ 
Meeting:-

(!) A study of the meanders of the Indus between Sukkur anq Kotri. 

(2) Deterioration of the river Kult.igong. 

The following re'3olution was approved by the Board at its 1946 annuar . . . 
rueetmg :-

" Resolved that the dominant formative discharge concept in non-boulder 
rivers may be examined by the variou~ provinces and research organizations in 
the following respects- · . . . · · · . . '" _.. . 

(i) The tentative definition of t~e dominant formative ~scharge as tbe
dittchargo which is sufficiently large in magnitude and wpich is
exceeded a sufficient number of times in the fl:ood season Eo ~s
to h.a ve its effect on the f Jrmation of the river course and bed ;_i~ 

(ii) The estimation of this dominant formative discharge from the mode· 
of the smoothed frequency curve of the daily ~ischarges e~(lee(ling· 

. the discharge at which bed movement begins in the riv~r; t• 
(iii) The estimation of the discharge at ·~hich bed movement begins '4 in"-
. the river from hydrographs showing the datum ar~as, that i3 the-

CfOSh sectional areas below a given datum ; · 
(iv) An approxima~ion to this estimate of the dominant formative dis

ch~rge from the average of the apprppdate flood discharges; 
(v) The compariEon of the dominant formative disch~:rge with the bank

full stage di&charge and maximufl-1 discharge wherever data regard-· 
ing bank-full stage discharges are available or can he observed or 
estimated; 

(vi) Tlie correlation of the meander characteristics with the dmp.inant" 
formative discharge and maximum discharge of the year". 

:Mr. Framji supplied a note (2) in explanation and ampl ifi.cationfof the reso-: 
lution for the information of those who were not fully conversant. with the tPrms= 
used in the resolution. 

va Irrigat!on Publication No. 38, Annual Report 'l'eohnics 19j8. 
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Recent Literature. 
A laboratory study of the meandering of alluvial ri\lers. \Var D<:lp.ut· 

,ment, Corps of Engineers, U.S. Army, U. S. \Vaterways Experiment Station 
Yick~ burg, Missis~ippi, May 1, 1945. 

(vl) TIDAL ACTION INCLUDING THAT IN ESTUARIES. 

This sub-head was introduced for the first time in 1943. 
The following items were discussed at the 1946 Research Committee 

_Me~tiug :-
(1) Training of the Hoogly river at Dunbar Cotton Mill~ with a by-pa~ 

channel. 
(2) Experiments on a model of the Peechaboni Sluic~. 

The Year's Work 
(i) FLOOD PROTECTION WORKS 

The following items were discussed at the 1947 Research Committee 
:Meeting :-

(1) Redi-,tribution of ~and load between the Mahanadi and Katjuri 
systems at Cuttack-Orissa. 

(2) Flood absorption in Krishnaraja..r:agar. 
(3) An unprecedenred flood in Mula. and Pra.vara. valley~3 and estimate of 

los'3 of flood damage. 
(4) Meandering rivers and flood control by K. B. Ray. 

11) RE-DISTRIBUTION OF SAND LOAD BETWEEN THE MAHANADI 
AND KATroRI SYSTEM AT Ctll'TACK (ORISSA) (3) 

ABSTRACT 
About 12 miles above Cuttack, the Mahanadi with its peak flood Of 15 

lakhs cusecs passes through the gorge at Goil Bank to 1low through a wide 
:atretch, upstream Of the secot.d gorge at Naraj about five miles above Cuttack 
.F~re 2C.l. Below the Naraj gorge it bifurcates into the Katjuri, the Maha
-nadi ftowing northwards for about a couple of miles and then turning 
eastwards to flow alomt the North bank ot Cuttack. The Mahanadi further 
"bifurcates into th l Birupa river just upstream ot the Maha.na.di Ani cut at l obra. 
"the Katjuri, after ta:Jdng Off from the Mahantdi at the Naraj weir, is s~parated 
from th~ Mahlnadi by a dividing embankment about two miles long. At 
Naraj, 56 per cent. (8·4 lakhs cusecs at peak 1lOOd) Of th~ }ligh rive: 
4isrharge flows down the Katjuri. On its left bank, the Kat juri spills 4 · 67 
per cent. ot the flood (70,000 cusecs at peak flood) into the Mah~nadi, through 
the B.:rnasi gap betwaen th1 div:d[ng embankment and the Cuttack town 
whereas on the right bank, it spills 6 · 6'i per cent. ( =1· 0 lakh cusecs at peak) 
i>f the fiocd, which fir.d its wa.y, mainly, back to th~ Knakhai river above the 
Kuakhai Rlilway Bridge. Downstream of the Banki Road spill, thJ Katj~ri 

-' bifurcates into the Kuakhai, Surua and Katjurlloop. A series of qualitative 
experiments, carried out to find the effect o:t th; distribution of sand !oad 
..due to different modifieat!ons e!e de~r:ribed . 
.. --. ........ 

(3) Indian Waterwa}'S Expe_ti!!t~nt.~ta.~Poona .Annual Re:J>ort fTer.bnicall 1946, pages 
..4:1.-02. ·- -· . - . - . - . : -~ . . 
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THE MODEL 

The model reproduced a reach of the river from Goil Bank down to two 
miles below the Jobra \Veir on the North of Cuttack and two miles below the 
Kat juri Railway Bridge on the South of Cuttack. In this year's experiments, 
the length of the reach of the Kuakhai river was increased from two mile~ to 
five miles below its head. The 5 · 5 miles long reach, between the gorges at Goil 
Bank and Naraj, served as an entry length for the model and was found to be 
adequate. 

The scale :ratios of the model were:-

Discharge scale ratio - 1/160,000 
Length scale ratio = lj400 
Vertical flcale ratio = 1/66 
V.E. (vertical exaggeration) = 6·06 
B.S.E. (bed Slope exaggeration) =S.E. (Surface slope e:x:aggeration)=5 

Tbough from the point of view of ease in operating the model and inter
preting water levels etc. it is convenient to hav~ V. E.=S. E.=B.S.E., yet as 
has been observed at this Station, it is very rarely that this condition is obtained 
and almost all the river models at this Station are in effect "tilted " and it is · 
only by chance, when the bed material available for the models is just right to 
give the desired slope for the charge injected, that we get V.E.=S.E. = B.S.E. 
It may be argued that by manipulating charge we can get any desired slope 
within a range ; but, in that case the width of the channel becomes either too 
small or too large depending on whether the oharge is less or more than the 
correct one. Moreover, it is only at one stage of designed discharge that one 
can obtain V.E.=S.E.=B.S.E. 

\ 

In the present case, the scale ratio~ noted above were found to give satiP· 
factory conditions. 

EXPERIMENTS 

The previous experiments (4) were mainly done to find out the affiux caused 
by shutting of the Banki Road and Birnasi spills either singly or both together. 
It had been, however, observed that shutting of the spills would cause excessive 
aftlux in the Kat juri sy~tem, which could be set right by reducing its discharge 
at the Naraj weir. . 

It was, however, argued that it may be too drastic a step to shut off the 
spill~ completely, becawe, being high level spills, they carry relatively sand
free water which eventually goes to make the mix in the Mahanadi and Kuakhai 
leaner than it would otherwise be. Further by reducing the discharge of the 
Katjuri system, the changed discharge conditions may cause· a curvature of 
flow ~hich rna~ be more adverse to t~e Kuak~ai than a~ preient, thus making it 
deteriOrate rapidly. Moreover, closmg Banki Road spill completely was objec
tionable, because occasional flooding in the Puri District, into which the Kua
khai spills, was considered a desirable feature. 

(•) C. B. I. Publication No. 38, Annual Report (Tech.) 19•6. 

ft{51CBI 
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A series of qualitative experiments were, therefore, carried out to find the 
effect on distribution of sand load due to the various modifications. 

They were :-· 

Experiment 1 : 
Experiment 2 : 

~xperiment 3: 

Experiment 4 : 

Experiment. 5 : 

Experiment 6 : 

Exp€friment 7..: 

SERIES I 

W itk unreduced length of the N araj JV eir 

'Vith existing conditions. 
'Vith Birnasi gap full open and Banki Road spill dis

charge reduced to 50,000 cuseos. 
'Vith Birnasi gap full open and Banki Road spill dis

charge reduced to 33,000 cusecs. 
'Vith Birnasi gap closed by an embankment ending in a 

spur(') and Banki spill full open. 
Same as Experiment 4, but Ba.nki Spill discharge reduced 

to. 50,000 cusecs. 
Same as Experiment 4, but Banki Spill discharge reduped 

to 33,000 ousecs. · 

With bo~b Birnasi and Banki spills closed comp.letel1,. 

SERIES Il 
Wit-,· Zengt~ of l{araj Weir reduced so a~ to cause no aJ!lux in the Kat)uri 
syst~m at peak .flood of15 bkhs cusecs above Naraj. · · 
Experiment 1 : 'W.lth B!ruasi gap open and Banki Road spill discbarga 

· reduced to 50~000 cu8eJs. 

Experiment 2,.: 'Vith Birnn.si gap open and Banki Road spill discharge~ 
reduoed to 33,000 cusecs ... 

Exp~rimen:~ 3.: With Birnasi gap closed and Banki .Road spill discharge 
reduced to 50,000 cusecs. 

Experiment 4: With Bimasi g~p do.se~ a:r;u~ Banki Road spill discharge 
reduced to 33,000 cusecs. 

PltOCEDURE 
In each experiment the mo~el bed was moulded according to the surve~ of: 

1943 and flood py~les, rising from .6.lakh$ cusecs ,to , 15 lakhs cusecs and .falijng, 
back to six Zakks cusecs again, were run till the quantity of bed sand collect~ 
in the sand traps at the downstream end of each branch remained the same for 
two consecutive oycles.. Due to the very short· duration of. model flood,. dia
charges, it was not possible to measure th~ quantity of Pand at ·each E~uccessive 
atageoftheflood. It was, however, considered that reasonably correct resul3 
~auld be obtained by measuring the sand accumulated in the sand pits at the 

· end of the final flood cycles, 
DISCUSSICJI' .OP RESULTS 

( t) Figures 20. 2,2C. 3 and 2C. 4 show tbe water levels observ~d ~~the modfl 
at tbe Kazipatna., Collectorate and Bellevue gauges of the KatJun m the ex7 

periments of Series_! .. 

(') ]tU. 
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Figure 2 C.3:-Showing water levels observed at the Col/ectorate 
gauge on south side of Cuttack, in the experiment of series I 

Aec. No. 316 HE (C)··19-t2eO(H.L.O~ 
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Figure lCA:- Showing water levels observed at the Bellevue 

gauge In the experiments of series I 
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Figure 2C.5 :-Showing the velocity di~tribution at C.S. = 200 UjS of and parallel to the Naraj weir 
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[b] Under conditions of reduced waterway at 
Naraj Weir 

Surface lines of flow ---·-··---------------------
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Figure 2 C. 6 :-Showing the divide of the surface and bed under existing 
waterway reduced by 15·5% 
Ouchorge below Naroj- 6 laldt cusecs ROI. No 311 HE !Cl 48-12IO(H.L Ol 
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conditions and with Naroj Weir 



It will he seen that with Birnasi spill ~hut off completely and the Bank 
'Road spill discharge reduced to 50,000 cu~ecs, the afflux at the Kazipatna 
gauge was 4 · 4 feet; wherea~ that at the Coll~ctorate gauge was~· 2 ~eet ~nd that 
at the Bellevue gauge was 3 · 6 feet. \V1th only the Bank1 spill di:"charge 
:reduced to 50,000, the affi.ux was two feet which increased to three feet when 
the Banki spill discharge was further reduced to 33,000 cusecs. 

Con~idering the present conditions with the' peak flood levels, this high 
order of affiux would be undesirable. 

In Series II, when the waterway of the N araj 'Veir was reduced to oounte.r
act the afBux in the Katjuri system, the gauges on the upstream side of the 
Naraj Weir and at Jobra recorded higher levels than underexistingcondition1, 

(ii) Increase in the affiux at the Jobra gauge of the Mahanadi .Anicut. 
Figure 2 0.5 shows the velocities observed' in the model, with peak ftood 

along· a section parallel to and ~00 feet up~tream of the Naraj weir. Com-
putin~·from·t1iis the discharge that fio'Yed through the reduoed portion ofthe 
N~a:j-weir, -i.e., 35 per cent. (•)with both spill!:1 completely closed,24·8per cent. 
in experiment 3 (Series II), and 15 · 5 per oent. in expe1iment 1 (Series II), thtt 
additional discharge paPsed down the Mahanadi on reducing tbe weir length 
wouJd.lbe-

c 1·42 lakks cusecf' with 35 per cent. reduction of Naraj weir waterway,. 
0·985 do. 24·8 do. do. 
0~628 do. 15·5 de. do. 

In ·the expel"iments 1 and 3 of se.ries II, therefore, the discharge of the 
M.ahanadi below Naraj and below th~ Bitna~i ga.p wa~ as shown in Table 2C.l 
below- : ..,_. -

TABLE2C.l 
8~ tke discharges of the Mahanadi below N araj and below Bima•i 

gap in lalcks of cusecs. 

.Aocorcting to Rhind (existing con· 
~) .. 

!eri.G. n;· Ezperiment 1, Birnaai 
gap open. :Ban.ki Road spill Q= 
50,000 cusecs and Naraj Weir 
length reduced by 15 · 5 per cent. 

8eriea n, ~ent. a; Dimasi 
pp o-a.·Baukl Boacl-spilt Q= 
60,~.1. and Naraj weir 
leng&llNda.S· by 2'·8 per eent • 

· Totar· 
a.bo:v~ 
Nara.j 

15·00 

15·00 

15·00 

I DueW reduction· 
ofN&raj 
1 weir 

Nil 

0·523 

0•985 

rMah- Dimasi Mahaudl 
below gap , Wow 
Na.raj :Bimul 

f gap 

6·58 : 
I 

O·M 7·2! 

7·103 0·64 7·7'1 

Nil 

.Assuming that the Mahanadi and the Birupa share the discharge below the 
Bimasi gap in ·the same ratio a.s · under existing conditions, 'Vit. 6 ·1 lalcks cuseos 
in Mahanadi and 1·12 lakhs cusecs in Bimpa,. then the discharge of the Maha
nadi in Experiment 1 of Series 11=6·62 Zakhs cusecs and in ~eriment 3 of 
Series 11=6 · 46 lakks cusecs. 
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Under existing conditions, the average coefficient of the Mahanadi anicut 
works out to 2 · 35 as shown below :-

Length of weir=6373 · 5 feet. 
Maximum water level =75·0. 
Sill R. L. =64 · 27. 

(7 •4) I 
hv or head due to velocity of approach= 

50 
=1·10 feet. 

D=D1+hv =10·73=1·10=11·83 feet. 

Q over weir=6 ·10 lakhs cusecs. 
6·1x10S 

. ·.c 2·35 . 
6373 · 5 X (11· 83) 1·5 

Hence, to pass 6 · 62 and 6 ·56 lakhs cusecs, the head required will be 12.49 
feet and 12· 30 feet respectively. Thus, the a:fRux in experiment 1, would be 
12 • 49 -11· 83 =0 · 66 feet and in experiment 3 it would be 12 · 30 -ll· 83= 
0·47 feet. 

As, however, the weir is short-crested and is in a drowned condition, the 
actual 'C' will be less than 2 · 35 and the calculated afllux :figu.res would be slight
ly higher. The afflux observed in the model was, however, 0·945 feet in ~x
periment 1 of Series II and 0 · 806 feet in experiment 3 of Series II. Both the 
figures were higher than their computed values, which was due to scale effect. 

The a:ffiux in the prototype is, therefore, likely to be about 0·75 feet and 
0·50 feet under conditions of experiments 1 and 3 respectively. 

A test was also made with the proposed road bridge, 1/2 mile below, parallel 
.-and similar to the existing Katjuri Railway bridge, to see if any increase in the 
.affiux is caused by it. The model did not show any increase in the affiux. 

(iii) A.fllux at the Naraj upstream gauge 

When the length of the Naraj weir was reduced in various experiments, 
there was a rise in the water level at the upstream Naraj gauge as compared 
with the existing conditions as shown in Table 2 C. 2. 

TABLE 2 C. 2 
Showing the rise in water level at the N araj upstream gauge, at peak flood of 
, · · · · 15 lakhs cusecs .. 

. I Rise in wa.ter level 
Experiment Reduction in Wxperiment. ' 

Na.ra.j weir Prototype No. Series 
!U waterways Model (equiva.lent 

rise) 

1 Birna.si gap open and Banki 15 · 5 per cent. 0·0.21 foot 1·38 feet 
Q=50,000 cusecs 

I 

2 i Birnaei gap closed and 'Banki 24. · 8 per cent. 0·029foot 
} 

1·91 feet . Q=50,000 cusecs 

. -
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The model rise compares fairly with the calculated rise, thus :-

Under existing conditions, the conditions at the Naraj weir with peak flood 
of l5lakhs cusecs are as follows:-

Q=8·40 lakhs. 

B, i.e., length of weir = 3,900 feet. 

Sill R. L. =72·6 

Water level with peak flood =91·0 

(10·5)2 . 
hv i.e. velocity of approach= -

50 
=2·21 feet 

:.D=D1+hv =(91-72·6)+2·21=20·61 feet. 

:.C=QJBD 1•5 =2·30 

• 'Vhen the N araj waterway could be reduced ·by 24 · 8 per cent. or 15 .~5 
per cent. the discharge in the Katjuri would be reduced by 0 • 985 lqkks 
eusecs or 0 · 523 lakhs cusecs, respectively ; with C=2 · 30 the head required to 
pass the remainder from the 8 • 4 lakhs cilsecs will be as in Table 2C. 3. 

TABLE 2C. 3 

Reduction in water· Q passing into the »=( _ __IL )J eel 
Increase in affiux 

way atNaraj Katjuri (Cusecs) (feet) 
2·3xB .. 

Nil 8·4. 20·61 . ' 
\'-

15·5 per cent. 7·877 22·10 "1•49 

24 • 8 per eent. 7··05 22·90 2·29 

'The model rise was slightly less (see Table 2C. 2). Model figures may, 
however, be taken as more correct, considering that the weir in the model waa 
adjusted to get the relative position of standing wave downstream and the co
efficient of discharge the same as in the prototype ; besides, in the above calcuJa .. 
tiona for the prototype, a straight approach is assumed, whereas there is a shaq. 
curvature of flow upstream of the weir which the model simulates. · 

(iv) Distribution of sand load in the various branches . . .. 
Table 2C. 4 shows the quantity of sand collected in the downstream sand 

pit of each branch, the " time average " discharge, i.e. the weighted mean djg .. 
charge weighted in respect of time, and the sand charge in the different branches 
relative to the time average discharge in various experiments both (a) as observed 
and (b) as corrected for final completed stability when the injected charge 
equals that collected downstream~ Thus, the figures denoted by (a) in Table 
2C4 are the quantities actually collected in the pits and the corresponding sand 
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TABLB 

Showing the ratio of the 1and drawn by the Mahqnadi 

Details of experimonta 

Total quant-I 
ity of sand 
collected in 

all branches 

Mahanadi. 

~QT 
X 

T 

-----------------------------------I----------1·------I-------t------l 1 

.,.., 1-Wilh UMUiricted tJJaltrway of Naraj Weir 

lbperiment 1 with existing conditions. 
i.e. Birnasi gap } 
Q=64,000 
Bank llpill at peak flood 
Q=1,00,000 
aood. 

Erperiment 2 with Bimasi gap full open. 
Banki Spill Q=50,000 cs. (at peak flood). 

hperiment 3 with Birnasi gap full open, 
.Banki ~pill Q=33,000 cs. ·(at peak flood.) 

2 

(a) 14·000 
(b) •• 

(a) 14·375 
(b) 14·000 

(a) 14•100 
(b) 14·000 

.-xperiment. 4 with Bimasi gap Q nil. Banki (a) 14·500 
apill Q=1,00,000 e!l. (at peak flood). (b) 14·000 

"lxperiment 5 with Bimasi gap Q nil Banki (a) 15·125 
!!pill Q=50,000 cusecs (at peak flood). (b) 14·000 

JUperiment 6 with Birnasi gap Q nil. Ba.nki (a) 16·000 
ttpill :Q=.33,000 cs .. (at .peak rfiood). (b) 14•000 

Experiment 7 with Bimasi gap Q 'nil. Ba.nki 
.apill ·Q=nil (at -peak .flood). 

Btriu 11-With N araj Weir W ale;tvay reducul. 

(a) 16·750 
(h) u~ooo · 

Experitilent 1 with Bimasi gap :run open. Banki fa) 15·000 
spill Q=50,000 ca. at peak flood. Na.ra.j (b) 14·000 

· waterway reduced by 15 • 5 per cent. 

Sxperiment 2 with ;Birnasi gap ,full open ; (a) 16·750 
· Bankl spill Q=33,000 cs. at pealt ;flood and (b) 14·000 
: Nara.j .weir waterway.. reduced by 16·85 per 
oent. 

Jli:peninent ~3 with ~imasi gap closed. Da.nki spill (a) 14·50 
Q=50,000 .cs. Narai weir ·'Waterri_y .reduced (b) 14•000 
by .24 · 8 per cent. 

Experiment 4 with Birnasi gap closed. Banki (a) 17·25 
apill Q=33,000 cs. Naraj weir waterway re- {b) 14·000 
duced by 28·5 per cent. · 

3 

1·390 .. 

1·390 

1·400 

1·360 

1·370 

1·380 

1·390 

1·500 

1·580 

.1·540 

1·600 
~. 

6·000 .. 

6·000 
5·850 

6·000 
5·960 

5 

0·820 .. 

0·820 
0·799 

0·~14: 
0·808 

6·000' 0·840 
5·7g5 0·811 

6·000 0·838 
5·550 0·773 

6·000 0·826 
5·250 ·0·722 

' 
6·250 0·855 
5•220' -o·-714 

•7•000 
6·550 .. 

0·880 
0·825 

7·500 '0·900 
6~260 0·752 

. ·: .. I 

7·500 0·925 
7L 240 ()1.8~3 

8·000 
6·500 

.·; 

(ca) ligures denote the quantity of sand and the ratios as observed in the model. · • 
(b) figures denote tne quantity of sand and the ratios after correction to make total sand . 
~=discharge in cusecs; Q&=qua.ntity of sand collected in cubic feet; T=time in minute&; 

. QT ~QT ' 

· .X=ebarge in;pa.rts per-1,000 (by weight)= :Ratio of Q1 to~ where -y. ia the ·' 
. taking the sum of the product& of each stage discharge and ita time. e£ dura.tioa. · 

Col. 6=0·19xcol. 'fool. 3. · 



2C. 4 

and its branehes eo··the 'time ·average :,Ziscliarge 

l Katjuri Joop I 8urua 
-

-~QT ~QT 
Q8 X Q8 X 

p T 

16 7 8 9 10 11 --
~0·'169. ~·000 0·740 1·526 14•000 0·498 

" " " " " " 

·o·?75 3·250 0·796 1•538 4.'125 :_0·510 . . 3·166 0·775 .. 4·010 0·496 
• 
0·772 3·250 0·797 1 . !l30 3·500 0·435 . . 3·230 0·791 .. 3·470 0·432 

o:no 3·500 0·865 1·550 4·000 0·490 

I 
.. 3·380 0·830 . . 3·860 0·473 

0·800 3·750 0·890 1·620 4·250 0·498 .. 3·470 0·823 . . 3·930 0•'460 

0·820 4·000 0·930 1·630 4•500 0·525 . . 3·500 0·814 . . 3;940 '0·459 
I 

I 

0·830 4·500 1·030 1·650 4·375 0·506. 
3·760 0·861 . . 3·660. 0·423 

I 

I · 0·7~0 · 3·000 0·760 1·420 4·000 0·535 
2·800 0~710 . . 3!720 ·o··499 

' r ' 

' .. 
0·770 3·250 0·801 1·320 4·500' 0·648 .. 2·72o I 0·670 . . 3·720 0·541 

i 

( ·o:735 
3-000 1 0·775 1·450 3·000 ·0·393 

" 
2·900 0·749 . . 2·900 0·379 

' 

0·'120 0·923 1·410 4·500 0·607 I ~:500 J 2:840 0f.750 ~ . ·3~650-- . 0•493. .. " . 
I. 

' --------· ----------- ·- ---

·•o:Ueeted equal to sand injected. 

weighted mean discharge with rf'sp~· t t.o time, computed hj 
.a.nd dividing by the total time of the flood cycle. 

' 

ij 2 

·o·5i6 .. 

·o·:SIO . . 
·0·510 
. . 

0~506 . . 
0·528 
. . 

0·544 
... 

0·550. .. 

0·450 
. i· • 

" 0·490 
. . 

o··47o 
.. 

f 

0·440 
,f. ; . .. 

Kua.khaf . 
Ql I 

----
13 '1:4: ' 

J ' . ' -
; 

1·000 1o.'3i .. .. 

J.'()()() 0·3'7 
0·974 '0·3. 

e •· . ~ 1, 
1·350 ()·.50 
1·340 ·0;49 

{ 

1•000 '0•37 
0·965 0·36' 

1·125' -o·~ 
1·040 0·37 

1·500 0·5· 
1:310. 0·41$ 

1··625 b·5 ·~ 
1·358 0·46 

.. 
I 

l·QOQ . 0·4! 
0;934 

' 
0~.39, 

' . 
. ~ 

' ~ ; I .. . . 
1·~00, 
1·255 

• 0 •.; ~ 

1 ~000' 
0·965· 
• 
1·!60. 
1·010: 

O;fi$ 
o··48 

• 
j0·40 5 

I' '0·39 .. 
t: ~ i 

:0·54 
'0··4 

' . 
-· . 
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to weighted-mean-discharge ratios in the various experiments : while those 
denoted by (b) are corrected values to enable a fair comparison by making the 
total Fand collected equal to the total sand injected in all the branches (14 cubic 
feet) as in Experiment 1 of Series I (i.e. existing conditions). 'Obviously, these 
corrections become less and less justifiable as the difference between the aggre
gates r-and collected and injected becomes larger. 

Experiments 1, 2 and 3 of Series I done earlier during the y"ar of report, 
were repeated so as to form a complete comparative series. This was found 
necessary because, due to constant running of the model, fine particles in the 
bed sand had been washed away and the model sand, which had originally its 
mean diameter of 0·314 mm., now gave m=0·389, with consequent observed 
increase in slope exaggeration from 5 · 00 to 5 · 44 and reduction in observed verti
eal exaggeration from 6·06 to 5·13. 

Analysing the corrected figures, i.e. (b) of Table 20.4 it will be seen that in 
Experiments 1 to 3, Series I the Mahanadi improved, as compared with the . 
existing conditions, as the Banki spill discharge was reduced. This was appa
rently because of the Birnasi gap passing increased quantities of the surface, 
sand-free water, thus making a leaner mix in the Mahanadi consequent upon, 
the rise in the Katjuri levels due to the Banki Road spill being curtailed. 

When the Banki Road spill was reduced to 33,000 cusecs like the Mahanadi, 
the Surua also improved ; but the Katjuri loop and the Kuakhai drew relatively 
richer mixture-the Katjuri loop getting 6 · 9 per cent. richer and Kuakhai as 
much as 34 · 4 per cent. more relative sand charge as compared with Experiment 
1. The Kuakhai drew a markedly greater quantity of relative charge of bed 
sand. 

In Experiment 7, with Birnasi gap closed by means of an embanlqnen~ 
ending in a spur (•), the effect as regards relative sand load in the Katjuri loop 
W&S bad, whereas that in the Kuakhai became even worse than in Katjuri loop 
when Banki spill discharge was reduced to 33,000 cusecs. The Surua, however,. 
drew 7 ·84 per cent. less relative sand charge. 

The Mahana.di showed progressive improvement in the&e experiments, even 
though its share of the relatively sand-free Birna.si gap spill discharge was cut. 
ott This may probably have been due to the afilux in the Katjuri syste~ 
which in Experiment 7 was as high as 4 · 5 feet at Cutta.ck, diverting bigger sand 
quantities into the Katjuri system. · This is ·also clear from the fact that 
the tota! quantity of sand drawn by the Katjuri system in Experiment 4 was 
8·5 cubic feet as observed (and 8·25 cubic feet as corrected) which gradually 
increased to 10 · 5 cubic feet as observed (and 8 · 78 cubic feet as corrected) in 
Experiment 7. 
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Figure 2C.7:- Showing lines of (low with 6 lakh Cusecs flood (above Naraj Weir) in the experiment with 
Bank/ Spill discharge reduced to 50,000 Cusecs, Blrnasl gap open & Naraj Weir waterway as 
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reduced to 50,000 cusecs, Birnasi gap open and Naraj Weir waterway reduced 
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In Experiments 1 to 7 of Serie~ 1, a general feature observed' is that thtJ 
Banki Road spill discharge need not be reduced to more than 50,000 cusecs to
mamtain existing sand charge conditions in the Kuakhai ; and also that, on. 
account of large discharges passed down, the Katjuri loop below the Surua head 
was the main "sand-drawing" off take. 

In Seri'::S II, the discharge of the Katjuri system was reduced by contract
ing the waterway of the Naraj weir from its upstream right end; so as to coun
teract the increase in affiux which would otherwise be caused in the Katjuri 
system by shutting o:ff the spills. The immediate effect of this was to divert a 
greater portion of the bed water into the Mahanadi than it draws under existing 
conditions Figure 2 C. 6. 

Comparing corrected relative sand charges of :Experiment 1 (Series II)· 
with Experiment 1 (Series I) it will be seen that whereas in Experiment 1 (Series 
II) the Mahanadi and the Surua sand. charge was almost the same, the Katjuri 
loop drew slightly less and the Kuakhai 6 • 45 per cent. more. . 

In Experiment ~ (Series II), the Mahanadi took 8 ·9 per cent. more relative
sand charge a3 compared with Experiment 1 (Series I). This was partly due ro.· 
the shutting o:fi of the Mahanadi share of the clear Birna-:;i ga.p water and partly 
to the diversion of the bed water into the Mahanadi due to shutting off the 24 ·S 
per cent.wat~r~ay of the Naraj weir. In the Katjuri river system, the Surua. 
improved, conditions in the Katjuri loop were almoJt the same as in Experi
ment 1 of Series I, and the Kuakhai drew, relatively, 5 ·7 per cent. more sand. 
cha.rge. 

· Results of both Experiments 2 and 4 appear to be anomalou3, probably due 
to the large difference8 betw.-~en the aggregate collected and injected sand quanti
tie.~. The anomaly is in respJct of Mahanadi which improved in both experi
ments, whereas the Surtta ~ hich in none of the experiments drew bigger sand. 
·charge than in Experiment 1, Series I, did so in Experiment 2. Th~se experi
ment-s need repetiti<in. 

. (v) Effect of redming tke Naraj weir length 1 

Figures 20. 7 and 2C. 8 show the lines of :flow with 6 lakhs cusecs flood iD 
the ~xperiment with Bimasi gap open and Banki spill discharge reduced t.or 
00,000 cusecfl, (a) with existing Naraj weir waterway, and (b) with Naraj weir 
waterway reduced by 15 ·5 per cent. · . 

It will be seen that the surface lines entered the Katjuri at a. more oblique
angle across the weir to follow the left bank and the bed lines tended to follow 
the right bank, when the Naraj weir waterway was reduced. At Ka.zipatna,. 
the surface flow wa'3 towards Cuttack side, i.e. left bank, wh~reas the bed flow 
was towards the Kazipatna. side, i.e. right bank. 

The effect of reducing the Nar~j weir length on the Katjuri system was to 
increase surface flow to the left bank and bed flow to the right bank. 

Except at the peak flood, the river levels in the Katjuri sy~tem will be lower 
than under existing ccndition.s, thereby giving a longer period for the river to
flow within its banks and scour away th6 excess sand already accumulated. 

On th~ Mahan~.di side there did not appear to he any marked change in the 
conditions excJpt that there wa.s more bed flow in it due to it'i diversion caused 
by the reduction of Naraj weir length. 
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COXCLUSIOKS 
<(t) The -experiment8 carried out were with ·unrestricted flow •of F&Ild and 

•ater from the catchment of the riv~r down to 1tbe'~ea ... When 'th\j ptOpofiOO 
dams and barrages across the riYt>r are conf-.ttucted they will alter t.he sand load 
ana discharge of the Mahanadi sy~-tt>m and by themfelves may modify conditions 
.at Cuttack to an unpredictable degree, and may neces4itate further experi
mentation in the light of the altered conditions. The conclusion.~ given b€low 
apply to the existing conditions of distribution of sand and wakr; but may'be 
made useful, with due modifications in light of the altered condition4, if the 
-distribution are not significantly aifected. 

(ii) An analysis of Table 2 C. 4 would appear to show Experiment '1 of 
Series 11-with Naraj waterway reduced by 15 ·5 per cent. Birna~i gap fully 
<Open and the Banki Road spill discharge reduced down to 50,000 ·cusecs -as 
most promising. In this c.ase, howev~r, the beneficial effect of the embankment 
.ending in a spur, in coercing a deep low water channel towards the south ·of 
Cuttack will be absent .; but conditions of distribution of sand relative ·to dis
~harge of water in the Mahanadi would remain more or less ad they are at present 
while those in the Kat juri system will improve. The improvement is likely to be 
better and quicker than indicated in the model; btlcause, whereas, the effect• or 
passing more clear water was to increase the bed sand movement in the model, 
in the river, wherf much of the sand goes in suspension the effect will be to make 
.a leaner mix a.t the bed, thereby reducing sand entry into the offtake. The 
area covered by the Bimasi spill cannot, under thic:; proposal, be reclaimed for the 
:possible extf~nsion of Cuttack. · 

If it is adopted the Naraj "eir shouid be first restricted and if time does not 
~rmit it, thd Banki Road spill may be closed partially in t.he followir.g year, 
-without causing any abnormal conditions in the K&tjuri system. · 

(iii) From the point of.view·of increasing the :earrying capacity of i.IM
Xatjuri and coercing a deep channel towards the Collectorate gauge on the wutll 
.(){ Cuttack, it would appear better to shut off the Birna~i spill by the emlank
ment ending jn a spur~de Experiment!', Series II-but this is apparently 
harmful to the l\Iahanadi it~elf ~s it wilJ tlien get a richer ~and m~,· (Si!e Table 
~c. t>~f · .. ·.. . . . . . ·, 

.. l~ this propoF!ul is adopt~d. it would b~ necessary to reduc~ the Nara.j ·weir 
·waterway by 25 per cent. and al o simultaneously tQ shnt off .th ~ Birna5i sp~1l. 
.J,~e B~nki:pill=~ko ha~ t~· be cloeed, ,but thi.~ ~an be done next Eea.Fcm if there 
IR not &uffiCient time to do all the three works m-the Eame year. . .· · .. -.. 

·.· .. ·. ('i~) Theoptinmm solution would.p:robably be a modification of (iii) abov~, 
. -~·e,. t~. aJlow a c~rtain portion of. the f'urface wat.Pl' of the peak fl~od from. ,the 
Xatjuri into the Mahanadi by providing adequate high-level cperungs (';~m~.Q~) 
. in t~e .~mhankment~ say by keeping Birn!l.•i gap· half clot:t'd and 'Nara] weir 

'·;accordingly reduced by about 20 per cent. Tests for this pwposal are in hand. 
. . (v) The reduction of bed mnd entering the Katjuri, because of its eventual 
· ie~ner mix would l ~ad to retrogresBion and straightening in the lf-ngth wle1:e 
'retrogression would occur. .This, however, cannot be shown by the model d-qe 
to inherent model iimitations. Down~tream of thi::t there wiH be inc~e~"ed 
';econdary n~eandering (5) in a limited length .. ·. venerally' ho~ever, the. co:q.~1-
iions' in the Katjuri ~ystem may be expect~d to ilp,p~ov~·~ . . . · · . · ; 

11 ;Indian waterway Experiment Station Annual Report (Tech), 1942-43, page 51. 
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(2) FLOOD ABSORPTION IN·KBISHNARAlASAGAR ( 6) 
ABSTRACT 

Flood absorbing capacity is the sum Of the discharges frOm the outlets a.ncl 
s_~;illways, together with the discharges bottiCd up in the reservoir between 1nll 
reservoir level and maximum water level ·It is calculated on the reservoir level 
at the start of the flood and rates of inflow and outflow corresponding to a 
particular hydrograph of inflow. It is expressed as the value of the peak 
discharge in the hydrograph. It is shown in this paper that flood absorbinlt 
capacity of a reservior depends not only on the rates of increase Of flood but 
also on its duration. ·The total capacity: of the resertoir between fo.U reservoir 
level and maximum water level which may be su1Jicient to absorb a particular 
intensity of flood may take in a flood of higher ,intensity provid3d its ·duration 
.is proportionately short. ·correct data Of'the relation-between high :floods and 
/their duration is also necessary for determining the flood absorbing capacity' Of 
-a reservoir. 

The Krishnarajasagar Dam is 130 feet in height and its full reservoir' level 
ia at + 124 feet. Its maximum water level may be taken to be at +· 126 1fee~ 
for which storage the dam has been calculated to be stable. The maximum 

·ftood ever recorded was 279,089 cusees on July'26, 1924. · 
' ' ~ ' 

Accurate records of floods are available for thrity years from 1916 to 1946. 
During floods observations have been recorded once every three hours. In all 
calculations, the unit of time has, therefore, ·been taken as three hours. The 
following data have been tak.m into aceount fm: computing the flood absorbing 
. capacity:- . . . ' .. t. 

· ( 1) The margin in feet betWeen ·full reservoir level and maximum ~a~r 
1evel. · ·· 

(ii) Capacity of the 'lake between ·full reservoir level ari~ .m~~im~ 
water level available for ·flood absorption. · · · 

(iii) The discharging capacity of the outlets fro~ the res~n;oir~, . ·~· 
( iv) MaximUm. rate 'Of rid' 'Of flood recorded and ' ' ' • ! ' 

· · ~ v) · Duration of flood. ··· · · ·> · •,_. · - '·. • 
t • ,. ~ 

' -,·' ; :, 
CAPACITY OF THE RESERVOm AVAILABLE FOR FLOOD ABSORPTION 

During the time, when a flood is rising, the r~servoirlevel is ~lways. kept 
Jow to have a great~r margin for flood absorption, but not too low to miss pick
ing up level to full reservoir level should the floods fall._mpidly. _In these cal
culations it has been assumed that the full reservoir level will be at + 123 feet 

· at the time of a riEing flood. The margin between full te~1voir level' ·and 
maximum water lev9l will be three feet, the capacity between :tJwm.-lJefug ~ 
follows :-

·r · · ·· · · : Million 

Capacity between 
do. 
tlo. 

' . · Cubic fee\ 
+ 123 and + 124: feet · 1 • 1,366 
+124: and + 125 , ~. 1,396 
+125 and+ 126 , .. . . 1,425 

I;, ' 

Total 4,187 

(
1

) BJdraulio Research Station, Krishnarajasagar, Report for the year 1946, page. 2-11. 



4:14: THE CENTRAL BOARD OJ' IRRIGATION, ANNUAL REPORT, 194:7 

DISCHARGING CAPACITY OF THE 01JTLE.1S 

These have been worked out for the various sluices for every increase of 
0.1 foot in re~erroir level (vide Table 2 C. 5). The coefficients of diEcharge for 
various sluices for different heigtJts of vents opening 2.nd different reEervoir 
level~ have been determined after conducting accurate experiments. 
The tlirrharging upacity of all the cutltts at + 123 feet is 370,100 cm:ecs. 

MAXIMUM RATE OF RISE OF FLOOD 

Records of high floods which have occurred so far have been analysed and 
it has beer... found that the maximum rate of ri.Ee ever recorded is a rise of 16,120 

· cusecs in three hours. This occurred during the floods of June 9, 1941. For 
purposes of calculations, the maximum rate of increasa has been assumed to be 
18,000 cusecs in three hours. The rate of increase is never uniform in actual 
floods. The rate of increase begins to decrease as the :flood nears its peak. For 
calculations the maximum rate of increase of flood has been taken as the .:ate 
of increase for the complete duration of the .flood thus getting a slightly lower 

. :figure for the flood absorbing capacity. 

DURAnON OF FLOODS 

As the discharging capacity of the outlets is 370,100 cus~cs and the maximum 
flood which has occurred so far is only· 279,089 cwecs, there has been no occasion 
when the flood absorbing capacity of the reservoir had to be depended upon 

, for routing a flvod. Table 2.C6 shows flood absorbed in the capacity of reser
. •oir between+ 123 feet and+ 126 feet for different rates of rise of flood. 

The frequencies suggest that the relation between n and g is of the form 
•=ag-6 as g becomes larger n becomes smaller and as g tends to zero n tends 
to infinity. 

~·. log n=log ,.._ log g 

and putting y=log R, :&:=log g 

r=log a-b :t, which is a linear equation and a straight line can be fitted to 
log A and log g 

The preliminary work is shoWJ) in Table 20.6. The equation with the 
help of which we have to determine a0 i.e. (log a) and a1 i.e. (-b) are 

54·1853--11 a0--10·2097 a1==0 

4 7 ·5751-10 ·2097 a0-ll. 1240 a, =0 

Solving these in the usual way we have 

· ao=6 ·4574; t~t=-1·65 
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TABLE 2C. 5 
Slwwing the discharge in cusecs through the several sluices located Z:n the dam for 

reservoir water levels varying by 0 ·1 foot from 123 to 126 

I + 12 +50 + 80 + 103 +105 +114 Irwin Total 

I Sluices Sluices Sluices Sluices Sluices Sluices Canal issue h Increase in cusecs 
8 of6 3of 6 16 of 10 48 of 10 40of8 48 of 10 discharge throu g above the dis-

R.L. j feet X feet X feet X feet X feet X feet X and all the charge capacity 
· 12 feet 15 feet 20 feet 8 feet 12 feet 10 feet evapora.- sluices at+ 123 

tion 
losses 

I 3 6 
I 

7 8 9 10 11 1 2 4 5 ' 

I 
I Diffe-

I . rence'J Total 

123·0 129,872 11,226 119,760 99,552 68,320 38,880 2,500 370,110 .. -
·1 29,872 11,241 119,968 99,792 68,520 39,552 

" 371,445 1,335 1,!l35 
•2 29,904 11,256 120,176 100,032 68,960 40,128 •• 372,956 1,511 .· 2,146 

·3 29,934 11,256 120,384 100,512 69,160 40,848 .. 374,564 1,608 4,434: 
·4 29,936 11,268 120,592 100,800 69,560 41,568 " 376,224 1,660 6,114 
•lS 29,936 11,268 120,800 101,040 69,760 42,144 .. 377,448 1,224 . 7,338 

• ·6 29,960 11,283 121,008 101,280 70,200 42,864 379,095 1,647 8,985 .. 
·7 29,960 11,298 121,216 101,760 70,100 43,440 " 380,574 1,479 1(),4M 
~8 29,992 11,298 121,216 102,000 70,800 44,160 .. 381,966 1,392 ll,85i 

·9 29,992 11,310 121,424 102,288 71,000 44,928 
" 383,442 1,476 13,332 

124·0 30,016 11,310 121,632 102,528 71,200 41>,504 •• 384,690 1,248 14,580 
·1 30,016 11,325 121,840 103,008 71,640 46,272 , 236,565 1,875 16,455 

.. . 
•2 30,048 11,337 122,048 103,248 71,840 46,848 387,869 1,304 17,759 
·3 30,048 11,337 122,256 103,536 72,240 47,616 .. 389,533 1,664 19423 
•4 30,080 11,352 122,464 103,776 72,440 48,240 " 390,852 1,319 20,742 

•5 30,080 11,367 122,464 104,016 72,880 49,008 " 
392,315 1,463 22,205 

·6 30,080 11,367 122,688 104,496 73,080 49,776 " 393,987 1,672 23,877 
·7 30,104 ll,379 122,896 104,736 73,280 50,400 .. 395,295 1,308 25,185 

' 
·8 30,104 11,379 123,104 105,024 73,680 61,168 .. 396,959 1,664 2~.84!t 
·9 30,136 ll,394 123,312 105,264 73,880 51,792 .. 398,278 1,319 28,1&! 

no·o 30,136 11,409 123,520 105,504 74,320 52,608 .. 399,997 1,719 29,887 

•1 30;168 11,409 123,520 105,744 74,520 53,232 " 401,0P3 1,096 30,983 
·2 30,168 11,421 123,728 106,272 7"720 54,048 

.. 
402,857 1,764 . 32,747 .. 

·3 30,192 ll,421 123,936 106,512 75,120 54,672 " 404,353 1,496 34,24:3 
l 

'4 l 
' 

30,192 11,436 124,144 106,752 75,320 55,488 .. 405,832 1,479 35,722 
·51 30,224 11,448 124,352 106,992 75,520 56,160 

" 409,196 1,364 37,08& 
·6 30,224 ll,448 123,560 107,232 75,960 56,976 . .. 408,900 1,704 38,790 

I 
! 
! . 

·7 I 30,256 11,463 124,768 107,473 76,160 57,600 .. 410,219 1,319 30,109 
•8 30,256 ll,463 124,768 108,000 76,360 58,464 

" 411,817 1,598 41,706 
·9 30,280 11,478 124,976 108,240 76,760 59,166 " 413,370 1,553 4,326 

1!6·0 30,280 ll,490 125,184 108,480 76,960 59,808 .. 414.,702 1,332 44,592 

... \ 
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TABLE 2C. 6 

Curve fitting to express the relationship between the rate of increase of flood 
and the duraticm of flood for absorbing the capacity between+ 123 and + 126 

Duration of 
flood necessary 

Rate of for absorbing of 
increase of flood. the capacity 
in cusecs for between+ 123 
eTery three and+126 Log11=7r 

hours contour in 
hours 

,. 1 -
~· 5,000 48·00 3•6990 
r~- .. ; 

t 10,000 30·00 4•0000 
t 

21·00 4•2553. 18,000 
' 

50,000 1:!·00 4•6990! I 

100,000 7·50 15·0000 

150,000 ~·00 6~1761 : 

200,000 5·25 5•3010 
( 

2uo,ooo 4·50. 5•3979 l 

I .... ' 
300,000 4·00 5·4771 

350,00() 3•50 5'~5441> ! 

-
432,277 3·00 5·6358 

. . .. 54~1853' 

Therefore the straight line is 

y=6!4&-1·65 z 

ftom which. w~ have· 

6•46 -1·66 
n=lO gt 

--l•6G•· 
"=2,866, 750 

-·- y=2,866,750 :J; 
-1·85 

1-u- · . 
or ys =2,866,750. 

! 

Logg=t- 1f% ;r;t· 

1·6812 6•2188 2·8264 

1··n71· 5·9084 2·1818-

1•3222 5•6264 1·7482-

1•0792 i•0712 1·1647 

0.·8751 4·3755 0·765S' 

()',~'1782 4•0280 > 0·6056 

0·7202 3·8178 0•51i7 
~ 

();•653% 3·5259 ) 0·4267 
I 

0•6021 3·2978 0~3625 

0.,5441 3:0165 o·~ 

0·4771 2·6888 0•2276 

1&-2097 47·5751 ll·U40 
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It will b':l Rccn, therefore, that the time tak~n by the flood to get absorb--- · 
cd in th1 lake vades inversely as its intensity. It can be written in the· 
for·m of an ('quation. 

y XI' ·65=2,866,750 . • (20.1) 

where y=rate of increase of flood·incusecs 

x;=time taken by the flood for. absorption in the capacity of: th~ 
lake between +123 and + 126 feet contours. 

FLOOD ABSORPTION IN THE RESERVOIR 

The method of calculating is explained below and in Tables 20 .. 7, 2C.ff, 
and 2C. 9. 

Data 

(i) Oap&city of reservoir between 123 and 124 feet 

124 and 125 feet 

= 1,360 million cubic feet 

= 1,396 million cubic feet , 

• 125 and 126 feet =1,425 million cubic"'feet . . 
(li) Discharging capacity of all the sluices at+ 123 =370,100 cusecs 

Rate of rise·of tlood above 370,100 cusecs in every 
three hours = 10,000 cusecs 

(iii) Margin between full reservoir level aud maximum water 
level available fo~;" flood absorppion =3 feet 

Discharging capacitY: at + 123. = 3(0,100 cwrees. 

Increase in fioodat the end of first thre~ hours=10,000 cusecs 

As a First Approximation :-Assume the entire increase 1n discharge, 
to get impounded. 
'l'he quantity impounded =3x3600x 10,000 

The reservoir level corresponding to holding up 108 million 
cubic feet above + 123. 

Discharging capacity.of all the outlets at 123·08 

Increa.se in discharges capacity of all the outlets at 123·08 over 
that at+ 123=371,168-370,100 

Quant.ity held up = 10,000-1,068 cusecs 

=lOS million cubic feet 

=123:-08 feet 
=371,168 ouseca, 

= 1,068 cusecs 

= 8,932 cuseos 

As a. Second .A.ppro~imation :-Assume this entir~ 8,932 
cusecs get impounded. 

Quantity impounded.· =8932x3x3600 =97 million cubic feet 
Reservoir level corresponding ,to holding up 97 million, cubic 

feet above 123 feet · =123·07 feet 

Increase in discharging capacity of all the outlets at + 123 · 07 
feet pver tlla.t at + 123 ::a935 cusece 

,·, 

Quantity held up=l0,000-,..~35 =P,065 ou.._ 
; 
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TABLE 2C.7 

:Sample calculation sheet JOT a rateofrise ofjloodsoflO,OOOcusecsevery tkrte h01Ws 
' 

Increase I Equiva- Total qua.-
Increase Approxi- in issue Quantity lent in ntity held Equiva-

Feriou or of flood mate above plus held up million up above lent 
time in cuseca reservoir 123 in in cusecs cubic plus 123 in reservoir 

level cusecs feet for million level 
Col. 5 cubic feet 

1 2 3 4 5 6 7 8 

3 hours 10,000 123·0 1,068 8,932 108 108 123·08 
(April 1) 

123·08 935 9,065 97 97 123•07 
(April2) 

-6 hours 20,000 123·07 935 19,065 182 303 123·22 

123·22 3,168 16,832 112 279 123•20 

-9 hours 30,000 123·20 2,846 27,154 293 572 123·42 

123·42 6,359 23,641 255 534 123·39 

123·39 5,992 24,408 259 538 U3·39 

12 hours 40,000 123·39 5,992 34,008 367 905 123·66 

123·66 9,873 30,127 325 863 123·e3 

123·63 9,429 30,571 330 868 123·63 

-27 hours 50.000 123·63 9,429 40,571 448 1,316 123•96 

123·90 14,080 35,920 388 1,256 123·92 

123·92 13,582 ~ 36,418 393 1,261 123·92 

:30 hours 60,000 123·92 13,582 46,418 501 1,762 124·28 

124·28 19,161 40,839 441 1,702 124·25 

124·25 18,773 41,227 445 1,704 124·25 

21 hours 70,000 124·25 18,773 51,257 553 2,259 124·64 

124·64 29,397 45,603 492 2,198 124·6o 

124·60 23,877 40,123 498 2,204 124•60 

~4 hours 80,000 124·60 23,877 50,123 606 2,812 125·04 

125·04 30,327 49,673 536 2,742 124·79 

124·99 29,887 50,113 541 2,747 124·99 

l5 hours 90,000 124·99 29,887 . 60,113 649 3,396 124•00 

125·44 36,266 53,734 580 3,327 125•39 

125·39 35,586 54,414 588 3,355 125•39 

18 hours 100,000 125·39 35,886 64,414 696 4,031 125·86 

125·86 42,637 57,303 620 3,955 125·84 
I 

125·84 -'2.327 57,673 .. . . I .. -4 
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Sewni Three Hottrs :--J. ~. 'sh:. hours after water level has reach~d 
full reservoir level. 

First Apr-rr..xima,ti6n:_:_ 
Incre~n£· in discharging capacity above + 123 Fuil Reservoir Levd =935 cusecs 
Inerea;re in flood at the end of six hours. = 20,000 cusecs 
Quantity impounded in tbl't'e hours ·20,000-936= 19,06.5 cusecs 

~· 19,065 x 3 x 3;600 · · = 206 lllillion cubic feet 
Total quantity held up above + 123= 97 X 203 in thf' firstihree 

hours and second three hour~;~ = 303 million cubic feet 
ResErvoir level due to ho1ding up of 303 million cubic feet above 

+123 =123·22 feet ... 
Incl'ease in discharging capacity of all the outlets at +123·22 

over that at + 123. 
Quantity held up in the reservoir=20,000-3,168 

=3,168 cusecs 
= 16,832 cusecs 

Second Approxim.ation :
Quantity impounded 16,832 X 3 X 3,600 
Total quantity held up above + 123 ) 

=1~2 milliOJ:\ cubic fee~ 

Quantity held up in the. first three ~ 97 + 182 = 279 million cubic feet 
hours+ the quantity now held up ] 
Resen·oir level due to holding up 279 miiJion cubic feet above 

+123 
Increase. in d.iseharging capacity of nil the outlets at+ 123 · 20 

feet abo\·e that at+ 123 feet. 
TABLE 20.8 

= 123 • 20 feet 

= :!,846 cusecs 

jJl,stract of tl1e results of calcv.lat-ion forr flood ausorpt£cm 

: Flood absol'· 
(AS~t;.r::rtion) .' bed in tho 
l~:'t>te ,>f rio;;•:' (•f : capacity of 
flm1<h .•:, (.'ll.Sr:c:o; : the reservoir 
for <}''':·;··• t..hrce ! h<•t\IE·t·n full 

' Discharging ; Time taken 
J capacity oftho! Total :for abr.;!whiug . 
! outlet a.t phtli ;tloorl a ~,s,•rhiug >•f the eapadty 1 

!•;;:···~~·, .. ;.. i rt~~{a,rvoir level 
j tmd maximum 
; water level 

123 fuH reser- 1 ca.pac1t,'· Col. . hetweon t 

i i.e. hctweell· 

voir level j ~ plus :: plu:> 123 and ~-
( cuseci4) i l '2ti in 

(honl'8) · 
! plus B~ to] 2G · 
I fPt·t (<'US('(•!O!) 1 

----·---··. --·-~. .. --- ............. -, ..................... _. ____ : 
I I j l 3 

. ··--···--· ······-···--··~·· ..... 
' I --------:----------.-·-----: ... ----··--------~- .. ----- .. ---~---··----·--·-·--·-·····-· 

fi,Hnn i 
r 

' 
::m.oon l 

! 
' 

li>••.O•A• i 
! 

liitU)O(t i 
i 

:.i,i)l),llt)(l ! 
j 

250.000 l 
i 

~;(}j),(!(l(l I 

3t>O.C•OO 

'32_,277 l 

~11,01){1 ; 

IOP,OOO I 

1 :!11.111111 

:.!O(I,OHO i 
:.!;i(I.OOI) i 

I 
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TABLE 2C.9 

Curve fitting to express the relationsh?:p between the rate of inerease of flood 
and the flood absorption capacity 

I 

I Flood I absorption 
capacity 

Rate of 
quantity 
in lakhs 

increase ofcusecs 
offtood above the 
in lakhs full dis-
of cusecs charging I 

for capacity I 
every three of all the 

I 
hours dam-

sluices at 
+123 

I 
(370,100 

CUS':'CS) ' 

y X x• xa x' xs yx yxz 

--
( ... 

0·05 0·00 0·64 .1· J2 0·4096 0·328 0·04 0·032 

0·10 1·00 1·00 1·000 1·0000 1·000 9·10 0·100 

0·18 1·26 1·59 2·000 ·2·5204 3·176 0·23 0·286 

0·50 2·.00 4·00 8·000 16·0000 32·000 1·00 2·000 

1·00 2·50 6·25 15·625 39·0625 97·656 2·50 6·250 

1·50 3·00 9·00 27·000 81·0000 243·000 4·50 13·500 

2·00 3·50 12·25 42·875 150·0625 525·219 7·00 24·500 

2·50 3·75 14·06 52·734 197·7539 747·577 9·38 35·150 

3•00 4·00 16·00 64·000 256·0000 1,024·000 12·00 48·000 

3·50 4•08 16·65 67·932 277·1026 1,"130·579 14·28 58·275 

4·32 ' 4·32 18·66 80·611 348·2851 1,504·592 18·66 80·611 

--~ 30·21 100·10 362·289 1,360·1966 5,009·127 69·69 I 268·7042 

We shall asSllme for the cubic parabola the equation •••• 
g=a8 +a1 :1: + a 1 :w:1+a3 z1 

Since(O, 0) is a point on the curve a1 = 0 
:.The equation is g=a1 z + a1 x• + a8 z1 

..vbere"IJ\. a 1 a.nEl a 1 are to be determined with the h.elp of the followiln~ equatioBs accordins 
to the~metho4 of least squares. 

18·65-30·2la1 -100·10a2 - 362·29a3 =0 (2c2) 
69·69-100•10a1 - 361 •29a1 -1369·20s8 =0 (2c3) 

268•70-362•29a1 -1369·20a1 - 5309·127a3 =0 (2c4) 
·~lving these eqnations in the usual way we have 

"s - 8•005, a1 == 0•04 and a1 =- 0·04 
' Therefore the equation to the cubic parabola is 

y==0•005z + 0•04 x• + 0•04 :w:• 

. 



Cl.l. 

ll.eferencea:-

Raln gauge stations shown thus I!) 

Catchment area c::::> 

Figure 2C.9:-Showin9 cotchm~nt art~a of Mula & Prava-a Rivvs 
Scale 1 1 --9 1 8 12 16 10 Miles 
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It si seen from Table 20.9 that the maximum rate· o{rise of flood assum
ed i.e. 18,000.cusecs every tln.ee hours and for a capacity of 4,1~lnillion cubic-
feet gives a margin of three feet below mean water level. The flood absorb-
ing capacity of the reservoir works out to 496,100 cusecs. • 
RELATION BETWEEN BATE OF INCREASE OF FLOOD AND FLOOD ABSORPTION 

The effect on the absorption capacity of the reservoir for different 
rates of increase of flood has been worked out ·in'· .Table 20.8. It 
is seen therefrom that greater the rate of increase ·of fi9od greater ~is . 
th~ flood absorbing capacity of the lake. If the flood rises every thxee 
houn by 5,000 cuszc~ mor~ than the discharging capacity of the outlets_ 
at +123, that is if the flood is · 370,100 cusecs at the start and goes 
on increasing to 375,100 cusecs three hours after and 380,100 cusecs 
during the next succeeding three hours and so on, it is seen the flood absorbing 
capacity works out to 450,100 cusecs. If the rate of rise ia 10,000 cusecs every · 
three hours, the flood absorbing capacity is 470,100 ~usecs ~nd if the rate; of 
rise is a lakh of cusecs every three hours it ia 720,100 cusecs~ The maximum 
caracity is that which fills up the lak~ in three hours after· allowing for the 
outlets to discharge full at the maximum water level. This works out to 
802,377 cusecs. . . r 

The relation between the rate of increase of flood 'and the flood ab~o.r}?ing · 
capacity of the reservoir is expressed by the equation, - . ' · 

y=O ·005x+O ·04x2+0 ·04x3 . . (20.5) 
\Vhere y=rate of increase of flood in lakhs of cusecs every three ho~. 

x=quantity in lakhs of cusec.:; .above the full discharging capacity of 
all the outlets at + 123. · · : · 

It is thus seen that higher the flood, shorter is its duration. Greater the 
rate of rise of flood greater is also the flood absorbing capacity of the reservoir. 

The maximum flood at·Krisnarajasagar is ·279,089 cusec.3 .. The discharg
ing capacity of all the outlets at + 123 feet io 370,100 cusecs or IS per cent. 
of the very maximum. · · . · 1 · 

1 

If the flood absorbing capacity of the res~rvoir is also considered, the 
floods that can be negotiated can be b~tween 161 per cent. and 288 per ~ent. of 
the extra-ordinary fl~od that occurred in 1924, the exact magnitude depenifing 
on the duration and rate of increase of flood. . . · · · '-

(3) AN UNPRECEDENTED FLOOD IN MULA AND PRAVARA VALLEYS 
AND ESTIMATE OF LOSS OF FLOOD DAMAGE (7) 

. ABSTRACT 

In the Bombay Decem J'une to October is the main rainy season. In the 
eastern part of the Province there occur heavy showers in November 8.Iso. · In 
the month of November 1946, the catchment area of Pravara and Mula Rivers 
in Abmednagar District received a fairly long spell of rainy weather of about ten 
days which ended with a heavy down pour, varying from four inches to seven inches 
in about 12 hours. This coming on top of a week of soaking rain caused 
unprecedented floods in the valleys of Mula and Pravara. · Figure 20. 9 
shows the valleys in question with rain gauge stations. Table 20.· 10 gi'res the data 

(') Poona J.rriga.tion and Research Division, Poona., Report on Imgation and Allied 
Re~earch 1946, pagee 82-Bli. 
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about rainfall in the area. Figure 20.10 shows the flood levels at three im1:o.rtanL 
P?int.s!:i_~ .. ~~hur~_Belapur.~d_K~!~ar ...• _ ..•. ~., ..•........ 
11 ' -. t 
16 

~ .. 

' . . ... S.B.I. 

....... · ....... - .... _ 
. . . . . ., ~ ' 

• &......f'----t-.~r+-t--t--+1 
.. ...,_...,,LA-?++J'-4-......,...-1_ Hax_l~u.'!', fl~; .•t R!hurt ___ IU. I 7 64· 84 .__--t__._~l-~-+-1,_...,_+--~ 

2
r:.'V.r-.;.... . Haxtmum flood at Kolhar ___ R.L. 1616·82 '-'r-~ 
•.....-;- ~ t 'l 

Bed 'f-ll+'+~ Maximum flood at 8-elapur ___ R.L. 1664·19 
level o~~~~~~~~~~~~·~~~~~~~·-·~·~-~~~~~~~~~~~ 

~ ::::: ~ ,.... ... .. .. 0 ~ ! :! ~ ~ .:::::. ;:; .... i... .. 011 0 ,... • 

I ~ I 

O.un 18.11.46,.-•~.1~•....,,..------- Houn- I l 
19.1 U6.- -·--'-'···-1••---· ·20.1 1.46. ---

· · · ' ·FigurJ· 2C. 10: Showing r·ise of 7Ntfer level duiring1ll1e ltig/1 flood ol£ j.,~ o·ve1nber 
,18-19, 1946 at Rahur·i Kolhar and Belapur in Akmednagar Di8tr·ict. 

, • ~ .. ·~ , . J. ' • • . • I I • • • ' •• ' • ~ J '. j '. J ' 

. I ) . . . 1 ~REAS AFFECTED ' 
Talukas affected by these floods were (i) Rahuri ('iiJNewasa (iii) lldapur 

(h') f?.prigonda (v) Sangamner (i11:) l'ar·n:cr: Rahuri and New::.sa Taluka.: had 
· to bear t1ie main brunt of these floods. · The total hwnber of villages affect.e(l 

hv the fioodo:: was 117. · ' 
•.• • 1-· . . • l • . . . . I • . . . ' FLOOD DAMAGE ' 

The1daruage· to life ~md prorwrty wa:-; as~2~'!Jd by a special officer of th£> 
Revenue Department and the followi1Jg .\gh-e:-~ brief detail~-

( a.) Human life.-Thj numh~r.?fhuman live.~ lo:;;t wa~ 28, of whicl1 Haim:i 
Bttdruk· ~lone · lost .15. 

(b) Atdmallife-Guat~, bulloeko:, fowl~, l10rso?.d etc: lost in flood.'! wert: 707 
in ntmbJ-r. This large toll in animal life wa:-~ dn~ to the main on-~hau~ht of' 
flood coming in at. night when the animals tethrr<•cl to ~tab'::-: coul·l w·t. 
break lose, all human efforts being c~entred in the rescue of men. womt.·n and 
ehildren. ··· . . . , 
. . (c) Houses-Damage to habitation,.; duu tv. fl.~di' in the six Taluka~" wa~ 
as undE.r: 

{i) No. of houses completely damag('.d : 197 
(ii) No. of hut..; completaly damaged : 171 • ~ 
(#i) No. of houl'le3 par:t;ly .damaged ~· l,li9 
(iv) ~o. of bnf.3 partly damaged : ~ lO 
(:,Jf .. fJ [_::.:~·- ... ";_ J..; , .. ·.;.,~~ ·--~ ... 



TABLE<.2C.l0 =· 
Sfuywing rainfall at various .8lations in_ tlte Mula and Pravi:aa catclufw-nls Jor J1i:rt"ndsfrom N ovemLer 9 to 21;-19.JG, 

November 1946 River : I Rain go.oge suwons catchment , ~ .. 

·--------------·1----·!---"""_'-_-:_9::--o-1--:o-0---=~ =1=1=:~.-:.1,_2~~~~-1~3-~1==1=4=:==1=5=~-=--16_-_~-17-,. IS- ·19 I 20 ~ ! 
Dhandarda.ra. C.. • • . • • • Pravara 0·10 0·8. 1·90 0•64 0·80. . .. .. .. .. 0·33 4·67 .. .. 
Kotul .. :. . } •• •• . · 1 {5·10 

MulA._·,.~ • • • • • • • • • • , • • . . . . . · · :BrahmanWfl.da~ • • • . . • • 1 6· 50 
I 

• • • • . . . . Pra~a.rar , Sangamner.·.: _ /7 
Songaon• •..J 

Ashwi ~. i 
Loni • 

•• •• •••• , .. j .. ". 
! 

Khandala r"t. e 
Vadala : .... 

Belpimpalgaou_: 
Rahuri ~=· ~ 

Ghatga:r"': ... 
Akola. ~··-

Belapur:town t~ 
Malunje! ... · .: .. 

•• . . 
•• 
•• 

•• 

• • 
•• 

r. •• 
•• 

•• .,. .. 
•• . . . . 

• "II , • .~ .. 
• I' •• . ... . . 

•• • • .. ~ .. . . . 
.. t • • • .. 

. . . . .. .. . . . 
Deolali- ~-~ 
Musalwadi •'II ~ 

. . .. . . -. . . . . . . . . . 
Harlsohandcapd :.t. ,. . 
Dhamaw4JJ.. w •• 

Chas ~pa;1dll-r1 ,..; . \'. 
Chikaltail .. "': f. •• 

.. 

I"' 

. . l " 
I 

• 1 ,, 
• 

. ' I " 

1 . . ,. 
Mula·• · ... 

I 

Pravar4'o-· ..... 
' . ... : ,. -~ 

I 

' 
" :., 

. "' . ,, ., 
I ,, 
l 

. .Mula -: .. ,, • 
' 
" 
" . . " 
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'1•50 0·05 1·1<) 0·56 
3•05 0·40 0·70: 1.15 
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. . . 

: .. 
0·70 0·65 2·00 2·23 0·20: ~· .. 

' . . . .. ' 

0•95 0·15 0!·50 ~ 1·35 00'5 
0·35 0~0 0•'65 ~ 2·10 .. 

0·63 o~21 -o•so ~ 2·07 : .• . 
,1•25 0·50: ·1 .. 15 1·60 0·10 
0·60 1·.30, 1-~.as. 1.·50 0·6o 

. • l·oo t·.oo .. O·l.iO 

0·32 1·35 . 0·85. 
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·l •• 
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0·22 
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5·70 

l •• 

0•47 i G·OO -···. 0•50. 3·80 <' •• 
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1:00 3•00 li·OO ..... u 

0·45" 8•42 
0·45. 8•JO 

" , ...... 
l ..• 

.. I 1·14 

I I --........... ------------~· .. ···-·------..-------.:..._.__:.. __ ~--~---=------..;.._--------------
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(d) Damage to lands and crops: There was no appreciable erosion of 
lands any where except in Rahuri, but the sheaves of harvested bajri, which 
were collected into heaps in open areas were carried allay by floods. In Rahuri 
Taluka, Mos~m~ trees with fruit oa them were much damaged as many sp.ch 
gardens are situated very cloJc to the ri v·er banks. 

(e) Mooeable_ propert~Aa stated above much of the .rise in water level 
oc.curred in riight time and the public could not fore ree the calamity in store for 
them. Thus movable property was also lost during night time. 

Esiz'mg,te 'of damage :-As regard~, loss of property including houses, 
valuables and crops etc. the following are the approximate estimates for the 
villages·aff:cted. by floods. 

(i) Sangamner ta/..uka -(a) Sangamner 
-(b) Other villages 

( ii) Shrigonda taluka 
(iii) Pamer taluka 
(w) Belapur taluka· 
(v) Newasa taluka 

.. 
(a) Newasa Kd. 
(b) Newasa Bd. 

. . . (c) other villages 
(vi) Rahuri talttka (a) Rahuri town • . • . • . 

Rs. 
50,000' 
50,000 
31,000 
21,900 

• . 1,61,000 
• . 1,57,600 

2,71,600 
1,36,000 
6,00,000 

. (b) other villages .. .. • . .. 
. (viii) Loss of:Govemment property including damage to roads, bulldings, 

8,00,000 

· · ferry boats tic. • • • • • • 

Total 24,79,100 · 

-
As. a result of these floods about 17,000 persons have become de&titute 

and Government has sanctioned about three lakhs of rupees for granting frpe 
rations to destitutes, 'supplying materials such as bamboos,. galvaniserl i!oii 
sheets and "granting tagai loans to housing societies and deserving person8. -

~ ' . . . . . . . 
. FLOOD DISCHARGE 

: From Figure 2C 10 it will be seen that at Rahuri causeway the maxi
mum flood level·was eight feet higher than the previous recorded level. There 
was 22 feet depth of water over the top of causeway. Efforts are being made to 
estimate approximately the discharges of the Pravara river at Newasa, and the 
Mula., a.t R~huri, lhe, bed ~all in these rivers at above places is' about one foot 
per Dille •. Rough.data collected so far in Ahroednagar Division show that the 
discharges must have been about 3,00,000 and 2,00,000 respectively at Newasa 
aDd Rahuri. There is no recent record available of any high flood damage in 
these areas.: Enquiries indicate that such high floods have not been heard of 
during the last 100 years or so. No definite data. about frequency of floods 
can, therefore, ~~ giye?- at. this stage. · 

POSSIBILITIES OF CONTROL 

One of the two vaileys viz. that of Pravara. has a storage reservoir at Bhan
dardara in .the ghats • . Tbis lake is, however, situated near the head of the 
valley and' was not of any Use iri controlling this flood. : . ; . 

Its. contents have since been eased by 373 million cubic feet or ~bout 4,300 day 
cusecs during theJlood period. Two storage tanks of-~ t<?tal ca. pacity of 18,000 
million :cubic' feet contemplated in the Mula valley, if constructed,· would help 

... . . . - ·- ~ . . . ·. .. ~ .. 
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to an appreciable extent. in reducing the high flood discharge of the type that 
occurred in November. In normal years draw o:ff from such lakes begins by 
the beginning of October and hence heavy flood~ in November can to a certain 
extent be absorbed in the lakes. --------(4) MEANDERING RIVERS AND FLOOD CONTROL 

bY 
K. B. Ray 
ABSTRACT _ . . . 

There is a belief that a river follows a tortuous. course· and finds its own 
length, to attain a state of equilibrium. But in doing so,_ with the reductio~ in 
velocity_the discharging_ capacity is also reduced, there is overtopping of. banks, 
water flows over the country side causing flood damages. It is not at all necessary 
to reduce the velocity of flow to :Prevent ex·osion of river· banks· which leads 'to a 
tortuous course. There is no erosion when a rapid current flows parallel to an 
erodible bank. Erosion is due to. the oblique impingement of the l'linning water 
on riveJ; banks. Such oblique impingement is caused by obstructio~ in the river 
bed. A higher velocity of flow with its greater power of erosion, erodes and 
removes such obstructions and restores the flow to a state of uniform motion in a 
straight line. The straighter channels in -the upper reaches of· a river or ·at .high 
Witer levels, is explained by the higher velocity of How •. The higher velociy, 
in deepening and straightening the channel, increases the hydraulic mea:O. depth 
and slope of water surface, thus maintaining a better channel' with a higher 
dic;charging capacity, which can ac_co~odate the maximum dischar~e wi~hin its 
channel without overtopping of banks and flood damages. Rivers in this country 
have been allowed to assume any- alignment and sectional area, but- it has not 
helped them to attain a stable condition.· On the contrary . there -has been 
progressive diminution in their discharging capacity with overtoppirig of banks, 
and floo(ls have increased in-intensity and ffequency. E~bankments are not a 
:Permanent remedy for· curing ··Hoods. · What is necessary is to increase the 
discharging capacity of' the river cha.mlels. This can be ensured by deepening the 
rivers and eliminating. tortuous. angximents. For sluggish rivers, diversion 
channels will be necessary to avoid tortuous courses, while for live rivers, it will 
be necessary to train the flowing ·channel to an alignment with straights joined by 
fbit curves. · · . · ' · :. ; . . 

There is a belief that a ·river follows a tortuous course, in its natural atte:ri{pt 
to reduce the velocity belo'w .:w:hat will not eroq.~ the fine al~uvial·son, so as to 
attain a state _of equilibrium, PY. increasing its length and-thus reducing the 
slope of water s~face. The st~telllent t)fat a r!ver tri~s to find its ·own length 
is also based on this belief. · · · 

There is DO doubt that erosion of river banks, with QOnsequent formation 
of' bends and taking_ a tort~ous cour~e, increases· the l~ngth. of 'the' ~bannel, 
reduces the slope of 'Yate~ surface, progressively reduces the velocity of flow to 
a limit which· will not ero.de the fine alluvial soil. But ~n !lttaining this stage, 
with the reduction _in velocity the d~scharging capacity-of the river is. also 
coilSiderably reduced~ For ~xample;. the maximum velo~ity ·at . high water 
level, even in a small rivet, is ~s big~ as six feet per second. .'This ve~Qcity_ has 
to be reduced to as l~w as six: inches per second to prevent erosion of-the ~e . . . . . 
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apu,Vi:a.f:s~il' -~(.~t~~.r .. ~a.ii~~:, ~.~tt. ~he re4~c~iQ~J&.~et~'it~ ~I fl~w 'fro~ ~ix 
feet t-o s1x mches per second also reduces tne dise;h~rgmg capacity p{ tbe nver 
to l/I2.th. Consequently t'he ~a~~~£~-ofJILl_2j~s 'of the· aiscbarge cannot 
be earned J?y .t\ttp~an.f!el, ~~7{ U~er~ ls,,o~~r_:t,qppu~g •.. 9~ ... ~\~~r .. bapks-wa.ter 
flows over the country side and there. ,are flood damages. 
. ~ut the question is.: Is it at ~H n~ce~~ary. to r~duce the veloci~y of flow 
ma r1ver to prevent erosion oftne tine aliuvlfil sod ofr1ver banks? It Is n•>ticed 
tba~ t'J\er~ i& ~~ .. ~r~~i~n .":he_P.: ~-.rap!'~· f·~:ft:en~ ,f}.~:v~ aJopgsid.~ of,. and parallel 
t() ~~J~to9_il>l~.l?~pk., ,.JJlj.~.,s_,e,xp,l~~P..~d py -~~~Ja~_t t~~t ~b~r~) i,~ ]itt!e fri.ctio~~l 
t~S~~t.~n~.~be~_we.e}J,.th~ IJY.~~~ ~~!l~.~P.~. t~~.JV~~~-~Jg~,i~g.P%'~~e.1 t.~ i~ .. )P1+s 
~n}y.w~~:qJp~,f}.w.d..fil;:u:nen.~~.rr;npp~g~ 9,hl~qu,~ly.~n)~ ,:pyer b~nJr. and ~h~ c\ir~~
tiol_l .. o.~ .~~'Y ,j~ ~h;:tpged. af}et:. Ht~ -~~P~f~ _th~ ~ '!r~~I_qp ~o.f p~~k~ .ta~~s pJ~~e .t~.e 
~gt~PI\ .. Q.EtJ"Qg_g<;>v~~e~t\>I ~~w~.<?.n .. s .f.J¥rd.~a~ .of Notfoi?.-. Th~. f?r~e .!.e~1p~e~ 
tQ p~a9ge •. ~h~ .~V~<;~ioq Rf. ,w.oti!?n. 9: f ~P.~. :flp.i(J. ~~~llJe~ts, ~.s. 9eriyq~ ,f~om ,~e 
m~tl9JJa\ t:~~~~~a:r!~~ ~~F"f.~~~ tR.e ~atf.r .. a~~ th.~ r~yer. q~n~,. ~b!?.~.is equ,~l ~d 
oppq~i..t~_to ,t)l,e .. fo;r.:p~,_pfj~.p~c~ pf. ~hE\.ff.l}i_d ,fi1;t~en:t~ ~~Jp~ ,rh:er. ~:;t;n~. .lhis 
fr\QtipnaJJe~i~b~I?c;~ •. ca:~~~~ ... t~e,s~~qe_ p(~h~ q{lp.4.;tq qe .. ~~9de4. ,Bllf .. the 
c.~ yj1,1g iJJ Qf .t.1;le .. q~~~s is ~.~ ll~~d, by, th.~. f ac~ .t~.~ t, tp;e ~fl t;ct~d cun:~l}t 1_f~.ye~ .a 
~\Ch. of .. d,~~. W.a~er J~~t:W~~n.~.t .~nd, ~.h~)~nkl. W~ICb I.~ tW'~e~ by Jt,;n~t.?~ a~ 
eqd.y,; th.i§ ~Q~:w;§~~ep,pa~!ng,t'!t~ b~n1r_slopes to slide into it. The erosion 
of bal:lk a~<l. for;m.a:t~pn .~f. .~end~ ~~l, ~Jl.er~f~re,, qp.~ t~. 1t~e. obli,que ~JJ,lpin_g~n?-n~t 
Q.f .the. r:un~ng_W,~~~ 1o~ ,tp~ !~ye:r .ban)r~:._, '·• j; .... 1,; , • • ... ;. , . .• . . • i .• 

. _ _. .B.ut _why _d<;>e~.!t c~llt .. ~f.;w.a,~et;, ,W~I~~.PPfmaJJy. ~?.~9.r:dipg to. Ne~ton.s 
Fir~~ LaJV qf l\,f<;>tiqru;h9.1!1.4 .11?-.0.'."~ .h~ ~ strltigh~ ,Ii~~. pk~.~~y e;>th.ermoyivg l?.ody, 
<leflep:t a~d i:t;llpi.r~g~.9."Qliqu~_Iy -~~ tq~ r.i~~.:r.J:~~nJr. t .. A~ ~p~erva.~ion of fl~'f .. in 
3·.riv.er.wi1) .~.~~w thi_tt ~~§trp~~iop.9, ip.~h~ rh:~.~.l;>~q, ~mc!l, as ~~~~:a4e.«1.tree. Ol;"_& 

pr~tr:urli~_g W._:nk of cJ.~y or: ey~~--~ .~h~~\,. df.~e~~·~ .. !P~. Clp't;~n~~ ca~sing it :t~. ~~!ike 
the .. rw~.t paiJk. __ , T)l.~ ... P.~:W~~ ~f ~ro.sion qf.~nivg ;w,~t~~;V~!ies as,th~ ~{1u~~e 
<>f ~ts ,.velo~ity~. A }Jjgher y~l9~ity -~~~jt~ .m'~:;ttl.J)~cr.~as~.~ power of erq~ipn, 

. iithu~f).h1~.t.o e1o.~fJ a:q.({.rewqve .sys:~. P.9st~JIC~i.<?:rw.in,th~.tix~r, ~~4, thu~ n·-;to:r;
ing. th~. ~Pt:r~mt ~R 1l9.'Y .:-' jp.its. ~t.a.te:..~}I~~~o~ Jllot~?.n.in, a straig~t line~~. 
1hi~r_e~pla.iH-~ tp,e.f~<:t .F~.J.P,- rh':~f. qhanrwl.P..ari~*.h)g~er velocity, a" j~ tb.e 
steeply sloping plain..~ below the foot hills such as in the upper rea~~.t:~ qf, ~~,e 
1\lanas-:-B~Fi, has~ stra_ig~t-~r .ftrannel~ -~Y~~· ~~e .tortuous dl) season cbanne) 
Qf an,~Uuvial riv~r :as~UPJ.~S. ~ str~igbt_e~ colll'~ d~ing ]ugh water level in t.be 
rainy·s~ason. 9wj~g to.~be.higber velocity·of flow ... · . , . , .. · . "· . 

, The high~r ·yelocity. ~rod~s the Ijv~r .'be4 an<l d~~peni? the chaWJ~l.. ~ 
deeper and straighter channel has a higher hydra~.Q -~~ai;J.. depth and a gr~ater 
slope. of w~ter; sprfuc.~, cppqj~ions. w-Ai<(l}lel!d, to ,high~r. ,v~lop1ty of ~ow and 
~onsequently .a)ligher discharging capa~jty ..•. 'X.he river, ¥:D.de:rsurh conditions, 
~an 'Qoonnn<.>dat~ 1th~ :ma~u~ qi8Qharge_ witl?.i.P. its. 9hannel. There is. th~n 
no ove:ttoppi~g of ba~s ... nojJ.qw,, of. }Vat~r .. a9~<;>s~_.tbe Jiver sideJand~ an(J no 
flood da:r;nage$'.. :r.he .highe:r. velocity .i.n.~he riyer~l,"og~s ~nd. remQve~ aU. qbH~wc
~~oD_fr'oiri it& bed and Jl?WS p~r~U~l tp t~~ r~~~rJ>a~.· 'l'h.er~ i_sth?s no o}?Ji~v,e 
J.Jllpmgement of th~_:flwd fi1;1mentsp~ _l;rv:er ~~~' .n9 erosw~ a~q no fonnl:ltion 
of bends. S11ch ~- 90ndition of :flow enables the river to maintain its C'hannel 
in a stable condition and accommodate and drain the maximum discharge 
within its channel. 
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:-t.i 1
' , \ ·-~- t.1: ~f-~ t;~ :-.t I' •·· ··' ···" , ·" · ·. -----

Th~ nvers in this country have been allowed to 8.ssume ap.y, ,q,Ii~lm~.11~~ . 
~ving any w,-idth, CleP,th a11d .~ec~i:~nal ~~e~,. ?n Jibe ~e~jef tb~~ RY~ ,f?O doip'g, the 
natura1 ~o'Y~fwate~is p.qt b~mg n~ye!fere~l:W~~~- 'f,\w~bas g~n~,9~ fo;r J.u,u~qrf1<~~ 
of years,..b~tt has, it h~lped t.~e. riv,~r~ t~ ~vt:~~l} fh~~~~le .. cw~:~itipl})., ,·pp ~¥~. 
c?ntra~t'. ~u.e t?, th~ ~?~t~ou~ C?p,rse -· a.ss~~e4. ~n~ .. ~?~.~eqri~~~ .:P~og!~.~s1ve 
r~duc~I_o~. ~~ .t~e. v~l?ci~Y,. ~f. ~~w, t~e~e .?as b~e.l]. p~qgres~~~~ ~~~~Jlt:I~I~1J] 1 t~tt 
d~1sch~r~mg Cf!f!ac~~y, a~ a .c?.n~eque!lc~ of .wliiC~ ~~oa~n.g .. ~!. n.v~~ sl.d~-~~'!'ld~ · 
have. l~Cre.a.sea, 1.n?~teos1ty 3;';l.d ~r:eq~en~y ., .. ~ <?,t q~Jy 4o. tli~ I~~bltt;tnt~ s~ffer 
frol)l such floods, but the Government ras to spend enormous sums of money 
in 'rep_air~ to damage roads, bridges ~tc., as well as in giving relief to tbe inhabi-
tants.'' · · .... · · · '" ··'~ ...... 

• l . . . . • . ' t ~ ' • ,., ;... • • . f ~ l· • l • " : J ~ } .. • ~. , . • ~ ' " • • • • J • • • • - • 

Emba~~fll)Ilts aloJ?g riv~f. panks :may .. I?f~ven~ fl9pd .1V~ters; fro~ flowin.g 
a~ ross, ~he c~u~t~Y·: ~ut .. ~s 1s :w.eN ~ow~ :~:uc]l. m.~~gi_n~l_cD?_b,a:n:~ent~, are 
n~~ a perman.e~t reme~y. _ 'Vbat ,lS nec;~~sary,~~ ~o.,I~~~e~.s~_ ~~e-~ischa~ging 
capac~~y of ~h~ r!v.er;cbann~l! ~? t,hat. ~.h~ ~axim~IIJ .<l\s~'h~rg~ ?3:n ~~ .~.cc_~!?ID?~ 
dated~~~~?~ cb~n~~~~~d ~rame?. F~~?~~h ~.~· 'fll.~~· c.~n .~~ ~~~c~~~ ~YJ~cre~s~~& 
the velocity of flow. As alreaCly explained a h1gher velocity of flow with Its 
higher power of erosion erodes and maintains a deep channel, and by'r'e~oving 
al:r obstruction from. river. bed prevents deflection of..the crirrent ana oblique 
impingement pn river. banks ... A state_of unif.orm motion iD a:, straight line is. 
thus maintained. Any change in the direction. of flow .should.' follow da flat 
curve, the radius of the curve depending ~n the width of the flowing .channel 
and tbe velocity of flow. To· ensure· a uriiform velocity,· the sectional area- of 
the channel must remain uniform and for thistlie width and depth must remain 
uniform. ]3\n~ .r.~ye~s w:ith a ~lvggish ftow,.}J.a vmg w~ltqe:fined <-h?-~e~s with 
tortuous .a\i~m~~~~ .. it wj}l be n~cessa:Y f~ h_flve. d~!ers~p~ c'4~~~el,s wNch· will 
ensure an alignment for each nver with str~~g'4~~ J?ip~~r~Y. fl~~furye~. For 
the live rivers, which usually have eroded very wide be.dt:J ~nly a fraction of 
which is (lccupied by the flowing channel, 1t will ben'ecessa'i:ftotrain tl1e flowing 
channel to an alignment with .straights joined by flat curves. 

DISCUSSION BY TltE RESEARCH COMMitTEE , 
.. ~. ' ., ' ~ ~ 4 '· ,. ,• .,.l,,J •.. fl .... &.~~ _.... .J . ,:., ... )'·1"\1~~ t '-'"'"•! , •• ,.., 

.• 1 ! :Mi .. GnoTA,Nx.A~ .int.r:od\r~~djt~m Ul.a.nd. f:!ai~ .~at,tJ;u~ .. l'daht}~adi .. riye.;r 
near, Cutt~ck b. ad four pr:;tn9h_es in. ~dditio,~_t<;>.JwQ ~pills,MlP_ ~l1Pf3~ .l1~;1nch:e~ 
wbich were. 9D. the co:o.v~x ~,ide of. ~w.vature, drew excess sand. In this case, 
the Katjuri :below Naraj weir was one of the, excess sand-drawing offtakes. To 
arrest deterioration;· therefore., either . _ . · . · , ~ 

(a) its sand carrying capacity should be increased ; oi . . 
(b) less sand' must b~admitted irito the Katjuri at bead by reducingtbe 

r ' ,. t . • wa.t~rw;;ty: Qf .. th~. ~~:raj w.e-4'. ; Qr ... :. 
~ .... (c) c9mbinatipn 9.£ both (~) and (b). • 
(a) could be achieved. by shutting off th~ spills.bu.t this_ 'Y~- notper~issibl~ 
because it caused ari a:filux of 4f feet. · .. . j ; ,,,, .• : 1 

~- ,It was_a]sp considet:ed. that, ~19~jng, t}leJ~.~·,\lki ~Q~.<hs11il~ ~I},tir~ly.~:}s not 
desirable because occasional flooding of the Puri district where the Banki Road 
sp111 waters fino their way is considerPd essential and so experiments were 
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ca~ied out with dther spilJ reduced partially, singly or both together, and also 
with Naraj waterway reduced so as to off-set the afflux caused by stopping the 
spills partially. 

· The anyalsis of the experimental data showed that satisfactory conditions 
would be obtained by reducing the Banki Road spill discharge by one half i.e. 
to 50,000 cusecs and N a raj waterway fron, its right and by 15 · 5 per cent. 

In addition to the reduction of the Banki Road spill to 50,000 cusecs, dosin~ 
the Bimasi spill by an embankment ending in a spur had its advantage in 
increasing the carrying capacity of the Katjuri river and scouring deep channel 
toward~ Cuttack ; yet it was harmful to t}le :Mahanadi which had its relatively 
clear water supply of Birnasi spill cut off. Probably the optimum solution 
might be to allow a reduced di~charge through the Birnasi gap, with the Banki 
Road spill reduced to 50,000 cusecs and the Naraj weir length suitably reduced 
to counteract a:ffiux caused by reducing these spills. This was b3ing tested. 

The experiment~ were carried out under existing conditions of sand load 
ap.d discharge diE~tribution above Naraj. In tbe event of the proposed dams 
and barrages across the Mahanadi, the proposals would have to be suitably 
modified after further experimentation to conform to the changed distributi?n 
of sand and discharge. 

MR. GoviNDA RAo introduced item (2) and said that flood absorbing cap"a
city of a reservoir is the sum of discharges from the outlets and spills together 
with the discharges bottled up in the reservoir between full reservoir level nnd 
maximum water level. It not only depended on the maximum rate of rise. 
of flood but also on the duration. For the flood absorbing capacity of reser~ 
voir. four factors we·re taken into consideration; 

(1) depth in feet between full reservoir level and maximum wate-r level 
(2f capacity between full reservoir and maximum water 1eve1. 
(3) discharge capacity and 
(4) rat~· of rising of floods. 

Equations had been worked out on the basi::z oftbesefactors, but it appeared 
that these were not sufficient. The relation between the duration of flood aP.d 
its intensity had to be worked out. This was very important. . ' 

Record of fioo~s ·occurring iri Krishnarajasagar for the past thirty years 
had been maintained. It showed that the maximum rate of rise of flood had 
never exceeded 16,000 cusecs in three hours. The sluices in the dam had on 
the aggregate discharging capacity of 370,100 cusecs at fuil reservoir level. 
The flood absorbing capacity of the reservoir could be any where between 
370,100 ousecs to 802,317 ousecs depending on the rate of rise and duration of 
flood. Hence the importance arose of taking into consideration the duration 
of peak floods "in addition to the other factors usually taken in such calculations. 

RAo BAHADUR :MAYDEO introduced item (3). He said that this was only 
a report giving the are!ls affected, the extent of damage, the amount of flood 
discharge and the possibilities of control by constructing some tanks for floo~ 
absorption. · 

Item (4) l;>y Mr~ Ray waa taken as introducedin the absen<'eoftheautbor .. 
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MR. F&AMJiconunenting ·on Mr. Ray's paper said that the autkor was right· 
in decrying the reducti~n of slope and velocity of a river as means of arrest
ing meandering, though not for the reasons he h~d given; not.somuch because 
it would reduce the discharging capacity of the river, with adverse consequen~ .. 
ces, but because there would result more, not less meandering. As experiments •. 
in Poona have shown(') the primary cause of meandering was insufficient (vot 
excessive) slope -i.e. insufficient energy-for_ the river to .transport a given 
sand charge with a given discharge so that a part of the charge was thrown down· 
on one bank and curvature develops. . · 

On the other band, if the slope was in excess'of that required to carry the 
charge witb the discharge avai]able, scour occurred and this scour increased the 
induced charge which then became excessive for the slope and sccond~ry·mean- _ 
dering occurred further downstream. 

Nor was it more than wishful thinking to expect to attaiD and maintain 
equilibriuru. conditions where the charge was just what the channel could carry 
with the slope and discharge available, preventing sub-charge on the one hand 
and super-charge on the other, not only because the charge and discharge in a 
river were always changing and fluctuating, but because scour due to inequili
brium was always accompanied by a rising bed ; so that although there might .. 
ha,ve been a point or a short reaeh where the charge could just be carried, this 
dio vot persist along the river but conditions passed from· a sub-equilibrium 
charge for a deeper channel to a super-charge for a shallow channel. This 
explained why all rivers tend to meander, even incised rivers. · 

Hence, increasing the discharging capacity of a river, though useful for 
flood control, if and where it could be dove, would not solve the problem of 
meand<'ring. Nor wa~ it dear how precisely Mr. Ray proposed to train the 
flowing ~hannel of a live river to an alignment with straights joined by flat 
curves. W ou1d he design the curves for maximum or dominant formative 
discharge ; and what width\vould he allow betwe~n tbe'6traights 1 A suitable 
width and curvature for one magnitude of discharge and charge would not be 
suitable for ano~her and rivers unfortunately did not adhere to any constant or 
predictable discharge and charge. 

MR. FRAMJI presume that the diversion channels-Mr. Ray's panacea 
for sluggish rivers-meant excavation of entirely new courses. In addition 
to the same difficulties of design as for the remodelling of live rivers, there 
would be the question of suitable alignments. . 

Had Mr. Ray considered the practicability of his suggestions in respect of 
expense and balanced the likely gain against the outlay 1 

MR. CHATURVEDI invited a reference to a problem in hand at the United 
Provinces Research Station concerning the trainiPg of river Rapti in Balram~ 
pur Estate. That problem immediately went to show that the arguments 
introduced by Mr. Ray with a view to get more slopes were very fallacious. 
A ! -mile long short-out made in the river to eliminate lqop of about three 
miles resulted in the river ascerting fresh meanders. The cut was 20 feet wide 
and now it has become about a thousand fee.t wide and takes almost the entire 
supplies during tbe floods. Pumping Stations for' two lift canals ~ownstream 

(8) Indian Waterways Experiment Station, Poona, .Annual Report (Technical} 1942-43. 
page 59. · . . : · · · · 
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of thls cut ·a~e ~o~ fa~ing t.~~~N~~-~~e b;ing l~ft bigb ancl d'ry ·and tl;e· oth~r 
in the danger of being outflanked. It is thus not very deHirable sltort cir-
l'uiting r tl;aese• • meanders haphazardly.·. · 

~ ... ~~-·~ep~y t~' th'e Ch~irmaii (R~ 'B. 'Venkataohar):a) 'l\IR:·cn.nrRVEDI said 
tli~i th'e old course was silted up and wns functioning only as a higb 1evel 
channel. · · · · · · · 1 · · ·• · • · L · . 1 

DR. UPPAL asked·wbytbe cut-off €ou1d not be stabilized1by an Islatld. 

:·· · ~~R: F~Ak:J; poi~ted · ~ut t~~~ ~~~eri~~c~ ·~~ t'b.e' l\li~si~s1ppi · a.nd tlie Iriclu s 
had also sho.wn that cut-offs were often folloW!~d by fresh' meanders, particular
ly on the upstream side and stabilizing cut-off was not a simple matter. 

(ii) RIVER TRAINING WORKS · 

... ., The· following items were discussed at the 1947 Research Committee 
Meeting:-· '· : ·· · 1 

• ' •••·•. ••• • ·• 
, l l,' d t 

(1) ~lodel experiments for the prevention of erosion at Kurigram by tile 
· • river Dhari~. · ' · · · · • 

(2) Erosion:of the .river Torsa. 

(3) :1\Iodel investigations for the proposed Mor Barrage at Tilpara: 
, • • I • ~ \ 

(4) Training the 'River Luni at Railway Bridge No.3 of Sarudari· 
' Raniwara B:raP.c}l; of the Jodhpur Railway.. · .. · ! 

- ..... ; ' .·' 'It• I)' .• 1·:• . 
(5) Trammg of t}l.e Yamuna River at Delhi Gate Pump House by means 

of a pitched embankment. 

(6) Training of the ".,.atrak.Riverat Kaira · (BombayPresidency) 
• '~ ..... ' .•.•.• "• ~- .. " ,._, ~ "r r 

(7) Training of the Sutlej River at Samasata, about six I.U.i.le:s dv•V'll
stream of the Empress Bri<W;e at Adamwahan North W estPrn R ~.iJ

.: way;; ·;, 

(8) TheRupnarain river up.str~~~:ofthe'gh'octsyard: Koiagbat Raibny 
· ·station upstream of tne Bengal Nagpur,Railway bridge. 

·(9) Training of rivers.with permeable tree groynes!- 1'5-J :· .. 

(10) Beas River-Railway . Bridge -at Dhilwan. in District Julkn(~tr. 

(11) Ravi• River_._:._Spur 'at •Baherian_j_; ·Distridt•Gurdaspur. 

(12) Rivers l;henab and- Jhelum at :Trimmu Headworks. 

(13) River· Sutlej ·at· Samasata ·Railway ·Statiqn:' :·' :·· ~ 

. (14} s~~pe of- -spur-aprt>n··fo:r·.:eonvt-ntronal-type!"""f"Bpms:·:·-~· 
~ . .. . - . . . 

(15) Effect of the ang]~ of approach on the shape of the apron of a 
T -headed spur. 
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(1) MODEL EXPERIMENTS FOB. .THE PREimmON OF EROSION ~T 
~1JYi.,'.f~;· ~- DaAlUA .(~) 

·.· ..rSVIIIIABJ: 
l\Iodel experiments to find out permanent remedy to stop the erosion were 

started. Experiments described show that the 1nodel si~ulated the prototype 
conditions fai.fiillv~ · ;\ · · .·. ·. · · · · 

,, ... •. ······:'' ' " ·. . . . . 

(2) EROSION OF_~- ~JtER TORSA (10) 
SU.IDIARY 

~ ~ ' . ... . ,. . ... 
Describes a study of the behaviour of the River Torsa near about the town 

of Cooch Bihar. Makes sugg8$tions for the Qpllection of dat~ fo~ a ~etail 
study of models. 

(3) IIODEL EXPEBDIENTS FOR THE ~ROPOSED MOB BARRAGE AT 
TILPARA (11) . suliMA.RY ·,; .. · .. ,.,_ .. ·. 

It has recently been decided to raise the whole barrage structure by two 
feet and reduce the total waterway of tlJe ba~rage by 60 feet by eliminating 
one w~~ir ba:· of 60 feet. It has also been pointed out. that the baiTage will be 
dc.sia·twd for R maximum river clischarge of300,000 cnse.cs. The total wa~rwav 
of thf' l•rt.ri'age will be eight bay~ of 60 feet ea(~h in the two undersluices an~l 

. se.ven. ba)l:: of 60 feet each: in the weir portion in the middle. \Vith the harrag•) 
as prcyiou~ly designed the tota) energy l~vet for a river dis<;!harg~ of ~00,00() 
cuseos was ~!~-pected to~ 212·0 feet. (R.L.), with 345 cuse(!S per foot .1un over 
the · u11dersluice · Aectii>n a:nd 281 · ousec~ per foot. 1·un over the.· weir .sectim1. 
This hns h~t'n calculated iron\ the curves of discharge ('O-effioient obtained from 
tbi.:: re~u1t~ of experi.Diets .on two 1nodels. Tbe result of the change in design 
wi.H lw t;o raise thiK tota.l energy lrvel to 215 · 0 feet (R .JJ.) · · . . 

. ' . . ' 
'l,lt<~ effect of raising the who I(' ~h·uet.ru·e hy two fret on the 8cour pmrluced 

dowuHrt.~;un of tlle structuxe ll.a~ lwfm iun~f4tigatPcl by model experiment':' (m 

th(~ underRlnice sectioll. Tl1e reEtu]ts are :-

1. F(Jl· discha.rge of 30<;> cus,e<'n per ·fo.-.t. nm: the upHtrea.m water~le\o·e} is 
rai8-t•d from 208·0 feet. to 210·0 feet. Fm· tlw same down.-;trearn watei.·-Jevel 
iu tl\€' I·h-er~ theref«;Jre, the a:fH.ux inoren~e;;.; by n\·o feet;. Tlw expecfed clowu~ 
str4:1a'm "·ater-level "for this diso1uuge nft.pr retrvhrression i!::' 206 • 0 fent_. so th".t 
tlH! e~"Pected nftlux is four feet. The stnwture. li1ay have to be· desi~rned for 
t~is affitL~: if the' retrogression is acoellted u:; a probability. · 'l1lis .inf>rea~e of 
hffiux. lw\,~e.ver, '"-111 not increase the lM1ximum -depth of sconr flownshc,am 
1fhen thf~re n.re stagger~cl friction blooks on the do•nstrean1 floor. '.rhe depth 
of sheet pile~ therefore, need only be increaseil by two feet, the atnount liy 
whiell lh€' whole structure is raised. 

(•) Annual Report of the River Research Institute, Dengall946, pages 6 to 9. 
( 10) Annual Report of the River Research Jnijtitute, Bengal, 1946, pages 23 to 26. 
( 11) Annual Report of the River Research Institute, Bengal, 1946, pages 2~ to 39. 

J. • • t • ' 11 ° : ~ • • ·~ . 
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2. For discharge of 200 cusecs per foot run, the upstrealli water-level was 
maintained at 207 ·0 feet by the application of the gates in the previous desirn. 
"nen the structure is raised by two feet, the upstream water-level obtaii~ed 
without application of gat{'S is 206·5 feet, so that the gates will have to be just 
lowered to raise this It-we] to 207 · 0 feet. The effect of this chanue on the 

0 

standing wave and scour produced downstream when friction block system 
(B)* is present, is sbown in Table 2C. 11. 

T .\.BLE 2C.ll 

:\Ior Barrage-Undersluice Section-1\Iodel s~ale -h 
Discharge=200 cusecs per foot run ; Upstream water-level maintm:ned by 

gate=207 · 00 

FrictiC'n block system " B " on the downstream jlo&r 
--

_Nature of standing wave 

Down· Original design 
stream 

waier level 
R.L. 

202·00 .. Not ob:erved . . 

. 200·00 .. J Forming on the gla.eis 
at 20 feet from the 
crest 

198·00 • • Shooting away - •• 

Whole structure raised 
by two feet 

I 
Forming on the glacis 
at 19 feet from the crest 

Shooting away 

Shooting away 

Max. depth of scour in fee 
below the downstream floo 

t 
r 

level at distance (mentionedr ) 
) from the end of the pucca floor 

Original design 'Whole structur 
raised by two 

feet. 

Not observed 13·0 at 136 

11·3 at 

22·7 at 

128 21·2atl76 

208 j 10·.4 .t 144 

e 

Table 20.11 shows that for the same downstream water-level, the stand
ing wave~ pushed downstream, if the strurture is raised by two feet. The 
maximum depth of scour is not appreciably a:ft"ected. 

3. For discharge of 100 cusecs per foot run, the upstream level is to be 
maintained at 207 ·0 feet by application of gates .. It bas been found that 
with downstream water-leyel at 195·0 feet, the standing wave formed on the 
glacis at 18 feet from the centre of the crest in the original design, while the 
standing wave shoots away when the structure is raised by two fe~t. ,The 
effect on scour produced downstream is not appreciable, if there are friction 
blocks on the downstream floor. 

These results show that so far as the soour downstream is roncerned, 
raisin~ the structure by two feet will only require increasing the depth of sbeet 
pile by two feet . . 

* Two rows of blocb at the of glacis and two at the end of pttcca 1low, size of blocks 
being 4 feet x 3 feet x 3·5 feet high. 
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Figure 2 C .I I:- Lun/ River at Railway bridge No. 3 
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(4) TRAINING THE RIVER LUNI AT RAILWAY BRIDGE NO.3 OF THE 
SAMDARI-RANIWARA BRANCH OF THE lODBPUR RAILWAY (12

) 

SUMMARY 

Experiments were carried out with the object of devising measures to 
prevent the occurrence of trouble due to floods such as those experienced in 1939 
and 1944 by reducing the affiux and centralising and distributing the flow evenly 
in all spans of the Railway bridge. Increased water way with a flared guide 
bank gave promising results. The experiments also showed that the alignment 
of the left guide bank had an important bearing on the prevention of dangerous 
scour on the left abutment and on the flow conditions at the bridge. 

Introduction :-
The average width and depth of the river near the Railway bridge, in 

flood, are 3,800 feet and eight feet respectively, and its slope is 1 in 1,500. The 
bridge is 1,295 feet in length and has a clear waterway of 1,1~0 feet with 29 
piers ; while before the construction of the bridge, in 1927, the river width at 
t_"'le bridge site was 3,100 feet. Thus, the present clear waterway is only0·374 
times the normal width of the river, and is only 0·856 times the Lacey's 
minimum stable width of waterw::ty [based on the estimated maximum flood 
discharge of 1944 = 261,000 cusecs] •. 

\Vhen the bridge was constructed, the high bank line was continuous up 
to A, shown in Figure 2C.1l; a concave guide buna was constructed from this 
point to the left abutment for prevention of flooding of the low· level area 
behind the bund. · Since then the river has been gradually eroding this bank. : 

In 1939, high floods occurred in the river, the maximum recorded water 
level at the bridge being R. L. 443·5. The guide buncl breached at the head; 
and another breach occurred in the railway bank. Before the floods of 194!, 
this· was repaired and the head of the damaged bund was strengthened by 
building a T head. A new retired bund was also constructed for checking the 
tendency of developing new channels. ' 

During the flood of 1944-the maximum recorded since 1917-the water 
level rose to 447 ·2, i.e. up to the underside of the end spans; the flow was obs
_tructed in the middle portion, where the R. L. of the underside of the girders 
was 446 · 08. Large breaches resulted in the guide bunds and a el2 feet lengtlt 
of the railway embankment was severely_ damaged. Heavy damage was also 
caused to the three end piers on the left bank, one of which collapsed alto~ 
gether. 

Experiments : 

~:eliminary experiments ( .1.3) were carded .out to repr~u~--· eXisting 
eonditwns. These experiments were continued during the year to obtain 
optimum flow conditions at the Railway bridge. ·' '· ··· · 1 

{~) Indian Water-ways Experiment Statioa Annual Report (Technloal) 11'8, pag.,. 52-60. 

(~) Indii!n Waterways Experiment Station, Poona, .Annual Report (Technica.l)·l·946. 
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A series of experiments wete' oonduct~d~when various schemes and devices 
were tried. . These provided information regarding the inadequacy of artificial, 

p~~~h~~ ", attf,~~~~Y'~ .. ~~ .. ~1~,~?-~d(~~. ~~~i-~~g" ~a~~y. ~\'1~!~1~ I1~e .. ~h~. ~~~i, .. ~~ough s1:1ch island~.~~~ .~ee?nu~~n.~~. ~~) ;l;ill~~~ ~,9;r~. fay~m;a.o. ~. ~ITQ~mr=-~-~~CE?~· As 
a ·result of a long senes ofexpenmentR (i5j, it was concluded that 

(i) new spans providing about'3'oo ·feet of additional waterway should be 
constructed on the left &ide. . , . 

! - ..•.•. ~.-,., ..... - .. ,_ ... "t' ~~··· ·-l\ . . ,.~ . '!1~1: .. -~ '*··'t -· ··-

' (#) p.Q~~<;le:r~tio~l. of ,t~e safety of the piers dictates that the new piers 
should be carried ~own ~it:P,er toch.ard str~tum or at l.ea.st t9, ~- L. 397 ·00. 

(iii.) new guide. banks, upstre..'l.m and downstream of the bridge, .on the left 
bank should be constructed. Suitable alignments for these are shown in Figure 
20·12 .. 'Two alternative alignments of tlie guide . bank' ·are proposed.~: Tlie 
upstream guide bank should preferably be carried up to ·the retired.bund·rand 
pegged into it, th~s protecting the left approach bank and the ~_e_w ;sl.l-~d (pa;~t) 
aaainst any possible attack by floods; or it may }Je ende4 (as shown ill' Flgu:re 
2c-12.) at· an· angle ·of 12o0

, · n this ·'is· round· to .rbe ·substa:ntiany ·more 
econoihical. : ' . . . . . .. . . ' ·., ,, . '• ,j. 

The above in~a'sures, 'it is hoped, will considerably i~p.ro\r~; the present 
coi1c1itions at the bridge and lessen the action all along both th') banks .. 

. • . _ • • ~ • ~: · - · : · ; r . i _ • · : • 

(5)·TRAINING OF'·TBE JUMNA RIVER,AT DELHI GATE PUMP HOUSE 
BY MEANS OF A PITCmt-~ ~~NT (16) . 

SUMMARY . ··fll. 
AHa result of the existing curvature, the low water channel of the Jumna 

river at Delhi Gate Pump House recedes after the floods towards the opposite 
left bank away fron1. the pump home, necessitating the heavy expe.nditure ~n 
lnmd!11g it off and dredging the channel to feed the pun1p and the · p()wer 
how:le. .. 
' A.pitehet.l emhaninnent which cut. a portion of t.h~ ~xisting down stream 
bank o.f t)w power hous~--':V~~ found effective in ind.t19ing a left water channel 
bc,t.i.t tJ.pdt~r existing a.nd post-barrage conditions.. This a~ignm.ent was ~
suitr,hle to Delhi Gate Pm~rer House authorities as it .cut. from their land, ~o 
~t.not.her alignment further insi~le the river has .. to be evolv~d froin 1 ~od,el test~ . 

. f\ftoi" tl1~. ~es~~, a~ ~lig1~1e~~ ~of tlu~ e~~~a~*w,.ent 
1 
~(J.S; :er9lv,ed slJph as to 

lm affe.ctiY~ under ex1stn~g conditiOn~ .and also w:1th. ~he, barrage. , . . , ... 
• I ( .' ~ 1 1 ; . i> < I , • i , I • ~ 1 ~ I 4 'I' • L J .o , • • t '-1 ~ ' • r ' 

(6) TRAINING "OF, THE WATRAK RIVER; AT' IKAiRA (BOMBAY PRESI· 
· · · .. J?.E!f~), e;) .. 

I . S'U~ARY ~· I• " 

~en~re erosion has been g·Jtllg ~n l~ft bank upstrean1 of the low Fort "'"all 
of the trm"ll of Kaira and parr:. ,Jf the road running left hank was washed a\\:ar. 

• . . ' ·. L: ------------- ·- .. -·-~- -----~· .. ·--.. -
(1') (nrlinn 'Va.terway.'l Experilll 'tlt. Station, P<)(llut, ~t\nnnallteport (1'oC'hnic:al) Hl4t, rage 

m. 
(n·1 lmlia.tl. Waterways Experiment Statlou, Pormn., Annual: Repot"t {T\'chnical) 19lGi 

· pages 62-tlO. 
(lilj lndian WaterW.tya .Rxp•)riment Station, Poona, Annual Report (Technical) H4B, 

~~@{~ 60~64. 
(1') lndi~~ \Vt•tenr!lys Expet·iment~.Statiou,.. Po.oul\, .A.l'U\.utll Re-port (Technical) lPI~. 

pag:es 64-67. 
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In view of the urgency of the problem, temporary solution for· training 
th.e river with tree groynes was recommended as follows :-

TREE GROYlfES ... . . 
,,. Each tree groyne should be 200 feet long and originally laid to faoe .some 

60°·llpstream ·with reference to the bank ; so that when the groyne launches and 
becpmes sand-bound it assumes a position still facing slightly upstream, sa.y 
70°:. to the bank. . Unlik~ an impermeable groyne which is generally made to 
face 60° upstream, a permeable groyne should not face so muoh upstream since. 
it would collect floating debris against its face ; converting it to an ahnos~ 
impermeabl~ type, with attendant disadvantages in this case. After launchlng •. 
it .should also not, however, face downstream lest it " attracts " the :flow to the 
bank upstream of it, and only induces siltation below itself. The suggested. 
initial alignment and position of the three tree groynes is shown in Figure 
20-13. They are approximately 300 feet distant-a distance which should be 
~y protected by 200 feet long groynes, as a groyne generally protects two to 
three times its length. 

. 

.li• Ton cement 
concrete block 

Figure 2C-13 : Sketch of permeable tree groyne • 

C.B.L 

. . .Each tree groyne should consist of a thick wire rope (!inch diamet~r) very 
fir.mly anchored at one (fixed) end to the ba~ to a suffiCiently stronl:? guder or 
beam or block of concrete deeply embedded mto hard ground ; and tied at the. 
other,free end to a heavy' buoy or concrete block (about I! tons in t~ case). 
The length of the main wire rope will be the length of the groyne, allowmg e~ 
for the sag which will occur due to the weight of the sand -bound trees; appron ... 
ma.tely one tree (20 to 25 feet long) per running foot of groyne should be pro· 
·vid~d. .In construction the free end of the wire rope attached to the hnoy 
would be dropped into the river somewhat upstream uf th"' ~osition it is finally 
YlSICBI 

... 
.:.· 
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to take; then from the bank the wire rope is pulled taut by a winch and 
anchored to the fixed end. This end has ultimately a tremendous strain on it and 
must be strong enouglt to take the full load. The work of fixin(l' trees mu...;;t 
then begin from the shore end, proceeding outwards to the free end ~nd upwards 
from the bed to above water level. 'Vhole leafy trees with abundant branches, 
such as will not quickly rot in water (e.g. balml,<;, "acacia arabica "),are required 
for the purpose ; it is the root, branches and twig::<, not the stem or the leava;, 
that help to trap and reinforce the sedimentation, by retarding the velocity of 
ilow and intercepting the sand and silt. About a foot up the stem, a hole i;t 
drilled through each tree, through which an iron ring is drawn ancl attarhfo"(l. 
either directly or by subsidiary pendant wire ropes to the main rope. The 
trees soon sink when they become heavy with detritus. The trees should he 
packed as thickly as possible both close to each other and over each other fron1. 
the bed to above water level. 

The tree groynes should be completed before the early freshet floodti in the 
river ; as it is during these freshet-floods transporting a super-charge of bed
sand and debris that the groynes get earth-bound and best serve to deflect the 
high velocity :flow away from the bank. Such tree groynes constructed in Sind 
under very arduous conditions have been successful. Hardly had the groyneg 
been:completed when there was heavy sedimentation, both upstream and d,own
stream of them, completely embedding the trees ; so that they were later fnlly 
reinforced under extremely severe conditions not merely to withstand erosion 
of a severe flood, but to deflect the current away from the bank to be protP.C
ted. · 

TIMBER PILE GRODES 

Main verticals.-Country timber piles, eight inches minimum diamet<Jr. 
should be embedded a minimum of eight feet (and preferably ten feet or more) 
with top of half the l~ngth of groyne at R. L. 80 · 0. This rop level is suggegt~d 
with a view to restricting the required pile lengths to 25 feet without reducin~ 
the penetrations ; with longer piles being available there should be one foot e.rlta. 
penetration to every two feet increase of height ; and with shorter piles or larger 
depths the top level may be lowered, decreasing the efficiency, but penetration 
mus~ not be reduced. For ease of driving it is suggested that the piles should be 
tapered at the base and, if possible, shoed with 30 lb. iron shoe. As the bed 
along the high bank is probably nearly dry; driving will present little di-fficulty. 

Intermediates, transverses and struts.-There will be two rows of verticaia, 
spaced not more than four feet apart in each row, the rows being also four feet 
apart. In between two main verticala there will be two intermediates (two to 
four inches in diamete~) embedded not less than four feet below bed. Each l'OW 

should be either closely intertwined by " lai" brushwood branches going in and 
out around each vertical, or horizontal wallings, four to six inches in diameter 
rafters FpaQed an equal distance apart, should be nailed or screwed on the main. 
-vertical, or an expanded metal mesh fixed to the upstream row. The upstream 
row shoulQ be braced back to the . downstream row by both transversBS and 
diagonals, whic b should be of rafters four to six inches in diameter. Every other 
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mam vertical of the rear row should be strutted, the strut being embedded a 
minimum of eight feet below bed (measured vertically) and squarely clamped 
and bolted to the main vertical, Figure 2 C-14. 

. · Two tater.....,• .. , ........... ... 
not lesS ..... feet 

Not ........ ,_ ,__.,_eo• 
0 

C.l.l 

'-1Jtu4 .... section through permeable aroyne 

c~ section through groyne at akerntee yerdca' J ., 

Figure ~.14 : T·imber pile groyne. 

- lilltftg.-Between the two rows there ~.will be filling of !brushwood, 
p:referably" lai" branches, closely packed and tamped. Preferably the entirt
quntity of fiJJing should be " lai" brushwood; but if sufficient and 81litable 
" las " for tight packing of all the three groynes is not available, the :filling 
should comprise alternate layers of six feet thick brushwood weighted down by 
two feet thick rubble stone ( one-man-srone J. The whole"' filling should not 
be of atone since the groyne is intended to be, to start with a permeable, not a 
semi-permeable or impermeable groyne. 
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Mattress or apron.-When properly designed, con.structed and functioning 
a.-. a permeable groyne, there should be no tendency to scour round the n~ of 
the groynes or for the piles to scour out ; but because debris will collect up
stream, and the groynes will even g~t sand-bound, the groynes become more 
or less impermeable in time. To protect against scour occurring under su.ch 
conditions, it is desirable to protect the bed, both upstream and down.stream 
of the groyne, and around the nose with a mattress or stone apron three foot 
thick for a width of ten feet along the shanks and 20 feet along the nose. · 

This type of groyne has the advantage that it can be built out stage by 
stage, but for satisfactory construction it is best built in dry or when the depth.e 

· of fiow are small. · 

(7) TRAINING OF THE SUTLEJ RIVER AT SAMASATA, ABOUT SIX MILBJ 
DOWN STREAM OF THE EMPRESS BRIDGE AT ADAMWAHAN, 

NORTH WESTERN RAILWAY (18) 

SUDIARY 

To check the rapid erosion of the left bank about halt mile above the Sama
sata Station, a repelling spur was conBtructed before the 1945 floods season. 
This spur acted efficiently until it breached in the following floods of the 13ame 
season where the downstream portion of the shank had not been arm.ouredt as 
it should have been. After the season, a new regime of the river having by 
them established, it was thought expedient to abandon the breached spur and 
to construct a new spur on a position a little upstream of the first. The latter 
was however never constructed, but the old groyne was repaired instead. The 

· repaired spur breached again in 1946 with resulting further in roads by the river 

·~ 
towards the station yard. 

. Mter several trials, a 1,750 feet long repelling spur down stream of the exia.-
'ting breached one with nose pointing 70° up stream' and designed to prevent 
: gulletting on the sides gave the optim~ results. An impermeable spur would 
. have to be strongly protected both on Its up stream and down stream faces and 
would depend for its success on its stability. Should it not be possible to com
plete it together with the necessary protection, and apron, it would be adviBa.ble 
to construct instead a permeable tree groyne as the next best solution ; failing 
which as a last resort, the model showed that temporary protection could be 

.\ afl'orded by putting 'five short repelling tree groynes along the left bank in the 
bend and an attractive groyne about the entrance of the Sharabi Nakl on th6 

c right bank, the latter to accelerate a cut oft 

To prevent gulletting, a nose with 3 : I longitudinal slope for top lf3rd 
depth of water and 5 to 1 for the lower 2/3rd depth and a stone apron rougkly 
conforming the shape of scour in the model were recommended, the latter to 
reduce distortion in river curvature. To avert the immediate danger it was 
also suggested that an apron should be provided to the ring bund of the station.• 
yard. ·. '. 

(11) Ind.ie.n Wa.terwa.is E~rimen~ Station, Poona, Annual Report (Teohnica.l) 1946 pagaa·., 
"~~ . . . 
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(8) THE RUPlt'ARAm RIVER UPSTRE.Al\1 OF THE GOODS YABD, KOLA
GHAT RAILWAY STATION (UPSTREAM OF THE BENGAL 

NAGPOB RAILWAY BRIDGE). (19) 

· Since the construction of the spur on the left ~nk, about 4,200 feet 
upstream of the sharp bend above the railway bridge,deposition of sand h8.s ta.k.en 
plaoe ~11 along the left bank both upstream and downstream of the spur to a 
eonsiderable depth. Prio~ to constmction of the spur, this bank was subject to 
BeV&e erosion ; most of the flood tide now goes up the river along the right, 
bnk, in contrast to conditions of flow prior to construction of the spur, when 
tlood .tide. uaed. to split up at the sharp bund above the bridge, part going up 
.toDg the left bank and part along the right bank, the right bank channel baa 
·DOWdeveJopedintothe main channel. Absence of freshet floods of appreciable 
. intensity for the last two years has also indirectly helped the development of 
tile right bank channel into a main channel by retarding the desired develop
ment of the central channel ; as a result the bed levels, in general, in the right 
}Mmk channel have been deeper. 
'. . . 

It was feared that. due to increasd depth and consequent increase of con-
centration of ebb flow along the right bank in the approach channel to the bridge, 
the pitching of the right bank, protecting the goods yard at Kolaghat might 
&it and measures to check the increase of concentration of flow on the right 
bank may become necessary. 

The present conditions were studied in the pilot model (horizontal scale 
=-,,'Cf~i>; vertical scale=Eif-0 ). The model bed was moulded to April 
1-94:6 survey and ebb and :ft.ood flows equivalent to 200,000 cusecs were run in 
the model. It was considered undesirable to control the river at this site by 
:permanent spurs ; only semi-permeable tree groynes were tested in the modeL 
These groynea* have been found very effective. in warding off attack in Sind; 

··moreover they can be easily constructed in a short time, and at much lower 
cos\. 

·: Mter several trials in the model, it was found that two or more effiectively 
three, such tree groynes, extending about 300 feet in the river, at positions 
shown in the Figure 2C~ 15, would reduce the attack, if any, and protect the river 
•bank between XY --chainage 1,500 feet to 4,500 feet from the Bridge. 

The local officers, however' after further exammation of the. right baalc, 
oon&idered that the danger is not immediate ; and so have not adopted the 
·recommended design; but it is advisable to keep tlte arrangements ready sotha• 
the groynes could be launched without delay in case of further development. 

{") Indian Waterways Ezperiment Station, Poona, Annual Report (Technical), 1946 .,_.. 

'8. 
· , .~. :" P• dtWII of ccmnraab: and Jaanchillg of gro;ynee please see pages 600-506 o1 thia ....... 
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(9) TRAINING OF RIVERS WITH PERMEABLE TREE GROYNES po) 

ABSTRACT 

Tree groynes have been very successfully used in Sind for river trainjn1r 
tmdcn- suitable conditions. ., 

. Impermeable groynes-const:ructed either wholly of stone or Jn sand with 
atone armoured shanks and nose-may either be "repelling " or " attracting " 
according to their design and position and t:lteir most eftective pesition can, 
with our present knowledge, only be entirely satisfactorily determined by model 
tests. They are more or less of a permanent nature and may produce far-reach
.ing effects. It is also absolutely essential to provide sufficient protection to the 
nose ancl shanks of these groynes-'not onl1 upstream but also downstream of 
the spurs : otherwise there is a danger of their being out flanked. In urgent cases 
it maY thus not be possible to tollect in time the materials required for 
impermeable groynes ; in other cases, impermeable groynes may have secondary 
results which must be avoided or which cannot be sufficienUy clearly foreseen ; 
in all such cases tree groynes would be very useful. 

It is often advisable to• decide the position, alignment and optimum lengths 
of long tree groynes by model tests-much the same as for impermeable spurs 
but the disposition of short tree groynes can generally be fixed by inspection of 
plans. The most suitable tree for these groynes is Babul (acacia arabica). 
The thorns, twigs and branches oi this tree catch the sand moving along the bed 
and also trap material in suspension ; after the first freshets, the permeable 
groYne approximates to an impermeable groyne, if properly located, and is then 
J:DOSt effective in protecting the banks. 

Tree groynes are permeable spurs and are built for the purpose of training 
the river by causing accretion behind, or in front of, the line of the groynes. 
There are three rather distinct purposes for which more or less di:fferent types 
of tree groynes have been used in Sind with varying success :-

Type (a) : to divert or deflect the current which is directly threatening 
an erosion of. the bund ; 

Type (b): to deaden the flow in one bye-river near the bund in order to 
open out another bye-river away from the bund; 

Type (c): to silt up a channel of the river at its f*)U?OO by chec1cing the 
flow in it. 

(•) India.J1 Waterways E~rimeut Station, Poou, Annual Repon (Technical) 19-i6, pagan 
'18 to 85. 
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Each of these types i8 d&cribed below :-
TYPE A.-TREE GROY.NES FOR LOCAL DEFLECTION OF CURRENT 

This type was constructed at mile 3/5 of Ghoraghat Bund in 1940-ll and 
has proved quite successful. 

• 

Eroded edge ' 
'' 

Lai bundles 
" LAI bundles __ PattieS 6 to 

Bed Red -~~Hj+f+1tl'~~·~ 
~ ·3~ 

--( '<~ 
Trees were pllt In the compartments 
secured .wkh colr rope .pieces tied to 
pegs drfven Into the ground 

Cross Section of Juck Work On A.B. 

I 

A---- 40 -----t 
. II II 

Ord1nary stakes 3 to 4 dla. 
1 fooc apart 

Type of Juck Work 

c.a:t 

'i 

I .I 
,I 
i 

·I 

I 
I 
I 

·j 
'I 

Figure 2C.16 : Tree groynes for local deflection of cu"ent Type (a) 
Jucks (cross groynes) were constructed about 30 feet apart, Figure 20-16. 

Each of theae groynes consisted of strong vertical stakes (munas),' driven 
about five feet in the grounds, at ten feet centres, held in position by stron&~· 
back diagonal stays and guy-ropes secured to strong. pegs well embedded in 
the pucca bank. The "munas" (main verticals) were connected. to each other by, 
transverse pieces (patties) having holes drilled in them to take the ~apered 
ends of the verticaL. "Panjars " (inte:tmeaiate verticals), one foot apart, 
were placed between the vertical posts. The entire juck-work was made water· 
tight by lining the groynes, on their upstream side, by " lai ., bundles two feet in 
diametet,well tamped down by diverstreadingthemin with their feet. The space 
between two such rows of groyhes was thickly filled in by trees, held in position 
by means of coir rope pieces tied to pegs driven in the pticca ground on the 
bank. The depth of scour was t<lughly seven feet. 

The resUlt was successful : the current was deflected and ~ pQrtion of the 
berm width which had been previously scoured was reclaitn~d. and. the edge of 
tiver h~ld &.'{ deBired. ' · 
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TYPE (b)-TBEE GROYNE FOR CLOSING UP ONE RIVER CHANNEL AND OPENI1lG 
OUT ANOTHER 

, This type was constructed across the river at MN, Figure 2C-17 opposite 
mile 21 of the Sukkur-Begari Bund in the cold weather of 1939-40. It did not 
~ucceed in its purpose of opening ou.t the other bye-river JK; ft, however. 
deflected the thread of the main current outward and prevenred a more rapid 
i~aod by the river towards the river bund. 

1939--40 

1940-41 

:Figure 2C.l7 : Tree grayne Type (b). 

C.B.I 

_ .. ..._ .... 
··',!!.r·· 

· . It also afforded useful experience of the difficulties that are to be encounter~ 
ed in eonstructing such a groyne in the " kaJ.cha " on account of difficulties of 
finding a auitable anchorage and of constructing the groyne, in Bitu, in the mi~ 
tHe: of a wide river bed. · 

(.''The method of construction was, briefly, as follows:-

~.ne ~~te ~aS selected on three considerations ; (a) the tree groyne ~J..~ 
. . . required to oppose the main current. as near the entrance of the 

• bye-river as possible ; (b) the reflex action should not lead to another 
curve below the site of the groyne ; and (c) the tree groyne was · 
required to lead the river into one of the old river courses. Accord-. 
ingly, the site MN was selected for the groyne. Inspection of~. 
aite also showed the possibility of developing the " dlwro " (low river 
channel) ;xy through the course PRX, ~because the soil between.· 
nand the pre-1938 river course was sandy and ~ppeared such .a& 
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would be easily scoured out. This meant deepening XR in a, central 
20 f~t v.-idth and widening of " dlwro " RP to about 400 feet,-the
w:idening to be done on the left bank which was in clay to acmit 
. through it a scouring discharge, which, it was ho~d, would open. 
up the " dhoro " owing to the existE'!nce of a. deep" kumbl~ " (pit) 
at R. . ·. A.·,~ 

... t\nch,)rage consisted of two concrete piles, 100 feet apart, dliven in serieg by 
~tt.mg with wat.er under pressure in the sandy lcatcha. It was hoped to sink 
these piles to 40 feet depth but with the pumps available, they couJd only b.e
taken to a depth of 2.1: feet, tlle tops thus being only two feet below katcka level.. 
On this acoount, a subsidiary anchorage was provided by connecting the piles to
another acchor made up of tree trunk8, laid in the pucca as in· Figure 2C-18~ 
The trenches housing this anchor were filled up. The anchors were connected 
by ll inche.o:; cable with tree3 tied on to it, at ten feet intervals, as in case of .a · 
tree groyne. It was, thus, intended to prevent deflection of the curre11t to the-
rland NJ. ' . . . 

' 
12 

_l 

Section 

Four Babul togs · 

Plan 

C.l.l f 

• 
10 .~ 

l ~ Main wire rope 1{ Oia. 

for fixing wire ropes 

Figure 2C~ 18. 
The groyne wa~ fabricated at the edge of the stream because of the diBicnltj~ 

of keeping the cable stable across a stream 2,000 feet wide with semi-rigid 
afl('.horage, and tying the trees in $itu. Tbe tree groyne was made up of whole 
green bahul trees, about 20 feet to 30 feet high, spaced 5 fed apart, tied to'a. 
G. I. Cable 1-l inches diameter, anchored at end M as described. Suitable 
arrangements for tying the trees to the cable by stirrups and e\'·ery fifth tree 
by a damp and hold-fast bolt were made. Itwasintended t<:>pu11thetreeerl.d 
upstream at 45° to the direction of the current by the aid of power craft and then 
allow the current to launch the groyne at roughly 60° to the ·airection of the 

. . ' ... ·- . . . . , :·.: ... ~d.> 
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current. This was intended to be done in three stages. Actually, however, 
with the fi.nlt pull two-thirds of the groyne launched itself more or less in the 
alignment desired. Efforts to pull the remaining third caused loops near its 
land end, which could not be disentangled. It has been estimated that this 
resulted in the effective length being about ten per cent. less than the designed 
length. 

After the groyne was launched, the current actually was diverted to the 
bye-river for a time. But later, the main river again became stronger and 
active erosion of the island result€d. The net result wa . .;; merely a bodily 
shifting of the meander. 

Such groynes in the katcha, unless outflanking can he prevented, are not 
likely to be effective for the purpose of closing up one hye-river and opening out 
.another. 

TYPE (o )-TREE GROYNE FOR SILTING A BYE-RIVER AT l1S OJJTAHE 

Type (c), constructed after the a7Jkalani of 1937, opposite mile 5/3 of 
Ka3simpur-Nabishah Bund, on the other hand, appears to have been lMl 

unqualified success in silting up the bye-river (in which it ln\s constructed) 
at its source, Figures 2C-19 and 2C-20. 

The site A B (Figure 2C-19} was selected, after a detailed river sur\'"ey, 
where there had been active erosion and the main current wa'i directly striking 
the pucca edge. However, the launch (carrying the free end of the 
wire-rope} drifted down and the wire rope was actually fixed along C. B. 0• 
account of the downstream sag of the wire rope and because the floating 
buoys along with anchors were dragged down, the tree groyne after completion 
actually adopted the line BEDC. 

Double B. G. rail12 feet long was first fixed in cement concrete (1: 3: 6) 
block, 5 feet X 5 feet X 8 feet, at point B in the island, 260 feet away from the 
water edge, to serve a~ a temporary anchor and double B. G. rail was fixed simi
larly on the pucca at C, 600 feet from the water edge. For stretching the wire 
rope, a ten ton winch was firmly fixed in the pucca near C, by means of wooden 
sleepers buried deep in the ground and loaded by gunny bags full of earth. The 
sleepers were connected to the winch by means of wire ropes. 

An old, flexible, steel wire one inch diameter rope made up of separate 
small lengths into one length, 1,850 feet, was first tried but snapped; and a new 
'tope 11 inches diameter, 1,850 feet long, had to be used instead. One end of 
the wire rope was fixed to the rail block in the island at B and the other end 
was then taken across the river by graudally releasing the wire rope which was 
kept coiied on S. L. " Madge ". The other end was then fixed to the ten ton 
winch in the pucca, after being taken through rings, made up from old chains, 
for tying trees on to it. The wire rope was supported at regular intervals by 
boats and pontoons in order to reduce the added strain on the winch when the 
wire was submerged and to facilitate stretching. It was then stretched by the 
winch. Part of the load (after trees were fixed on) was released from the winch, 
by connecting the wire rope to the rail block by a separate piece of wire 
connected to the main wire bv means of U bolt.~. _ 
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Two .floating buoys, connected to heavy anchors with strong iron chains 
feet long and shackles, were placed on the upstream side of the wire rope line, 
e five cwt. anchor 200 feet away and another one ton anchor 400 feet away 
)ffi the pucca edge of the river, to hold the line of groynes in position. The 
;chors and buoys were fixed '\\' ith due regard to the drag downstream by the 
ll'l'ent pressing on the loaded trees. The bu()ys and anchord were fixed to the 
.a.in wire rope with separate wire pieces and U holts. 

Babul trees, 2! to three feet girth, 25 to 35 feet long, complete with 
rancheh, were selected from a forest abone the tree groyne site, so as to facilitate 
tulage cfthe tree on country boats. The trees were cut nearly at ground level 
r1d the wlwle trees were carted on bu1lock carts with branches over hanging at the 
ack, the carts being hauled by a team of bullocks and men. The trees were 
mded on the boats by pulling the trunks up by means of pulley~, the branches 
ut to overhang on the side of boat8. . 

The trees were unloaded and carted to the site it.. lhe same way. Holes 
ue inch diameter, 2 feet above the bottom, were drilled through the trunks. 
lley were then hauled on pontoons towed by S. L. " 1\Iadge " to the upstream 
ide of the wire ropes and tied by wire rope pieces ten feet long, 3/8 inches 
liameter, to the iron I'ings or even to the main wire rope (the rings· proving 
B.Sufficient as a larger number of trees were required). The trees floated hor.i
wntally on the downstream side, until when overloaded with the deposit of silt 
and katchra trapped in their branches, they began to sink and get nearly verti
cal. It was found that as many as one tree per rub.ning foot of the groyne was 
ultimately actual1y required against an estimated provision of one tree per ten 
running foot. Kandi trees, though much lighter, and, therefore, easier to 
transport, are not nearly so effective as the more thickly branched babul. 

'Vith the load, the sag and drift of the wire rope increased, c.ausing a large 
strain on the rail block B in the island, and on the winch. The wire rope had, 
therefore, to be eased from time to time a.t the winch, causing more and more 
bag. On con8triction of the waterway, the island began to erode, as was the 
:int~ntion. Ultimately, the block B got· eroded and submerged. The main 
rope, intended to be cut at E, was allowed to remain along with the rail block 
in the island, acting as a. heavy anchor and preventing the groyne from moving 
downstream to any large extent. 

Throughout the operation the main wire had to be kept above water level 
by shifting the pontoon ahead as the fixing of the trees progressed. When ~e 
buoy began to sink, the pontoon was moved towards the island. Part of the 
main wire rope was completely submerged with the weight of the trees. A 
r:;ubsidiary wire rope was, therefore, stretched from the first buoy to the point 
where the main wire rope was above water level and trees were fixed by stirrups 
to th~ subsidiary wire rope. Any remaining gaps were filled. by trees, lai bruih
wood elc. being wedged in place and tied by strings and coir rope where neces
sary. 

After the tree groyne was completed, the winch and pontoon l\era removed 
il.lld the main wire rope fixed to the rail block in the pucca at C. 
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Soundings taken before and after the groyne revealed a ma.rked 
improvement. Since that year there has been no further erosion of the pu.cc. 
and the flow along the bye-river is so sluggish as to indicate that the river 
has silted at its source. -Figure 2C-20 shows how succeMful the tree groyne_ 
has been in silting up the bye-river up to its off-take. 
Experience on the groyne has taught the following lessons :-

' •I ~ ' ! . ' : 

(i} Instead of attempting to fix the tree end Bas a temporary anc.OOr 
to a rail block in the katcha, it should be attached to a veri heavy 
anchor, say a ten ton block 10 feet X 5 feet X 3 feet, where desired. 
This will not obstruct boat traffic and will prevent accidents whieh 
rna y lead to failure. 

(it:) An ordinary pontoon is rather powerless for keeping the wire rope
up; one of the 80 ton barges available in the Barrage Division would 
be more useful. 

(iii) Far more trees than estimated are required and provision should 
be made at one tree per running foot. Babul trees about 3 feet in 
girth and 25 to 30 fe~t long are the best. 

(iv) This kind of groyne can be successfully made in depths of water 
about 15 to 20 feet. It must have at least one rigid, unyielding 
anchor fixed in pucca soil. 

(v} 1'he cost of the groyne was ·Rs. 14 per running foot in 1937-38. 

(10) BEAS RIVER-RAILWAY BRIDGE AT DBILWAN IN DISTRICT 
JULLUNDUR(u) 

Figure 2C-21 shows the general site with a discharge of 15,000 cusecs. The 
position of the deep channel is indicated by a. white line with. arrow~. The 
problem was to stop the erosion at the location marked X. 

Details of model and prototype are :-

Sediment 
Discharge 
·in cusecs 

diametE.-1" Ch&rge 
mm eu hie feet 

Time 

---·· ___ , __ i ___ ,,__...:., __ ~---1----
5,000 I 0•25 • • 6 months 9,580 Prototype .• 

Model' 

Ratio 
>; .-. ' . 

to · ,, 

2.30,000 

0·56 
to 

27·9:i 

1 
8,944 

0·35 

.. 

60 bouts 

1 
60 

95·90 

1 

'.: ; 

(U) The Punjab Irrigation Research Institute Lahore, . .\nnual Report1946, pare 1 



Figure 20.21 : Model of the river Beas near Beas Railway Station-(looki'W} 

upstream) the river, the Railway Bridge and the guide banks. Main flow 

is on the left side downstream of the bridge and is attacking the Dhilwan Timber 

Depot situated near the gauge-X shown in the model. 
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Figure 2C.22:-Mode/ studies of the River Beas at Railway bridge site 
tor the protection of Dhi/wan depot. Showing of left edge 
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Figure 20.23: Model of the river Beas at Railway Briage at Dhilwan-Existing 
protective embankment extended by 600 feet downstream of the island 
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Pitched islands were tried at various places to divert the objectionable 

·ent, but were not satisfactory. 

Finally a deflector was built as shown at Y in Figure 20-22 and the existing 

tective embankment was extended by 600 feet dowitstream of the island as · 

,wn in Figure 20-23. This solution reduced the velocity along .the original 

ded area ; it was combined with a rounding of the upstream ~ose of the right 

ilk to reduce the effect of attack there. 

A report was prepared~· .The North 'Vestern Railway has smce 

.1-ted work on the rounding of the upstre~m nose. 

Ll) ~VI IU'VER-SPUR AT BAHERIAN, DISTRICT GURDASPUR (~) 

\Vork reported last year (22) was continued. The object of the tests was to 
- .~ 

ist.ribute the flow uniformly iz1: front of the Baherian spurs and thereby re~eve 

1e strain on the spurs. After runnin·g the model for ten hours with a dmcharge 
rquivalent to 60,000 cusecs a creek developed on the right side. As th.ia was 

lesirable, varioll3 pitched ialand poaitions ·ware tried with the object of· 

>.ucouraging the tendency. The most suitable position of the island ·was· 
later'mined. 

(12) RIVERS CBENAB AND mELUM AT TB.DDm HEADWORD ~ 

At the confluence of the river Chenab and the Jhelwn upstream of the 

Trimmu Head works, there has occurred the heavy concentration of fiow. at 

t.he nose of the Right Guide Bank. Several methods were examined to Shift 
the con1luence to the left (which at present has a strong tendency to move to. 
wards the right) and thereby to relieve the strain at the nose of the right Guide 

Balik. Pitched i8Iand3. were atBo used to ~evelop the extre~e left cr~ek on tha 

bela. 'Vork is now being continued to induce a cut off~ occur in. the extreme 
zight channel. . . 



uOB THI-: CI<:NTRAL BOARD OF IRRIGATION ANNUAr .. REPORT 194 7 

(13) RIVER SUTLEJ AT SAMASATA RAILWAY STATION (23) 

The river continued to erode the left bank and the Chief Enaineer North 
'Vestern Railway desired to find the maximum depth of erosi;n of the left 
bank which would occur opposite the Samasata Railway Station after one 
year. Tests were made on a model in the presence of the mole head at section tea. 
downstream. The indications obtained were that :-

(i) Erosion of left bank opposite Samasata Railwav Station will not 
be heavy. . · 

(i·i) Sharabi Nalla will silt up and a cut-off in the river can occur from 
the Sharabi head pm~ition if soil conditions permit. 

Detailed recommendations will be made in a special report being prepared 
for the Chief Engineer N01th \Vestern Railway. 

(14) SRAPE OF SPUR APRON FOR CONVENTIONAL TYPES OF SPUBS (24) . 

Experiments were carried out in the river tray to determine the optimum. 
shape of apron from the scour pattern for some conventional types of spurs
namely straight, hockey, inverted hockey and T-headed. The spurs were 
tested in a channel, trapezoidal in section with a side slope of 1 : I, a bed width o 

of 1·25 feet and a. depth equal to 0·35 feet. The model was run for three hours 
with a discharge of 0 · 3 cusecs. 

Results of the test are given below in Table 20.12 

TABLE 2C.12 

Serial 
No. 

1 Straigh~ 

2 Hockey 

3

1 
Inverted Hockey 

4 T-headed .. 
I 

Spursha.pe 

1\lax. depth of I 
seoul' below Area of a.pl'OD 
water-level square feet 

(feet) 

0·52 

0·52 

0·46 

0·50 

0·44 

0·85 

0·61 

0·37 

It was concluded that the T-head spur was more economical than the 
othe:~ conventional types. 

(15) EFFECT OF THE ANGLE OF APPROACH ON THE SHAPE OF THE 
APRON OF AT-HEADED SPUR (25) . 

· 'Experiments were made to study the effect of the ~ngle of approach c~
nel on the scour pattern aroimd aT-headed spur. The Important observations 
were:-

(II} The Punjab Irrigation Research Institute. :(..ahore, Antlllal Report 1946, page 3. 
(M) The PunJab Irrigation. Research Institute Lahore, Annual Report, 1946, pa.ge 7. 
t•) Tile Panjab Irrigation, Re.e&rch Institute ~bore, Annaa.l Report. 19&6, p~~ogs S. 
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(1} The area of apron increased with the angle of approach for angles 
greater than 4.5°. 

(2) The difference in scour depths at the upstream and the downstream 
noses decreased as the angl~ of approach increased. Therefore, 
while the apron should taper in width from the upstream .head of 
the downstream and of T -head for a straight channel, it should be 
of almost uniform width in the case of right angled aJ!proach. 

The detailed results of the above two investigations )"ere published in the 
" Indian and Eastern En~ineer " for :March 1946. 

DISCUSSION BY THE ~ESEARCH COMMlinE 

:MR. PRAM..lKIK introduced item (1) and said that these experiments· 
were undertaken to find the cause of the erosion of the town of 
Kurigram by the river Dharla for the last ten yea~s and to devise re
medial measures. On inspection of the site it was found that a new 
channel was developing as a short cut about 21 miles above Kurigram. 
This new channel had shifted the point of attack from below Kurigram 
to the right bank at Kurigram proper. The model had also proved this fact. 

The length of the river from about ten miles to about two miles below 
nurigram was incorporated in the model. The model (Horizontal Scale= 
1/200 ; Vertical Scale=~ 1/50) was found to reproduce prototype conditions welL 
It had been found that three downstream spurs at Kurigram (spaced between 
croRs section Nos. 11 and 13 on the right bank) would be sufficient t~ protect 
the town from further erosion. 

DR. BosE introduced item (2) and said that he was invitfd by the O()och' 
Behar Durbar to inspect the river Torsa and to advise the State on the preven
tive measures to be adopted for stopping the serious erosion that was taking 
place. near the Palace on the bank of the river Torsa. He inspected the river 
from ~bout 16.miles upstream of the town of Cooch Behar to about six miles 
downstream. In the first reach he found that the river was b~tween high banks 
but at a point known as Barabbita, the l'iver entered the wide basin whose 
left bank was well defined but the right bank allowed spills at high stages. At 
a point lower down near a temple a channel known as Buda joined the Torsa. 
For the last two or three years there had been a breach on the left embankql(mt 
of the river higher up and considerable volume of water used to come down this 
stre.~m Buda and join Tors~ upstre~m of the temple.· . Since ·-then the ero&ion 
at the Palace had intensified. The inspection showed that on every, be;nd 
down stream of the temple the erosion was getting severe. The State had been 
advised to stop this overflow into the Buda so that immediate danger to the 
paJace would be over. .. . . . 

DR. BosE in reply to a querry said that the river used to flow via Mora 
Torsa to the west of the town. In about 1886 the river had threatened the 
Palace and the .Maharaja had asked the State Engineer to divert the river by 
means of a cut m 1887. The river since then had been regaining it~ length as 
could be seen from the meander line about the 1887 cut .. 

. . ltfR •.• PlUMANIK introduced item (3) and said that the problem h4d been 
taelded m two models. The river model was undertaken to find the best 
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position of the barrage and the training works necessary. The sectional model 
was undertaken to :find tha prot:ction works necessary on the downstream 
floor of the barrage to make the designed section saf'e agains~ uplift pressure 
.and downstream scour. 

ne experiments on the sectional model of the under sla.ioe portion had 
shown that staggered blocks of size 4 foot X 3 feet X 3 • 5 feet arranged as shown 
-on page 140 would be the be~t under the circumstances. They would reduce 
the downstream scour from 40 feet to 26 feet for ·the maximum discharge. 
The scour could not be reduced any further by friction blocks. . 

The experiments were still in progress. 
MB. FIWrLTI commenting on item (1) said that the inlet and exit lengths 

-of the model appeared to be too short, as there should be an effective length 
upstream of the entrance to the new channel and downstream of Jr,urigram and 
Pataswari. He wanted to know the slope at which the model was laid and. 
what were the vertical exaggeration and slope exaggeration as laid and as 
-obtained. \Vhat was the mean grade of bed material in the river-the mean 
!!l'ade in model being 0 · 3 mm.-and what was the quantity of sand injected. 
0

; One of the alternatives suggested in the model was to close the new channel 
~)together. \Vas that practicable seeing that the channel had now sufficiently 
-ueveloped! In a similar case of the Malaprabha River at theM. and S.M. 
Railway Bridge near Hole-Alur, it was considered impracticable to close off . 
.:a cut.-off channel which had developed do'WD.E!tream of the bridge and 
alternative measures had to be evolved by model experiments at Poona. The 
factors affecting the erosion were reasonably apparent and the deaign of 
yemedial measurea such as a long repelling spur down-stream of Kurigral!l to 
-orea.te a.fH.ux and avert the development of the n~w channel as well as to deflect 
th~ CUl'l'Cnt away from the right bank could be easily evolved from a correctly 
-designed model. . . · . . . 
. ·. DR. BosE replymg sa1d tha.t m the first survey supplied they had overlooked 

the existance of this channel. By 1945, when the second survey was made 
thls channel had developed consid~rably. The main problem was how to · 
protect the to'i\'U of Kurigram. They have already put in several sptUB. 
About entrance and exit lengths provided in the model, he thought they 
were sufficient for Kurigram. Regarding exaggeration in the model it had 
oeen worked out by trial and error method. 

Commenting on item (3) MR. FRAMJI said that although Figure n -18* of 
i.he River Research· Institute Bengal did not substantiate it, it was stated that 
-the Kha.tanga site was chosen originally as the river had a straight ~ach above 
..and below it. A straight reach was not so important a consideration in the 
selection of a site for a Barrage as a stable reach. Was stability of river-cot.USe 
a.t the proposed sites studied ! · 

Alth9ngh the supplies from Pushka.r na.lla might be of use, when the river · 
,. -was in short supply, the nalla would alBo bring with it coarse sand and shingle 

.and cause complications of shoaling or require expensive excluding or ejecting· 
devices. So it could not be taken as an unmixed blessing. · 

·. ~ ~ The principal considerations governing the selection of a site were-
(i) Potentialities of sand exclusion, if possible on both banks : . 

· , . (ii) Freedom from accretion, not merely freedom from local shoaling 
· just upstream of the Barrage ; and · · 

! Not printed. 
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(iii) Stability both before and after the.Barrage. · · 
The approach to the selection of the suitable site for the Barrage from model 

tests thus left much to be desired. Firstly, no mention was made of experi
ments without a Barrage to indicate flow under existing conditions-although 
it was necessary to test intensively the stability of the site. Secondly, merely 
deciding the position of a Barrage on considerations of extent of the return 
flow region was not enough. The first model was stated to have given no bed· 
movement below river · discharge of 100,000 cusecs. This made the case 
all the worse for choosing the site by considering regions of return floW: only. 
Figure 2C-19 appeared to indicate that the forward flow was through a very 
narrow strip which must have caused deep scour along the bank, if the model, 
was not faulty.· · 

The position No. 4 was recommended although as was clear from Figure 
II 17* of the River Research Institute, Bengal the curvature was apparently 
exces~.;ivo for the right bank canal so that water did not follow it during high. 
floods and the left Bank Canal would certainly give insuperable trouble or be 
costly in satisfactory exclusion, particularly as the ratio of canal discharge 
normal river discharge was as high as 28 per cent. ' 
• Spurs just upstream of the ofi take would create turbulance churning 

up the bed and surface flow so that they would seriously detract from the effi
ciency of exclusion by natural curvature of .flow. A model was unable to show 
the loss in efficiency of exclusion due to the inter-mixing consequent upon the 
turbulance and this would make the proposals uncertain as well as less 
efficient. An important consideration should be sw2et and smooth flow along 
the concave bank and this could be achieved, at least on the right bank, by 
suitably aligning and extending the right guide bank up to the point necessary 
to insure stability and permanency of the flow. The alignment could be decided 
on the model to eliminate the return flow region on the right bank, which 
would also eliminate . or reduce the region of return flow on the left bank. 
The shape of the left guide bund did not appear satisfactory either in point of 
high river discharge following the bank or for the purpose of aiding exclusion. 
It was possible "'ith the width of river available at this site so to design in th6 
guide bund and offtakes on the left Bank-if necessary with an island and' 
approach channel in between--as to create artificial curvature on that bank also. 

The Barrage profile was designed for free over fall conditions only. . Was 
no accretion anticipated downstream or upstream~ For, if accretion occurs 
and there was even partial drowning the co-efficient of discharge would 
reduce and the discharging capacity of the Barrage would deteriorate. 

. If the deflector blocks, were correctly positioned and designed and worked 
as a deflector with a horizontal roller, sand should pile up against the deflector 
at a slope of 1 in 3 and no undermining should result. There was therefore, littl~ 
justification of increasing the depth of the downstream pile which was mainly 
provided against undermining because deepening it increased uplift pressures. 

DR. BosE in reply said that the position of the barrage had been fixed 
by the engineer in charge who was told plainly that the site was likely to give 
silt; trouble. The best site according to DR. BosE was at Khatanga where the 
river channel was straight. 
--------------------------------------------------------------M51CBI • Not printed. 
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DR. BosE further said that islands had been tried to train tne river but as 
the river was generally low during most part of the monsoon season, these i~
]ands did not come into operation. The right bank canal had been found not t() 
give any trouble of silting but heavy silting was apprehended on the left bank 
canal. By means of the four spurs in the embankment of the right bank, it had 
been possible to throw the intense concentration of the current on the ri\Yht 
bank to the centre of the river but even so it had not been possible to h~ ve 
direct flow into the left hand pocket. The supply to the left bank canal was 
maintained by a flow from the right bank '-cross the barrage an -=t the left dhide
wall. This was known to be extremely unsatisfactory. Similar cases were known 
in many of th~ Punjab headworks. 
· 1\fR. FRAMJI introduced item (4) and said that in the floods of 1939, and 

1944, heavy d~mage was caused to the left guide bank, left hand piers of the 
bridge and the Railway embankment. Experiments were, therefore, conducted 
with the object of devising means of preventing the damage cone by the floods. 
by reducing the flood intensity and as far as possible, centralising and distribut
ing it. The construction of an artificial pitched island was considered. The 
experiment proved that for any flashy river like Luni, which had a high 
discharge running for a short period only, the pitched island was not successfql. 
In such cases an island did not have the same scope as in other rivers with high 
:floods running f~r sufficiently long duration. In this particular instance, a. 
symmetrical guide bank gave the best ;results. 

Introducing item (5) 1\1&. FR~JI said that as a result of the existing 
adverse curvature the low water channel of the J umna river receded after the 
:floods towards the ,left bank away from the Power House, necessitating heavy 
expenditure in bunding or dredging. The pitched embankment suggested in 
last years' report was foun~ not suitable due to the projected extension or 
the Power ~ouse. So fresl;l experiments were made this year. Some important. 
discrepancie~ -~the plans showed that the ~urvey supplied was incorrect 
the matter was referred to the Delhi authoritieq and a fresh survey was made 
and aupplied. Fresh experiments were conducted taking into account thA
proposed barrage at J>urana Qu.illa. The re8ults showed that the new 
alignment of pitched embankment, :with or without intake piers (shaped lik& 
'attracting" islands) was the best solution. 

1\1~. DILDAR HussAIN asked whether they have done any experiments to 
find out why the river receded away. Was it due to the series of spurs? 

MR. FRAMJI said that the spurs there acted as attracting and not as 
repeJling spurs. 

RAo BAHADUR JoGLEKAR introduced item {6) and said that the 'Vatrak 
:flows in an alluvial bed of fine sand (m=0·26 mm). There is a sharp right 
angled bend upstream of the town Kaira. The river had passed a critical 
stage and the rate of erosion upstream of the town was accelerating. The 
river had already cut the road leading to :Mehmedabad. In 1937 the Station 
was approached for finding measures to arrest further in roads of the river into 
the left b~nk. Experiments were carried out on three possible alternatives. 

(1) A bridge was proposed projecting from th~ North '\Vest corner or 
t.b town.;..-. 
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(2) A groyne 180 feet long sloping down 1 in 5 facing ~0° upstream. 
Both these alternatives were meant to repel the attack of the river from the 
left bank; and · 

(3) 'Vhich was the cheapest but not a good solution, was to strengthen 
the comer of the damaged fort wall by pitching. 

The Bombay Government accepted the second proposal of the groyne f 
but later, on account of the cost, they adopted the cheapest method of protect• 
ing the comer of fort wall with pitching. The station had warned at that time 
that this was not a good solution, because it would perpetuate the dangerou3' 
swing upstream and downstream and that it will hold the river permanently 
at the corner of the fort wall. Inspection carried out in 1940 revealed thati 
the conditions were not satisfactory and that further experiments were sug· 
gested to be carried out ; but the local officers considered it better to wait and 
watch the effect of local pitching. Subsequently in 1942·43, a concr t1 bridge 
was constructed downstream of the town ; but the bridge spans were located 
towards the left bank i.e. away from the right bank ; the cold weather channel, 
which was along the right bank at the bridge, had to b:) blockt:d by an 
embankment, with the idea of forcing the river towards thlleft bank. In the next 
fl.Qod season this embankment was severely attack~d and breached, virtually 
outflanking at the bridge. This was subsequently repaired at a huge cost of 
Rs. 2,35,000. The bridge had distorted flow to such an extent that Hariala 
village on the right bank was being rapidly eroded and an avulsion of the 
river into the low lying area on that bank was feared. The Director was again 
called for advice and after inspection, short tree groynes were suggested as a 
temporary measure. The lengths and alignments of the groynes suggisted 
were such that they would not conflict with the final solution which would be 
decided by model experiments. 

Introducing item (7) MR. FRAMJI said that to protect the left bank and the 
railway line downstream of the bridge the railway authorities had construct'
ed a series of spurs, which only resulted in pulling the river towards Samasata. 
'Vhen the question was referred by the Railway to the Station for advice in 
1943, a repelling spur duly armoured at nose and shanks was suggested: In 
(he words of the Railway Officers, this spur worked entirely satisfactorily-. 
repelling the attack away from the bank, causing some siltation and workina 
towards the much desired cut-off-until a breach occurred in the spur due t~ 
the required armouring along the shanks being incomplete. The truncated 
nose of the breached spur acting as a pitched island considerably changed the 
regime of the river ; hence a new spur was recommended. Acting on contrary 
advice, the new spur was not constructed but the old spur was repaired; as 
had been predicated by the Station, however, it again breached in the follow ina 
flood season. The Director was requested by the Chief Engineer, North West~ 
ern Railway, to visit the site and. as a result, detailed experiments were done 
at the request and cost of the Railway with and without mole head of the 
breached spur, to determine the likelihood of the development of the 
existing Sharabi Nala as a prospective cut-off channel. The experiments showed. 
that the Sharabi Nala is adversely located for a cut-off to occur along it, parti· 
cularly when unassisted by a spur. The Station recommended an imperme
able stone spur about 1,500 feet long alternatively. if it wa~ not 
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possible to complet~ the spur, together with the necessary. armour
ing to shanks and nose, before the :flood season, a permeable tree groyne was 
recommended in .its place, or short permeable tree groynes as a p~ely tempo
rary and protective measuu. 

DR. UPPAL said that Bhawalpur State approached them with this problem. 
They had been warned that the spur proposed by Sir Claude Inglis would not 
stand and it so happened. The detailed survey was supplied by the State and 
they have done several model experiments with the mole-head in position. 
They had not recommended a repelling spur and they visualized that the cut
off was taking at the same place if the soil permitted. 

DR. BosE said that the repelling spurs had got some inherant defects. He 
cited the instance in the river Beas. 

l\IR. FR.AMJI held that it was practicable to design a repelling spur to with
stand the attack on it, however severe, such as at Samasata- provided it was 
properly located, aligned and armoured. Badly designed repelling spurs 
might fail but the fault is not so much with the type of spur as with the design 
or construction not being adequate. He would not recommend a repelling 
spur of the impermeable type at a point where it could not be held, if duly 
armoured. 

Commenting on the work done in the Punjab on this model, l\IR. FR.AMJI 

said that interpretation of model results should be given in firm and unequi
vocal terms. The conclusion arrived at was that a cut-off in .the river would 
occur from the Sharabi head if soil conditions permitted. This he said, was 

.not conclusive and suggested lack of confidence in the results. 

- lie further asked what were the scale ratios, slope exaggeration as adopt
·ea and obtained, the grade of the material, and the injection used in the model 
in the Punjab. 

l\IR. BLENCH explained that the Railway Department had approached both 
the Poona and Lahore Stations with the Samasata problem ; but as the levels 
were inadequate to describe the problem fully the two stations had made 
slightly different models. The Poona Station gave levels that prevented 
occurrence of a cut-off, the Lahore Station model permitted cut-off. He found 
that cut-off could occur and develop. He disagreed with Mr. Framji's views 
<>n what constituted a firm and unequivo.cal statement of results. 'Vhen a 
model of noncohesive sand showed a cut-off developing the conclusion was that 
it would develop in a prototype of similar material and corresponding levels. 
The engineer's attention had to be drawn to this, otherwise he might hope for 
a cut-off to occur with non-corresponding levels and in material that was either 
cohesive or bound by_ vegetation. The Lahore Station's recommendation con
tained a suggestion (not mentioned in the Annual Report) on how to assist a 
cut-off to occur. 

The moral of the disagreement in recommendations of the two Stations 
seemed to be that model work required better information than was normally 
supplied ; he had r~commended to his own Government that important river 
model work should not be undertaken without an ar-survey. 
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MR. FRAMJI then introduced item (8) and said that the spur constructed 
on the left bank had fully served its functions of repelling attack from the 
left bank and the right abutment of the bridge. But it was fea.red that i? .. 
creased depth and increased concentration of ebb flow along the nght bank m 
the approach channel to the bridge might cause some danger to the goods yard 
at Kolaghat. They could arrest the action by inserting permeable spurs. The 
positions and lengths of tree groynes were tested in pilot models. The re
commendations have however not been carried out because the local officers 

' ' consider the action at the goods yard as insignificant. 

DR. BosE commenting on item (8) said that so far as the late~t information 
went, extensive scouring was going on in the right bank of the nver upstream 
of the railway bridge. Bengal Irrigation Officers had reported the matter to 
the llengal Nagpur ~ailway authorities for immediate action. 

MR. FRA~iJI introducing ite~ (9) said that tree groynes had been success
fully used in Sind for river training, under suitable conditions. There were three 
types of groynes for three different purposes. This note gave successes and 
failures. In his view, such groynes had large potentialities because they had· 
sercral advantages over the types: 

DR. BosE enquired as to how~ these tree spurs were laid. 

MR. FRAMJI briefly explained the~method of launching these tree ·groynes 
as done in Sind. • ' · 

DR. UPPAL referring to item (14) and (15) said that they studied the effi
ciency and suitability of various types of spurs, such as hockey spu,rs, T-spu.rs 
etc. The criterion was taken as the amount of scour tha.t each produced 
Among these the T-head spur was found to be the best. Next the angle of 
approach was studied-six different approaches were tried. It was found that 
the approach should not be more than 6°. 

SECRETARY requested for more details regarding dimensions of spu.rs. 

. MR. FRAMJI said that a spur primarily depended for its action on the beha
VIOur at or near the bed while only lines of flow at surface appeared to have been 
studied. Bed flow lines were more important. Each kind of spur had its own 
use or function and it was wrong to generalize on the relative efficiency of a 
spur from the amount of scour it caused. For example, scour would be a 
desirable feature in an" attracting" spur to quite the same extent as it would 
be undesirable in a "repelling" spur. He asked what was exactly meant by 
the area of apron. 'Vas it the extent of the scour hole ? 

DR. BosE asked whether the experiments had been carried out in flumes 

DR. UPPAL replied that these had been carrkd out in glass models. 

In reply to Rao Bahadur Joglekar, DR. UPPAL said that the model was 
geometrically similar. , . . · .· 

. In reply t~ a que~ry. as to how scour depth could be reprod~ced c·orrectly 
m the geometrically SIIDilar model. DR. UPPAL stated th.at the modele were 
very big- to 1/IOth sc~le. In reply to the Secretary's question DR. APPAL 
t~ted that the ~otal discharge was 0·3cusec.· ·,··:}, .. •o:· .. i'·.,· 1 ~· -~~ · •• , 
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:MR. FRAMJI remarked that the model could not have been very large, as 
the discharge was only 0 · 3 cusecs. Results obtained in a straight, rigid flume 
were of little quantitative value for use with curved channels where spurs are 
used. 

DR. UPPAL said that they had actually constructed such spurs in the 
Punjab and had found that T-headed spurs were the best. The area of r.pron or 
the extent of scour was used for assessing the comparative merits of various 
spurs. 

1\IR. FRAMJI remarked, that at the most the experiments could be claimed 
to show that where minimum scour was desirable T-head spurs were the best. 

DR. UPPAL explained the experiments conducted during the year regard
ing item (12). After the confluence of the two streams the river 
took a circuitous turn towards the Trimmu head-works. At Jhelum 
the river was going farther and farther away. They first put in 
bulley islands and tried moving them. All the experiments gave no 
solution. Now they were leaving the river to develop a straight reach by it-
self. .. 

MR. FRAMJI said that this was a striking example of the criticisms against 
building barrages' in the dry' epitomized in 1\Ir. 1\Iontagu's dictum" when you 
build a barrage you sign its death warrant ". 

No comments could be made on the model as no data was furnished re
garding scales etc. 

DR. UPPAL explained the experiments done regarding the Beas river to 
lead the flow in the centre of the Railway Bridge at Dhilwan. The Railways 
wanted to protect the creosoting plant and depot on the left bank of the river. 
A wall was constructed joining the third pier of the bridge. Swirl formation 
was observed at the farth'l'r end of the wall which disappeared after the con
struction of nose to the spur. The conditions of flow were observed to be 
better after the nose. 

Here l\IR. FRAMJI objected to different terminology being used in there
search reports. For example the term ' deflector " had a recognized meaning. 
One always used a deflector to create a beneficial bed roller below a rigid struc
ture ; if its function was to divide water between the right and left chennels to 
distribute the flow and thus reduce concentration or action, it should be more 
correctly called a ' dividing embankment '. On the other hand if its purpose 
was to deflect the current, it should be called a ' repelling spur ' ; but in the 
present case, it was more likely to be serving the purpose of an " attract-ing " 
spur than a " repelling " spur. · 

Continuing MR. FRAMJI remarked about the Beas experiments that the 
depth scales and vertical exaggeration were not given and when worked out from 
discharge scale, it was presume.d tha~ depth scale. 'Yas 1/20 and hence V.E.=5 
~.nd probabJy llfodel B.S.E. , V.E~- : . . .. ; , , : ·.. . · . . ·_). , .. 

. · \Vha.t was! th~: slope exaggeration o.btained during , experiments and' 'did 
the adopted depth scale tally with· the observed--depth scale.: ·' ~ · · · · ~ ·· · ·· '·.· ~ 
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Figure 1 * showed pitching on the left bank downstream of the bridge. 
Actually in the model the pitching was not reproduced'as seen by the reces
sion of the left bank in Figure 3*. These experiments should have been repeat
ed with pitching because the training measure without pitching might show 
bigger effect in the model than with pitching on the opposite ba~. 

He enquired as to what was the design of the so-called deflector. Very 
severe action was to be expected at its nose, being on the outside _of the curve 

. of the left channel. Other training measures if tried had not been described ; 
but certainly there were other more promising alternatives. 

DR. UPPAL replied that experiments were done without pitching and ac• 
tually it was not put in practice. 

He then introduced item (11). The pitched islands at the spur in 
the Ravi at Bherian had worked satisfactorily in protecting the right bank 
from being cut by the river. 

MR. FRAl\IJI asked as to what was the design (side slopes etc.) of the pit
-ched island adopted. In the same position they had found at Poona that it 
was possible to improve the attracting effect of an island by providing a steeper 
slope on the side on which it was desired to attract flow. 

• It was better, he said, to have a plan to show the position of the "pitched 
attracting island" relative to the meanders and high banks. He than enquired 
as to-

(I) the Fercentages of discharges on the side of the creek before and 
after the construction of the -island ; 

(2) whether the flow was uniform in front of the Baherian spura after 
stabilization with the island and · 

(3) whether there \vas no likelihood of transferring the attack down 
stream of the Baherian spurs. 

DR. UPPAL replied that the design of islands was the same as was used at 
Su]eimanki with side slopes 2 : l and tail slopes 5 : 1. By these changes the 
Jischarge in the two creeks which was originally 5% later on developed to 30%'· 

1\IR. FRAl\IJI suggested it was desirable to di&tinguish between dividing 
and attracting islands according to the functions intended to. be served by 
them. The former one were meant merely for dividing flow, while the latter 
'verc for attracting the river to its nose or sides as a training measure. 

THE SECRETARY said that regarding terminology, the pitched island as 
used in the Punjab was an attracting island and the dividing one was called a 
groyne. 

(iii) SCOUR AZ:D ERO~ION . 
The followi:cg itc·ms were discUssed at the 1947 Research Committee 

~Ieeting :-

(1) Tra·n:ng of the rh er InC:us above the Sukkur Banage to_ ptevenl 
_ sli~s of the right ban,.k belo~ the nos~ of the approacli'ch.annel. · ~ -----

11! Not reproduced. 
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(2) Emergent measures for pre,•enting serious damage to the central 
sluices for the l\Iahanadi Anicut at Cuttack, Orissa. 

(3) Scour downstream of rigid structures in wide channe1s-prototype 
data regarJ.inz depth of scuu.r downstream of bridges. 

(4) Co:fi~r dams for the Ramapadasagar Project. 
(5) The !Iagari Aqueduct for the Tungabha•Jra Canal-~cour around 

p1ers. 
~1) TRAINING OF THE RIVER INDUS ABOVE THE SUKI{UR BAP~AGE 

TO PREVENT SLIPS OF THE RIGHT BANK BELOW THE NOSE OF 
THE APPROACH CRANNEL (26) 

SUMMARY 
The primary object of these experiments was to reduce the concentration 

of flow at the nose and the depth of scour inside the approach channel, thereby 
establishing forward flow throughout the approach channel. This would 
prevent slipping of right guide bank opposite the nose consequent upon the 
side slopes not becoming steeper than the natural angle of repose. Thi'3 would 
.also, incidentally, improve the sand exclusion at the entrance to the approach 
channel. Various devices were tried and experiments are still in progress. 

• 

(2) EMERGENT MEASURES FOR PREVENTING SERIOUS DAMAGE TO 
THE CENTRAL SLUICES OF THE MAHANADI ANICUT AT ClTTTACK· 

ORISSA (27) 

SUMMARY 
The design of. the Central Sluiceg of the Mahanadi Anicut being defective 

for dissipation of exce1;:;s energy necessitated heavy recurring expenses over 
purely protective measures ; neverth~less serious damage occurred to the downs
str~am floor threatening the i.w1rf w11la in the floods of 19!5. TJ-..e trouble wa:o. 
diagnosed a<:J oecurring due to the flat down~tream pa\~emcnt which did not hold 
the standing wave when the downstream water level wa1 low. Suitable 
dissipating devices viz., a glaci!'l followed by a f.eries of baffi"'s to di~spipa+.e 
the excess energy were suggested. 

Due to a practically flat pavement down·tream of the CentrrJ Sluices of 
the .Jobra Anicut on the 1\Iahanadi at Cuttack an unstable standing wave formed 
on or downstream of the loose stone protection below the paxa pavement in 
low flood·;, when the river di~charge pa-,sed through the sluices was only of the 
order of 50,000 cu·~ecs. This was due to verv low water level in the river 
dowmtrea.m obtained at the end of o. flood flea~on, viz R. L. 61.0 with a com· 
paratively high upstream water level, at R. L. 68 ·5 and an un'·uitable and 
inadequ;:.i:e pavement for these condition·. A deep scour-hole u~ed to form 
downstretm of the loose stone protection, in which the stones sank unevenly 
aggravating the trouble; the :faXa pavement wa~ also threatened by under
mining. The scour-hole continued to form each year in spite of heavy loca1 
repr..!r5 b the ]oo~e &tone protection. 

. (") Indian Waterways Ex~r.iment Station, Poona, Annual Report (Technical) 1946 
pages 17 to 27. . . _ . . .. . 

_. · (") Indian Waterways Experimen\ Station, Poona. Annual "Report (Technical) 1946 
-Y\AUM 27 to 37. ; . . ' . • 
~-- e;\ " ,. • 
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In the hope of dissipating energy, three rows of staggered blocks were
constructed by the local officers in 1944-45, this being the first attempt to treat. 
the cause rather than the symptom ; the downstream divide walls were 
extended and loose rubble stone in bullah cribs and crates were also dumped in 
the scour-hole. 

(3) SCOUR DOWNSTREAl\i OF RIGID STRUCTURES IN WIDE CHAN
NELS-PROTOTYPE DATA REGARDING DEPTH OF SCOUR 

DOWN _ ST!tEAlVI OF. BRIDG~S.. (28) __ 

Experiments were done in-the year 1944-45 (29 ) to correlate depth ofscouiP 
downstream of a rigid structure with intensity of ~ischarge and grade of: bed 
material. 

For the substantiation of these results, analysis of similar prototype data.. 
is necessary. · 

• Such data ar~ being observed for the.ladt 20 years on 21 important bridges 
on alluvial rivers on North Western Railway. The North Western Railway 
authorities have kindly made this data available for analysis, Table 2 C. 12. 

The depths, at present, are observed only at the bridges, in floods, to see if 
the scour around the piers exceeded the safe limit. Actually, a deeper and more 
dangerous scour-hole often occurs further downstream of the bridge, due to 
the increased velocities and turbulence arising from the restriction of the water 
way, as was observed in the case of Hardinge Bridge over the Ganges (3tl) 

The Railway and canal authorities have, therefore, been requested tO' 
furnish the following data :-

(a) Depths at 150 feet, 300 feet and 450 feet downstream of the bridge in 
addition to the depths observed at the bridge, this being necessary 
to get maximum depth of scour which is expected to occur within 
this range downstream of the bridge due to the angle of repose of the 
bed material: correctly a contour plan of soundings over a distance 
of 1,000 feet downstream of bridges, made from probings at frequent 
intervals during a flood season is required. This would require 
much additional staff and equipment and so, for the present, cross
sections, 150 feet apart, till beyond the point of maximum scour,. 
have been requested, for, in case of only eight out of 21 bridges • 

. • 

(II) Indian Waterways Experiment Station, Poona Annual Report (Technical) 1946, page-
114. 

I 0 

(••) Indian Waterways Experiment Stations, Poona, Annual Report (Technical) 1945. 
. I 

(IO) Central Irrigation and Hydrodynamic Research Station, Poona, Annual R~~ 
(Technical) 1941-42, page 12. . 
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TABLE 2 C-12 

1 mportant Bridges on alluv1"al rit·ers on tlte North W es.~ern Railtcay 

:.Serial 
No. 

Name and site of Bridge 
Place at which 

discharge 
is observed 

1 

1 

9 
10 
11 

13 
!4 

15 

16 

t7 

ft ... 

Jhelum at Jhelum • • Ra.sul Head 
works 

Jhelum atHa.ranpur 

Jhelum at Khushab 

Chena.b at Chund •• 

Chena.b at W azirabad 
Chenab at Chiniot E. 

Chenab at Chiniot W. 
Chenab at Shershah 

Ravi at Lahore .. 
Ravi at Abdul Hakim 
Ravi at Dera Baba 

Kanak 

Btas at Beas 

Sutlej at Phillaur 
Sutlej at Gidarpindi. 

Mangla. 

Ra.sul Head
works 

Chela 

At the bridge 
1 
~ Rivaz bridge 
J 
At the bridge 

Sidhnai 
At the bridge 
Shahadara .. 

:Madhopur 
Head-works 

Mandi plain 

Rupar Head
works 

Sutlej at Adamwaban At the bridge 
I 

Jumna at Delhi Do. 

Jumna at Kalanour 

'18 Indus at Kotri . • At the bridge 
1.9 Indus at Sukkur • • Do. 
~0 , Indus at Kalabagh . . . Do. 
!1 · · Ktm~.m at Thanedarv'ala . . v · •. 

Distance 
between 
the site of 
of bridge 
and place 
where dis

charges are 
observed 
(l\I.iles) 

21 

22 

28 

85 

56 

5 

72 

59 

30 

Whether up
stream or 
downstream 

of bridge 

5 

Downstream 

Upstream •• 

Do. 

Downstream 

Do~~"•m I 
, 

Do. 

Downstream 

Upstream 

Downstream I 

I 
I 

Remarks 

6" 

No observa
tions in the 
vicinity 

1 No record in 
1 Lahore Dis
L charge Divi· 
( sion 

J 

I·. f No record 
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(b) Discharge observations, uptstream or downstream of the bridge (to 
be obtained from the Discharge Divison), for correlating discharge 
intensity, grade of material and maximum depth of scour. 

t~) If it is not possible to obtain bed-sand samples under flood conditions 
from the Bcour-hole, they can be obtained by borings (made in 
the winter) up to the maximum depths of scour, in the region of the 
scour-hole. This additional data will be observed for the eight im
portant bridges (shown in italics in Table 2C-12) where daily dis
charge measurements are made by the Discharge Division. 

(4) COFFER DAMS FOR THE RAMAPADASAGAR PROlECT (31) . 
ABSTRACT 

The width of the river Godavari at the site selected for constructing the 
Ramapadasagar Dam is about 5,000 feet. There are substantial rocks at both 

eflanks and also a hill, called the Mahanadi Hill, in the centre of the river. The 
main dam will be in two parts abutting against the flanking rocks and joining 
at the central hill in a hockey-stick alignment. The river bed at the site is sandy 
for great depths and firm. rock is met at 150 to 200 feet below bed. The summer 
flow is about 20 feet deep and during"ma.Ximum. flood the depth is about 65 feet . • The maximum flood discharge is as much as 2 · 4 million cusecs. There are no 
facilities for diverting the river through saddles or tunnels and the construction. 
of the dam foundations has to be taken up in two stages enclosing one half of the 
river within coffer dams in each stage. The Mahanadi Hill will form the ancho
rage for the coffer dams. l:Q the first stage the right half of the river at the dan;t 
site will be enclosed within coffer dams and the dam built up to about the bed 
level. Next the left half .will be enclosed by coffer dams for ccnstruction 
of the dam up to bed level. Thereafter the entire dam will be raised in stages. 

The coffer dam itself will consist of a solid masonry wall just over the central 
hill, of earthen bunds with or without rip-rap protection at the margins and of 
cellular sheet piles across the sandy portions. These cells will be about 60 feet 
diameter each. made of interlocking sheet piles, going down to about ·100 feet 
below bed for reducing seepage into the trench, and rising above flcod water 
level for preventing over topping. 

The model experiments were carried out for 

(i) determining the affiux caused by the contraction of water way and 
thus fixing the top levels for th~ coffer dams ; . · · 

( ii) studying the flow patterns e.nd examining the presence of dangerous 
eddies, if any;· 

. ,(iii) ~est~m~~pg, t~~ .·vel?city:dittr1but.i:~ tn .~~i s1f!fa~e .. c~~e:-t~ .iii;: f 
(81} Irrigatioii :R~setli:i:ch.Station~ Pomidi, Madras, Aim;ial. heport for 194G p~g~·7't:0:2l ;·•; .;7 
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(it:) finding out the incidence, development and pattern of scours in the 
region affecting the f:afety of the coffer dams ; and 

(t') generally examining the wundne~s of the alignments. 

DESIGN OF THE MODEL 

The ~maller model was designed t"s a pilot model and as it wa;'3 de~ireu 
to have it con~tructed inside the b.born.tory, protected from "Wind and rain, 
the scale was fixed a3 1/300 taking into considemtion the ~pace, time and 
discharge available for the studies. The model wa3 intended esfentially for 
the study of flmv pattern for which simplitucle with respect to both gravitational 
and frictional forces had to be obtained. A geomatrically-similar model giving a 
high Heynolcl's number and having its friction adjusted to scale wa'l best suited 
for the purpose. Adjustment of friction was effected by selecting a suitable gtade 
of sand by a process of trial and error for moulding the bed. There wn.s no 
sand injected D.t the upstream end of the model. The sand used hs.d, therefore, 
to satisfy the conditions (1) that without the coffer dam in position there would 
be no movement of the bed, (2) that for the f.ame condition the prototype 
surface falls would be reproduced in the model and (3) that when the coffer dani 
was put in and there by the velocitieJ of flow increased, ~::cours would be produced 
within reasonable time. River sand sieved to pass through 30 and retained 
on 50 mesh per inch (0 ·5 to 0 ·3m.m.) was found suitable and was adopted. 
Numerical values of the scale ratios were :-

Linear seal(> 

Velocity scale 

T'une scale 

Dischargt scale 

Friction scale 

.. 

.. 1:300 

1: y300 = 1: 17·25 

1: -vaoo- 1 = 17·25 

1 : 300 t = 1 : 1·559millions 

1 : 300 1 = 1 : 2. 587 

CONSTRUCTION OF THE MODEL 

Salient features of the model are shown in Figure 20-24. The overall 
size of the model proper was 40 feet X 25 feet included between nine inches thick 
brick walls built on the concrete floor of the laboratory and compriEed the 
reach of the river 6,500 feet upstream of the dam line and 3,000 feet down..,tream. 
The reach 6,500 feet to 5,000 feet upstream, forming five feet length of the mode 
at the head, was moulded rigid so as to preserve the correct direction of the 
approaching stream. The last cross-section was made up in masonry. The 
central hill and the non-erodible margins on both sides were also correctlv mould
ed in masonry. The rest of the model representing the Eandv bed was"'moulded 
in sand. • 

. The model was provided with a forebay, stilling rack8, a tail bay and a 
ta1l g~te. .The .w~ter-mpply was dxawn by gravity from the ,reservoir (or by 
pumpmg when the reservoir was low) irito an eight feet diam'eter well which 
was.provid~d with. an over flow arrangement so as to maintain a constant head 
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throurrh out the progress of experiment. To this well were connected four 
inches

0 

diameter pipes, each provided with a sluice valve, which delivered· the 
supply to the model. Before admission to the ~odel ~he water was stille.d and 
gauged over a two-feet wide sharp edged weu whiCh had been previOusly 
calibrated. Beyond the weir a bye-pass· was provided through which the 
water could be diverted when not required to be let inro the model. 

Pressure boxes built of perforated brass sheeting covered by wire mesh were 
embedded underneath the sandy bed of the river at points on the axis corres· 
ponding to 2,000 feet downstream, 1,000 feet upstream and 4,000 feet upstream 
respectively of the dam line. These boxes communicated the water level 
elevations at the points through ! inch diameter brass pipes also running under~ 
neath the model bed. These pipes all converged to a point near the side wall 
of the model where they were taken out and connected withY-pieces. One 
limb of each Y -piece was connected by rubber tubing to a brass can and the other 
to a manometer glass tubing. The free surface of the water in the brass cans and 
glass tubes indicated the water surface elevation at the relevant point in. the 
model. The cans and tubes were mounted together on two racks and the read
ingc; wen taken by pointer gauges reading ·to 1/1,000 feet . 
• 

f:e,'era.l bench markR were fixed at various parts of the model and 
:tccumtely l~velled~by means of "water levels" and all adju&tments of the river 
bed, water surface, etc., were made with refe:r;~nce to the.se bench marks . 

. . 

'Vooden railing~, fixed in brackets nmning along the top of the model wan~, 
:;erved to support "male templates ",cut in galvanized iron sheetirg which 
were u~ed for moulding the mobile bed. 

A cradle was constructed juct over the dam line from which photographs 
of candle floats could be taken for getting the direction and mangitude of tbe 
:mrface velocities. 

OPERATION OF THE MODEL 

For any given coffer dam arrangement the tests were conducted in the 
following manner. The tail gate was raised and the dry model was flooded ming 
an auxiliary hoEe pipe supply line. This was necessary to ensure that no scour 
occurred in the model bed before correct flow and tail water conditions were 
ohtn.ined. The desired diEcharge was then set on the measuring weir and the 
<·orrect tail water elevation correEponding to this diEcharge was obtained en 
tla• g:'.uge 2,000 feet downs~ream of dam line. The gauge dischargt rela.tion
~'hip adopted is given in Tal::le 2C-13. For each set of experiments four dis
<·hn.rges corrr sponding to 0 ·091, 1 ·36, 1 ·85 and 2 ·25 million cusec.:; 
were pa~.2ed. 'Vhen flow conditions got steady in each case, the gauge reading 
were takfn. Flow patt-ern was observed and the presence and magnitude of 
eddies ddected by means of confetti, aluminium powder and floats. Seven 
car.dle flcatf. held two feet apart from one another were released 8im.ultaneouslv 
acrors the model at c·ross sections 5,000 feet upstream and these indicated 
the general pattern of surface currents. The~e were photographed. Th~ 
model was run for the desired length of time and at the conclusion of the test 
the water-supply was stopped without causing any disturbance to the model. ' 
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TABLE 2 C-13 
Gauge discharge Table jO'I' the river Godavari at the Ramapadasagar dam t1ite 

Discharge in million cusecs j Water surface elevation in nor-
mal river at dam line 

Where scour contours had to be traced the wat-er from the model was 
lowered to the required levelg in stages, the boundary of the water giving the 
contour in each case. The configuration so formed was determined by a. 
system of co-ordinates obtained by stretching strings across the model. This 
was found convenient and especially suited for the present purpose where to 
transfer the undulationa of a bed full ~f ripple by the usual method of taking 
cross sections of the bed would have been less accurate and more tedious. 

The model was finally unwatered completely, to facilitate which the end 
cros3 section wall had been provided with a number of holes filled with lean 
porous concrete, and photographs revealing the position and shape of scour 
creaters were taken. The disturbed bed was then remoulded and the next 
experiment taken up. 

DESCRIPTIOlf OF TESTS 
Altogether twenty-two experiments were conducted on this model. The 

first few experiments were for verification of the model and for selecting the 
bed material. Then two preliminary designs for the west (right) side and east 

. (left) side coffer dams respectively were tried on the model. In the final 
set of experiments two designs suggested by Dr. Terzahi were examined. These 
are briefly explained below :-

(i) Normal river.-The last experiment of the first series carried out on the 
model without putting in the coffer dam reproduced the surface fall of 2l 
feet per mile and indicated no sheet movement of sand nor local scours. The 
flow pattern around the central hill indicated by confetti is shown in 
Figure 20. 25 The water surface elevations at the three gauges observed oiL 
the model are furnished in Table 2 C. 14. 

(ii) Coffer· dams-( a) Preliminary designs.-The alignment of the west 
side coffer dam as designed in the first instance is shown in Figure 20. 26. In 
this figure the masonry portion of the coffer dam, the cellular sheet piles and 
the ~arthen embankments are ~.n separately indicated. Figure 20. 27 furnishes 
a view of the model before admitting water and Figure 2. C. 28 shows the flow , 
pattern obtained on this model. The approach of the currents toward~ the"~ 
constriction of water way was fairly uniform, there was no rapid current along• 
side the coffer dam and beyond the nose of the coffer dam on the central hill 
the flow line nearest, the coffer dam got deflected away from the nose. There 
were no harmful eddies anywhere and no bed scour. From. a hydraulic point 
of view the design was quite good. But the length of the coffer dam was 
excessive and though the alignment followed a ridge in the sub-surface rock, 
a reduction in length, if possible, would be more economic. 



Figure 2 C. 25: Ramapadasagar coffer dam model 1/300-Photograph taken 
from the cradle from the Central Hill looking downstream. Flow pattern round 
the Hill indicated by confetti. 

Figure 2 C. 27: Ramapadasagar coffer clam model 1/300-Photograph 
taken looking upstream. .Alignment of west side coffer dam-Preliminary 
design-the number plate 15 is kept downstream of Central Hill. 
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Figure 2C.l9:- Alignment of east side Coffer Dam-preliminary design (Romapadasagar Coffer Dam model 3ci0 ) 
II ... No, 118 H£ (C) '4e·1280 (H.L.OJ 



Figure 20. 28~: Ramapadasagar coffer dam model lf300.-Photograph 
taken looking upstream-west side coffer dam-Preliminary design-Flow 
patlt1'n indicated by ·candle floats shown by dotted lines. 
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TABI~E 2 C-14 

Ccrnparatil:e ,<:l1ltement cf uxlter surface elevations fer normal river and with wesl' 
and east coffer dams. 

N.B.-All figures relat9 to prototype· -
I Water surface levels at 

D isc:harge Conditions r- _.A. 
~ 

million No. 1 1 No. 2 1 No. 3 
cuHecs gauge 4,0001gaugeo I,ooo:ga.uge 2,000 Remarks 

feet up- feet up- feet down-
stream of stream of stream of 
dam line dam line dam line 

I 

2·2.) Normal river +92·7 +91·2 Water surface eleva-
West side coffer daPl +97·2 +94·2 +90·0 tions, reduced to com· 
Ea~t side coffer dam +100·2 +97·8 mon datum as re-

presented by No. 
gauge reading. 

$' 

• 1·85 Normal river +90·8 +89·6 

West side coffer dam +93·8 +91·4 +88·7 

East side coffer dam +98·0 +96·3 

1·36 Normal river +88·0 +87·7 

West side coffer dam +89·4 +88·1 +87·2 

Eaat side coffer dam +93·5 +92·3 

0·91 Normal river '+85·1 +84·8 

West side coffer dam +86·3 +84·8 +84·2 

East side coffer dam +88·4 +87·5 

--
(b) A similar design for the east side coffer dam was also tested. The· 

nlignment is shown in Figure 2C. 29. In this the current distribution was not· 
so satisfactory as in the previous model. The deep course in the river at the 
dam f;ite was on the lett of the central hill and wben this {left) half was cut of£ 
by coff'er dam a sharp curvature was naturally induced. T.t!ere was rapid 
current aloPgside the coffer dam and eddying vear the nose on the hill and 
~couring took place at thig poivt. This alignment also had the disadvantage 
that it was excessively long. 

(iii) TV est side coffer dam -Final design.-Firai studies on t.ne model were· 
carried cut for testing two designs suggested by Dr. Terzaghi atter his study of 
tlw topography and boring results. His designs for the west side coffer dam is 
shmvn in Figure 2 C. 30. ThP fivw pattern obtained was satisfactory. Tie 
stream lines approached the -:onstriction with a fairly uniforiL speed, crowding 
towards t 11e c~ntre ofth~ open stream and tnen travelled down witn increased 
velocity. Tt.e lines nearest the coffer dam face got deflected away towar~& 
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the centre of thtJ tiver. There were no undesirable eddies. The water surface 
.elevatiora.s for the various discharges tried are furnished in T~ ble 2.C. 14. The 
rise in wat~r levE-l at the gauge 4,000 feet upstream of dam line was 4. 5 teet for 
a discharge of 2·25 million cusecs. Scours obtained for a run 01 4} hours are 
shown in Figures 2 C. 30. There was no scour near the coffer dam face. Sccur 
in the river-bed started about 500 feet away from the coffer dam nose (on the 
Mahanandi Hill) and developed towards tn·· centre of the river. The depths 
varied from 20 to 40 teet. 

(it') East side cojJe'l'. dam:_ Final design.-The design. suggeted by Dr. 
'Terzagbi for the east side coffer dam is shown in Figure 2C.31. As this would be 
taken up after the right half of tre dam is constructed up to bed level, the 
details of the changed conditions of the waterway on the right as might be ex
pected are also indicated in the plan. The dam woul~ be built up to bed level, 
say plus 24·00. The foundation trench excavated for the construction of the 
bit would get filled up to say plus 0· 0 during the low :floods. In order to provide 
additional area of waterway the bed would be lowered as indicated on the plain 
for some width along the right margin. In addition to tbis a passage 500 feet 
wide with its invert at plus 0 would be cut in the rock at the right flank. Tbe 
model was built up introducing all these details carefully. The dam was built 
in masonry up to plus 24·0. Where removal of top sand was proposed, the 
bed was formed rigid and, plastered smooth to represent nonerodible clay. 
'The foundation trench on right was filled up with sand up to plus 0 · 0. 

Tne model was first tried without the 500 feet wide passage at the right 
£ank and with a few minor alterations. Figure 2 C. 32 shows the flow pattern 
obtain ~d on this model. 

The study was repreated with the passage cut and the waterway arranged 
as shown in Figure 2 C. 31. Tbis indicated an improvement in tbe flow lines. 
'The sharpness of the curvature of tb:; currents was eased by the diversion anrl 
the development of tre Thain course was shifted farther from the coffer dam. 
Still there was some scouring near the coffer dam faoe on tne central hill and 
-doW!' stream of it. The scour ccntours obtained after a 4l hours run are shown 
-in Firure 2 C. 33. Water surface elevatiOns were everywnere bigher in this 
than ~bserved with the west side coffer dam. The values are furnisned ir Table 
2 C. 14. For thP. discharge of 2·25 cus'3cs million the rise of water level at 
:gauge 4,000 feet upstream ot dam line was 7 · 5 feet. 

.. The water surface elevations for the various discharges obtained with the 
final designs of the coffer dam are also shown in the grap}ls in Figure 2C. 34. 

CONCLUSION 

The final design tried for the west side coffer dam was generallj satisfac
tory. The water surface 4,000 feet upstream was plus 97 · 2 for a discharge of 
·2 · 25 million cuseJs._ The top of the coffer dam should be kept above plus 100 · 0 
to obviate over topping. No undesirable eddies were formed. f;(}ours develop
-ed away from the coffer dam. 

The final design tried for the 13ast side coffer dam including the 500 feet 
-wide waterway on the right :flank was fairly satisfactory. The water surface 
4: 000 feet upstream was plus 100 · 2 for 2 · 25 million cusecs and the top of the 

40~fier dam s~ould thereforE be kept above plus 103·0 to preTent overflow. 



Figure 20. 32 : Ramapadasagar coffer dam Model lf300. Photograph taken looking upstream 
East side coffer dam-Final design-flow indicated by candle floats shown by continuous lh1es. 
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'Thouah the main soout;ing developed away from the w<>rk, thete was scow~. · 
indiq:ted near the same on the central ~11 and dqwnstreaJ;n. The design, shqulj 
take into consideration such scours gomg doWI) t() Q.bo:qt 40 £eet below beq, 
Thea~ inferences will be verified on. tne bigger model unde:t: col;lSt:r:u~tio:Q., 

(~) mE BAGARI AQUEDUCT FOR THE 'lUNGABBADRA CAKAL-
SCOVK. ROUNJ) PIERS (32~ 

· unu~ , 
The Tungabhadra low level canal ~ to cross t];le Bagad river b.Y an. aqut ~ 

duct. This was proposed to have 73-spans of 30 feet each, with piers 5leetthick 
having semi-circular cutwaters,. founded on wells. take:q. down to. about 2Q feet 
below river bed. No flooring or other protection was pro11os~d for the piex fQU.O.~ 
tions. · Studies on the formation and development of scours around the pie~ ant\ 
on c1ericea to minimise the same if necessary were taken up With the help of models 
aD4 this descnDel the first ~ ot tests ~~~4 ou' on one model. 

DESIGB or TJIE MODEL 
• Scour ro1,1nd bridge (or aqueduct) piers is influen~ed by the nature Of bed 
JI13te:dal shape of pier, disrbarge intensity a~d cu.rvature of flow. It being 
impQssible to reproduce all these effects in one :model it was proposed to study 
(be effect of curvature of flow alone on a full model in the first instance and for 
this purpose a vertically distorted scale was selected. 

The only data available were (i) a survey of the river and cross sections; 
(it) J;O.aximum observed flood discharge=l50,000 cusecs, (iii) gauge reading· 
~onesponding to this 1,319, (iv) maximum computed, flood discharge=l85,000 
cusecs (v) gauge reading corresponding to this assumed as+ 1,320, (vi) be(t and. 
$u.rl'ace fall =five feet per mile. Tn.e model was run on1y for maximum :ftood. 
conditions. It bad a mobile bed indicating lora] scour only and tber6 wa.s no 
injection or s.ilt upstream. 

Considerations of spaee and discharge available led to the selection of srale 
1/400 horizontal X 1/1QO vertiea\ t~ougb a much bigg~r model would have been 
preferred. Bed material was selected experimentally and by having recourse 
to tilting of bed, sieved sand of 24/30 mesh pet inoh was found suitable. With 
these it was round (a) that the s~ace fall was reproduced in the model, (b) 
that no movement of bed was noticed before the aqueduct was introduced ·and 
(e) appreci~ble scour was indi~ated af"t~r the aqueduct was put in. · 
. OOKSTBtJCTIOJr 01 'I'BE MODEL ' .. .. ··-

' ·The model was constructed.in a tr~r whieh.~s ·~~·fee~ x 20feet x ~ feet 
and has a concrete bed. The river was reproduced for a length· 7 ;920 ie{f,t 
upst~am and 3,960 feet d~wnstream of the aquPduct, Figure· 2 c.· 35~" The 
portJon 2,640 feet long at the In!~t en~ was moulde~ rigi~ ~nd J>1astered smooth 
to preserve the approaeb con~1tions In the ~orlel. Tl•e non-erodibl · " · 1 
lands were also moulded rigid. The remai.Dinu portio. ns o. fthe:r1"v·er' .~ ~~;~na1.d 
. d . . d d 2 '/30 h . . 9 , . . . . were ~op. -e JD seive san ~. . mes per mch. A fore bay With stilling scF: ~· .. 'i' ''I 
bay and a tail gate wer{' providP-d for ensuring smootn entry and e""'ote.~~~di' .ati! •• ·.~ 

d t t I 1 Tb t . . . . . . . . . . . XI con ons 
an r,orrec wa er eves. e re ai_mng 'Y'.all between the · od' · · '- ., 'l"'· ~··'n' . . .. " . . . , , . :rp ~J ana tai 

• • .• • i'<!,.a. l "I •. -... (...~ ( ~1-J . 



bav was bnilt porous to facilitate easy unwatering oft he model at the conclusion 
ef an exp•!riment. The mobile portion of the river bed was moulded bv using 
male templates cut in galvanized iron sheeting representing cross sootiQna 
at intervals ofthreetofivefurlongs. Water·Rupplywasdrawn by gravity from the 
statio tank and measured over a precalibrated, knife edged weir. Suitable 
bench m 1rks were installed to cher k the elevations of the bed and water lwea 
Four preSJure boxes were hurried underneath the sandy bed at points 6,000· fee' 
and 300 feet above and 300 feet and 3,000 feet below the aqueduct site and were 
connected by piping to four gauge wells located in one spot. The water levels 
were read otT in these wells by point gauges reading to Ijl,OOO feet. 

The canal eiiLbankment was constructed in cement mortar and plastered 
smooth and the aqu'3duct piers were made of well seasoned and polished teU-
wood. . 

OPEBA n01 or IIOilEJ. 

The tail gate was lifted and water admitted at a very slow rate eo aa ~leW 
to disturb the mobile bed due to initial onrush of water. The model was thu.a 
flooded to a suitable level and all leaks closed. The statio water level iii t.D• 
model was. determined by referrillg to the bench marks. The poi~ter gauge~ 
were then tead and 0011ld thus be inter-related. Water was then admitted to 
the model corresponding to the ~aximum flood discharge with the tail gate 
still in po:~ition. After the water level in the model was about the same u 
~D;lximum flood in the river the tail gate was gradually lowered till under steady 
condition! the necessary maximum flood level was obtained in the tail reach 
as read by the pointer gauge. The model was run for one hour corresponding 

-lio 40 hours in the prototype. The surface flow pattern was studied witla 
~nfetti. The model was unwatered and the scour pattern studied • 

.J)E$CJUFI'I011 or DPDIXU11 . 

. ·-.Altog~~her 12 experime~ts were carried out. 0~ these, the first thr~ wen 
li ..... ;YII~'"" tests for selecting the scale, bed ma.tenal ttc., andforprovmgthe 

pre ~J • b l 
model. Subsequent studies were as ~ ow :-

(t) Th" model was run without putting in the aqueduct. Discharge co~ 
di u t 185 000 cusecs was passed and maximum flood level correspondin; 

r;n+ i":) 32~ at the aqueduct site was maintained. A surface fall of five feet per 
mile w;s re1lroduced 1n the model and no scour was formed. 

- (ii) The experiment was repeated with the aquedurt oonstrurted in plac:e. 
P'or maximum flood level conditions, the flow was not ~onfi.ned to the mobil& 
bed, but spillei ~yer to the marginal fields on the left s1de. The aqueduct waa 
located in the mobile portion of the river.bed only and the canal embankmen. 

nned across tbe marginal fields. This embankment prevented any fl.<>:.• 
Tong the fields and induced a cross flow i~ the s-pill and co~equent eddymg 
near the left abutment. · Scour _developed ~ediately at th18 abutment a~d 
eXteDded up to the eleventh p1er towards nght. The soour waa abo~~.&;.~ 
~10 feet deep, F'liUl'e 2 .. C. SG. 



Figure 2C.36:- Showing Scour contours with aqueduct in position 
[Hagari river model] 
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Figure 2C.J 7:- Showing Training bund and pitched ls/and[Hagari river model] 
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Figure 2C.3 8:- Showing Scour contours with Training bund (I st design) 
(Hagari river model} 
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Figure 2C.3 9:- Show;ng Scour contours with Training bund (2nd design) 
(Hdgarl river model) 

I •S 0 I 2 3 4 5 
Scale Feet (of model) 

~"&:No. 316 HE (CI'49-1260(H.L.OJ 



(1·i,~ Tn or<lrr ~ ~limin_ate ~he_sharp .cro~s flow a~ tbe lc:;ft. ~~utme~' 
training Lund of the dimensions mdicated In F19ure 2 C _.~7 (a) was next put~ 
a.nd the e:rperimont repeated. The scour got slightly shifted away towards the 
right, Fihrure 20. 38. · . . . , 

(iv) The .traiD.ing bund was then extended. upstream as shown i:r:': ~ig~:.;s 
2. C. 37 (b) and the experiment repeated. This had the effect of Dlltigatm$ 
thea cour to some extent. The scour started upstream and developed a war 
from the abutment, Figure 20. 39. . , . . . 

(v) With a view to distributing th~ flow ~ore even1y Into the s~ns and to 
obviate t~e scour crater on the left, a p1tebed ISland was condructed m the por~ 
tion indicated by 'A ' in Figure 20. 37 (c). This had the effect o~ attracting 
the flow towards its ~If and producing a more even flow towards the aqueduc~ 
but the magnitude and extent of the local scour near tile left abutmen• 
remained unafFected. . ; ; 

(vi) A ~oond pitched island was then added 11pstresm of the firs~ u 
indicated by • B ' in Figure 20. 40. This produced no improvemen\. iJ . 

C05CL11SIOKS 

• (a) For the <'Onditions tried, viz., maximum fiood discharge of 185,000 · 
cusecs, whic.b produced considerable spill ever tbe ldt marginal fields, tbere 
was cross flew and eddying at tbe left abutment causing harmful scour • 

. (b) The scour could be shifted away from the abutment and its ma~ihule 
redufed by IL.eans of a training bund located on bl th 'sides of the abutment. .. 

. . ,. ·. .. 
(c) A pitcbed island located upstream of tbe aqueduct and slightly toward~ 

the right of the axis of the stream bad the be~dic.ial effe<'t of ensuring a mor6 
even flow towards the aqueduct, but had no mfluene on the local scour at the 
left abutment. 

DISCUSSIOll BY mE :BESEABCB OOIU.miEB 

MB. FRAM.JI, introducing item (1) said that when model experimenta were: 
originally made for the approach cbannel, it ~lad bo(•n anticipated that tllere 
would be deeper scour at the nose of the approach channel on t.be river side. : 
but it had not been anticipated that on the approab channel side the scoui would 
be as extensive as has actually occurred. ~his Sf'our had caused strong ~eturn; 
flo~ in the approarh channel along the outer bank and slack rf:'turn flolV on 
t.he rigbt bank and high velocity flow in the cent~e; with tbe result that the 
scour extended up to· . the nght bank. \Vhen the pond level was dropped· the
berm slipped into the scour-hole. Filling of tbe scour-boles by stones ~88; 
aotually tried on the model also and was promising but was very costly·and 
figures show that tbe Station's proposals were much cheaper. It is believed~ 
~hat if the approach chs.nnel bank is extended so as to allow greater width of 
.autry as well ts to have a flatter slope to the outer bank nose then tP.e: scour,' 
would .no~ extend up to the point where the rig~t bank could slip in. This~' 
was tried m the mode) and found successful ; but It wculd be a job to try and 
extend tbe approach .bank across the scour-hole at the nose. The mode~·~ 
however, showed that If only the truncated nose of the required extensioJL waa-• 
Qonatructed berond the •co~-hole tne results would also be effective. 
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. . latrodu.cing item (3) he said that they :had been collecting certain da~ 
through the good offices of the North 'Vestern Railway and the data they had. 
been_ supplied gave only the scour at the piers. The actual maximum deptfu•· 
of scour occurred further 'downstream and this really reguired a contour pla..o · 
of the scour for the purpos~ of scientific correlations but as contour plans would 
be difScult to ~te~ the station had asked for cross-sections at interval8 of 150 
feet in tne reach where the maximum scour was expected to occur. 
. . . ' 

MR. 8. T. GHOTANKAR introducing item (2) said that the de.'3ign of tn&. 
Mah~adi Central Sluices consisted of a Bat pavement followed by a very fiat 
glaois causing hyp~r-oritical velocities. 'Vhen on the falling floods, weir crest. 
abutters were raised and the whole flood discharge of the order of 50,000 cuseca: 
~as passed down the sluices, this caused severe scour downstream. Mter tha 
J9~~ il<>Ws.~t~gg~d. bloc~ were fi.x:ed but were ineff~_ctive and caused-more+ 
dangerous erosion, because they did not withstand the hyrer critical velocitY: 
ttnd wete unev~nly dislodge4. · · · ·· ~ .. 

On inspection J>y the .Director the des1gn recommended was a five !ee~ 
high glacis followed by baftles and a deflector with a I in 3 loose stone apron 
down.l'.ltream of it. The divide walls were· also asked to be raised so as to 
prevent cross ourrents from the sluices spilling on them. The design ll,a.d 
wor'ked comple~ely _8atisfactorily. · , 

M&.ll. 'p. 'MATHRANI refetnng to item (1) wanted to know whether th~ 
results were brougbt out when tne :first model was worked. Jf they were not., 
what· were the results l AS Mr. Framji bad pointed out, 'the river bed went on 
changing_every year; short entry co.aditions gave short time results. The 
scour did not .occur in the first or second year but in the t!hird year.. TM 
first thing that should be done was to bring about this changing course in the. 
model. What was actually happening was that the accretion was <:ausiny 
silt islands. He felt that unless the results were brought out for all the yean• 
ainee this model waatt.l$de, thflt was to say riv~r C9U1'se ~hanges from year to year 
the results now obtained might not be conclusive. So unless the experimenia 
wer~ earried ·out with the river bed changing from year to year for about eigb' 
or ten years, the mere construction of the nose as proposed might produ~ danger 
somewhere else. He liked to know whether this model 'test 'bad been canied 
out iritll the existing conditions of the river. He also requested Mr. Fmmji! 
to explain fully as to bow this model test had been carried ·out. . 

· . lflL H. P. MA.t'KIWii explaining with sketches on the board Mid that the~ 
proposed extension of the nose might cause much restrirtio,n of flow whiclt, 
would cause more heading up and :finally worsen the conditions at the barrage •. 
. ' ;.M:a.. SETHNA said that during winter when canals run full, silt was beinc, 

earried ,from 'the scour hole, and there was a reverse flow at the place. Tbia: 
miglit l>e due to "Widening of the section. Had this been taken into account in t .. 
aodell 

~B. 'Bosx enquired if these experiments were .carried out previously in a. 
part-width model also. Ha thought that the difference iD behaviour of ~h6 
model and 'the prototype was due to the model experiment having been carr1eCI 
o11t in ·tlLe pai:fi:-~idt~ model. In the par~-width model it was extrexnel7 
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difficult to reproduce the current directions and intensity at all points of the 
modol. Specially in those cases where the bed currents and the surfac·e curtenta 
followed different directions, the reproduction in the part-width model w.a.s 
a1mo~t impossible. · · · · · 

MR. CHATURVEDI asked whether tl1e effect of the groynes had been taken 
into account. · 

1ri&. F&AMJI, replying to Mr. 1\:f. P. l\I&thrani, said that his apprehensions 
were unwarranted in this case because tLe e:.ntry conditions were fixed by the 
Dukkur gorge--so the entry length used, up to and beyond the gorge, was quite 
sufficient. From the detailed annual surveys of the river above the Barrage 
tl1e worst meander course, as most affecting the scour holes, return flow and 
slipping, was determined and used for further experiments. Mr. Mathrani 
had referred to the islands formed in the river by accretion. The model 
reproduced these islands and where necessary to impose more severe conditions, 
theBe islands were exaggerated in the model. 

In reply to 1\Ir. H. P. Mathrani, MR.· FRAMJI said that tre proposed 
e:rt.lbnswn was aligned to preclude any possibility of restriction or masking of· 
waterway. It had been stressed in the Report that there was no additional 
afflux th"8 additional length of the approach being more than ·co:rppe~sated by 
flarjng the approach. · 

About 1\lr. Sethna's suggestions of training the approacJl channel by spur, 
M:&. FRAMJI referred to the Report where an exhaustive account was given of 
the different types of spurs used and the insufficient results. obtained therefrom.: 

Regarding Dr. Bose's question, MR. FRAMJI said that experiments were 
done in part as well as full width models, both now and before. So long as 
ent:ry conditions in the part-width models were imposed as obtained from the 
full-width, correctly exaggerated models, and both had been 'proved' to 
si.rriul::tte correctly the conditions on the prototype, the part-width· model 
is riot only unobjectionable but is often nece..~:~sary to give detailed conditions 
in·a ·given area. - · 

THE PRESIDEN'r asked at what period of the year did these slips take place. 

MR. FRAMJI said that slipping occurred in two years •omewhere ab.out 
Nov6mber or December. in one of t~cse years the pond was suddenly ~owe~ •... 

MR. M.P. 1t-IATHRANI asked Mr. Framji, "when you say that you have car
ried out model tests under the worst conditions, is accretion -not going to take 
place with the result that wha~ is happening may continue furtl_J.er, t .- Whet:l 
the !'iver is very low will that accretion stop or will it still continue still raising 
th~ bed· levPl. If the accretion· is going to take place will there be any' further 
tro'tible ?" The other thing he wanted to know wa., about the exten81on.: . 
of the bund by 500 feet length. '' \Viii it not create a new flow channel which · 
may strike the bank and begin scourip.g 1" He wanted to know whether all 
th&--e factors had been taken into account and whether really worst condition.S' 

1 were depicted in the model. · ; · 
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M.a. FB.Axn replied that when he had ba.id the worst conditions had been 
tried, he had referred principa]ly to the meander conditions. The point now 
raised was whether additional discharge might not come down this channel, 
striking the bank obliquely and causing scour at its toe and slips. The model 
ahowed that it was unlikey, probably because the :fiatt{)r slope to the nose ou 
the appro•ch channel side would decrease the attraction of flow into it ; never· 
theless, the model had been tested for the conditions in respect of discharge 
also, both for present conditions and for potential worst conditions. 

liB. H. P. MATBRANI Baid that he had allowed in the mod~l the 
maximum. local discharge to come in. So far as he knew it was limited to the 
discharge going into this channel. This approach channel wus very closely 
regulated and the discharge into it was already restricted. P urther increa.&ing 
the length of the wall might block more spans of the barragr- and might cause 
greater damage to the barrage. 

MR. FRAMJI replied that it was not clear to him why additional aillux 
should be feared when it is well known that head can be recovered by fluming. 
As far as the model could show, he could say that the flaring appeared fully·~ 
counteract the eff'ect of an addition of about 500 feet in the existing length of 
over 5000 feet. The alignment of the proposed extension took care that wate~ 
way of the Barrange was not masked. 

THE PRESIDENT enquired whether it was not better to strengthen the banka 
rather than lengthen the walL 

MR. H. P. MATHRANI said that there was already fltone pitching for the 
banks in that section. 

: M.a. KU'l'TIAldliU introduced item (4) and said that in the Ramapadaaagar: 
project a spill way dam was proposed across the Godavari. This_ ~oul4 ~. 
abou' a mile long, having a hockey stick alignment, the two sectio~ mee~ 
on a hill in the centre of the river. The river bed was sandy and ·foundations 
were to ·go down about 150 feet below the river bed. The proposal :was to 
c~ffe.r dam one half of the river for construction work allowing the river to flow 
in the other half. •The central hill provided the anchorage for tfte·ooff~r-dam-; 
This coffer dam would consist partly of cellular sheet piles driven about 100 feet 
in sand. The stability of these piles depended on the proper design of t.he coffer 
dam alignment. V ario~s particulars relating to this aspect of design were 
examined on a 1/300 model constructed inside the laboratory. '\Tith the right 
side coffer dam the current deflected away from the nose of the coffer dam and 
scour developed towards the middle of the channel. There was no eddying 
or scouring near the cellular piles. The east side coffer dam design was n~ 
quite satisfactory. The current kept hugging the coffer dam in its tendency to-· 
:Bow towards the deep course of the river which was on the left. There was 
bad scouring near the coffer dam. By providing extra water way, by having~ 
Olltin the right flank rock, this could be somewhat improved. · 



These experiments were don~ on a 1/300 natural scale model. So movement 
of bed for normal river flow was not reproduced. 'r1W had given exaggerated 
values of affiux and the shape and depth of scours were not also correctl; 
indicated. But as a pilot model it gave valuable results required for desigq 
purposes. To get more accurate values a larger model on 1/150 scale was being 
worked now lrith slope exaggeration and silt injection. 

Introducing item (5}, he said that it was distorted model 1/400 : 1/100 
but movement of bed before putting in the aqueduct was obviated and injection 
o! silt avoided by tilting of bed. The aqueduct was proposed to be constructed 
across the river at a bend. In this reach there was a spill on ·the marginal 
fields and regular flow along these fields. This flow was stopped by the new 
canal embankment and consequently sharp curvature of flow and eddying were 
created near the left abutment and deep scours were developed. This could be 
minimised and thrown farther away from the abutment by having a training 
bund as shown in Figure 2C 39. 

MR. FRAM.TI said that in the Ramapadasagar model only surface flow lines 
,nd surface eddies appeared to have been studied. In coffer dam design surely 
it was the direction and magnitude of bed flow that were important. Surface 
eddies were not dependable indications of bed disturbances. It was' the bed 
flow and bed velocities that should have been investigated, at the maxim~ 
<lischarges up to which the coffer dams would remain in situ. Under the existing 
conditions without a coffer dam there must be bed-movement in the rivet. 
Hence the first condition adopted in the selection of sand, namely that there 
was no bed movement without coffer dams, was incorrect and, therefore, no great 
Jtilianoe could be placed on the development and pattern of scour with coffer• 
dams. A scale of 1/300 for depth would give for the maximum river depth of 
Gt} loot, a depth of 0 ·22 feet in the model ; for normal summer depth of 20 feet, 
only 0 o07 feet ; and for the full range between low water and high water gaugea 
of 27·5 feet, an elevation of 0 -()9 feet-thus it was hardly a suitable seale 
for experiments on affiux and scour where depths wer~ the principal paramete:n. 

, .. ·It would be better MR. FRA.MJI said, if instead of proposed 1/150 model 
tbere were two· models, one with vertical exaggeration to study bed pattel1J. 
aml then a second large scale geometrica1Jy similar model to get· a.filux with. 
l>P-d patCiern reproduced. 

The duration. of flow of varlous magnitudes of discharge in the river shou1d 
be studied to determine the worst conditions to which the coffer dan1 would be 
subject, Pless during the peri~ of 4l hours after which measurements·for.., 
~cour had been made, the model had stabilized to its maximum scour depth and 
extent. 

With regard to the Hagari Aqueduct for the Tungabarda Canal, MD. 
Fn .. AM.TI said that his criticisms of these tests were the same as made for the 
teRts on cofl'Ar dams of the Ramapadasagar Project, namely (1) the d i nction 
and magnitude of bed flow-all important to ~cour-did not appear t o ~ave 
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been investigated; and (2) model was designed so that there was no bed 
movement for existing conditions before the aqueduct was introduced ; in 
~ll model work, it was essential to simulate bed movement throughout the 
model by correct bed slope and surface slope exaggeration. 

Two additional defects might be mentioned ; 

(a) Insufficient entry and exit length ; without the former, correct 
curvature of flow could not oo expected in the reach under 
investigation ; 

(b) lt wac:J only permissible in geometrically similar models to have the 
same number of piers in the models as in the prototype, even when 
allowance for excess friction had been made in the model. In 
vertically-exaggerated models, unless the number of piers was 
small, experience at P oona had shown that the number of piers 
should be reduced to have approximately the same width : 
depth relation of waterway as in the river, preferably havi~g the 
number of piers in the model even or odd as in the river. 

· As a consequence, the curv-ature of flow had not been fully developed 
in the model and whatever curvature was reproduced in the model was counter
t.cted by the reptoduction of the full number of piers ; and this probably had 
~efiected How more to the left cauE>ing more intense gcour near the left abutmrnt .. 

· Nothing had been mentioned, concluded MR. FRAMJI regarding the stated 
main purpo3e of the experiment, namely the formationand development of 
scour around the piets. 

· · DB. BosE said that according to the t~port, the length of the model taken 
m:unpared to the width of the river was rather small. 1t should have been 
Itluch longer. Secondly, the scale chosen if one wanted to make a geometrical 
ri1oclel, should be at least 1/150 to facilitate taking any readings. That was why 
no sand movement could be observed. . - · 

n had been stated that pressure readings were observed in the middle 
of the river model by means of pipes put on the bed ol the model and thoae 
e0111pa.red with the readings taken in the river. DR. BosE enquirediltne gauges 
were read in the middle of the river in the prototype. It they were not read 

n t3 e centre of the river why were they taken in the centre in the mode~ 1 

CoL. BL~:'{CII agreed with the principles enunciated by the previous 
epeaket Mr. Ftamji regarding depth and width~ 

Da. RAJU agreed also that the scalar model was too small with a discharge 
of 2l cusecs. The bigger model with a discharge of 12 cusecs would work better. 

MB. GOVINDA RAO said that there was a rocky out crop on the left bank. 
~e enquired whether these did effect the pattern of flow and scour._ 



BIVER OONTROL '~535 
~ .• I ' 

DR. UPPAL observed that one important point was that the scales were too 
!mall viz., 1/3C'O. For such work one wanted distorted models. If they wanted 
to have a model of this size, they should use materials such as cinder and coal 
instead of sand. The result then could have been obtained far better. He asked 
l1r. Framji why he advocated changing number of piers in distorted models. 
ln.stead the friction co-efficient could be changed by changing the bed material 
and the same number of piers could be kept. · ·! 

MR. FRAMJI replied that the number of piers were required to be changed 
not only for rugosity, but to keep the width to depth ratio correct which is 
impracticable with a vertically-exaggerated model unless the nutnbe:t of 
piers is small. 

liR. CHATURVEDI enquired as to what were the arguments of :Frot. 
Terzhagi for the change of alignment of coffer dams. 

Replying MR. KUTTIAMMU said that he had already agreed that the scale 
{)f the model viz., 1/300 was too small and could not give accurate reproduction 
of affiux, scour etc. It was only a pilot model that was constructed inside the 
laboratory. They had to be statisfied with it and get a few results very quick· 
ly, and the model did give much information required for the design. This was 
in 1946. Since then they had constructed the bigger model1/50 in one of their 
outdoor sheds and that had given them better results. Iu this bigger model 
they were taking th~ direction of bed currents also. They had found that they 
kept more or less parallel to the surface currents. As regards Dr- Bose's 
remarks about the approach length, the first two cross sections in the model 
represented a reach where the flow was more or less straight. Even so, they 
tried to create artificially by means of vanes etc. certain alterations in the 
direction of entry, but found that it had no material effect on the flow near t_he 
ooffer dam. As regards bed movement, they proposed to reproduce the _same 
by tilting the bed and injecting ,silt. When these results became availab~e 
they would know the comparative benefits of the several models. · 

. MR. Go'Vinda Rao had ~referred to the projectionS at the left margin~- ;.I'hese 
were rocky. They did have. considerable effect on the developm.ent of 
acours.' They had now obtained very accurate o~ntours of this rook acd ·\f~I_a 
-examining the effect of removing these in the very first instance. 

Mr. Chaturvedi had enquired whythe alignment .shown in Figure 2C., 26 
was changed to t~at shown in Figure 2C. 30. The former showed the aligirmen \ 
fixed aiter the preliminary survey. At that stage they did not have much dati;\ 
about the sub-soil conditions namely the levels of clay and rock. Based ori 'the 
data available at that time the coffer dam was aligned along a ridge 1\ne of 
subsurface rock. Since then several hundreds of penetrometer reading tests 
had been made and fuller data giving contours of rock, clay layers etc. became 
available. A more economic alignment was then worked out, which re suited in 
the alignment shown in Figure 2C. 30. 
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DEwAN BAHADU GOVINDARAJA AYYANGAR agreed that no doubt ths 
si%e of the model they used was too small, but once when they could produce 
eome of the scours in the small model in-side on a laboratory basis, they thought 
they could expand it. They wanted to study preliminarily on small models. 
Even for this_ small scale model they had no proper sheds wh!ch were neceSMIY 
under Madras conditions of weather. He did think that the scours w~re being 
reproduced pretty faithfully, and that morning when he heard that it waa 
a geometrical model, that was likely to reproduce quantitatively and qualita
~ively more accurate results, he thought that more accurate results might be
given by their geometrical models. -It was suggested to Mr. Kuttiammu 
that they could even reproduce the actual scours that they have noticed 
in the river by changing the size of sand for forn..ing the bed and varioua 
layers so that by passing those particular discharges, they could 
reproduce quantitatively the Fcours that they noticed in the river. They 
had not got even 1/lOOth of the data that they should like to have of the pasi 
conditions of the rivers, and so how could they reproduce them in the
models ! That was the case with Godavari also. Investigations had been 
started only 2! or three years back. The rock out-crop mentioned on tbe 
left was very small. They have decided to remove that for better streamlining 
of the river on the left side. They also changed the alignment of the dam, 
because the left side rock was not very bard. They had contours of the clay 
in the bed of the river. The design of the coffer dam had not been finalised. 
It was being done and it was being changed to suit the levels and soils. The 
levels at which the different types of soil such as sand, olay etc. which go to 
form. the over burden in the river bed, and the details regarding the levels and 
the thicknesses of the clay lense occurring in the sandy bed of the river at the 
sight bad sinoe been determined by having 200 to 300 numbers of penetrometer 
80Ulldings, which in some instances had been taken to depths as large as 200 
feet. The change in the alignment of the coffer dam had been made so as to make 
the best use of the clay lense and to.avail of slightly higher rock levels so as to 
:reduce percolation. Further exploration work was being done, and the dam 
alignment would be modified in the best manner possible . 

. Other ideas _that they had were that they could put up a orosa bund 
about four furlongs above the dam site and another six furlongs below and 
completely divert the river during the summer season, this would reduce the 

_$seepage into the coffer dam. 

THE PRESIDENT expressed great satisfaction over the useful diooussion 
and thanked.members of the Committee for the very clear exposition o! the. 
work they had been doing and he was sure that they would continue to do Be.. 
in future as well. 

(iY) SPILL 

The following item was discusscJ at the 194:7 Research Committee Meeting: 

(1) Model E'Xperiments for the revival cftbe River Cbandana. 



RlVEB CONTROL 

(1) MODEL EXPEIUltENTS FOR THE REVIVAL OF' THE 1UVEB 
CBANDANA (83) 

ABSTRACT 

53T. 

Dae to the deterioration of the river Chandana all the villages round abo'CR 
have gone down in prosperity and deteriorated in health. It has been propose4 
to revive the river and maintain a steady flow throughout the year : For the 
resuscitation of the river ·it will be necessary (1) to improve its offtake from the 
Padma (2) to increase its discharge (3) to increase. its capacity. Describel 
model experiments. 

The river Chandana is a small spill channel of the river Padma carryinc 
a maximum discharge of 1,558 cusecs during rainy season and completely 
drying up during the winter (Figure 20. 40). In some reaches it acts as. _a 

Figure 2C. 40: Plan snowing tne courses of the r·ivers Padtna and Cluzwfl4. 
. . . . ., .. .: ··r 

dra.ina.ge -chllnnel into the Padma. The river comes out· of the Padma ·lie-. 
Oautampur in the Faridpur district from the right bank. After traversing 
.a m~.an<l~riug course of nearly 37 miles it bifurcates at Arkandi· one branch 
flow~ in th:! river Gorai at Kamarkhali a11a the other into a small river. named 
Kumar at l\hjurdia after passing through low lying bils. The tota] lengt~ 
oftbe river will be approximately 42 miles: About 1863. the course of· tlie 
Padma wa..'3 on its right bank near the ofi'cake of Cbandana and Chan dana wH. 
in a healthy con(Iition. At present the Padma has deserted the right bank 
near the offtake of Chandana and swung towards the left (Figure 2C. 40}. A big 
M.ar (island) of one mile width has been formed in front of the present offtake. 

(U) Annual R~port of the Rivt>r R<:'seareh Institute, Bengal, 1946, pages 15 to 21. 
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During the winter season the connection with the Padma is completely cut o:fl'. 
With th~ appro::~.ch of rainy season back water enters the river through a 
loop channel of the Padma. As the river rises water also enters Chandana 
.by spilling over the sandy char. 

The river Chandana used to flow through a stretch of the C)Ountry which 
;was once very prosperous and healthy. Due to its deterioration all the villages 
~ave ~one dow~ in prosperi~y a?d deteriorated in health. It has been proposed 
to reVIve the r1ver and mamtam a steady flow throughout the ye2>:r. For the 
resuscitation of the river it will be necessary (1) to improve its offtake from the 
Padma (2) to increase its discharge, and (3) to increasf'l its capacity. A model 
~of the river Padma and Chandana was constructed to determine tbe best 
.T>osition and angle of the offtake, and the consequent increase in discharge. 
The model was constructed to a scale of H=1/200 and V=l/64, and the 
dischar~e scale (Fronde) comes out to be 1/102,400. Eight miles of the river 
"t&dma from char Habibpur to Gangadharpur on the right bank was reproduced 
fn the model. This represents five miles of the river Padma from Gautampur 
()fftake of Chandana and three miles downstream. The Chandana was 
te-produced from Gautampur to below Pangsa railway bridge, a distance of s~ 
miles and 320 feet. 

This model was built to study the effect of the position of the offtake on 
discharge and silt entry into the Chandana. It was therefore decided to take 
onlv the offtake of the Chandan a up to a point where the river is on firm land 
and is not encroached upon by the shifting course of the river Padma. A gauge 
wa.s being read at the railway bridge at Pangsa and discharges were also 
{)bserved occasionally. It was therefore decided to extend the length of tlle 
Chandan& upto this bridge. · .. 

In the model the length of Padma comes out 211 feet and width varie-s 
from 7() feet to 105 feet. (In the prototype, varies from 14,090 feet to 21,140 
~et.) The length of Chand ana is 160 feet. Tbe breadth varies from 6 inches 
to 25 inches. Tha bed of Padma in the model was made of river sand (Hooghly 
~nd) and the average diameter is 0·238 mm. The bed of Chandana wj.a 
.Onstructed in weak cement mortar and the proportion of sand and cement was 
10: 1 over a concrete slab of four inches thick in order to avoid cracking. 
~The sutface of the river course was suitably polished. As constructed the bed 
or the Chandana is fixed. 

·: The bed of the river at site consists of very stiff clay with no scouring actio~. 
ne river carries very fine silt in suspension beyond the first l mile of the offtake. 

-'As the section of the Chandana in the model was going to be very small and in 
nature it was more or less rigid, the bed was made of very weak cement. · The 
bed was properly roughened to get the gauge and discharge readings true to 

:prototype conditions~ · ; 

The model bed was moulded according to the survey that was carried out 
during winter of 1943-44 in the case of Chandana and that durjng 1946 (Feb
ruary to April) in the case of Padma. A~ the discharge below Pangsa railway 
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bridge in Chandana was small in the model, a chamber. was constructed belo~~ 
the tail end of the Chandana -river to measure the discharge by volume~: 
method. Further to observe the levels, at various· J>9int~ of the Chan~: 
between Gautampur and Pan gsa railway bridge pointer scale measuring deVIcea 
were installed at the following points along the Chandana river :- . 

{1) B~tween 6,000 feet-7,000 feet (measured fro~ Gautampur)~ 

(2) Between 18,000 feet--19,000 feet. (measured from Gautamp~).· 

(3) Between 27,000 feet-28,000 feet (measured from Gautampur). 

Velocities, discharges and silt contents of the river Chanoana were observed 
during 1943, 1944 and 1945. The discharge of the river Padma at Paksey fe~ 
the above period was received from the Executive_ En~eer; Paksey, B. A. 
Railway. · · 

. . :, •<I 

The -diScharge of river Padma varies from 62,000 cusecs to 1,462,oott 
ousoos and the river Cbandana gets its first supply when the Padma discharge 
ia :near .abo~t. 400,000 riusecs. Between Paksey' and Chandana offtake the.ri 
was an important distributary of the Padma known as the Gorai. Discharges 
·ef!uivalent to the discharge at Paksey minus the discharge taken off by t:he 
Gorai was introduced into the modeL Corresponding gauges were obtained 
in the model at Gautampur, three ·miles downstream in the Padma, and at 
Pangsa railway bridge. 

The model was run for 847,000 cusecs discharge in the Padm.a as observed 
on August, 15, 1945 at Hardinge Bridge and the corresponding levels on the same 
date at Gautampur and at Pangsa railway bridge was maintained. For the 
above discharge in the Padma there was a record of discharge, velocity and water 
1urface levels in the Chandana.. The above discharge is in the beginning 
of the flood season in the Padma when she spills over ·-the sandy char-antl·the 
velocity at the offtake are not sufficient to move the sand of the char. 

' • t I' I 

. • ' . . ~!· -; . . ' • 

.. In the early stage of these experim.en~s, -the model was built in the fonowini 
acalea :- . : , 

Vertical ~. 

Homontal .. 
•• •• 

•• • • 

.. ~· •• ... l/40 
.. . • • l/200 

i"he :higher~_distortion 'was adopted .iii ..the .model . .as .it :was -anticipated ..t~
wjthout:this higher distortion it will not.be possible to make the Padrna.sand 
m.ove in the model. ·yvhen 'th~ mo.del work ~aa· started, it was expected. that 
~th the five pumps Inatalled It will be p~ss1ble to get a supply of 15 cuseea 
tn the model. These pumps were brought m 1938 and. had ·not been used si11e• 
then. After ins~~llation it was. however found in 194~ that not more than. Stl 

. ~ . could be ha~ for the model experiments. . This -was ,a ; ~at 
&iaappomtmen' .and With the above s«;;;1les of the model It lVas ,not possible; ,t0 
1 u disclaa:rges higher than 300~000 cusecs in ine Pad.ma. At this ·disell&Jae 



. . 
Padma watf'r just entered tbe Chandana and no sand movement was noticed. 
Further as this w&3 too low»'~; discharge for the ~1landana it was decided to 
reduce the distortion with 'tho following' scales :-

Vertical 

Horirontal 
.. 
.. 

. . 
• • • • . . 

1/64 

1/200 ; 
With these sca1es it has been possible to run a discharge equivalent to 850,000 
eusecs in the Padma corref!ponding to which there are a number of prot9type 
-observations in the Chandana. By increasing the vertical scale however 
the velocities llaw" been reduced considerably and no silt entry coul~ be 
olltained. · 

The.lenla at the other points and the velocities, elopes and dischargea 
which are obse"ed in the model are given in Table 2C.US. It was noticed while 
·running the ~xperiment that the big loop in the Chandana on which Pangea 
rilage is situated acta as a bottle neck and retards the tlow of the channeL 
It was therefore decided to short circuit this loop in the model b)' me&ll8 ol a 
PQrd channeL 

TABLE 20.15 

Comptsri.s<Jn oJGau9etJ, Slopes, V eloclties a'l!d Discltarges in Old attd tlte Ntto 
· . . .0fJV'fiU of tlte ChandaM . 

. ' 
I ' Gtw,eeill I ! 

VeloeUJID Diaehafle Dkoharge 
&lit.rof ~alt0111 &Jooa fef't iD P. W. fl .. , per iD euaeea be- Ia ea..,. 

the riY81' ChiWJ.d.ua. ' D.Da\a.m, :g g I800ild low Pangaa inpogee ,o Q Railway ., 
·' 

~ .. Bridge Hanliap. G a Bridge 

' - -.--l ijt I 
... ., «> 

C) f 1 ~ . 1!: 

~·· • 8. • 

j 
111 0 r;t 111 
0 & 

g. 0 ·o 
0 0 0 ~=~.•f Q J:~.•~ ... J; a g eag ~ ~Go .s ~ :s! 6 - OJ• • 0 0 

I s s ' I 8 7 8 • . 10 u ' 
.. , 

o-tU.parO' 33·fiiS 1·92 I•G3 . 147.oo0' I .. .. 33·61 .. .. .. .. . . .. 

I 1.000"-7.000' .. .. 32·91 132·33 0•1!3 
<: 

0•23 1•91 ,.u .. .. ... . .' 

"' JS.000'-19,0CW .. ... 31·66 . . [o·IO! .. ' 1·01 . . .. ... ~· 'I 

27.000 -28.000' S1•06 31•08 0·6 0•21 1·1· 1•82 .. . :. .. . . .. . . 
(12,000' -13.00()) .•• ... ·.· .... .. 

31.000'-32,000' [31·20 U•JO 1·33 1·98 1,263 1,8M .. ' ' ~- .. .. .. ... 
(16,00()':-17,000') ;" ·.~ .. .. -~ 
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A map sbowing the old course of Chandana and the proposed new course 
ia given in Figure 20.41. The bottom level of the new course at Point A 
·(shown in the map) is 18·48 R. L. The section of this portion is the extension 
·or the existing section at 7,000 feet and 27,000 feet of the old Chandana course • 

N 

I I 
17,000 (12,000} 

Salnlabtn 
u.ood t• J,Ood] 

. C.BJ. 

Nate:· 
Distance~ ... .. brlc:ktCIIJ. 
ve Yla ptOpOI't6 ~ . 
cowne, 

Figure 2 C. 41 : Plan showing the existing course of the rifler 0~ 
ana the propos~ .net.D ~Uf'Se 

) 

· The reduced length of Chandan a due to short circuiting is 17,000 feet 
·ihat is, three miles 1,160 feet up to Pangsa railway bridge. The reduced 
length is given within the bracket in the Table 20.15. The levels,· velocities, 
•lopes and discharges in the Padma are also given in Table 2.C.l5.- There is a 
• .;udden increase in velocity below 6,000 feet in the proposed_ new ·course and 
there might be re~rogression of bed level in this part of the river. It may, 

·therefore, be necessary t{) regrade the river bed in this reach. · 

Further as it is proposed to exoavate the lower portion ofchandana below 
·pangsa railway bridge by removing the bottom silt, there will be a drop 
in the water-level at Pangsa railway bridge and consequent change of level 
and slope from Pangsa railway bridge to Gautampur. In order to study the 
·effect of this bed lowering the levels at Pangsa railway bridge were lowered in 
the model by quantities equivalent to one, two and three feet in the prototype 
,maintaining the Padm.a discharge the same. The observed levels, surface 
velocities and discharge in the model at diff~rent· points in the old ·and , 
·t,la proposed new course are give:a m Table 20.16 and 20.17 respectivel1• 
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TA.BLE..~t~ · 

Cka,tulano. River Model B~iments ,. 
~Zope, V ~locitie• _and Dia~Aarges in old Course at diJT;.~nt levels bekm1 Pangsa Railway Bridge 

. ..... _. 
Gaugt in P •. W. D. Datum Slope per 1,000 feefl Veloci'ty in feet per Hoond DWcharge in cusees 
clue to lowering ofle•ela due to lowering ofle•ela .. doe to lowering of Ieveli due to lowerillg of levele 

below Pangea Railwa7 below Pangea Ra.ilway below Pangea Railway below Pangea Railway . Bridle :BI'idge '. Bridge Bridge 
.. », By By ' ~~ 'slk of o'b .. "ation 

alon~ the river j -
J 1:1 J hand&oa ~ 

1 ;a ;a ;a 
§ I g t' J' 3' 1' 2' 3' 1~ 2'' 3' 1' 2' 3' .. ' ";· 

l 1 :i ·! ·c ... :! 0 0 0 0 - - - - - - -- - - - - -l a ' 4 8 7 8 9 10 11 1J 13 ., 
16 16 17 18 - ---- ---- - - - ----- ..---.. - - - ---
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TABLE 20.17 

Ohandana River Model Experimentl 

Slopu, V elocitit~ and DiiChargt~ in 1M fltill Courreat differem levels. beloW Pangsa Rm1u;a~ Bridgc 

------ ~ 

-I . 
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! -
I 
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I .... _ --
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1 Gau..,mpurO' .. 31·16 II·IIS 33·86 IS·66 .. . . .. . . 2·63 3·81 4.·00 4.·21 .. .. . . . . 847,000 .... ~· .. 
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AU the three parameters-slope, velocity and discharge-increase due to 
~he lowering of levels below Pangsa railway bridge both in the old and the 
proposed new course. The maximum effect is obtained by lowering the 
levels by one foot-further lowering is not proportionately effective. 

1 The increase of dishcarge in the old course due to lowering of level below 
Pangsa railway bridge by one foot (which can be attained by silt clearance) 
is practically the same as due to short circuiting the loop [see Tables 2.0.15 and 
2.C. 16 columns (10) and (16) respectively]. Further if the proposed short 
circuiting is made and the river course below Pangsa railway bridge is 
improved thereby and the gauge at this point is lowered by one foot, the 
overall increase of discharge from its existing condition will be over 100 
pet cent. [see Tables 2.0.15 and 2.0.17 columns ($\) and (16), respectively]. 

1 Figure 2.0.42 shows the bed level of river Chandana and the water level 
ofthe old course and the:proposed new oourse for a discharge of 847,000 
ousecs in the Padma. 
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Pigure 2C.42 : Bed level antZ u·ater surface level of tke river Okarulana in old 
an~ woposea new course 

, 

DISCUSSION BY THE RESEARCH COMMITTEE 

DB. BosE introduced the. subject. 
· MR. FluMJI said that it had been stated that at present the Padma had 

deaerted the right bank near the offtake of Chandana and swun~ towar<;ts the 
left, i.e., the offtake was virtually on the inside of the curve w~oh obvio~ly 
~XpWned the deterioration of the river as it must draw a relatively excessive 



RIVER CONTROL 545 

sand charge. The remedy suggested was as bad : in addition to retaining the 
ad verse position of offtake of the Chand ana from the Padma-the main source 
of the trouble-a cut-off channel taking off from the wrong side of a curve had 
been suggested. This would not only attract or induce greater sand-entry 
into the Chandana at its offtake from Padma due to the greater slope and velo·· · 
city, but because it would carry much more charge as well as more discharge-· · 
th·e latter only temporarily-the chances of its development would be less than 
indicated by the model and its prospects appE'ared to be uncertain. · 

The problem was principally one of movement of bed material while no " 
mention appeared to have been made of studies of lines of bed flow from the 
Padma. 

If the cut-off was effected, the Chandana cut-off would increase its length 
upstream and downstream, particularly upstream. This was likely to result in 
even worse entry-conditions from the Padma and might cause greater 
obliquity at the Pangsa Railway Bridge. Model. limitations precluded 
indications of the nature of lengthening of a cut-off channel ; these mus~, 
nevertheless, be foreseen from experience. 

A more promising solution appeared to lie in locating the offtake of 
Chandana, if feasible, at the outside (concave side) of a curve in the Padma ... 
and to train the river to remain concave at the ·point of offtake . 

• DR. BosE said that the Chandana was a spill channel of Padm.a. The 
characteristics of a spill channel were that only when the level of the par~nt : 
river rose above a certain point, the spill channel could get any supply. In the· 
case of the river Chandana this happened when the Padma discha.rge was over · 
300,000 cusecs. The main channel of the Padma near about the offtake of the· 
Chandana was away on the left bank and Chandana got its supply from a 
point much lower down. There was a big sandy island i~ front of the offtake. 
It did not allow flow into the Chandana to take place directly. The problem· 
was how to increase the duration and intensity of. flow into the ~andana- .\ 
by some amount without drawing more silt. · In the present experiments only··· 
the easiest and cheapest method had been tried. Experiments ~ere in progress._.' 
He also said that. they had already tried the remedies suggested by Mr, 1 

Framji and because o( local conditions· they had not been successful. ·.The .. : 
main idea of improving the Chandana was to increase the discharge of the river ,., 
fr.om 1,800 .cusecs to 4,000 cusecs, and also to increase the duration of this. 
from 2! months to four months. A spill channel was different from a tributary •. 
It flowed only when the river was full. It might change its position of o:fitake-J 
yearly. Generally the zone of offtake was very wide. In the case of Chandana .; 
this was nearly 40 miles. They were trying to keep the offtake as it was and at 
the same time increase the discharge. They also wanted to study· the best 
position of the offtake. · 

MR. FRAMJI asked whether in the present position it had ·come to~ the .. 
limiting point for the worst offtake and whether he wanted to find out a solution 
which would keep the present offtake and for how long this would remain. 

(v) MEANDERING 
Two items were discussed at the 1947 Research Committee Meeting: 
(I) Deterioration of -the River Kultigong. 
(2) Proposed railway bridge near Shahabad on the Ramganga River. 
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(1) DETERIORATION OF THE RIVER KULTIGONG(3') 

In order to ascertain the origin of the new course sand that is being deposit
ed on the sides of the river Kultigong as well as on the islands (35) that are 
-visible in low water a survey of the banks of the river chars* and the islands. 
or the river was undertaken. This type of sandy deposit was always found 
on the inside of a bend of the river where there was a chance for the sand 
to be deposited. Previously the deposits usually consisted of clay and silt 
with some sewage material but this new menace, that is, the deposition of a. 
!!and layer on the bank soil is of a recent occurrence ~sis evident from the fact 
that when a bore hole was made on the bank deposits the surface layer only was. 
found to be consisting of sand the thickness of the layer varying from a few 
inches to two to three feet below which there was always clay and silt. Tbis. 
deposition of sand is very harmful to the river as the effect of the scouring action 
of the river on heavy sand particles is less in comparison to tbat on the lighter 
clay and silt particles. 

: A previous survey of the river showed altogether nine chars* within the 
atretch between Haroa to Kalinagar marked in the index map, but after
wards as the present survey has sb.own few more chars* were visible and 
identified in low water some in the condition of development. The collection of 
b~ soil samples and char* samples was started from Haroa. The samples. 
were analysed for the percentages of sand as well as for organic matter, moisture 
and salt contents. The places of collection and the percentages of sand 
~btained· are shown in Figure 2C.43. 

. Bank soil samples were collected from the mouth of the Indali sluice £8 

yell, as from inside the sluice which on analysis showed 13.45 and 2·32 pet 
eent. of sand, respectively. Surface samples of char* No. 1 marked in the 
map on the left bank revealed 91·45 per cent. of sand on analysis. The next. 
bend down the river showed char* No.2 in the map. This is a big char* on 
the left bank of the river about .five to six feet above the low water and alout;. 
~.fee~~ length extending up to three quarters of the river width. l!e11f 
also the percentage of sand was very high (95·0). At the river bend JUSfi 
downs~ream char* No. 2 a new char* was developing on the left bank. ihi.1i 
~r•_ ~as not shown in the previous survey. Here the sands are just beginning' 
to be deposited on the surface and the percentage of coarse sand was lea$. 
be~g ~6.46. The second bend from char* No. Z down the river has got sand 
deposited on the rightbank in a way almost identical with the previous deposit;. 
and therefore no sample was collected. The third bend down chaT *No. 2 showed 
uother small hut well forn.Jed char* on the left bank, percentage of sand being 
80·51 Sample was co11cct£d from a fairly extensiwe char* Qn the. right bank 

(") .Annual Report of the River Research Institute, Bengal, 194:6. pagea 10 to 14 

{") ADnual Report of the RiverfResearch Institute, Bengal. 1945, paaea 7 to l~ ·. 

•ll!lallda 
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fourth Leud below cltar* No.2. This is char* :No.3 .in the map and the perce~thlge 
vf sand here is "70· 9. The fifth bend down c/ta; ·:: No.2 opposite Blmngar. 
Kata kltalt lock showed a very sma.ll deposition and tl1erefore no sample waa 
colleeted. 8.1nd sam _piPs wore also collected from the mouth of J agannath 
Jdtalt as well as from one mile inside the Jagannath khalt the percentage of sand 
being 56·87 and 36·4, respectively. Inside the Jagannath khalt the samples 
were only clayey and it is unlikely that sand could come down that channe.J. 
Further downstream the South Western channel of the Calcutta Corporation 
is met·. Samples from the mouth of the Soutl1 Western channel give a value of 
45·85 of sand on analysis. This value is low in comparison to the high 
pereentage of sand 97 · 4 7 obtained from a sample collected from about one mile 
inside the South \Vestern channel. This is the highest value obtained so far 
on analysis of all the samples. Samples of bank deposit obtained from below 
cross section No. 28 of Calcutta Corporation left bank showed another stretch 
·of sand deposit percentage of sand being 82 · 42. Samples from a nose opposite 
Brahmapukur sluice has been examined. There is no clwr* formation but 
a slight deposition of sand. The inside bend upstream of cross section F left 
bank h1.s been eroded and very slight deposition of sand has been observed. 
Sample has been c.::>llected from opposite Atpukur gauge below standard cross 
section III on the right. Here the deposit is about 100 feet in length and about 
20 feet in width th·1 percentage of sand being 75·01. Char* No. 7 marked in 
Figure 2043 is not a char* but the ramnant of a sandy bank which is being washed 
away. There is a slight deposition of sand just upstream of Minakhan sluice· · 
-No. II. There is a caving bank here and inside this. protected area some 
sand has been deposited. Sample from cross section J .near Gopalpurgong has 
been examined. Here only oily layers existed on the surface of both the banks. 
Sample has been collected from a bout l mile inside Sealdahgong from a bend 
where the percentage of sand was found to be 50·27. Samples have been 
collected from the lower jun1tion of Bahmaniagong and Hatgatcbagong 
upstream of Hinshi khalt. This is a big char* on the right bank. The length 
of the char* is about a mile and it is about 100 feet in width. Three samples 
were taken, one from the surface layer and another from a depth of 1! feet 
and the third sample from a line separating the sandy deposits from the 
previously existing clay, tlwline of demarcation being easily discernible. The 
width of the char* is about 25 to 30 feet. The percentage of sand detrrmined 
on analysis for the above three samples being 60·55, 72·45 and 39 · 87, respective
ly. About i mile up3tream from the point from where these samples were 
collected a small char* was ob33rved on the right bank of the river K1.1ltigong 
and the deposit collected from this place gave a value of 79 · 77. Char* No.4 
and char* No. 5 1narked in the map revealed 72 · 6 and 85 · 94, per cent. oi sands~ 
respectively. 

As is to b.~ expected tl'e amounts of m·~isture and organic matter assooiat~a 
with these samples are generally lf'ss as the percentage of sand inoreases. The 
results are given in Table 2.C.l8. 

*Islands 

tChannel 
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TABLE 2C. 18 
Results of the Chemical Analysis of Coastal and Char Samples Collated from 

Kultigong Rit•tf' 

ate of D 
II& mpling· 

(1946) 

-arch5 )I 

:M: 

:M 

arch6 

arch 7 

A prilU 

. 

Serial 
No.of 

samp· 
lo 

1 

'2 

3 

4 

I 

6 

7 

8 

- . 9 

10 

. 1_1 

12 -

1 13 

l 14: 

I 15 

I 16 

17 

18 

19 

20 

- . -
Description of samples 

Coas~l soil from the mouth of Indali 
Sluioe during ebb tide. · 

Coastal 1oil from inside tho Iodali 
Sluice during ebbs tide. 

Sands from char No. ·1 marked in the 
map on the left bank. 

Sands from Cltar No.2 marked in the 
map on the &ight bank. 

Sand from a bend just below the char 
No.2 which is developing into a new 

ehar on the left bank. 
Sa.nd from 3rd bend down char No.2 

left bank. 

Sa.nd from a fairly extensive rAar on 
the right bank 4th bend below cAar 
No. 2 This is char No. 3 in map. 

Sand from the mouth of Jagannath 
Klllll. 

Sand from the mouth of S. W. Channel 

Sand from o~~ mile inside the mouth 
of S. W. Channel. 

Sample from below cross-section 28 of 
Calcutta Corporation from the left 
bank. · 

Sa.mple11 from right bank opposite At-
pukur gauge below standard Cress 
Section Ill. -

Cross-section" J "near about Gop&l-
purgong only the oily layer was 
taken. 

Sample about l mile inside Sea.ldah-
gong. . 

Sample from the lower junction of 
.B.;.ha.maniagong and H•tga chagong 
upstream of the junction of Hiroshi 
KAal, This is a big char -
(4) Sample from surfaee .. 
(b) Sample from inside .. 
(c) Sample from the line up the 

width of cltar where sand ceases 
to exist and there is clay. 

Samples from a char on the left bank 
about l mile upstream of 1ample 15. 

Sample from inside the breach on the 
right bank of the River Kultigong. 

Char just oppositeS. W. Sluice ehar 
No.-5 in the map. 

C:t,.ar between Govt. Siluce and S. W. 
Outfull Char No.4 in the map. 

From onP mile inside Jagan nath KAal . 

l 
I 

I Organic 
Sand Salt Moisture 1 matter 

I I I 

l'er cent. Percent. Percent. Per cent. 

13·45 1·536 5·11 3·14 

2·32 1·252 3·35 1 3·22 

5·79 I 91•45 0·1 1·8 

1·891 95•01 O·l 0·79 i 9 

. 46·46 1·728 1•3 I l·97 

l 
80·51 0·16 0·19 0·4 .. 
76·9 0·0 0·16 0·26 

56·87 0·27 1•2 1·.> 

45·85 0·56 0·2 2·08 

97·47 0·06 0·19 . 0·39 

82·42 3·0 2·63 2·8 

.. 
75·01 0·144 0•66 0·83 

.. I •03 0•506 1·8 

I 50·27 1•128 2·3. 2·5.). 

I ' 
! 

60·55 2·34: 2·46 2•3 

72·45 1•122 1·23 2·15 
39·87 0•25 2·14: 2·34 

• 
61•55 4·66 2·14 2·34 

79·77 2·4 0·82 4·1 

72.6 0.82 0.83 1.0Z 

85•94 0·16 0·04 0·4 

36•4 .. 2•38 2·5 

- The results obtained so far indicate that the origin of the sand may be 
traced in between lndali sluice and Minakhan sluice No. III because both 
above and below this stretch very little sandy deposits have been obs-erved 
though there were enough scope for deposition. 
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The sands thus obtained were submitted to siltometer analysis and it 
was expected that the concentration of particles of higher diameters in thes~ 
samples would throw some light on the origin of these coarse sand deposits.~ 
The results of the siltometer analysis are given in Table 20.19. These 9-.ato:, 
go to show that the highest value of the mean diameter in -'mm. (0 .199)' 
was obtained for the sample from the cha1·* between Government sluice and 
South \Vestern outfali, that is, for char* No. 4, while comparatively higher 
values were given by char* No. 3, 1 and 2 and char* No. 5, just opposite~ the 
South \Vestern sluice, the values being 0•188,· 0.-160, ·0·158, and 0·156, 
respectively. Therefore the origin of the new coarse sand may be expected 
to be in this locality. 

TABLE 20.19 
.Resul.ts of Siltometer Analysis of Coastal and Char Samples Collected frqtn' ·. ;.. 

Serial 
No. 

• 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1L 

12 

13 

a 
15 

16 

17 

18 

19 

... 
Date of 

sampling 
(March 

1946) 

5 

5 

5 

5 

5 

.5 

5 

5 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

*Isla.ud 

,,...., 
Date of 

analysis 
(April 
1946) 

2 

2 

4 

4 

5 

5 

8 

9 

l 

10 

12 

11 

12 

16 

16 

17 

23 

16 

16 

K ultigong River 

Description of the samples 

Coastal soil froni the mouth of the Indali Sluice •• 

Sand from char No. I in the map 

Sand from char II 

Sand from a bend just below char II 

Silt from 3rd bend below char II 

Silt from char III in the index map 

. . 
Sand from the mouth of Jaganna.th Klwl 

Sand from the mouth ofS. W.Channel •• 

Silt fr,m 16th mileS. W. Channel 

•• 

Sample from below cross.sect.ion 28 of Calcutta Cor· 
poration 

Samples from the bank opposite Atpuknr gauge •• 

Samples from ! mile inside Sealdahgong •• 

Sample from lower junction o£Bahma.niagong and 
Hatgachagong-, . 

(a) from surface .. .. .. • • .. 
(b) from inside • • • • • • • • ... 
(c) from the line ~epa.rating sand and cJay •• ... 

Samplefrom! mileupstreamofabove sample •• 

Sample from inside the breach on the right ba~k of 
Kultigong River. . · . . 

Sample from char just oppos1te S. W. Slu1ce char 
five in the index map. . . . 

Sample from char between Government Slu1ce and 
S. W. Outfall. char No 4 in the Index map. 

j 
Mean 

Diameter 
inmm 

"0·170 

0·160 
• ~ \"-1 

I .-. 

0·117 

o:·i43 
··o:·tss 

i 

'0'•091 

o'·U.l 
i .· 

O•US 

. . 0 ·O'Jf 

' 0·09 

Very fine alit 
sample. too 
small for 
analysis 

0·07 

0.08& 

0•156 
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Bed silt samples of the South Western channel were also collected by taking 
aamples at every mile interval starting from Bantola and analysed to study 
lhe mechanical composition or the size distribution of particles that were 
found in the bed of the channel. The results obtained are given in T~ble 
2 C. 20. The maximum size of the coarse sand was obtained from a. point ~t a. 

TABLE 2 C. 20 

Re1vltl of the .A.Mlysi1 of the Bed Sample of B. W. Channel at Different 
Points Collected on 14th April, 1946 

~erial lmt&llce of \he aample collected &om Sand Salt Moisture Organic 
.Xo. BaatoJ& Sedimentation Tank in per cent. pet CMtnt. per cent. ma~ 

miles per eea.t. 
' 

-
' 

I 1 .. . . . . . . 26·74 0·92 0·62 3·4: 

J 2! .. . . . . . . 39·49 0·47 0·57 4:·46 

a I . . .. . . . . 23·0 . . . . . . 

' 4 •• . I • .. . . 35·52 1·.28 0·96 5·1 

' 5 .. . . . . .. 8·54 0·76 .2·92 7·!! 
' e 7 .. . . . . . . 43·15 1•21 0·81 4·1 

'I I .. .. . . . . 30·3 1•03 1·4 6·08 

8 9 .. . . . . . . 56·3 1·15 1·87 4·2 

9 10 .. .. . . . . 46·2 0·12 0·74 1·22 

10 u .. .. . • • . . 33·45 ·91 4·48 4·63 

11 13 . . .. •• •• 52·2 1·04 .2· 14 ·3·43 

12. 14 .. . . ... •• 50·0 1·17 1·92 2·86 

lJ llq .. . . . . •• 73·9 0·46 0·75 1·33 
. . .. 0·41 14. 15 .. . . . . •• 88·2 0·21 0·24 

' .. 
15 16 .. . . . •• 11•7 0·53 2·67 3·t 

- . 
. 

distance 15 miles from Bantola sedimentation tank and about one mile 
:&om the Kul~i Ou~fall the value being 88 · 2 per cent. and that for another 
Mmple 14! miles distance from Bantola is 73·9 per cent. 

The result of the siltometer analysis of these samples are given in Table 
2 c. 21. . 
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TABLE 2 C. 21 
Results of Siltometer Analysi; of Bed Samples oj S. Jf. Cll4nnel at 

Different Poi·nts CoUected on 14th April, 1946 

Serial 
No. 

I 
2 
3 
4 
6 

Date of 
Analysis 
October 

1946 

14 
15 

14 
15 

Description 

Bed slit from 15th mile of S. W. Channel 
Bed silt from 14th mile of S. W. Channel 
Bed silt from 141 mile of S. W. Channel 

I 
Bed silt from 4th mile of S. W. Channel 
Bed silt from '7th mile of S. W. Channel 

The remaining samples are below the siltometer range 
CO.MCLUSIONS 

I Mean diameter in 
mm 

• • 0•185 
. . 0·158 

Quantity of sand 
too &mall for 
~nalyaii. 

Th~ sands found in these chars must have been thrown up from the deep 
scour holes that have formed in the river bed between lndali sluice above. 
J{ulti and the 1\Ialancha Hat. Sand samples obtained at ni.ile 15-16 of the 
E. W. channel indicate that there is a very extensive layer of coarse, san~ belo'Y"r 
tlre normal bed level of the river. If a concentrated supply of desilted water 
is let. into the river at any point such as the Government sluice or S. W. channel: 
sluice then deep scour holes will form in the bed of the river immediately 
downstream of these points which may reach this sand layer and churn . up 
the coarse and particles and carry them to · different reaches of the river, 
Deposition of sand will then take place at favourable points such as th~ 
insides of bends. These sand depositions at different bends of the rive:.c 
will tend to increase the meandering tendency of the river. 

(2) PROPOSED RAILWAY BRIDGE NEAR SHAHABAD ON THE· 
RAMGANGA RIVER (36) · 

ABSTRACT 
, Presents results from theoretical considerations regarding :(1) The millimum 

distance between the river edge at the loops and the proposed railway embank
ments, which .will be sufficient to keep the embankment safely away from tlie 
effect of erosion in the event of the meanders acquiring a swing towards the. 
embankment. (2) The estimation of the maximum flood discharge, and (3) the -
assumed depths of scour. . . · · · . 

THE MINIMUM DISTANCE BETWEEN THE RIVER EDGE AT THE LOOPS AND 
THE PROPOSED RAILWAY EMBANKMENT . 

Unfortunately, no records of disch&rges of the river at the.site were 
available; so assessment of the maximum and dominant discharges had to 
be made fro~ the inspection of plans or fro~ various formulas. This minimum 
distance is governed by the following two considerations:-· ·· ... , 

( i) The difference between the existing amplitude of the river course 
loops, in the state they are, and the. ultimate maximum amplitude · 
(i.e. semi-meander belt) Fhe loops would assume, und~r .the worst 
condition when the arc/ chord ratio increases to the maximum ratio 
observed on the river in question before a cut-off occurs, with a · 

. . . 

( 3 •) Indian Waterways Experiment Station, Poona, Annual Report '(Technical) 1946 
pages . .6 to 17. 
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sufficient margin of safety for· an· increase in the meander belt for 
unforeseenable reasons, is the· minimum safe distance the loops 
should be located from the approaches. 

(ii) 'Vhere a river is controlled by a fixed exit, the full meander belt 
may occur on either side of the axis of the river ; and hence the 
meander belt tends to be twice that on the river at other places 
where the exit is not fixed. For example, from a study of the river 
courses during the lat.t 30 yearJ i.u Sind, it has been observed that 
the river swing is generally about four to six miles~ but just 
upstream of the Sukklll' Barrage the s·wing is much greater, being 

. neary 12 milefl (37). . . 
·. ·· The long~r of the two distances, calculated according to the above two ~on

siderations, should be the minimum distance. 
(1) A detailed study of the meander loops in the river was, therefore, 

made. (Table 2 C. 22). Only seven out of I 50 years river courses had been 
supplied; so it had to be assumed that the seven river courses shown on the 
two inch to one mile plan were faithfully representative of all the years for which 
data were available. The correct estimation of arc/chord ratio is· of 
consid~rable importance, both for the positioning of the approach embankments' 
and for fixing the length of the guide banks. 

Figure 2 C. 44 shows meanders on this river in four different stages of de
velopment. It will be observed that as the arcjchord ratio increases from 1·26 
to 2 ~ 67, M_b (the length of the meander belt) also increases from I · 25 to I · 80 
miles. Hence, according to the :first consideration, if an existing loop happens 
to be in the condition of the 1795loop (i.e. arcjchord=I·26, Mb=1·25), it can 
develop to as much as Mb= I· 80 miles, and the minimum distance between the · 
edge· of the loop and the proposed embankment should, therefore, be (1· 80--
1·25) miles plus a certain margin ~~safety Jsay.25 per cent. of Jl;lb" max.) to 
allow for the possibility that the maximum arc/chord ratio might not yet 
have occurred, or been spotted, or that a meander might not cut-off even at the 
highest arc/chord ratio but might further increase due to the incidence of 
certain unforeseenable disturbing factors. Accordingly, the minimum distance for 

. . . .. 25 
a loop such as of the year I895 would be 1·80-1·25+ 

100 
1·8=1·0 mile, 

while· the minimum distance from the existing 1945-46 loop 
·B 
(-= 
c 

length along bend 
chord 

25 
1·75 + -1·8) = 0·5 mile. 

=2·11. Mb=l·75,) would be (1·80-

100' . 
Thus , from this consideration~ the line of the proposed embankment should 

be AB (Figure 2 C. 45), so far as it is possible to fix it with the inco~plete 
meander courses available. 

(2) Though ordinarily, where a river is controlled by a fixed exit and 
· constrained from free movement on either side, a swing equal to the full 

meander belt-instead of half the meander belt-may be expected on ei:her side 
of the river axis, in the present case there is an off-setting factor which must 

(17) Indian Waterways Experiment Station, Poona, Annual Report (Technical) 1943, page . 
13. 
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not be lost sight of. On the right (or west) bank of the river exits, at and j nst 
above the proposed bridge site, a naturally hard inerodible bank whic~ ~s 
stood without appreciable change for many years; so that, even under eXISting 
conditions, the river was not free to move without restraint on that side and 
it cannot be assumed that, in the reach of this natural hard bank, the river has 
only swung up to half a meander belt on either side of the axis while after the 
construction of the bridge it will swing to the extent of the full meander belt. 
:Moreover, the guide bank on the east side will increase the attack on the west 
side in the immediate vicinity of the bridge in certain years, and to this extent 
the meander swing on the east side may be expected to decrease. 

But, just beyond the stretch of this hard inerodible bank on the ~ight hanky 
the argument applies ; thus, assuming the figure of river swing of approximately 
four miles near Shahabad owing to incompleteness of river courses it is not 
possible t~ verify this figure-the approach shoUld nowhere be less than four 
miles away from the river axis, in a reach of, say eight to t~n miles upstream or 
Shahabad. (The hard inerodible bank on the right side appears to terminate· 
at Shahabad). This gives, approximately, the line C D in Figure 2.C. 4!. .As
CD is the outer of the two lines, other considerations being equal, the approach. 
bank was recommended to be located about one mile further inland. 

THE CALCULATIONS OF THE FLOOD DISCHARGE , · 
' ' 

In the absence of flood discharge data the flood discharge was calculated 
by almost all the well-known empirical formulae,-Dickens, Ryves, IngliS~ 
de., which gave, widely varying results. ! . . . . ; 1 

The discharge was estimated by the ·_Mississippi formula, recommended 
by Sir Francis ~pring, assuming depth=27 · 69 feet with ten feet scour at high 
:flood level which was on the low side. With depth= 35 ~eet.velocity (for slope' 
of 6·76 inches per mile). 6·3 ~eet per sec~nd, a~ea =20,200+ 17·7/lOXl~,OO) 
= ~7 ,500 square feet, discharge=37 ,500 X 6 • 3-2,36,000 cusecs. ~laking the
per cent. allowance for error in reported high fio.od level the discharge would be-
2 · 5/1· 72 X 2,36,000=3,43,000 cusecs. 

The flood discharge was also estimated on the analogy of the Bareilly 
Bridge, assuming a velocity of six feet per second, while for rivers of this size
the mean velocity in flood would more likely be at least eight feet per second ; 
velocity, the discharge on this basis would be 2,86,896 cusecs·. · 

In the Inglis' formula, no allowance for shape had been made, while thft 
formula is specifically applicable for fan catchments only. 'Vith due allowance 

n 7000...4 : 
for shape, (38) Q=K. __ where for Deccan catchments n=l/3 ; but 

. vA+4 
United Provinces catchments are known to have less run-off for. the same area. 
of catchment. 1 

:2 y.A 2 7·07 • 
so 'Jt=l/2 may be assumed. Shape factor, K=-r-- --=--· X--=0·54r 

v'-rt L 1-11 168 · 
i 7000...4 ! •. • 

:Q=K \1 A.+
4 

= 0·54 i X4,95,800=0•735x4,95,800=3,64,000 cusecs. 

(18) Indian Waterways Experiment Station , Annual Report (Technical} 1942-43, p"ne: 
31 



TABt~ 2.0. 22 
~" 

. ... ) d ··w .,-- ..... -. £iftt' ---,-•& ' 'a- . I • t,ii:.,.,-. It I I - • 
I 

./ B Radius of curvature: 'I I r 
Mz Mz -y Mb Ratio 0 " r u itt milts ' --b V Qma.x f1Qdom 

.ourse of c No. of 
year defined J,ength of Average Meander Average B=length As mea. As calOil· Where Where values of "r" are 

meanders the mean· length for belt in meander along bend sured from lated by values of as given in S(b) x lS 280 
der in the year miles belt for C=ohord plan formula 1 "r" are 
miles in miles the year: as given 

in miles iD 8 (b)x 
6,280 

l 2 3 4· 51 6 '7 Sa 8b 9cz 9b -- ~--

1795 4 3·70 .. 1•25 . . ~::5 =1·25 1·05 1·13 10·11 12·38 

2·25 2·77 0•77 1;53 ~=1·22 0·45 0·77 I 6·89 8·44 4·5 I I ' 8·0 - I 
! 1·80 1•75 ... -=2·20 0•10 0·51 4·57* lHi8 *cut-off appears to .. 3·6 

I , have occurred. 

3·40 . . 2·35 .. 13·'75 -2·02 tr:S- 0·60 0·86 '7. '10 9·40 

13·26 -l·ll 27·15 
1806 3 6·0 .. F3 0 0 I ---r2- 1·40 !·48 22·20 . 

I 8 ll·15 
1·50 3·33 1·8 1·61 ---a-=2·67 0·20 0··'7 ,·20 

8·5 6·90 
2·50 .. 1·'75 . . ---r==1·'7 0·60 0·63 6·64 

I 
·• . 



un I 
7·6 • 

2 ~l!O '2·37 0·11 1•20 =1·5 0·84 7·52 9·20 DevlopmE~nt 
5 

.. 

I 
impufett 

I 3·26 1·55 
11 =1·7 0·80 0·84 

I .. . . 6·5 
7·52 9·20 Do. 

I 
~ . I 11·4 

!).;;) t 3 4·50 .. 1·00 . . g 1·27 1·80 1·94 17·37 2·12 

I 2·87 1·35 1·37 
5·5 0·20 0·36 1·25 ------=2·2 3·22 3·94-
2·6 

2·85 1·75 
10 =1·76 0·05 0·71 6·35 7·77 .. . . 5·7 

I 

19~ 3 5·0 0·9 
11 =1·1 1·80 3·70 I 33·15 40·50 .. . . 
10 

1•'75 3·34 1·43 1·36 
6 1·72 0·20 0·45 4·03 4·93 cut-off occurr 

3·6 l 
ed 

fi 

3·25 1·75 
11 1·7 0·95 ! 0·82 7·34 8·96 

•• . . 
6·5 

1938-Jg 1 3·00 3·00 I 
1•20 1·20 .2..:!!. = 1· 29 0·92 0·84 7·52 9·20 

6 

10 
li,5-'8 2 3·25 1·60 =1·54 0·50 0·85 7·61 9•30 . .. 

6·5 

2·25 2·78 1·75 1·10 I ~=2·11 0·60 0·58 5·18 6·35 
I 4·5 . 

ATerage 
Xote (J)-

2·99m.iles=15,800_feet 1·34 miles=1,075 feet 1·67 0·77 miles= 
4,075 feet 

1·05 miles= 5,520 ft>et 

(i) W'"'t ~-!· ~'i(Year 1806) 
· 0 B 

~)ii) Fouracutemeandera....-=2•0 to2·2 , . . . c 
{iii) Cut-off appears to have occurred 

. B 
lx:\we~n 18~~ aud 1~06 •• q==·3 

Note (3)-Note (2)-
Eor •r' formula below is used : Maximum discharge adopted for calcula. 

tions in Col. 9 (a) = 350,000 cs., and 
dominant discharge adopted for oal-

(

JI )2 Jlbpw ( Mb-W J!b-l 500( Mb-l,SOO) cula.tions in Col. 9 (b)=f Qm.~x L = __ 2R ..... -)-= ' 2R- 233,500 C!'. : as actual measured dis· 
T 2 · 2 2 __ 2 c:har~es for these ~ears ~re I~;Ot knowQ. 



~6 TRE CENTRAL llOAF.D OF IRFlGATION ANNUAL ltEPORT 1947 

The flood discharges obtained by the various methods are set out in Table 
:2.C. 23 :-

J.',•rmwa. used 

l 

TABLE2 C.23 

Computed maximum 
discharge (r.usecs} 

2 

Remarks 

3 

·--------------I-----------------t------------------------------------
(i) Dicken's 

{ii) Dredges 

(.iii) Inglis' 

.(iv) Cousins 

-h•) Ryvcs' 

:{ti) Mississippi 

~:-Ciii) From Bar· 
eilly bridge 

section and 
assumed 
flood velo
city of six 
feet per 
second.· 

.{viii) From Mor
adabad ', 
Bridge , 
section ! 

plus tribu
taries and 
assumed! 
flood , i 
velocity of 
six feet 
per second 

490,100 

214,000 

495,800 

619,655 

196,500 

172,354 
(250,000 cusecs 
assumed for error 
in reporting high 
flood level) 

215,172 

259,176 
I 

Corrected for shape factor, assuming n = !, 
discharge will be 364,000 cusecs 

Total depth has been elsewhere calculated 
as 39·9 feet as against 27·7 feet assumed here. 
With depth of 35 feet (later verified), maxi
mum discharge would be 343,000 cusecs. 

With 8·85 feet per second mean velocity, r.s cal
culated below from Lacey's formulae for 
R=35 feet against six feet per second assumed 
discharge would be 317,000 cusecs. 

I With 8·85 feet per second velocity (vide Lacey's 
, formula, see below} discharge would be 382,000 I cusecs. 

, Based on consideration of the figures given in column 2, it was prepo~ed 
t.o take Qmax-500,000 cusecs for calculating the bridge opening and 3,00,000 

_..Cnsecs for other calculations~ e.g. maximum depths of scour. It is difficult 
to understand the validity of this discrimination : if anything maximiun scour 
should be calculated on the highest-ever discharge while waterway may be on 
the nQrmal high flood discharge. ' 

There are two oth~r ways of calculating the maximum discharge of the river 
one by Lacey's formulae, and the second from the correlation between meander 
length and maximum discharge. (39). 

• (11•) Indian Waterways Experimen~ Station Poona, Annual Repo.rt (Technical) 193g.4:9 
I*&• 10 and 1~-43 page 54. . .. . . . 



RIVER CONTROL 557. 

Lacey's ]}Jethod.-Requires a correct estimation of the hydraulic mean depth 
below high flood level and of the energy slope. For these cross-sections taken 
during high flood would be of the greatest value. An enquiry was, therefore, made 
of the value of R and bed slope (bed slope being nearer energy slope than surface 
slope); but the reply received appears to giveR calculated from cross sections 
taken after the floods, which is of little use without very questionable 
assumptions in regard to allowance for scour below the bed occurring during 
high floods. Therefore, R had also to be assumed and subsequently verified, 
by trial and error thus -

Assuming R=40 fee~. 
By Lacey's" normal" flow formula V =1·6 R1/ 3 81/ 3 where Sis the slope 

in parts per thousand, with energy slope. taken as equal to the given bed slope 
viz. 6·76 inches per mile, i.e. 0·1065 feet per 1,000 feet. 

V=l·6x40 2/ 3 X (0·1066) 1/ 3 =8·85 feet per second 
And, by Lacey's " general " flow formula, 

V=1 '
3458z:!3

/
4 s•;2 where No=0·0225f 1 '4• 

Now f 0 · 77 (not 1· 0 see below-) 
:.Na = 0·0225 {0·77)1

/
4 = 0·0211. 

V 
1 · 3458 X 40! { 0 · 1065 )1 

/
2 

o_.0211 x . (1000)1 /2 

I·3458x15·8xO·OI03 10 4 ~ t L. _ = · 1ee per secouc 
0·0211 

The average of ( ~ C. 6) and (2 C .. 7) gives

V 8· 85+10 ·4 =9·6 feet per second 
2 . ' . ' ' 

• . (20.6), 

. . (20.7) 

. Area given up to high flood level=20,220 square. ~eet. when R is ~'Qo~t 
17.7 feet arid 10,000 square feet extra for ten feet ad~~1p~~~ .s:our ;.:,hence for 
R=40 feet the area would be- ~· . ., ' · 

20,220+ 40- 17 · 7 x 10,000 · 20,220 +22,300 = '42;50d square feet. 

under maxim;! scour at maximum high flood le~el ... ' 
This would give discharge = A X ¥.=42,500 X 9 · 6 

· =4,08,000 cusecs. ··. · · 

( Q) 1;a· ( 4,00,000)! 
·For this discharge, R . 0·473 7. = ~·473 · . 0·77"- .. 

=37 .8fe~t. · 

Hence R=40 feet assumed is apparently too .I?uch. . , , . 
Assuming R=35 feet from ~esul.ts in (2C. 6) and (2 C. 7) above, 

. 8·85 X 35§ 
from" normal'' flow equation, V · . 40213 =8·1 feet 

per second. 
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and from" general" flow equation 
10·4X 353/' 

V 4.03/' =9·6 feet per second. 

8·1+9·6 . 
AYeragc velocity= 

9 
=8·85 feet per second • ... 

. 35--17·7 
Area, correspondmg to 35 feet depth =20,200 + 

10 
- X 10,00() 

=37 ,500 square feet. 
Hence, discharge=37 ,500 X 8 · 85=3,32,000 cusecs. 

F his di h R 4 (
3,32,000)1/3 5 . . 

or t sc arge =0· 73 
0

•
77 

=3 · 7 feet. 

Hence, according to Lacey's formulae, maximum river discharge would 
be about 3,30,000 cusecs. This has been obtained from post-flood 
bed slopes. The energy slope during high flood would be, relatively, 
somewhat larger and the maximum flood discharge, according to 
Lacey's formulae, may, therefore be taken as 3,50,000 causes. 

Flood discharge determi'fled from 'TMIJ,Mer-length 

From Table 2C. 23 the a. vera.ge mea.ndet len¢ih of the seven years for which 
river courses were ava.ilab1e=2 · 99 miles, or 15,000 feet, and the maximum 
meander length of any year is 3·34 miles, or 17,600 fP.et. Now, the average 
meander length over a long period of years is generated by the " dominant '' 
discharge, which varies little from a mean value from year to year ; while the 
maximum meander length of any year· may be taken to correspond to the 
tuximum discharge. 

The formulae (81) corr ,lating maximum meander length with Q (mui-
t:llllm } is:- · 
. ML=29·6VQmas. 

17,6001 
Q (m~)= 

29
•
6 
~ 3,53,000 cusecs • . (2C.8) 

Thus, from meander length considerations, the flood discharge worb ou• -., 
be of the same order as from Lacey's formulae. 

In fact, for a river with so little available data there is a surprising degree 
-44 agreement between the various estimates made of the 1lood discharge :-, ' 

Inglis' formula (witb correction for shape factor) •• = 364,000 ellHOII 
Mis8issippi formula (for R= 35 feet) • • • • • • = 343,000 ,. 
Vitl~ Bareilly bridge (f=8·85 feet per se~ond) = 317,000 •• 
Vick Moradabad bridge and mbuta.riee (8·85 feei per eecond) .• == 382,000 ,. 
Laoey'a fonnulae . . • • • • • • • • • • = 350,000 ,. 
Meander leng\Ja fOI'IDuJ!t •• = 353,000 .,. 

Average •• = 351,500 cusec111 

Say, 350,000 cusces 
lienae ~he estimate of the :flood discharge would be 350.000 cuseoe. 

(39) Ibid 



DEPTHS ASSUMED FOR ·sCOUR 

. The:~·; are conside:ed below, separ~tely ~or the depth of scour to be adopted 
1n the design of the gwde bank and bndge p1ers based on the recommendations 
of lJpring, Hale and Lacey. 

A. Maximl,m scours 1·n design of g'lAiile banks 
At the nose or head of a Guide Bank there is more scour than along the 

i;han.ks and tail ; so the scour must be separately considered for each position 
of the guide bank. 

(a) According to Spring 
(i) Head of.guide bank.-Spring recommends that at the head the thick .. 

ness of the apron should be doubled and the breadth be kept twice the depth of 
scour instead of 1·5 X depth of scour. This means that the design should be 
baEed on 1· 7 times " the greatest discoverable scour below low water level ", 
which is reported to be 35 feet. This depth has been obtained under natural 
conditions of cutting at a soft bank : making the same allowance of 33 per cent, 
as recommended by Gale for cutting adjacent to a hard or rigid bank, the scour 
at the head would be 1·7 (35+11·5)= 79·0 feet below low water level, or 
91· 0 feet below high flood level the difference between high flood level and low 
wa \er level being 12 feet. 

(ii) At the Shanks.-According to Spring the apron should be designed for 
the greatest discoverable scour, plus due allo~ance for greater scour adjacent 
to a hard or rigid bank, i.e. 35+11·5=46·5 feet below low water level, or 58·5 
feet below high flood level. 
(b) Accordt'ng to Gale 

For class A Rivers (i.e. discharges rangi11g from 2,50,000 to 7,50,000 cusecs 
the percentages to be added to the deepest known scour at a soft cutting bend 
(3!J feet in this case) are 33 per cent. of the-basic depth for scour adjacent to a 
hanl bank ; and 50 per cent. of the basic depth for the head and 25 per cent. for 
the body and tail.(40) · 

(i) At the head. Thus, at the head, maximum scour =(35+ ::o X 35) + 
50 33 

100 
-(35 + 

100 
x35)=69 feet below low water level or 81 feet below hich 

:flood level. 
. 33 25 33 

(ii) At the shanks, maXImum scour= (35+ 
100 

X35)+.
100 

(35+ 
100 

x 35) =58 feet below low water level or 70 fet-t below high flood level. 
(c) According to Lacey 

RLacey =0·473 [Q/f] 1
/
3

• 

The mean diameter of the bed-sand used in calculations of normal depth 
by the Lacey formula is 0 · 323 mm. for the stated reason that the sand at site is 
a mixture of medium and very fine sand. However, there is a predominance 
of very fine sand, and if the sieving results given in the reports are based on sieves 
of British Standard Specifications, the mean diameter is only 0·191 mm., which 
will give a bigger depth of scour. 

\") lnatit.u~ion of Civil Engineers, London, Paper No. 167, page 167. 
M51CBI 
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:. f 0 · 77, not 1· 0 as assumed. 
. . l 

R 0 47nL 3,50,000 l b l . :. Lacey= · v - 0-:fi- _, =36·4 feet e ow h1gh flood level. 

(i) At head 
Deepest scour (41)=2·0 to 2·5 R; the smaller depth being for the larger 

·radius curves. Assuming depth below high flood level=2 R, 
maximum scour depth below high flood level=72 · 8 feet. 

From an examination of data of existing bridges, however, the scour at the head 
of large radius noses of guide banks is found to be 2 · 75 R. (42) Accordingly, 
maximum scour to be adopted in design of aprons would be 2·75 X36·4=100 
feet below high flood level. 

. ~(ii) At shank (41)-Deepest scour=1·5 xR 54· 6 feet below high flood level. 

·Recapitulating, according to various authorities, the maximum scour in 
:feet below high flood level would thus be :-

Position Spring Gale Lacey /Indian waterways Exper 
1 ment Station ' 

Nose or head of large-radius 91 81 72·8 100 
guide bank 

Along shank 58·5 70 54·6 

It was, therefore, recommended that the aprons should be designed for 
·~co feet depth of scour at the nose and 60 feet along the shanks. 

B. Maximum scour depth and depth of foundations for Bridge piers. 
(a) Acwrding to Spring:-

. Maximum scour adjacent to ~hard or rigid surface=35+ 1
3

0~ x35=46·5 

feet below low water level, or 58·5 feet below high flood level. According to 
Spring's curve the foundations should be taken down to 103 feet below high 
Jlood level. 

(b) Acwrding to Gale :-The deepest known scour at a soft bank being 

.:25 feet, deepest anticipated scour in vicinity of bridge=35+ 1~ x35=46·5 

ieet. 
Add for Class A rivers, 25 per cent. of 46·5=11·6 feet. 
Add for grip in Class A Rivers 50 feet. 

4 ... Depth of foun<4tion below low water level =108 feet. 
l..l Depth of foundation below high flood level=120 feet. 

(«1) Central Board of Irrigation, Publication No. 12 page 155. 
( 11) Indian Waterways Experiment Station Poona, Annual Report (Technical), 19!4 page 

~~ 
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(c) According to Lacey. For piers without high-level protections, depth 
of scour=2R=72 · 8 feet below high flood level ; and allowing, according to 
current practice (43) a grip of R, the level of the foundation of the piers should 
he 3R below high flood level. · · 

(d) At the existing bridges on the Ramganga River, the depth of foundation 
l>elow high flood level appears to be 100 (below low water level)+12=112 feet 
a~ ::Moradabad, and 85+12=97 feet at Bareilly. 

In consideration of (a), (b) and (c) above, it was recommended that the 
foundations should be taken to a depth of 110 f~et below high flood level, basing 
particularly on the results of the examination of depths of scour at piers of 
existing bridges (42) if the width of the bridge is made 2,000 feet as proposed 
which corresponds to Lacey's minimum stable waterway for 5,00,000 cusecs, 
as against 3,50,000 estimated maximum cusecs flood discharge, discharge 

intensity (allowing for 20 per cent.: concentration as usual) q= 120 . (3,50,000) 
100 2,000 

0· 91 (210)i . 
=210cusecsandR=0·91 qffi= (· 77)i =35·5 feet hence, depth. 

of founJations required =3R=l06·5 feet below high flood level. The 
• fact that the Bareilly bridge foundations carried only 100 feet below 

high flood level are safe should not be made to influence the required 
.depths at another site : on the other hand, the figu,re of 120 feet (required 
according to Gales) may be reduced to 110 feet, since it only means that the grip 
{)f 50 feet required according to Gale is reduced to 40 feet, which according to 
modern concepts, is quite sufficient for· a maximum depth of scour of 120 
feet below high flood level. Hence, if the bridge is made 2,000 feet long, the 
foundations were recommended to be taken 110 feet below high flood leveL 

Length of guide bank. 

The detailed study of the meanders made for the first point of reference 
revealed that the proposed length of guide bank-namely L=l,800 feet, being 
the clear waterway of the bridge-was insufficient according to Gale's theory 
'On which it was stated to be based. Even Gale himself finally proposed a length 
{)f I! L for A Class rivers with an arc/chord ratio of 1·75 and radius of curva· 
ture of nose of 3,300feet (44); for the Kosi, with arc/chord ratio of 2·25 Gales 
recommended a guide bank length of 2 · 33 L ; (45) while in the present case of 
-the Ramganga, the maximum arcfchord ratio is 2 .. o7 (see Table 2C. 22). 

It would be difficult to justify a shorter length of guide bank than neces· 
t~ary according to Gale's theory. It would be also unsound to provide a shorter 
length of guide bank in the first instance and increase the length later, if or when 
found necessary ; because irreparable damage might occur within one flood 
·season, and the price of benefitting by experience would prove too high and the 
experience would come too late. 

(43) M:ciLtyre, Major T. Well foundations for bridges, Railway Board Quarterly Technical 
Bulletin No. 78. · · 

. (42) Ibid. 
( 44) The Journal of the Institution of Civil Engineera, London, December 1938, page 315 
{45) The institution of Civil Engineers London, paper No. 6167, page 1~. · · 
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Following Gale's theo~y, the. guide b~nk sho~ld be so long t~t a cut-off 
·will occur before the sharpest possible meander can threaten the approaches. 
From Table 2C. 22 taking the worst meander of 1806, arc/chord= 2·67, M1= 
1•5 miles=7,920 feet, 1J-1b=1·8 miles=9,504 feet, and eE:~timated Q max= 
5,50,000 cusecs, the radius of curvature can then be computed thus (3D). 

A B2= AC (2R--AC) 

[ lle ] 
1
="' lr_1~.-lV_ (2R- lJ-1 b-1~) 

J 2 2 . 
:~~u~ v:so4-I5oo 9504-I5oo 
4- =-·--~ (2R--- 2.- ) 

.. 
19802 = 

8~~~ (2R-4002) 

R=2,490 feet. 

Figure 2C.46 shows that, allowing a margin of safety of L/2=900 feet 
in the conditions at Ramganga, B/C=2 · 67, R=2,490 feet, aJ guide bank of 
length 4, 700 feet=2 · 6 L is necessary ; and even without any margin of safety
though some is essential-the guide bank would be 3800 feet=2·1 L. . 

..... __ , 

' '" \ \ 
' I I 

I 
/. 

// 

, '' "'-"'"'· 

, FIGURE 2C. 46-. Slwtl'ing the gu~·ae bank requ ;red to keeJJ fl/J the worst 
theoret1.cal meander from Railway Embankment by L/2=900 feet. 

fi ....-E :- -
:P<tt:o of arc: Chord 
M · =Meandei Length 
M 1 =Meander Belt 
R=RaditlS of Bend 

'-'9) Ju.v •. 

•• 
•• •• •• 

•• 
•• 

•• 2·67 feet 
•• 7,920feet 
•• 9,5C4feet 
• • 2,490 feet 



It- was, therefore, recommended, that ~ess .:rp.odel: experiment$ are niade~ 
whether the 1945-46 embavment has a cut-off before the construction ·of the 
bridge or not-the full leri'gth of the guide. bank 2 · 5 L should be constructed 
along with the bridge; the guide bank and left approach, as proppsed are shown, 
in relation to the river courses, in F:gure 2 C. 45. The falling aprons 
of the guide banks should, as far as possible, overlie a sub-soil stratum of sand 
only ;·and small adjustments should be made in the alignment of the guide 
bank, if necessary,· to secure· this advantage. · . • 

It was made very clear that the above recommendations are subject to 
the following limitations :-

(i) They are based on the data of seven years' river courses (presumed 
to be representative) covering a limited reach of the river above the proposed 
bridge which were all that were supplied for analysis. :. 

(ii) The information supplied did not indicate whether there is any general 
easterly or westerly trend of the river, the existence of which would affect the 
recommendations substantially. 

(iii) There was some discrepancy observed upon superimposincr the tNO 
plans supplied ; the large scale plan was 2ssumed as the corrr~t one fot 

• showing the proposed alignments of the_ Railway Line. 
It was adviced that the superficial evidence of stability of a river co:rs~ 

is not a sufficient criterjon to justify th~ final election of a site of an impor· 
tant bridge on an alluvial river; and that, there~ore, it is most essentia'. t'J 
take tria] borings along th~ bridge line, extending far into both the banks, to 
confirm the apparrnt stability. 

DISCUSSION BY THE RESEARCH COMMITTEE 
DR. BosE introduced item (1) and said that he had already explained to 

the Research Committee the peculiar circumstances of the river Kultigong, 
At the request of the President, DR. BosE reiterated some of the pec~ari~ie~ 
for the benefit of new members. The sewage water and the storm water o£ 
the city of Calcutta used to be passed on to the river Bidyadhari which was a 
tidal creek but when thn, rivn.r Bidyadhari deteriorated and ultimately died out, 
this sewage and storm water was divert~d by an artificial channel into another 
tidal creek known as Kultigong. Of recent years this creek had also been 
showing signs of deterioration. Invrstigations of the last three years had shown 
that the meandering of th~ river had b~en increasing. Th~ long s"ction ol 
the river Kultigong taken from Haroa Hat to Kalinagar showed th~ p bts 
of very deep scour on both sides of the point ·where sewage and storm witer 
from Calcutta is passed on to Kultigong. But all the sewage does not go 
into the Kultigong. Between Calcutta and Kultigong there are a 
large number of fisheries. These fisheries take away major por~ion 
of sewage and allow desilted water into the river. This desilted water 
has a tendency to scour. About a mile and a half downstream and a mile 
upstream the bed of the river has scoured down to -49 whereas the usual rivet 
bed level is -21. Investigations have shown that below a clay crust of r,bout 
29 to 30 feet there is in this region a very thick layer of comparatively con,rser 
sand and as the scour holes have developed in the Kultigong~ the bed has 
pierced the deep clay layer and churned up the layer o£ coarser sand w~idt 
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has been thrown up and carried away by the tidal currents. On the inside of 
the bends where the current naturally is slack, quantities of coarser sand have 
been deposited. This has forced the river to increase its meander. 

MR. H.P. MATHRANI enquired as to how the fisheries managed to take the 
sewage from the channel. 

DR. BosE replied that since the level of the channel carrying sewage was at 
a higher level, it was easy for the fisheries to cut the bank and steal the sewage. 

MR. H. P.l\1ATHRANI asked whether it was not possible to stop this cutting 
of the banks. 

DR. BosE said that it was possible to stop this cutting, but then again there 
were vested interests involved in these fisheries. One more thing he wanted 
to state was that the sedimentation tanks were also not working satisfactorily. 

DR. HooN asked whether sedimentation by mechanical means had been 
tried. 

DR. BosE replied that it was very costly. 
RAI BAHADUR SETHI enquired why the sewage was not being utilised for 

farm irrigation. 
DR. BosE said that there was not any irrigable land available in that locali· 

ty. 
THE PRESIDENT enquired whether Dr. Bose had made any concrete sugges

tions to Government about how to stop the meandering of the river. 
DR. BosE replied in the negative. 
THE PRESIDENT said that the study was therefore to be continued. 
MR. FRAMJI in introducing item (2) said that in the absence of sufficient 

data from the Railway authorities he had to estimate the various factors from 
well known empirical formulae. Thus, flood discharge as calculated from 
Lacey's and the Station's meander formula worked out to be between 3 to 31 
lakh cu,secs, the same as by the empirical formulae u,sed in the Report when 
duly moderated for local conditions. Similarly, the scour depths and protection 
of guide banks were calculated from Lacey's, Spring's and Gale's formulae. 

DR. BosE wanted an explanation of some points in the Report. 
MR. FRAMJI referred to Figure 20. 47 and said that where there was a 

natural gorge or a bridge which fixed the position of the meander the tendency 
for the river was to have a full meander belt on either side of the axis because 
it was restricted from free movement at that particular point. This was 
the result whatever the theory might be and was based on actual investiga
tions of river Indus meanders. "Where constrained from movement on one side, 
this double meander belt may occur further upstream. 

THE PRESIDENT enquired whether this kind of investigation had been 
conducted elsewhere and whether it had been proved. 

MR. FRAMJI said that there was no such data of annual river surveys for a 
long period as in the case of the Indus. 

MR. M.P. MATHRANI asked whether the result was applicable to the Kotri 
brid~. - . . . . 

MR. FRAMJI said that so far as he could recollect this was some distance 
above the Kotri bridge near Saidabad Figure 20. 147. 

1\IR. H. P.l\lATHRANI said that it was not so at the Kotri bridge. 
RAo BAHADUR JoGLEKAR said that if there was hard bank on one side, 

the result would be different. ------
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(vi) TIDAL ACTION INCLUDING TBAT IN ESTUARIES 

The following items were discussed at the 1947 Research Committee Meet.-

(1) Model experiments for the revival of Matla-Peali system 
(2) Measures adopted to reduce turbulence in the Hooghly river down

stream of the knuckle at the Titaghur Jute Mill (Bengal) 
(3) Protecting the foreshore of the Anglo=lndia Jute Mill on the, 

Hooghly river (Bengal) 
(1) MODEL EXPERIMENTS FOR THE REVIVAL 

OF MATLA-PEALI SYSTEM (46
) 

ABSTRACT 
Peali one of the important spill channels takes oft from the Matla near· 

Kultali about 19 miles downstream of Canning. There are considerable diffi- · 
culties of drainage through the Peali due to sand locking of the drainage slucices· 
on the channel side and the vast low lying areas to the south-east of Calcutta~ 
which are waterlogged throughout the year. In some areas the ground levels ar&·: 
lQwer than the lowest water level of the tides due to premature reclamation. 

To remove this drainage congestion and to improve the land for the rurrose.
of cultivation it is proposed to re-excavate the Peali from the Peali railway bridge. 
to the Kultali outfall to the proper section so as to carry the drainage water. 
It is the experience with tidal rivers in Bengal that such channels very seldom 
maintain their regime for sufliciently long time unless sufficient spill area -is 
provided for them. It is, therefore, proposed in the present case either (1) 
to exclude tidal water by bunding Peali and constructing a lock and a slucice 
in channel connecting the Peali higher up with Matla or (2) to :provide sufficient 
waterway in the re-sectioned channel so as to accommodate both the draiD.ag~ 
and the ebb flow of the Peali. Describes experiments. 

The Matla is one of the biggest tidal estuaries of Sl:tth Bengal. It 
upper reaches above Canning hawever is now practically dead, Figure 2C. 4S 
(Index map of Matla series of rivers). The width of the estuary at Canning 
which is 28 miles from Calcutta is 3,200 feet. The estuary used to take a sharp
bend near Cannllig and flow upto the Great Salt take areas adjoir.irg 
Calcutta. Previously this tidal ·estuary with its innumerable spill char~nds 
used to spill over the vast low-lying areas adjoining Calcutta and build the land. 

About 100 years ago the spill areas were closed by raising marginal 
embankments. The :Matla with its important spill channels Bidyadhari and Peali 
were then used as drainage-cum-nayjgation channel for the above areas. The
sewage water of Calcutta used to be drained in the Bidyadhari and the upper 
reaches of :Matla which rapidly silted up and was abandoned as a sewage 
disposal channel in 1937. The bed of this channel is now higher than the· 
surrounding countryside and no drainage water flows into this channel. 

The ~Iatla now is still active from Canning downwards. Peali one of the
mportant spill channels takes off from the Matla near Kultali about 19 miles. 

downstream of Canning. It again joines the upper reaches of Matla which was
once the Bidyadhari. Total length of Peali channel is 34 miles and th~ 

(") Annual Report of the River Research Institute, Bangal, 1946, pages 20 to 22. 
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draina~ of 330 square miles of the area south of Calcutta is dependant on the 
activity of this channel. ·Even before the deterioration of the Bidyadha.ri 
was complete in 1935 deterioration had already started in the upper reacl~.~s 
of t1e Peali. It has travelled down to a place known as Uttarbhag where the 
char.nel has dwindled down to a very small section. 

At present there are considerable difficulties of drainage through the Peali 
due to sand locking of the drainage sluices on the channel side and the v::;.s t 
loV{ Jying areas to the south-east of Calcutta which are waterlogged through
out the year. In some areas the ground levels are lower than the lowest water 
I eve] of the tides due to premature reclamation. 

To remove this drainage congestion and to improve the land for the purpose 
-of culliivation it is proposed to re-excavate the Peali from the Peali railway 
bridge to the Kultali outfall to the proper section so as to carry the drainage 
water. It is the experience with tidal rivers in Bengal that such channels 
very seldom maintain their regime for sufficiently long time unless sufficient 
spill area is provided for them. It is, therefore, proposed in the present case 
.either (1) to exclude tidal water by bunding Peali and constructing a lock and a , 
sluice in a channel connecting the Peali higher up with Matla as shown in Figure 
20. 48, or (2), to provide sufficient waterway in the resectioned channel so as 
to accommodate both the drainage and the ebb flow of the Peali. It is expected 
in the latter case that as there will be sufficient waterway for the ebb water 
.and the drainage supply to flow down without interference no obstruction 
need be apprehended to the flow of the tides and hence the channel will 
mailitain its regime. 

A model of the Matla-Peali system was therefore constructed to test 
wl!ether-

(a) the proposal under (2) above will maintain the channel in regime 
or 

(b) the proposal under (1) above while by restricting the spill which 
goes from the Matla to the Peali will act to the detriment of the 
former. 

· The model was built to the following scales :

Horizontal l=1/500. 

Vertical h=l/50 

Time scale V; =1/7?·7 

The river was at first laid to the above scales on the ground which consisted 
of stiff clay but as the distortion was high the banks could not be heldand 
started slipping in. The bed therefore was then cut to tha proper section and 
then plastered over with a very weak mixture of cement and sand. The 
proportion of sand and cement is 10 : 1. The model bed was moulded according 
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to the survey of the :Matla carried out during 1945 by the Commissioners for 
the Port of Calcutta and l to the survey of the Peali river carried out during 
1946 by the Executive Engineer, Canals Division. 

The length of the l\Iatla taken in the model is about 19 miles and that of 
Peali river is about 30 miles. It includes a stretch about one mile below the 
outfall of Kultali and up to the furthest limit on the Canning side. Total length 
of the Peali up to the railway bridge has been included. The average width 
of Matla is seven feet in the model (3,500 feet in prototype) and varies from 
2 · 4 feet to)3 · 2 feet in model. The width at Canning is 6 · 4 feet and at Kultali 
ia 11· 2 feet. The width ofPeali river varies from 0· 42 foot to 7 ·8 feet in model. 
The depth of model in some places is two feet. The maximum range of spring 
tide of Matla during rainy season at Kultali is 19 · 7 feet observed during 1945. 

There is no simultaneous gauge readings of the Matla at Canning and 
Kultali. During 1945 some gauges were observed at Kultali outfall but there 
is no corresponding reading at Canning. During the January of 1946 one 
fortnight's gauge readings at Canning were taken by the Commissioners for 
th~ Port of Calcutta but there is no corresponding reading at the Kultali • . 
outf<lll. The model therefore could not be proved rigorously. Different cycles 
of gauges at Kultali have been reproduc~d in the model and the corresponding 
ga~1ge readings obtained at Canning have been compared with the readings 
obtained in the prototype during January 1946 by the Port Commissioners. 
The agreement is fairly good. The gauge curves as obtained in the model and 
th$ prototype are shown in Figure 2C. 49. 
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A constant discharge is maintained in the supply channel of the model and 
th,~ actual discharge that enters the model is controlled by means of a sliding 
gat.e operated by manual labour. The sliding gate is fixed at the side wall 
of the supply channel. Excess water spills over the sliding gate and passes 
through an escape channel. The arrangement showing the supply channel, 
~rliding gate and the sea face of the Matla river is shown in Fjgures 2C. 50, 2C. 51, 
and 2C. 52. During fbw tide as the supply enters the model from the sea 
end, one obs~rver reads the gauge of the river at Kultali and slides up the gate to 
maintain the correct gauge according to prototyfe \-alue. When the maximum 
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level is attained, .the constant supply is closed and the gate is lowered 
slowly. Discharge from the model escapes over the sliding gate and the ebb 
tide follows. At the Canning side of the river the tide spills over the low lying 
areas in the prototype and in order to reproduce the gauge at Port Canning 
end, the flow tide in the mode spills into a closed chamber while during the ebb 
tide the water returns from the chamber into the model. The other gauges in 
:Matla and Peali are automatically reproduced in the model The only gauge 
that is maintained by the operation of the gate is that at Kultali outfall. There 
are a number of spill channels above Kultali. The volume of water entering 
these spill channels and the gauges maintained at their outfall into the Matla 
had to be adjusted to get the tidal curve at Canning correctly. The model 
required very careful adjustment before Canning gauge could be properly 
reproduced. 

The main difficulty in this model has been the paucity of data. As 
mentioned before no simultaneous gauge readings exist at Kultali outfall and 
Canning. Further no gauge readings exist at the outfalls of any other im.ortant 
spill channels. No survey exists of these spill channels. No discharge ob
servations are available either of the Matla or any of its spill channels. Simul
taneous gauge readings have now been started at the Kultali outfall and Canning. 
As soon as these are available, it will be possible to compare the model values 
with the prototype more rigorously. 

The model having now been proved it is proposed to test the second 
alternative first. The model will be run to get the Kultali outfall gauge correct! y. 
Then the following gauges in the Matla and its spill channels will be noted :-

(1} Canning gauge. 

(2) Basanti Khal gauge (maximum and minimum value). 

(3) Harbhanga Khal gauge (maximum and rojnjmum value), 

(4) Dhusa and Uttarbhag guage (Peali gauges). 

The exact discharges that pass into the model for different stages of the 
flow and ebb tides will also be noted. 

The Peali channel will then the bundcd up and the same sequence of 
discharges passed into the model. Then the following gauges in the Matla and 
its spill channels will be noten :-

(1) Kultali Outfall, 

(2) Canning, 

(3) ·Basanti (maximum and minimum), 

(4) Harbhanga Khal (maximum and minimum). 

On comparing these two sets of gauge readings it will be possible to say if 
the bunding of Peali is going to be harmful or not. 



'Figure 20. 51 : General view-Matla-Peali River Model (tidal). 

Figure 20. 52 : General 'lliew-Matla-Peali Rive:r Model (tidal). 
564a 
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(2) nmASURES ADOPTED TO REDUCE TURBULENCE IN THE HOOGBLY 
RIVER DOWNSTREAM OF THE KNUCKLE AT THE TITAGBAR . JUTE 

MILL (BENGAL)(47) 

ABSTRACT 

The note describes experiments carried out with 1/300 : 1/60 scale model 
and 1/50 : 1/80 part model of the Hooghly.-

(a) to investigate the present condition downstream of the knuckle; 
(b) to see if accretion can be induced in the scour-hole downstream of 

the knuckle by means of piles i.e. to see whether the treatment re• 
commended for the Dunbar Cotton Mill (48) would be equally effec
tive in this case. 

As results in (b) were not promising, 
(c) experiments were done with pitched " attarcting " islands so placed 

as to attract the flow towards the opposite right bank, thus reducing 
turbulence in the knuckle. These experiments are still in progress 

PRELlMlNARY EXPERIMENTS IN THE 1/3CO: 1/60 MODEL AND IN TBE PART MODEL TO 
DETERMINE THE SCALE RATIOS OF TBE LATTER 

Lines of flow and velocities were observed in the 1/300 : 1/60 scale model, 
which was laid in V-sand to the 1939 survey and the continuous ebb discharge 
of 1·34 cusecs c~-1,87,000 cusecs observed in 1941) was run with water level 
at Konnogar.:= 13·5 feet above K. 0. D. S. (Kidderpore Old Dock Silas datum). 

A horizontal scale of 1/150 was chosen for the large, part model, so as to' 
represent 1· 8 miles upstream of Titaghar Jute Mill and 2 ·t miles downstream,. 
When this model was run under identical conditions of contours, discharge and 
water level as in 1/300 scale model, with a depth scale of 1/100, (i.e. V. E.=l·5),. 

d Q 1 25 ( 
1,87,000 1,87,000 ) 

an = · cusecs - LDy'n = 150 X 100V100 
, heavy scour occurred,. 

So dam sand was replaced by Londha sand (m=0·30 mm.); the bed movement 
was very low. Hence the depth scale was altered to 1/80 (V. E.=l·S), 
and Q=1·7 cusecs (=1,87,000 cusecs) and the movement of bed material 
improved. A wooden grid was also used at the upstream end of the model to 
improve the velocity distribution. Considering the distortion of cross section& 
in the large mode 1, isotachs and lines of flow compare fairly well with those in 
the 1/300 model, Figure 2 C. 53 (a) and (b). 

PART I-EXPERIMENTS WITH PILES IN 1/150:1/80 MODEL 

In trod uct ion 
After completing the experiments to prove the behaviour of the part model, 

it was decided to see the effect of submerged piles in various positions. The 
same procedure of experiments was adopted as in the case of experiments at ths 
Dunbar Cotton l\1ill knuckle. 

Londha sand (m=0·22 mm) was injected in all experiments at the rate of 
two cubic feet per hour (i.e. 0·4 parts per 1,000). 

Duration of experiment was 24 hours:::16 days in all experiments. 

(47) Indian Waterways Experiment Station, Poona, Annual Report (Technical), 1946, pagel 
38 to 42. -

(48) Indian Waterways Experiment Station, Poona, Annual Report (Technical), 1944, 
page 7. 
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~xperim_ents 

Experiment No. 1.-In this e~e;imen~ th~ L (longitudinal) row of piles 
was constructed as shown by pos1t10n 1 m Ftgure 20. 54. The alirnment of 
cross-row of piles was arbitrarily fixed keeping the top four feet belowbK.O.D.S . 

. allowing thereby ten feet draft at low water. The longitudinal piles were con
structed with the top level32 feet below K.O.D.S. 
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Figure 2 C. 54: Plan showing the different position of L-p:'les tried. 

Observations 
(a) Lines of flow are shown in Figure 20. 55. As compared with the 

.experiment with9ut any piles, and under similar conditions, the general nature 
Df surface lines of flow did not show any marked change. 

(b) Bed contours are shown in figure 20. 56 (b). When compared with 
the previous experiment without piles and under similar conditions Figure 20. 56 
{a) it was seen that the 50 feet contour extended towards the right bank showing 
there by the tendency to s~our on the right side of the knuckle. Scour also 
.occurred downstream of the knuckle at C.S. 5, 4A, etc. 
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(c) Soundings were taken at O.S. 5B to see the amountofsiltingdown• 
stream of the knuckle. There was silting and scour within the bight ; but 
silting was not uniform. The depth of silting also was small, only of the orde:t. 
of nine inches or so in prototype • 

It was, therefore, decided to shift the cross piles downstream, where the
depth is greater-thereby increasing their height and making them more effec-
tive, while keeping the top at the same level as before. 

Experiment No. lA. 

C~c ss piles were shifted= 30 feet downstream keeping the L. piles in the-_ 
same position. The bed was adjusted to the original conditions and the experi"' 
ment wa.s run for 24 hours with injection of sand as before. 

In this experiment, soundings at O.S. 5 B were only taken. These shoW'"' 
ed uniform silting in the bight, though not sufficiently deep. 

Expen·ment .J.Yo. 2. 

In this experiment, the cross-row of piles was kept as in experiment IA and 
the alignm3nt ofL. piles was changed to position No.2 as shown in Figure20. 54.-

0bserrat :~ons :-

(a) The surface lines of flow downs~ream of the knuckle shifted away from 
the knuc~le, Figure 20. 57. 

(b) Bed contours show that there was scour between O.S. 5A and 5 towar<h 
the left Bank : 60 feet contour which was not obtained in the previous experi 
ment was obtainad in this experiment, Figure 20. 58. 

(c) Soundings at cross section 5B show that there was no tendency to silt., 
Slight scour was, however, observed. 

Experiment No. 3. 

In this experiment, the cross-row of piles was as in experiment IA an& 
L. row of piles as is shown by position No.3, Figure 20. 54. 

Observations :-

(a) Lines of flow Rhowed a concentration of flow at O.S. 5, which might 
result in a formation of knuckle at that place, Figure 20. 59. 

(b) Bed contours showed that there:was scour within the bight and outside
the L. pilo- to the right of L. piles. 60 feet contour was obtained in the bight 
Figure 20. 60. - · 

SoJ.nding at O.S. 5 B confirmed the scour m the bignt. 
E.cperiment No. 2A. 

• 
A" the scour was observed outside the L. piles, an additional row of folll" 

piles, with the tops eight feet below the tops of L. piles, was constructed. Figure 
2C. 61 shows the effect of such piles on the detailed lines of flow. The bed 
flow outside the L. piles was deflected away and, con.Sequently, would tend w 
protect these piles. 
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Figure 2C. 61 : Showing bed lines of flow. 

Experiment No. 4. 

In this experiment, one row of L. piles was constructed as in position 1 
~nd two rows of cross piles were constructed as against one in the previous 
experiment. This was done to see if the silting tendency could b~ accelerated. 

The sounding at C.S. 5 B show that silting was not satisfactory. 

Conclusion :-
Position No. 1 of L. piles was the best of th ~ three postions tried ; but depth 

of silting obtained in the bight was equivalent to only one to 1· 5 feet in the river 
with a continuous ebb tide running for 15 days, which was not satisfactory or 
.sufficient. 

The reason why piles did not prove satisfactory in the case of the knuckle 
at Titaghar Jute Mill appears to be due to the "change over" ofthefl.ow occurr· 
ing immediately upstream of the knuckle, leading to more turbulence down 
stream, whereas in the case of the knuckle at the Dunbar Cotton Mill, the 
change over takes place long before the ftow approaches the knuckle; and the 
difference in velocities along the left bank upstream and downstream of the 
knuckle is less at the Dunbar Mill than at the Titaghar Mill. Moreover, while 
at the Dunbar Mills the trouble is only due to too sharp a curve for the dischar· 
ges, at Titaghar, the trouble is also due to throttling and distortion imme· 
diately downstream. It was considered that" attracting" islands might be 
effective in causing the "change over" of flow further upstream of the Titaghar 
Jute Mill knuckle. 

PART II-EXPERIMENTS WITH ISLANDS 

1 ntroduction 

Experiments ~ith islands described in the note were done in 1/300:1/60 
model of the Hooghly so as to get quick and compantive results with various 
positions of islands under tidal flow conditions, the time 1equired for comple· 
ting one tide bring much less in this model ( viz.l9 minutes 12 hours 8 minutes 
for one tide) than in the 1/150:1/80 model (viz. 43 minutes). In all experi· 
ments, the sU.e of the island was kept the same, 'Viz. 1ength=300 feet with 
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' top 25 feet above K.O.D.S., i.e. four feet above high water level width=-112•5 
feet (semi-circular cut-water and 45° ease-water are included in the above· 
length). This size can be modified later. 

It is believed this is the first time" attracting" islands are ever being con· 
sidered for river training of tid, 1 and navigational rivers. The islands would 
be located on existing shoals, far from the reach of the navigational channels; 
so that there can be no warrantable objection of obstruction to navigation, 
while " attracting " islands have been decried as being unsuitable for training 
flashy rivers such as the Luni near Samdari (Jodhpur Railway) (49) where the· 
high formative discharges occur for too short a duration to allow the island to 
leave its impress on river configuration, it is considered that islands of suitable 
design, thoughtfully located and aligned in relation to the river meanders and 
the flow lines, have great potential promise on tidal rivers, where the high and 
prolonged freshet flow gives them ample scope as in the case of non-tidal rivers 
with a long duration of flood flow. The islands can be conveniently construct
ed out of dredged cuts, the cuts themselves located and designed in the right 
places and of the right size, so that they would help, not hinder, the action of the 
islands in regulating and maintaining the deep water channels. The action of 
"attracting" islands in tidal rivers is similar to that already explained for non• 
tidal rivers except that their design and location must take into accoun~ 
the two-way flow, where both are important in their effect on the river coura 

Experiments 
The model was laid to the 1939-40 survey, V-sand (m=0·20 mm.) was 

used as bed material. Freshet spring tide observed in the river on September 
23, 19·11 was re-produced and repeated ten times in each experiment. 

Lines of flow were invariably observed under 3/4 ebb flow cmiditions, after 
ten tides were completed in each experiment. 

'Vater level recorders were fixed at Damurdaha (upstream end of model). 
at Cossipore (downstream end of model) and at Konnagar near the knuckle of the 
Titaghar Jute Mills. 

Experiment No. 1.-
The island was constructed at C.S. 8 as shown in Figure 2C. 62. Out of 

the six surface lines, two lines passed over the shoal near the right bank 
upstream of the island. 

Experiment No. 2.-
The downstream end of the island was pulled towards the right bank so 

that the island faced the high velocity flow more obliquely than in the previous 
case. Three surface lines passed over the shoal on the right bank, thUB indicat
ing a definite improvement. Bed lines were also deflected towards the knuckle 
Fjgure 2C. 63. 

Experiment No. 3.-
As the island in experiment No. 2 was constructed in a deep channel where 

the depths were 16 to 20 feet below local zero (i.e. 20 to 24 feet below lowest low 

(49) Indian waterways Experiment Station, Poona, Annual Report (Technical) 1946, p&I'A 

n vi. 1. (see page 494 of this publication). . 
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water level), it was considered de&irable to shift the island towards the left.ba.nk 
where the depths were considerably less. The results were not satisfactory, 
u the island did not act, Figure 20. 64. 

Experiment No. 4.-
In this experiment, the island was shifted upstream so as to be at a distance 

• )f 1\11/4 from the knuckle. The island was not, however, effective in attracting 
the flow towards the right bank opposite the knuckle Figure 20. 65. Lines of flow 
wet e observed in this experiment, also under flood condition, Figure 20. 66. 
'Ihe island was then removed and the lines of flow again observed under flood 
t:undition, Figure 2C. 67. This experiment clearly showed that any island so 
far upstream of the knuckle would have too little effect on flow conditions near 
the knuckle. 

Experiment No. 5.-
In this experiment, two islands were tried: (1) Island A as in experiment 

2 and (2) Island B (between O.S. 7 and 6A). The high velocity flow near right 
bank at C.S. 8 flowed along the right side of the island B ; but further down
stream , it swung back towards the knuckle, Figure 20. 68. 

Experiment No. 6.-. 
In this experiment, the island B was constructed more towards the right 

bank than in experiment 5. Results were fairly satisfactory, as scour occurred 
on the shoal near right bank between O.S. 7 and 5 A, Figure 2 C. 69. 

Experiment No. 7.-
In this experiment, a third island called ' C ' was constructed as shown in 

Figure 20. 70, the object being to get advantage of scouring action during flood 
tide. So the semi-circular end of the island was made to face the flood flow. 

, Figure 20. 70 shows the lines of flow under flood condition. All the B.ow 
was hugg:ng the left bank and there was no indication of scour on the 
fh.( al by the z,ddition of this island ; and so the third island was ine:ffcdive. 

,Bxperiment No. 8.-
It was considered that islands A and B were too far apart ; so a third island 

f C ' was constructed in between, Figure 20. 71. 

The islands were so constructed so as to form a continuous line. This, it 
was considered, would result in a formation of continuous deep channel, attract
ing part of the flow on right bank opposite the knuckle and reducing concen
tration of flow on the left bank. 

On the right side of island A, where already a deep channel existed and with 
a steeper side slope given to the island, deep scour took place. The flow being 
the last of ebb which (without the islands 0 and B) had a tendency to mov6 
towards .the knuckle from island A, hit the island C on its left face and in spits 
of the :flatter slope given to it to reduce scour, deep scour was obtained on this 
side (left side). 

Between islands 0 and B, similar action took place. The effect, in short. 
was deeper scour on the left sides of islands 0 and B and hence the high velocity 
ilo"W was still away from the right bank-opposite to what was required. 
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'RIVER CONTROL 

Experim£nt No.9.- · · , , 
The position of the 1sland A in experiments No. 1 and, 2 was such that t~e

depth at that place was 30 to 35 feet below lowes~ water le_:vel. rJ:e coru;tr~~
tion of such an island would be difficult and so the ISland A m expernnent 9 wart 
constructed on the shoal and the right side of the island was dredged to the
practical possible depth (i.e. 20 below K. 0. D. S. or 3~ feet below lowest wa~er 
level). Dredging was also done from C.S. SA to 8-a distance~( abqut 1/3 mile. 

Figure 2C. 72 shows the lines of flow ~er ten tides. Island ~- was not 
in action. Island B was in good action and showed appreciable movement on 
the shoal on the right bank. The ripples were then removed and .ten.more tidea 
were run. The movement was again observed on the shoal., The ripples were 
again removed and the procedure was repeated for the third time.. This experi
ment showed the possibility of the development of a channel on the existing 
shoal. 

Figure 2C. 73 shows the lines of flow after 30 tides. The surface :flow was 
drawn towards the right bank. 

Results of experiment 9 appea~ to gi~e. :most. pr:omising re~lts .so far 
except that the island .A to be really effective should be moved towardS the rig:ht 
bank ; and to keep ~own the cost of coD.stroction, it may be a submerged island 
with its top ten feet below low water level so as not to mterfere with shippin~, 
provided submerged islands are found equally effective in tests proposed to J.e 
made. . . 

The same experiment will have to .be carried out iri. the large, part model 
(1/50: 1/80) ; island A, cannot, however, be constructed due to insufficieRt 
upf!tream length in this model ; so lines of flo~ and velocity distribution, say at 
C. S. 7A obtained in the 1/300 model will be simulated in. the 1/150 model ani 
it will be seen by injecting fine material whether silting will occur in the bight 
of the knuckle. 

Further positions and behaviour of islands are ~iso urider fuvestig~tion. 
r , ,., 1 .... -· '' . _" ' __ lj_ -~: ~ .~.t ·J"J\ 

(3) PROTECTING THE FORESHORE OF. THE ANGLO INDIA JUTE MILL ON 
. THE HOOGHLY ~R (BENGAL) (50). 

, . . . INTRODUCTION . ·. . · . 
. Figure 20. 7 4. shows the plan of the ij:ooghly from six. mile~ up.strea~. _o'f· 

Bansbaria to Korinagar. This figure clearly shows that_upst~eam of the Vic~or~a.; 
Jubil~e B~idge the ,ri.~er _is. fairly straig~t; whe~eas _downstream of the 'b;ridge 
the river IS meandermg mto sharp curv~s. This has been found, to be mainly 
due to human interference with the natural rive:~: movements. There are pro. 
truding jetties at numerous places belonging 19 the various factories on both, 
banks of the river arid sevral brick kilns erected at many places ; the gener •J 
tendency being to encroach upon the river as much as possible to have maximum 
facilit.~es of water frontage ~tc. . AU th.ese rigid en~roachments act as groyne~ 
and pitched banks, which attract the flow and upset the flow conditions ; it( 
places such as just below the Titaghar :Mills, the distortion caused bv excessivE! 
contraction is substantial. . ~ . · 

• - 1·-

(50) Indian waterways ExperimWlt Station, Poona, Ann~al Report (Technical) I946 ·p;:-ges 
42 to 44. · 

:.'lf5ICBI 
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The river is practically held on both banks-especially on the outside of 
curves-where stone revetments have been constructed for bank protection. 
In may 1945 the following observations regarding erosion of bank on outside 
of curves were made. 

Banks where erosion was taking place are shown in hatched lines in Figure 
2C. 74. , . 

(1) Along the left bank upstream and downstream of Punhatti. 
(2) Left bank near the Titaghar Jute Mill. The downstream end of 

the drain upstrain of the second jetty had collapsed. " The Sea 
Wall " of the Mill was badly undercut in several places. 

(3) Very severe erosion was taking place along the right bank at Ballam
. ·pur and Chatra, that at Chatra being the most severe, where in 

· many cases the " Sea \Vall ",walls of buildings and ghats were found 
severely damaged. . 

(4) Severe erosion along the left bank between Palta \Vaterworks and 
Nawabganj. . 

(5) Erosion near Dunbar Cotton Mills. 
· (6) Erosion along the right bank between Gondalpara ·and Chandra

nagore. New embayment had formed' along the right bank opposite 
Anglo Indian Jute Mills. • 

(7) Erosion along the right bank upstream and downstream of the Vic
toria Jubilee Bridge. 

Three cases for protection against severe threats were referred by the follow
iAi authorities :-

(1) Anglo India Jute Mills, 
(2) Dunbar Cotton Mills, 

· and 
. (3) Titaghar Jute Mills. 

Of these, experiments for the Dunbar Cotton Mill have been completed (51
). 

Those in connection with the Titaghar Jute Mill are in progress. On inspection 
at the site showed that the trouble in the case of the Anglo India Jute Mills was 
purely of a local nature and that the river conditions upstream and downstream 
were not at all severe a:ad could not have led to the collapse of the foreshore by · 
12 feet on February 21, 1942. The collapse of the bank on March 3 and 4, 1944 
was very severe, being more than that which occurred on February, 21, 1942. 
Both these occurred about the :first of neap tides and the previous springs had 
been " Apogee " springs and consequently had small range without any bore or 
even strong rush of tide. It was suggested that the trouble might have been 
due to the high subsoil water level. Subsequently, pits were taken at various 
places in and around the mill area and water levels were observed at frequent 
intervals. The data of water levels in the pits were analysed and it was found 
that the subsoil water level was 26 feet above the local zero, the local zero itself 
being 4·5 feet above K. 0. D. S. (Kiddespore Old Dock Sill). The least water 
level determined from simultaneom tidal curves observed on March, 25, 1940 

(A) Indian Waterways Experiment Station, Poona, Annual Report (Technical) 1944. 
pap '1. 
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Ffgure 2C.74:- Showing Survey of Hoogly River (rom Konnagar to 6 miles upstream of Bansbaria ( 1940) 
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wag 1 ·75 feet above local zero. This gave the maximum head due to sub~oil 
water equ&l to 24 ·25 feet and a ~aturation gradient of about 1: 4. · During the 
inspection, it was found that the floor of one of the mi1l buildings which is quite 

· near the river bank had subsided in many places. It was als\l noted tha~ the 
foreshore was made up of ashes, clinkers, etc. These also contributed to the 

· collapse of the foreshore as particles of these materials offered very little fric
tional resistance and were thus unstable, Figure 2C. 75 shows the foreshore 
of Anglo India Jute Mill and the line of collapse. Figure 20. 76 shows cro~s 
sections. 

RECOMMENDATIONS 

The existing material, namely, ashes, clinkers, etc., should be J;emoyed ~s 
far as possible to a depth of two to three feet and new banks in sand sloirmg in 1 
in 3 Eihould be made as shown in Figure 20. ~6. This should be covered with 
two feet thick " one maund stone" (weighing 70 to 90 lbs.) · This· should l>e 

: fotlowed by 8loping stone apron four feet thick near the too, whY.!h w1ll.protect 
the lower poJtion of the bank and "ill also lower the Eaturatio:ri gradient by 

: suitable drainage material at thJ toe. This ,apron '!ill, of course;· have to be 
· l~id at the Jowest water level. It is alEo recommended that ·below· the bottom 
· of two fe(·t thick stone, there should be a six inch layer of graded stones ag 1n a 
waterfilter, so that there is no danger ofsandfiliingup the interstices of ~tone · 

· and obstructing the free drainage. It will also be noted that the stone pitched 
bank proposed above is designed so as not to interfere with navigati~n. 

DISCUSSION BY THE RESEARCH COliMI'rrEE . 
DR. BosE introduced item (1) and said that in dealing with problems ·of 

tidal rivers by models the model work could be divided into two part8 ; · · · · · . ' 

Part 1 .. -in which the hydrodynamica.l interact.ion bet"reen the boundary 
; of the channel with the tidal flow in the channel was to bd determined. 'In 
• 801lle simple ca..;es of channel configurations the motion had been sol~ed mathe
matically. \Vhen the channel configuration became complicated aS was mual 
with tidal systems, the help of scale model was being increasingly taken t() eolTe 
the problem. · 

Part 11.-in which the boundary was moveable and there w~ fine colloidal 
material in suspension. In tidal rivers generally the fluid medium was 
saline which accelerated the rate of precipitation of the suspended colloidal 

· material. No mathematical solution was possible in this case. Experiments by 
scale model were the only meaiM by which exact quantitative solution could be 
obtained. Professor Gibson's Severn Model was the only model in which 
efforts were made to take~ into account all the above factors in· model 
experiments. 

There were however, certain hydrodynamical characteristics of tidal chan· 
nels that preceded the general phenomenon of deterioration of their regime. 
These were supported by theoretical reasonings as well as observations. 
When a tidal channel showeditendencies of deterioration-

( a) the values of maximum and minimum levels showed a te1:1d~ncy 9! 
going up, 

(b) the tota.lenerarofflow acros~ a section of the tidal channel fell off. -
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pt the experiments on Matla-Po!ali system the rost part of the e%periment 
was undertaken • It was propo~ed t.o take up the second part later on. 

The first patt of the experiment was now complete. The . experiments 
showed that by closing Peali all the gauges in Matla and its other spill channels 
showed definite rise both in the high water and low water level8. But the 
total energy increase and the velocities at corresponding phases of the tide also 
increased. Though the rise in the gauges indicated deterioration, the increase 
in energy and velocity might counteract it. The results were thexefore not 
conclusive. Further experiments with bed sand and suspended silt will now be 
udertaken • ., - ' . 

. Mti. RoY gave furlher details of the experiment and said that Matla W~l 
a tidal river. The tides on the model were generated by the operation of a slid
iag . gate at the ~ownstream end of th~ model at Kultali. During the ftow 
tide constant discharge WM passed through the supply channel and this wt.s 
the maximum required by the model. The supply required at other periods 
was controlled by the manipulation of the gate at Kultali. DuriDg ebb &!I 

the supply in- the model was not required, it was by passed through a side · 
channel. In both tides, that is, ebb and flow, the gates '\\rere controlled 
alway~ by noting the gauge at Kultali and the time sequence of opexation of 
the gates wa~ noted. 'Vhen onoe the gauge was reproduced, the gates were 
rio longer controlled by the noting of gauge readings but · were manipul&ted 
according to the time sequence. 

The cycle was repeated more than lOOtimes and the result was statistically 
tested. It wag found that the cycle was fairly well repeated. The standard 
deviation wa1. found to be small and the readings consistent. Gauge readin:• 
were taken_·"'~ interval of 30 seconds with the existing conditions. of the river 
a:Bd ~~~~n~usly the readings of discharge in the two flumes were also takea 
.~n or~e~ ~ fin:d oui the discharge in the model. The energy of both flow and 
-ebb·.~~s. al~o. calculated at this stage.. . . . ' 
::. .. After. this _Peali was dosed and the model was tim with the same sequenc& 
of discharge as before. 100 cycles were repeated and analysed- statistically. 
It :was ~ound that the cycles were well repeated and standard deviation was not 
significant. . 
. · It was found that High 'Vater Level was increased nearly 12% at all places 
and Low Water Level wa3 also increased at Kultali and this increase diminished 
as it went up along the river. 

Energy of flow and ebb was also calculated at this stage at Ku1ta1i. 
The e:xpe:i-iment was in progress. · .. 

RAo BAHADUR J OGLEKAR introduced item (2) and said that Figures 20. 56( a) 
aad 20.56 (b) showed the conditions of flow at the Titaghar :Mill. It would be seen 
that the river was sharply curving upstream at the Titaghar Mill and immedia
~~ly downstream there was severe contraction. ·This resulted in a very inte:n
eive diving flow, which had undermined the sand layers of the bank leaving tke 
clay ma~rial behind, giving the shape of a knuckle.. The conditionS at tke 
Mill were dangerous for navigation. The object of thes,e .expe±izn~ts was to 
find out. best methods to remove the attack from the left. bank at the MiiJ • 
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Experiments were carried out with two models :-one 1/300 : 1/60 model which 
was laid in sand and the other larger, part-length model (1/150: 1/80). Lines . 
of flow were observed in the former, by running the model with a continuous ebb 
of the freshet Rpring tide observed on September 23 1941. This gave a dis
charge of 187,000 cm:ecs, the equivalent discharge of model being 1 ·34 cm:ecs. 

Several preliminary test.s had shown that severe conditions at the knuckle 
occurred only under the above tidal conditions and hence other tidal period was 
not considered. Lines of flow at E>urface and bed were cloEely observed in this 
model and the same were reproduced in a Eecond, large, part-length model 
in which the horizontal scale was 1/150 and depth scale obtained ~xperimentally 
=1/80 with a discharge of 1·7 cuseco=187,000 cusecs. · Under theEe co~dit~on-· 
there was movement of bed material. The object of repeating these experi
ments in a. large model was to obtain qualitative results as regards' accretion 
downstream of the knuckle, in the same way in· which results were obtained 
with the Dunbar MiH knuckle described in the last year's Annual Report~ The 
entry and exit lengths of this large model were sufficient viz. 20 feet and.30 feet' 
respectively; also a grid was put at upstream end so as to get the correct dstribu
tion of velocities &nd discharge 'intensity. various aligninents of longitudinal 
and cross rows of piles ~ere tested in th~se experiments and ~and was injected, 
upstream to see whether any accretion took place downstream' of tlie knuckle:.. 
The· results were not Eatisfactory showing that' the treatment which was found. 
successful at the Dunbar Mill was not feasible in this caEe~ , Tlie chief reaEoir was 
that the conditions at this mill were much more Eevere, in that, the change. of 
flow took place, immediately up[ tream of the knuckle leading to more t~bulence 
dow~stre~m. Bef-:ides as, ~tated abov~,. the mill property had bee~ pus he~ 
too much ~i:Lc:ide ~he river causing a very E:evere contrsct:on downstresm. · So 
the expeirments were begun in the small 1/300. scale model with the obj£ct 
of diTerting a pa~ of the fi.ow tow~rd! the right . bank ·opposi~~ th~~ 'l;itaghar 
Mill by means of 1sl~~d~. , · . . . . · .. · . ~ . , , · 

' Attracting ' islands had been tested in models and prototypes in the case 
of one-way rivers so far; it was considered that they might yield U$eful results 
even in tidal and navigational rivers.-' Attracting' islands had been described 
by the Station as being unsuitable for' training rivers. such ·as the Luni near 
f"amadari (Jodhpu~ Railway) where high formative discharges occurred fo:t. too 
short a durati()n to allow the island to leave its impress on river configuration~· 
this Station co!lEidered that islands of suitable design, thoughtfully located and 
ali~ed i~. relati?n tp the river ~~an4ers and the flo~ line~, haq. great promise 
on.tldal rivers, where tbe high and prolonged freshet flow gave them ample 
ECope as in th~ Cafe ofnon-tida} rivers ~ith a, long duration' of flood flow.' .. 

j • ' , : !. ,;, ; • ' ~ A . , • '- . ~ ~ 

In the case of tidal and navigational :rivers; one had to be very careful in 
properly locating the islands so tbat- · · · · 

(1) they should not obstruct the existing navigation channel; and 

(2) should be located on shoals to minimiEe cost of construction. 

Tke shape and alignment of islands and number of islands were varied in the 
~xperiments bas~d on experience of previous experiments at the Station ; th~ 
islands were gi~en a steeper slope on the side opposite right bank and fiattef 
~l~pe facing the Jett bank, eo that more· rceur would take place •• tke ateeFer 
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Slope side, which in turn, would attract more water to flow on the shoal ncar the _ 
right bank. Each alternative wa3 te~ted after running ten freshet spring tides. 
It was found that a single insland between cross sections No.6 and 7 shown in 
Figure 20. 72 gave better results than the island in conjunction with island.'i up
stream and downstream. 

:MR. FRAMJI introduced item No. (3) and said that the problem was purely 
of a local nature and the slipping was not due to river attack. The river con
ditions upstream and downstream were not at all so severe as to cauf\e the 
slips. There were slips just like those occuring usually in river bunds due to 
insufficient side slopes and insufficient drainage at the toe. He suggested giving 
a flat slope to the banks and recommended removing the cinders and ashes in _ 
the bund and providing a suitable stone apron. 

. RAo BAHADUR JoGLEKAR requested that the statement in the Bengal 
Report " It is the experience with tidal rivers in Bengal that such channels 
very seldom maintain their regime for sufficiently long time unless sufficient spill 
area is provided for them" be further elucidated. Spill water contained only 
· £ne materials in suspension and if this water was allowed to spill on the adjoin
in: area, there would be less discharge to carry heavier material on bed. It was 
not UBderstood how the channels would be in regime if spill areas were allowed. 
A river with embankments was expected to delay deterioration; where aa the 
river without embankments would deteriorate earlier. The e:xceas bed material 
W&S the main consideration, &S this led to deterioration of thP. TiVer and its mean-
d~. . 

DR. UPPAL referring to the papers introduced by Mr. Framji asked whether 
he had carried out any other full seal~ model tests. Since he had only a limited 
section of the model of the river upstream of the island, he wanted to know how 
the direction of flow upstream of the first island was maintained. 

MR. FRAMJI replied that the conditions upstream of the island were main
tained correctly as obtained from the long model which had been proved agaiiLSt 
the prototype. As regards the second point whether entry conditions changed 
with worse river conditions and whether tl1e island would then be suitable, he 
said that Dr. Uppal probably was not aware of the almost semi-rigid conditions 
of tke Hooghly, which changes very little if at all. 

DR. UPPAL wanted to know whether it would continue to be eff£etive. 
MR. FRAMJI thought it would, since bank conditions on the Hooghly do no~ 
change appreciably. 

RAo BABADUR JoGLEX~B requested Dr. Uppal to refer to Figure 2C. 74:. 
MIL. FRAYJI said that the signs of deterioration of a stream or a river accord

ing to the Bengal Report that the maximum and minimum gauges vary for th~ 
same discharges and secondly that the energy of flow across any section of the 
channel was reduced were secondary and stated that the primary sign, so far. 
as engineers were concerned, was the sedimentation of the channel •. 

DR. BosE pommenting on items (2) and (3) said that he called these ex
periments unreal, in so far as they did not take into consideration the realiti~s 
oftidal chaD.Rels ofBengal. In the Ganges Delta one was extremely charry 
out introducing any sort of obstructions, not to talk of islands in total channeL 
Professor Gibson kas also foun~ in h.i.; E>~perimont on ~vern. a,n~pee ~~at. t~i, 
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introduction of bridge piers in these channels raised both the high and low 
water levels and at the same time reduced the tidal energy of flow. Both these 
were fust indications of the deterioration of a tidal channel. In Bengal if any. 
boat or any other snag sank in a tidal channel, particular care was taken to 
remove the same at once. If they were not removed i.m.plediately, an island 
started forming with the snag as the nucleus which by the end of the season could 
divert the main channel altogether. This happened simply because the tidal 
rivers of Bengal carried such a heavy quantity of fine silt in suspension that 
whenever there was any obstruct: on to the flow, sedimentation started immedia
tely. · ·· · .: 

Further in these rivers there were two periods of " slack " in a tidal cycle· 
of 12 hours 30 minutes. They'were known as" High Water Slack" and "_Low 
Water Slack "whose duration generally varied between half an hour to one and. 
a half hours each time. Sedimentation took place mostly during these periods.1 

In. the experiments with the islands, no fine colloidal material was added to the. 
water which he presumed was not saline. In these experiments with islands 
two most fundamental characteristics of tidal flow were omitted-the absence 
of fine colloidal material in suspension and the action of saline water on their. 
ra,te of sedimentation. 

In the experiment on Hooghly river at Konnagar a continuous ebb flow . or· 
a certain intensity was run in the modeL · ' :. 

It W&i well known that c scoumig ' took place not so much due to the actual \ 
magnitude of the velocity of flow but due to the change iri the velocity either in, 
space or time. In tidal scours both these factors were operative. · They w~r~ 
more pronounced during flow than during ebb because of the fact .that duratio:q 
of flow tide was much shorter than that. of the ebb and in consequence_ the chang~ 
of velocity was much more rapid. These factors had also been ignored in thes~ 
eXperiments. · · 

Further action of a steady one-way current on a channel was bound to be 
very much different from that of a current which changed direction of flow 
every 5 to 7 hours. In a tidal .curve, as -~he water level rose fro~ P .t? Q Figur~ 

·- ~ 
Q 

C.B.l. 

Figure 2 C. 77 
2C. 77 theflow was upstream, • while as the water level fell from Q to R the 
flow was downstream. Even in this upward movement of five ho rs the velo· 
city changed from zero at P to maximum at P. 1 and then to zero again at Q. 
The same thing happened during the downward movement of 71 hours from Q 
toR. If the channel was straight, there could ha ~ been a chance of attaining 
uifona steady flow even for a short while but with a tortuous channel which 

- ,' ~ ~ 
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a tidal river always was, such chances were very remote. Further it was men
tioned that a continuous ebb-discharge of 1·344 cusecs (=1,87,000 cusecs 
observed in 1947) was run with water level at Konnagar 1S·5feet above K. 0. 
D. S. Though this one-way flow might represent one phase of the ebb-tide 
(say i ebb) at Konnagar it would not correctly reproduce the ebb flow at other 
points of the river represent'3d in the model. In this connection, see F:gure 
20: 57 . Though the ebb flow at cross section 4A might represent the prototype 
condition correctly, there might be high water slack at cross section SA at the 
same time. In any case, the condition of ebb tide at the different sections would 
be different. This was not reproduced correctly in the model by running a 
steady uniform. flow corresponding to a guage at one cross section U only. · 

MR~ FR.uu~ diff~red from the opinion expressed by Dr. Bose Firstly, ha 
said, Dr:Bo~ in effect appeared to ru!e out training measures altogether since 
:he obfec~d tincon~tionally" ~ ~he in~roduction ~f any obstruction in tidal 
channels. Secondly, MR.· FRAMJI ~on tended, since the problem was not so 
much one or sedimentation ·as of scour, the omission of colloids and salinity 
w_ould 'give' the: solution on the right side; ~hatever me~sure succeeded in eli~ 
minating the attack leading to the knuckle would have greater successs in filling 
ap the height, had colloids been injected and the model been running with saline 
Water~"; ·: . . . • • . ' T . T 

Thirdly, MR. FRAMJI continued, whil~ he would agree with Dr. Bose ~hat 
in certairl tidal problems it would be Wrong to test with a steady one-way 
eurrent, in the present case action was much more severe at the knuckle with 
ebb flow of 1/87,000 cusecs· at the head of the model than under any other 
eondition. · When preliminary experiments had established the fact peyond 
aoub~and when observations on the prototype by experienced local officers 
aad confirmed it-:-, it would be wrong to persist with tidal flow and thus nQt 
aubject the knuckle to the severest action. 

• II" , • 

THE c~ (RAo BAHA.i>u:a VENKATACIIA.BYA} closed the discussion and 
ad-yised that' in future ~very one· should try to submit the report as comp~ete 
al possible with all possible information supplied. . . 

RAo l3AHADUR J OGLEXAR stated that sliding gates used in Dr~ Bose~s experi .. 
ments to 1creat~ ~ides were according to the design in use at and supplied by 
the Poon~ Statio~.,.. . .. _ .- ~- : 

) ;. . 

DISCUSSION BY THE BOARD 
-~. 4 

THE SECRETARY referred to his note and said that the aub-heads 'Floods' 
a:ad' Stage-discharge relations' had been dealt with under Section A-Hydro
locr-2. 'River behaViour'. ·The rest.of the sub-heads were to be examined 
a ere. 

(I) FLOOD PltOTECTIOK WORK$ 

The work done at the Research Committee Meeting was noted by the Boud. 
' -. . - • • - ' .· • • - • • • 1 ~ ... 

(ll) RI!ER ~BAmNG WORD 

Tlll!l SECRETA.ltY described the discussion held at the Researck Comaittee 
VM~. ' 

It wu ieeidtd that the subject lho1lld eouu•• to remam • tU AI..U. 
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(ili) SCOUR AND EROSION 
THE SECRETARY said that five items were discussed at the Research Com

mhtee Meeting and that there was a lot of useful discussion. 
:JIR. K. K. FRAMJI referred to item (2) discussed at the R~search Committee 

Meeting and requested Mr. D. Mehta to let the house know the results of the mea4 

sur~ adopted on the Mahanadi anicut. 
l\I&. SENAPATHY said that the scour hole had completely si_Ited :UP· 
DR. BosE asked if there was any trouble due to siltation. 
~IR. SENAPATB:Y replied that there was no trouble at all now. 
The Board noted the position. · 

(If) SPILL 
It was decided that the subject should continue on the Agenda. 

(v) MEANDERING 
The Board noted the work do~e at t~e Research Co~tt~e Mee~ing. 

(VI) TIDAL ACTION INCLUDING THAT IN ESTUARIES . 
It was decided that the subject should continue on the Agenda. 

, r ' • 



3C-RESERVOIRS 
PREtlMlNARY NOTE 

The Research Committee at their 1946 meeting recommended to the Board 
t~at the subject " Silting of Reservoirs "be changed into "Reservoirs "with 
two sub-heads (i) Silting of Reservoirs and (ii) Losses from reservoira. The 
Board ll:as since accepted the recommendations of the Research Committee. 

(i) SILTING (SEDIMENTATION OF RESERVOIRS• 

This subject has been on the agenda since 1939. 
At its 1946 meeting, the Research Committee recommended for adoption a 

set of standard instructions on the subject. The Board at its last meeting 
adopted a resolution (1) on the subject based on the recommendations of the 
Sub-Committee. 
. The following items were discussed at the 1946 Research Committee Meet-
mg. 

(1) Observations at Dhukwan. 
(2) Pimpalgaon Tank in the .Alunednagar District. 

. (H) LOSSES FROM RESERVOIRS• 

This subject was introduced only last year (1~6). 
llecem l.JiurtiJ,'IJII'e. 

1. Lutz, J. F., and Hargrove, B.D.,-Soil movement u e1fected by slope 
ruscharge, depth and velocity of water, Agricultlll'al Experimental SU.tia.. 
North Carolina, State College of Agriculture and Engineering, Raleigh, If. C. 
1944. 

2. BroWD, Carl B. The Control of Reservoir Silting, lfiscellaneoua Publi
cation No. 521, United States Department of Agriculture. 

The Year's Work 
(I) SEDIMENTATIO-N OF RESERVOIRS 

. The following items were discussed at the 1947 Research Committee lleet-
mg:-

(1) Observations of suspended load at Dhukwan. 
(2) Relation between rate of 11ilting and rainfall. 
(3) Relation between rate of silting and catchment area. 
( 4) " Silting of Reservoirs " by .B. P. Saxena. 
(1) OBSERVATIONS OP SUSPENDED LOAD AT DHOXWAlf (2) 

ABSTBACT 
Obsenationa of suspended load at Dhukwan, initiatei with a view to deter

mine the rate of silting, have been continued. The suspended silt entering and 
retained bJ Dhukwan Ruervoir has been calculatEd for the mon~oon of 1943. 

• Sedimentation of resenoirs and capaeity surveys of resenoirs are the two sub-head 
proposed by the Research Committee this year (1947). The previous sub-head" losses from 
reservoirs" goes under ~ion A-Hydrology item (5) Regmeration and losses. 

(1) Central Board of Irrigation, Journal, April1947, page 136. 
(ll) United Provinces Publie Works Department, Irrigation Research Station, Annual 

Report on Research Progress, 1946 Technica.l Memorandum No. 17 page i. 

684 



RESERVOIRS 

TABLE 3C. 1 
Sltowing we~qlzt of silt deposit at Dltukwan 

\ 

I Average rainfall Total weight of 
Serial I of the catchment dry suspended 

Xo. Year in inches silt entering the 
I reservoir in lb 
I 
I 

1 I 1941 20·6 4,848,228,000 
2 1942 54·6 26,3ll,333,356 
3 1943 33·8 8,074,146,564 
4 1944 28·0 7,007,305,536 
5 1945 34:·0 19,853,834,400 

61 1946 38-g 9,188,834,200 

I 
I 

! 
i 
I 

~· 

Total weight ot 
ed 
edi 

dry suspend 
silt retain 

in the reservoi r 
in lb 

1,146,499,2 
2,458,051,59 

00 
6 
6 
2 
() 

2,348,302,17 
1,603,147,39 
3, 703,552,20 

477,914:,2 00 

. Figure 30. 1 shows the relation between silt entering and silt rt3tained 
in the reservoir, Table 3 C. 1 and average rainfall. There appears to be'a possir 
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Figure 3C. 1' :RelatioJtship betw_een rainjaa over Dhukwan Catchment. · 
bility of relationship between the silt brought down and the annual raillfaii 
which will be worked out when more data is collected. .. As in previous yta.rs &Il 

attempt ha." been made to determine the weight of dry silt contained in a-cubie 
foot of deposit at different sites of the reservoir. The dry demity of the reser
voir depo3it varies from 77·5lb. to 71·0 lb. per cubic foot, as its moisture eon
tent increases from 33 per cent. to 40 per cent. Assuming the den..~ity of deposited 
material to be 77 ·5 lb. per cubic foot on account of compaction done by the 
Ruperimposed load. The total volume of deposit for the year works out to be-
6 ·17 million cubic feet or 141·3 acre feet. 

It is intended to continue these observations for some years. • Siplllar 
observations have also been start.ed at the Nayar River to estimate the silt 
charge of the river a hove the .site of the proposed dam. • 

(2) RELATION BETWEEN RATE OF SILTING AND RAINFALL (3) . 
Last year, a graph (4) was plotted, giving the variation of s1lt entering and 

silt retained in Dhukwan Reservoir with rainfall in· the entire catchment 
- . -

· (3) United Provinces Public works Dep!lrtment Resea~h ·Station. Annual-' Report on. 
Researck Progre::a 1946, Te~ltnical Memorandum No. 17 P. 6~, · ' · 

(4\ U:aitoi Proyiaces Technical llemorandum No.l6, Grapa No. I, Pa:e I. 
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'This year, the same relationship has been attempted for a number of Bundel
khand reservoirs for which continuou.~ records of total annual accumulation of 
i!ilt as well as rainfall were available. 

A. graph has been drawn showing rate of silting, i.e., annual accumulation 
~r bilt in acre feet per 100 square miles of catchment against annua·t rainfall in 
inches for different reservoirs, vide Figun 3C. 2. Figures have been taken 
from columns (6) and (8) of Table ac. 2. It may be seen that except for Koncha 

J 
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Fi~e 3 ·C. 2 : Graph s1unoing r~ of s?J'Zting in acre feet and annUal rainfall 
in inches 

Bhawar and Thana, which are very small reservoirs, there iCJ some degree of 
association between rainfall and rate of silting though it is clear that rainfall 
alone cannot be the main factor responsible for silt accumulation. It may 
.also be concluded that very small reservoirs, whose catchment area is of the 
~rder of three square iniles and less, behave differently from larger reservoirs in 
that the rate of silting of the former is very much higher. 

(3) RELATION BEi'WJ;:E.N RATE OF SILTING AND CATCJIMENT AREA (5) 

Th~ formula (6) expounded by Sir Claude Inglis was tested for Bundelkhand 
~tchments. Sir Claude assumes : · · · · 

(') United ProTinoes, Public Works De~ment, Researek Station,Annual Report on Rese-
arc~ Propees, 1~, T~hnical Memorandum ~o. 17, f!-g& ~· · · · 

(~) ltelationahip behreen Silt Volmae aocwmulated ia BaaiDa and Beeenio_n ud Ate& of 
WaterUN ia C.B.I. PaWieatioa No. k' · · · · ' - · "' -- '' ' · •' 



TABLE 3C. 2 
s 

Statem~nt giving rate of siltin,q and value of O:rzo A •75 lor various Catchments in tlte · Unif.eil Protincee • 
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1 

2 

I 

.4 

Dhukwan 

Barwasagar 

Gangao 

Dhandraul 

Pahari 

G · Thana 

7 Pahuj 

I Koncha Bhawar 

9 · Bara Tal 

Hilly and Rocky 

Hilly covered with 
forests 

Hilly and rocky with 
little cultivation 

Hilly with· steep slope 

Hilly with' bare ateep 
slope . · 

Partly hilly wooded. 
with steep slope 

Plains and Hilly 

Plains 

Plain!! 

71·00 

7,199 

110 

3,026 

. 3·20 

120 

2·70 

2·00· 

'' 
4:·00 

02·50 

1·30 

23·4<t 

0·51 

.. ~ ' 

' 

4:0·60 

31·29 

. 97·28 

37·34 

35 

31·72 

36·66 

29·69 

4:5·30 

32·69 

29·28 

28·70 

7·60 626·24 0•7241 

16·00 11·36 0•4644 

8·86: 637 ·78 0·8160 

147·801 162·56 4·7860 

34•23 1035·86 2·5390. 

275 

53•30 

8·1 3·67Q; 

71·20 .1·7640' 

1•60 30·30 28·36 282·00 7·61 3·614:0: 

8·04 4•7300. 0·00 402·00 

35 Based on capacity 
survey of 1907 
and 1942 

73 

27 Based on capacity 
surveys of 1912 
and 1939 

12 Based on capacity 
survey• of 1933 
and 1945 

28 Based on capacity 
surveys of 1911 
and 1939 

73 .. 
5 Based on capacity 

surveys of 1 Q40 
and 1945 

22 

27 

.. 
.. 
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S =0 ·5 A o ·'5 acre feet per ye~r for rocky catchments, 
8=1·7 A o ·75 acre feet per year for normal catchments, 
and 8=5 ·5 A 0 •75 acre feet per year for soil catchments, 

-with intermediate values of 0 for intermediate types of catchment~, where 
_S=.:~ilt accumulated per year in acre-feet, 
A =catchment area in square mihs. · , 

Values of 0 = S/A 0 •75· v.ere worked out for va~ious Bundelkhand catch-
ments and are given in column (10) of Table 3 C. 2 the figures being calculated 
Irom columns ( 4) and (9), which give A and S respectively. It may be Eeen that 
except for Dhandraul, Pahari and Thana, the values of. 0 for most of the reser
voirs, whether big or small, agree fairly well with Sir Claude's constants, which 
may; there~ore, ~ adopted for Bundelk1:land catchments. 

COKCLUSlOB 

Sir Claude Inglis's formulaS = OA 0 •76 !or annual accumulati~n of silt 
;is recommended as a useful guide for Bundelkhand catchments. 

(4) SILTING OF RESERVOms 
. by 

. B. P! Sazena, I.S.E., . , 

Superintending Engineer, U.P., lmgation Department. 
ABSTRACT 

Gives an analysis of observations of the quantitative studJ of the J)robable 
:rate of silting of some of Ole reservoirs in the,UnitedProvinces over a lone period 
IIJ ca»acit11l11'1'en. A few tnncal eumples ol Ole llD&ller resenoirl have also 
Jleen incorporatecL • = 

DTBODUCTIOI 

It is well known that glacial, torrential and other streams do carry 
Narying silt loads, depending on the physical characteristics of the catch· 
ment, the vagaries of rain and snowfalls and peculiarity of dispeming basins. 
In the case of impounding :re--~rvoirs7 the transported sediment is 
trapped by the dams, and its accumulation in the storage basin gradually 
reduces their capacity. Experience gained in recent years shows tbat the 
loss of storage by silting is a major problem, not just because· some sedi
ment is deposited in our lakes, but because it is deposited in such quantities 
..as to cause economic loss to the present as also to future generations. 

Water storage is a vital factor in the economic structure of United 
States of America, where nearly :five billion dollars have been invested on the 
.ronstruction of some 9,000 larger dams and impounding reservoirs. They 
provide one third of country's electric power, furnish water supply to areas 
where a fifth of population resides and irrigate land~ thatproducefi.vepercent. of 
its agricultural products. Observations indicate that many of the reservoirs 
are losing from one to :five per cent. of their capacity every year, and some 
.of them have got completely choked up in a period ranging from one to fi.Te 
years. Some 2,000 smaller reservoirs have got :filled t.o the top of the dam 

-
•Noi printed but included iJl c.:B.J. Pablieatioa No. 43. Siltiq of~u. 
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with the debris brought by the streams and the annual loss due to reduction 
of storage is computed to be upwards 50 millions dollars. Naturally, the 
subject of silting has assumed great importance in the United States and is 
being studied on scientific lines. 

Here in India, keen interest is now focussed on the problems allied with 
the silting of reservoirs, greatly for the consideration of Post-war Schemes 
of Dam construction all over the country. Huge stakes are involved in the 
contemplated projects, which are proposed to provide irrigation for large 
unirrigated areas and to generate power:for the industrialisation of the country. 
The capital outlay may run into millions of pounds, and the sunject for study 
is of all India importance in which this Pro.vince has its due share .. 

ORIGIN AND NATURE OF SILT 
. . . . . 

Silt is produced by the process of disintegration and erosion of rocks ·and 
and soil in a catchment under the action of wind and water, and is transported 
by flowing water into streams, in suspension and as bed load. The principal 
factors leading to the production of sediment are (1) sheet. erosion' or the 
removal of surface soil by overland flow, (2) gullying or the cutting of channels 
in soil by concentrated runoff, (3) the washing away of material from cuts, falls 
and surfaces of lines of communications and (4) the scouring of material by 
concentrated flow from the beds and banks of streams in valleys. The quanti
t&tive and qualitative yield of silt is dependent on watershed characteristics 
of the catchment and on the factors which influence erosion in the different 
basins. If precipitation and high rates of runoff, turbulence of flow, steep 
cou.ntry slopes and extreme variations of temperature tend to increase erosion, 
protective cover, impermeability, adhesion and low runoff form a resisting 
force against it. 

TRANSPORTATION OF SILT 

The material produced by erosion. varies from large boulders to fine 
particles of sand and clay.· It is carried through by movement as suspended. 
and as bed load by a complicated· process~ Its disposal along the course of 
the carrying stream depends on the nature of the flow ; accumulation of 
the material is caused when the velocity is checked whereas its removal is 
accentuated by the acceleration in the velocity. The finer particles are in 
suspension near the surface of the flow while the proportion of coarser material 
which is pushed and rolled along the bed increases according to the depth of 
water. A rising river overcharged with sediment tends to deposit its load; a 
falling river with a deficit of silt tends to scour. If the river is turbulent, the 
bed silt is carried up to the surface and the distribution of sediment in a volume 
of water is more uniform than it is when the river flow is regular and gentle. 
Theoretically, there is no clear demarcating line to determine the exact relative 
proportions of suspended and bed loads, although experiments indicate that 
there is an empirical and unique division between the grain sizes carried by 
each mode of transportation (7). 

(') Einstein, H. A. and other3 " Distincthn between bed load and s~pended load in 
natura 1 stre :~.m. " 
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IVSPDDED LOAD 
Silt in suspension varies greatly in weight and voiume, ~penditlg OD 

the source of sediment, intensity of rainfall and rate of runoff, so that the 
measurements of a silt load for a given discharge will not indicate that the 
same load may be carried by an equal discharge at another time. The degree 
of concentration of silt is governed by the size of particle, the discharge of the 
stream and by fluid turbulence. 

Suspended ~ediment is oontinously tendillg to seitie doWn hut is being 
thrown back intO the stream by . scour from the bottom, due to turbulence. 
There is equilibri~ as long as rate of scoui ~~ ~qual to _raie of seitlemeni, but 
Sediment c.o~centration increases when rate of scour ~s ~ate_r. On the. o~her 
hand, the stream unloads when rate of unloading is related with the size and 
the settling velocity of . particles in suspension as also with the depth of the 
ma~tude. of turbulence. Thus, it is seen, that the degree of turbulence is 
connected with the distribution of sediment concentration, and E. W, Lane and 
A. A. _Kalinske {8} have developed analytical expression! for total sediment 
load in unit sections, which may give more accurate estimates of suspended 
i:lediment than the averages of a few measurements at arbitrary sampling points. 

. . . 
. The oommon practice is to determine th~ suspended silt by 6tandard 

methods of sampling and analysis. .AJJ mentioned by Khosla (1)~ a sample takea 
from six-tenthdepth will give the mean percentage of silt in the vertical within 
th~ limits ofpe:nD.issible error, and that the mean of the reSultS fro:m three testa 
made at the centre of the section and at distances of one-sixth the width from 
each edge of the stream will give mean percentage for the cross section. 

The Deveiopment- and Research division, Sind had been conducting 
exi?eriments on estimating SuSpended load iri alluvia} channels and in their 
report for December, 1945, they have recommended" tenpoint precise method'' 
for rivers which u.~ually have a departure from uniform flow conditions. . . 

·BEDLOAD . . ' . . ' . ~ 

. Whereas analytical arid praclic&l ·methods . luive been evolved to esti~ 
mate suspended loadS with a fair degree of accuracy, bed loads ares~ variable 
1;111der different conditions that accurate ooinputations are not p~sible. Par
ticles which are too large for movement in sn8pe~ion are _catrie~ by trans
porting forces as bed load, and an estiinate for particular discharge and slope 
conditions may be made by analysing bed surface material, III!IDediately ~er 
a flood. Large scale experiments have been conducted on ~erica:il rivera, 
an~ although it is indicated that bed load unlike suspeJ?,ded l~ad is. directly 
related to the discharge at all times, the investigations are_ inconclusive in 
determining a relation between bed load and the total _charge of a stream. 
Investigations. for the design· of the .All.:Ainerican C~nal indicated that 
Schoklitseth bed-load forinula gives satisfaetory results. This is : 

86 ·7 (Q-bq) 
G= in s 

(') Lane E. W., Kalinske A.A., " Engineering calculations cf suspended sedimeut. " 
(') Khosla, A. N ., " Silting of Ruervoirs ". 
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G i8 total bed load in pounds per second ·; D is effective grain diameter ; 1. 8 is 
slope of the energy gradient ; Q is total instantaneous disch&.rge in cubic feet 
per second ; b is width of river in feet ; and q is critical discharge in cubic feet 
per second per foot width at which movement bt'gins and is equivalent to 

O "00532 D Th b d 1 d hi be I I- d b . . . : . S! . e e oa can roug y ca cu ate y assummg a smgie repre-

sentative grain size for the bed load sediment and means values for the slope 
and discharge . .Accurate computations are, however, not possible owing to varia
tions of bed material from time to time and shifting eff.3ctive bed widths for 
which necessary assumptions have to be made. There are two useful contri
butions which discuss the theory of suspended and bed loads ·and which have 
been published ( lO). · .. 

According to the numerous investigations made on American rivers 
and streams, the bed load has been variously estimated to vary from one to 
25 per cent. of the suspended load. There is, however, no mathematical 
relation between the quantities of bed load and suspended load as t4e two are 
entirely dependent on the nature of catchment and on the transporting 
capacity of the stream. · 

· PBENOMEXOX OF SILTI:NG IN RESERVOIBS 
r · ' The process of sedimen.tation commences from the.time when an artifi,cial 
storage is created by the erection of a barrier to the normal flow of_ a stream. 
Velocity of flow is reduced due to its impinging upon the pond of water in a 
re~:~ervoir and the unloading of the fluid charge starts.· The heavier sediment, 
whether in suspension or moving as bed load is deposited first, tending to form 
a sort of a delta at the junction, gradually extending ~pwards into the river. at 
a flatter gradient and partly into the reservoir at a steeper slope .. The form of 
the delta, however, is affected by variation in reservoir water level; and no 
deltas may be formed if the stream does not carry coa1·se sediment.. Silt laden 
flow, on its entry into the still-waters of a storage basin, has a greater speci:fie 
gravity. It tends to settle down as it advances over a fan shaped area towards 
the dam, displacing clear water of the storage which rises up and i.~ the .first 
to be discharged over the spill-way as inflow increases beyond th~ capacity of 
the basin. Dissipatio~ oftramporting forces and deriseness.ofthe load naturally 
lead to deposition of sediment, in the deeper areas of the reservoir, in relation 
to the shape of the basin. If it has a regular shape, the deposits are formed 
uniformly along the axis ; if it is shaped irregularly, the 8ilt is distributed 
heterogenously. The he~vier .particles, in any. case, are deposited first, the 
smaller sizes are carried further and may not be d~posited at al.,., depending on 
the volume of inflow and the relative turbidity of the fluid e"'caping from tlie 
basin. \Vhen a reservoir has enough capacity to accommodate. the incoming 
floods with sufficient time to permit all the sediment to settle down. the basin 
acts as a trap ; on the other hand, if \he basin can accommodate only a fraction 
of the total inflow, relative deposition of suspended load will depend on the 
intensity of runoff and the turbulence of flow, even if the whole of the' bed 
load may be int~rcept~d. · · 

(1') The Central Board of Irriaalion, Q11arierl1 Bulletin No. 15, 1938 and Jouma~ Octo~er 
lNL - · · 

M51CBI 



It 'has to be noted that the storage basin of a reservoir exerts • c~rtaiJJ 
iduence on silting in its own way. 'Yhen the flood velocity receives a. 
eushioning effect according to the height of dam, sedimentation start.s due 
to loss of ~e]ocity. The velocities at a cross section will vary from the 
eentre towards the flanks. Farther are the :flanks apart, the greater will 
be the difference in velocitie~. Con<;equently, a fan type basin is likely t~ 
have greater sedimentation. On the other hand, if the reservoir is confined 
within narrow and high banks, the variation in velocities is lesser and greater 
part of the silt load is carried away, oftener when the capacity of reservoir is 
only a small part of the annual inflow. 

ANALYSIS OF THE SILTING OF RESERVOmS llf BUKDELKHAJm 

The composition of wat('!rshed catchments of Bundelkhand re~ervoi:rs 
ia more or less similar, but the trend of silting is different. The comparative 
rate of sedimentation has been given in Table 3C.3. The conclusions are: 

(a) ReJervoirs like Dhukwan, Pahari and Gangao form one cla~~.s. There 
are no reservoirs above them and their sluicing capacity with respect to normal 
floods is too small for consideration. Rate of sedimentation is high in th• 
first 15 to 20 years, varying with the nature of the catchment from nine to 37 
acre foot per 100 square mile catchment per year. Later, the rate rapidly 
fall.:1 down and may ultimately be negligible. This is easily explained. The 
runoff capacity ratio is high being rougly 100 to 1, and the river spates require 
a certain section to maintain the :flow. The obstruction by the dam causes the 
dips and the flank~ of the storage basin to fill up with the silt in the early years. 
A stage comes when the river section is adjust.ed to carry the normal flood 
discharge. Under such. a condition, the disposal of the suspended load in the 
area of the lake is harmonised with the conditions of flow al'.l they are in the other 
parts of the river and silting is greatly reduced. Besides, the progressive 
development of deltas above reservoir lev~l helps in trapping some of the silt 
load, and shrinkage combined with· settlement of silt deposits due to weather 
and due to supt-rimposed load of additional silt reduces the silt volum~ in the 
atOl'age basin. - · 

· (b) Subsidiary reservoirs like Lachura below Pahari, Bariarpur below 
Gangao, and Pahuj below Garhya and Palanpur show insignificant silt deposit 
in the· first 15 or 20 years, when the upper· reservoirs had been picking up the 
maximum volume of silt. As the lakes a hove are forming a stable section for 
~he l>~age of normal flo~, m?re silt ~~ travelling downward~ to subsidiary 
r~:tvous where rate <lf slltmg Js now s1x to seven acre feet, per year per 100 
~quar~ mile catchment, and is ~howing a rising tendency. 

. (c) Bara Tal and Koncha Bhanvar tanks are the worst silters. Capacity 
. zuno:ff :tatio is unity and so, the normtll runoff along with the entire bed and 
suspended load i~ accommodated in the lakes almost every year. In these tlf• 
eases, silt is being deposit~d at the rate of eight acre feet annually ; the capacity 
ef the lakes is about 800 acre feet each, and at this rate they are likely to get 
partially choked up fn a period of 100 years. The rate of silting in later ye~ 
nay, however, rap~dly decrease when the re~rvoir silts up to a section requirei 

-(or norma, fiood discharge, and the useful life of tht lakes may be some,-ha.t 
prolonged. · · · 
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GENERAL OBSERVATIONS 

Sedimentation in reservoirs is governed by a large number of factors, 
such as, the physical characteristics of the catchment, capacity runoff ratio 
transporting power of the nmoff, the form and shape of the storage basin, the 
escaping capacity of the sluices with respect to normal flood discharge, ett'J. 
The rate of sedimentation per year per 100 square miles of catchment ofBundel
khand reservoirs during some 30 years of existence ranges from 4. to 27 acre 
feet when runoff capacity ratio is as high as 1 in 80 to 1 in 100. The case of 
reservoirs having capacity runoff ratio approaching unity is,. howe-ver, different. 
Such reservoirs with small catchment.3 of a few square miles, show a high rate 
of silting, i.e., about four acre foot per square mile catchment per year, M the 
entire silt of a seac:on is readily trapped in the storage basin which is within 
an easy approach. -On the other hand, reservoirs with bigger catchments. and 
capacity runoff ratio stiil nearer unity, have a greater area for the dispersal 
of transported silt load. The rate of silting in such casest is more controlled 
although the entire runoff is accommodated in the lake. ' 

No fonnula can be laid down for the rate of silting, but it is observed 
that the extent of the cultivated and other erodable area as also the low runoff 
capacity ratio are likely to give a high rate of sedimentation. Rai Bahadur 
A. N. Khosla has suggested the maximum rate of silting as _75 acre feet per 100 
square mile of catchment, and he has probably based his conclusions on such 
data of Indian reservoirs that be bad and on the study of the reservoiis of other 
countries.· The statistics compiled for the rP-servoirs of this Province show that 
the maximum rate of silting, as on Pahari reservoir, is 28 acre feet per 100 
square mile catchment on an average of 38 years. This rate has a downward 
tendency, and as time passes by the average rate· per year is likely. to be less 
than 28 acre feet; as afterall, the reservoir should be left with an equivalent 
.river section to carry normal spates. · 

DISCUSSIO~ BY 'l'BE RESEARCH COMMl'lTEE -· . 
MR~ CHATURVEDI introduced items (1) to (3). He said that in the United 

Provinces they had started experiments on the determination of SUupended load 
and dso on silting of the reEervoirs in the Province. For the Dhukwan reser· 
voir, data. for six years was now available. The results.were not conclusive. 
But they gave an indication of the silting for this period.· . For this particular 
reservoir the ratio of water stored to_ the total run-off was rather E~mall, five 
or s1x pel' cent. The silting wa~ defin~tely reduced ~~h bigher rai~-fal1. 
Figure 3C. 1 sho" ed that as the ram-fall mcrea~ed the silt!ng tendency (hd not 
go up proportionately. They had also foULd tha~ the relation ~tween the rate 
of silting and the catchment ar~a ~or ked ou~ by Su Cl~ude In~lis ten years back 
wa3 applicable to the reservo1IS m the Uruted Provmce~ also. 

:MR. SAXENA introduced item (4}. He obs~rved that his paper related to 
reservoirb in the United Provinces only. The capacity of reservoirs had teen 
considered for a -number of years, from which a reduction in silting l1a.d. be€'n 
noticed. He tried to get similar data regarding the reservoiro in the South 
and in Ceylon, but unfortunately they ~ad no ~eg~1la~ record of th~s kind an~ 
so he could not compare the rate of ~edimet.t~h.n Wlth otber provmces. Ilia 
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conclusion~ were t"o-fold, one that the rate of sedimentation depends on (1) 
the e.hape of the reservoir and (2) on the capacity and run-off ratio. Tlie 
entire static Eilt was carried into the reservoir. Laboratory experiments of 
bed and suspended load were carried out and useful data. was arrived at. Rai 
Babadur Khosla after his return from America had written a note on silting 
in reservom, in which he had analyeed the rate of silting and given the maxi
mum rate ac; 75 acre feet per 100 square milru. His conclusion wa~ that the rate 
of ~ilting for rec:ervoirs of the United Provinces was to the extent of 28 acre 
feet per 100 square mileg. Such reEervoirs which have capacity-runoff ratio 
tending to unity have a much higher rate of silting._ On the other hand, 
there is one ca~e of Paricha reservoir where the capacity has appreciably 
increa~ed due to erosion of bed and sides. ' 

!{AI BAHADUR BIJAWAT Eaid that in Bundelkhand the question cf finding 
out the rate of silting was taken up a very long time ago, probably in 1912. -.. In 
1913-14, they made Eome observations at Dhukwan and Pahari for finding 'out 
the quantity of ~ilt carried by the river. At that time they thought that the 
life of the Pahari l"€Servoir would not be more than 40 or 50 years. Already 
nearly 35 years have pa~sed and the capacity for Pabari reservoir had not very 
much cranged. Therefore, there was something wrong in tl1e calculation 
of the rat9. of f-!ilting that was then determined. He agreed with :Mr. Sfl~xena 
that. there were many other factors besides those which were then considered. 
He hoped that the· experiments which were now being carried out would 
take into eonsideration the fact that re~ervoirs which were expected to fill up 
in 40 to 50 yea.rs timP. as pe.r theoretical calculations had not yP-t been effected 
very appreciably. · . : · . , .. · 

Ma. BLEXCH taid that tl1e colloidal fraction of a river's transporkd sedi
ment could accou11t for a major portion of a reservoir's loss of capacity from 
Fedimenta.tion. Sand and silt settle in the delta, at a gross density of about 
92 lbs. per cubic foot, but the clay size matf>:rial passes forward in a density 
current and wi11 pa8s through a. re5ervoir even as lor g as the one at Boulder 
Dam provided the means are provided to remove water from the base of the 
Dam. If the means are not provided, then the material will gradually fettle 
into a 1)asty mass of bulk dry deruity about 24 lbs. per cubic foot that is, for 
a given mass, the clay-size material will waste four times as much r&ervoir 
storage space as will non-cohesive deltaic material. If, as in the Lower ~Iis
E-issippi the clay content of sediment is about 40 per cent. by weight, then a dam 
that provides means t<> remove the density current would increase the life of 
its reservoir nearly three times. He had recommended density current with
drawal for Bha'k"Ta Dam, where the colloidal content of the water was· probably 
only five per cent., mainly because the collection of that material in the reservoir 
would deprive the irrigation water of the Sutlej Valley . of its fertility ; he had 
heard adver.:~e comment on such deprivation when visiting the Imperial Valley 
area below Boulder Dam. · 

P\/Cferring to the river sediment observations and bed surveys in the 
Elephant Butte Reservoir, U. S. A., he pointed out that when their results 
were quoted to prove a certain averaged d~nsity of deposited material they 
ignored the differentiation that must have occurred actuallv. In a reservoir 
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long enough to permit a density current to fonn, the mean density or depoeit 
eould be used to estimate the clay fraction if deposition in the delta and the 
aft~r-delta were taken to have the densities he had quoted; clay subjected to 
a.ltE'mate wetting and drying, or to load, would, of course, inrrea>;e its density. 

MR. CocHRANE said that though the Central Provinces had not doma 
· much research in this direction some investigations were carried out in 1940-41 
after a bad monsoon, combined with heavy draw-off.:~ for irrigation purposes, 
bad left a number of tanks dry. The depth of silt deposit was ascertained 
directly by digging numeroud test pits in the tank beds. · The results indicated 
an annual deposit rate of the order of from 6 to 12 acre-feet per 100 square 
miles of catchment area, but were by no means conclusive. 

MR. CBATURVEDI said that he wished to confirm what had been said by 
llr. Blench. He also considered that density was to be taken at two or three 
places. In reply to Rai Bahadur Maydeo the speaker said that the higher 
the floods, the higher was the rate of silting. Also older the reservoir, the 
less was the volume of silt accumulation and hence less was the percentage of 
silting. 

:MR. BLENCH then moved the following resolution :-
Resolved that the Research Committee recommends to the Board to re· 

quest all provinces and states that :-
(1) At discharge-observation sites on main and tributary stream, sedi

ment discharge observ~tion, with analysis into principal sizes, should be made 
concurrently with every water discharge-observation. The result should be 
correlated annually with erosion intensity surveys done by the Forest Depart
ment. . . 

(2) Every project for damming a river system should contain a report 
detailing; in quantitative terms, the whole relevant sediment data and the 
economics of action required to protect the re!ervoirs from rapid losS of capac
iiy, and the rivers from undesirable regime changes. This repOit should be 
prepared by conservation experts working in liaison with engineers from the 
time of conception 'of the project. 

MR. BLENCH baid that he had used the word sediment because the term 
" silt " had now acquired the specialised meaning of " material of diameter 
between 0 ·002 and 0 ·02 millimeters ". 

He described how, in the U. S. A., reservoirs had been formed without 
eonsideration of sedimentation and how, in 1935, the U. S. A. Governm.en; 
had to create a Soil Conservation Department to assess the magnitude of past 
errors, and recommend corrective and preventive action. He described to the 
meeting the tremendous damage that could be done to the physics of a country 
by unconsidered temperiri.g with rivers, and depicted the situation that would 
arise when a community that had built its prosperity on the 'Y'ater of a reservoir 
found that its source of prosperity was no longer of use against periods of 
drought and would vanish altogether within one o:r two generations. He said 
that, in the u~ S. A., Sediment Surve)·s and co-operation between departmena 
were now recognised as essential and were being put into effect although current 
literatU-re had ·not yet given these actions publicity; and he was anxious that 
India should start its projects with adequate data and with prope: cooperation 
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between those who built \VOI'ks and those who understuod their conseqti~DC81 
He was of the opinion that suitable Eoil comervation actions, enforced in tim.l 
un a country, could often, after allowing for their cost, p:roduce. successful 
c,onditions for reEerioir projects that otherwise would have ende~ in fa~lure; 
hence the need for data. that would thow the locus for conservation action, and 
for com:ervation experts and engineers to work together from the time i\ project 
was contemplated. · , 

After Eome discussion, the reEolution moved ·by Col. Blench was pa.~ti 
unanimoUbly. , . ; . · · 

(ii) CAPACITY SURVEYS 

There was no item for di~cu..~sion under this sub-head. 

DISCUSSION BY THE BOARD 
THE SECRETARY raid that the two new sub-heads were (i) sedimentation of 

.and (ii) capacity fut:veys. He recalled that a comprehensive resolution on this 
subject was pasEed by the Board at ito last meeting in 1946. This resolution 
bas been publirhed in the C. B. I. Journal for Apri11947. It was also forwarded 
to aU administration.~. The replies received from Sind, .Cochin, the United 
Provinces and Bombay fhowcd that in~tructions had been issued to the officers 
concerned for impltlmenting tl.e recommendations of the Board. . TlJ..e Central 
Provinces, Madra'=~ and Ceylon had replied that due to shortage of staff it was~ 
not po~sible for them to take up the obr ervations for th.e precent. · 

Continuing THE SEcRETARY stated that Chief Engineer, Jodhpur had raiEed 
Jil, few points regarding the resolution of the Board as under-

1. Due to shortage of staff Jodhpur could not take up the observationS ia 
11.ccordance with the recommendations of the Board but if the informatioa 
ptrtaining to measured depths of silt' depo~it obtained by digging the bediJ 
-of tanks when they were dry, the ages of which were known accurately would 
be of value, the Chief Engineer was prepared to supervise the obtaining of it 
peThonally. · 

2. Regarding the advancement of delta into tank beds, he suggested that 
the only satisfactory way of recording would be by means of air photos taken. 
.at :five years interval over a representative series of tanks ; this should not be 
~ither a difficult or costly matter to arrange. 

3. Since there was very little silt in Rajputana rivers, yearly measurement 
of Pilt by levelling or E-oundings would not show significant changes he suggested 
that the interval should be five vears. 

" 
4. For flashy rivers, silt fampling is difficult to arrange and the information 

to be collected would not commen~urate with the cost and trouble involved. 
The Board examined the points raised by the Chief Engineer, Jodhpur 

and after diEcuEEion, decided as follows :-
1. The information so obtained would be very useful, and Chief Enginter, 

Jodhpur be requested to collect it. He should also be requested to ascertain if 
pOssible the dry bulk density of silt in situ, by layers, in its wet (spongy) sta(e 
.and whether it is possible to distinguish the variona layers-yearly or ot her• 
wilt. 
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2. A good suggestion which might be adopted for all reservoirs. The periocl 
between two iuccessive photographs would vary for each case. 

3. The period. would vary for different places and must be determined by 
local officers. 

4. Agreed. 

Continuing the Secretary intimated that as pointed out in his report 
the Executive Committee had approved the publication of" Silting of Reser
voirs" by Rai Bahadur A. N. Khosla, and other connected data. 

(I) SEDIMEJITATIOH OF RESERVOIRS 

The Secretary described the work done at the Research Committe& 
meeting and requested the Board to examine the resolution passed by it. 

Mter some discussion, the following resolution was passed by the Board :

. Resolved that all provinces and states be requested that·-

(i) As an ultimate objective, but for the present as far as possible, at 
discharge observation sites on main and tributary streams, sediment discharge 
observations, with analysis into principal sizes, should be made concurrently 
With every water discharge-observation. The results should be co-related 
annually with erosion intensity surveys done by the Forest Department. 

(ii) Every project for damming a river system should contain a report 
detailing, in quantitative terms, the whole relevant sediment data and the eco
nomics of action required to protect the reservoirs from rapid loss of capacity,. 
and the rivers from undesirable regime changes. 
• The Board further recommends that soil conservation experts be appointed. 
from the investigation stage, to each reservoir project. 

(ll) CAPACITY SURVEYS 

There was no discussion 



4 C-Dams an·d Weirs 
PRELIMINARY NOTE 

. At the last (1946) meeting of the Board the subject was sub-divided a& 
follows:-

(i) Design. 
(ii) Materials. 
(iii) Construction. 
(iv) Investigations~ 
(v) Fish passes.* · 

~ Only the first two~sub~heads exist~d at the time of the last (1946) Research 
Committee Meeting. · . · 

(l) DESIGN 

The following items were discussed at the 194.6 Research Committee 
Meeting :-

(1) C!itical depths and velocity for stage flow in dam tunnels. · 
(2) Experiments to determine a suitable profile of the lower Sind Barrage 

to cause m~nimum affiux. ' 
(3) Note on value of' 0 'to be adopted for prototype as determined from 

results of experiments on models of Hajipur Barrage carried out 
by Indian Waterways Experim~mt St·1tion, Poona. 

(4) The determination of economic flood and earthquake probabilities 
for il1e design of dams by A. R.. Thomas. , ~ · 

(5) A simpJifi~d method of earthquake allowance in design of gravity 
ua~1s by .A .. R. Thomas. . . ~ . 

(6) Development of photo~elastic methods for the analysis of stresses., 
; j ., 

(7) An Economic type of surplus weir. 

Recent Ll:terature. 

1. Huge Earth Fill Dam will Enlarge Eildon Reservoir-· The Common-
wealth Engineer, Volume 34, No. 4, November 1, 1946. · • 

2. Case School Engineers devise Novel Energy Dissjpator fo:r: Mt. Morris 
Dam-Engineering News Record, Volume 137, No. 7, August 15, 1946. 

(il) MATERIALS 

The following items were discussed at the 1946 Research Committee 
Meeting:-

(1) Laboratory studies on Kankar and Kankar limes. 
(2) Studies on segregation of coarse aggregate in a concrete mix. 
(8) Hydraulic gradients in earthen dams. 

•Introduef!d under this 1ubjed head pro'risionally by Seeretary. This sab-ltead BOW goa. 
uder Dam Appurtenance~. 
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( 4) Tile ettect of the addition of argillaceous materials to cement 
conctcte I : Segregation of ccarse aggregate, by R. C. Hoon, 
1\Iohinder Singh and Raghbir Sirrgl1. 

{5) Laboratory studies on Kanl.ar and Kankar limes by Raghbir Singh, 
.J. C. Bahri and R. C. Hoon. 

llecent Literature. 
1. Billig, K : Electro Concrete, Journal of the Institution of Ciril 

~ngineers, No. 8, October 1945. 
2. Bean, L. and Litvin, A: Effect of Heat on Portland Cement! Coa

taining Vinsol Resin-American Society of Testing Material, Bulletin No.l3i, 
.Augsut, 1945. 

3. Alderman, A. and Vivian, H. E.: A qualitative Test for CemeLt 
.Aggregate Reaction, The Commonwealth of Australia-J ourna.l of the 
Council of Scientific and Industrial Research, Volume 18, No. 4:, November, 
1945. 

4. Wartz, J. G. : Aluminium Treated Concrete Cub Buildin: Coata, 
Con~truction Methods, Volume 8, No. 3, March, 1946. 

5. Building Regulation for Reinforced Concrete-Journal of the Ameriean 
Concrete Institute, Volume 16, No. 6, June, 1945. 

6. Concrete Containing Air-Entraining Agents-Reprinted from J o•r:na.lsf 
the American Concrete Institute, June. 1944. 

7. Recommended Practice for the Design of Concrete :Mixes. .American 
Concrete Institute, A. C. I. Mix Design Standards 613, Detroit 2, llicAiga.a, 
1944. 

8. Mercer, L. B. : Concrete Expansion Due to Alkali Aggregate Reactioa
"The Commonwealth Engineer, Volume 33, No. 11, June, 1946. 

9. Purandase, N. N.: The Effects of Revibration on the Strength ef 
Concrete-Indian Concrete Journal, Volume XX, No. 9, September, 1946. 

10. Peabody, D: The Design of Reinforced Concrete Structures-Joan 
\Viley and Sons, Inc. New York, 1946. 

11. Mensoh, L. J. : Advantages of High Strength Steel as Reinforce
Jilent for Concrete-Engineering Journal of Canada, Volume 29, No. 4, April, 
1946. 

12. High Alumina Cement in Hot Climates-Concrete and Constructioual 
Engineering, Vol. XLI, No.8, August 1946. · 

13. Some Development in Design Thwries-Concrete and Constructional 
Engineering, Vol. XLI, No. 7, July, 1946. 

14. Some development in Design Theories-Concrete and Cons1rnctional 
Ji:ngineering, Vol. X~I, No. 7, July, 1946. 

15. Curing Concrete with Protective Coatings-Concrete and Constructiollal 
:ingineering, Vol. XLI, No.9, September, 1946. · 

(iii) CONSTRUCTION 
Recent Literature; 

1. Conn Creek Dam to Provide Napa Valley l'lith Water.-:lxtraet from 
Western Construction News, October, 1945. 
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2. Shasta Dam and its Builders-Pacific Constructors, Inc. April, 1945. 
3. Pauls, A. L. : Fort Loudoun Dam-Proceedings of the American 

~ociety of Civil Engineers, Volume 72, No. 10, December, 1946. 
4. Taylor, T. F. : Douglas Dam-Prcceedings of the American Society 

of Civil Engineers, Volume 72, No. 10, December, 1946. 
(lv) INVESTIGATIOIIS 

Recent Literature. 
Investigation of Crack Development in the Concrete in Parkar Dam

U. S. Department of the Interior, Bureau of Reclamation Laboratory Report 
No. Ce 31, Denvor, Colorado, January 20, 1941. 

The Year's Work 
(i) INVESTIGATION 

No contribution was made at the 1947 Research Committee :MeriiJJg" 
1111dcr this sub-head. 

(ii) DESIGN 
The following items were discussed at the 1947 Research Committee 

Meeting:-
(1) Stress analysis by method of least work. 
(2) Experimental stress analysis-Photo-elastic methods .. 
(3) Variation of co-efficient of discharge with reservoir levela for full 

tlpening of sluices in Krishnarajasagar dam. 
(1) STRESS ANALYSIS BY METHOD OF LEAST WORK (1) 

Calculation of stresses in the non-overflow and over:flowsections of the 
proposed Tungabhadra Dam were originally made by using the well-known 
methods given by Unwin and Bouvier:·· The designs so obtained were analystl 
by the method of Least 'Vork (3) A few stresses obtained by this method a11i 
by the classical methods of Unwin and B~uvier are furnished in Table (C. I. 

-

TABLE 4C.l 
Tungabhadra Dam-Overflow and non-overflow section' 

maximum stresses obtained by d11Jerent methods of calculation 

Non-overflow section Overflow section 

Description 
:M:et1a6d . Method 

Bouvier's Unwin's of least Bouvier's Unwin's lead of 
method method Work methods method' Work 

}faximum tension d Upstream face Nil. Nil. 2·759 0·45 .. -0·31Z 
in tons of square feet 

Maxim11m compression Dowstream 8·57 10·21 6·87 8·70 .. -2·79 
face in tons per 11quare foot 

N.B.-Weight of masonry= 147lb per cubic foot. Maximum water level= +1,632·5 
Weightofwater = 62·43lb percubicfoot. Levelofbottomsection = +1,510·0 
m = 8. K for non-overflow section= 0·66 and K for overflow section= 0•8 

(1) Irrigation Research Station, Poondi, Madras, Annual Report 1946, page 58. 
(') J acobaon, Tr1.11sactiou of Ute American Sooiety of CiTil Eqineen, 1932. · 
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The results showed that th~ stresses obtained by the Method of Least 
'Vork were different from those obtained by the classical methods. While 
t.here were certain good points about the former, there were many weak points as 
well. The entire calculations were based on the " Equivalent Profile " which 
determined " K " in the formulae involved in the Method of Least \Vork. 
This, however, was not uniquely defined and had to be obtained by trial and 
error. In the present calculations the values taken were 0 · 66 and 0 · 8 res
pectively for the non-overflow and overflow sections. These were obtained 
by trial and error; by successive approximations more correct values could 
probably be obtained and for each set of values there would be a different set 
of stress analysis. The triangular equivalent profile so chosen (determined by 
K) might overlap the practical profile for certain regions and extend beyond its 
boundaries while in other regions it might not cover the practical profile at all. 

· Again any material added at the top in the practical profile would result in the 
widening of the base of the " equivalent triangle " and the effect produced by 
balancing would have an adverse value in the matter of estimation of stress . 

. The special advantage of the classical method is that it will take into considera
tion the exact shape of the profile. Yet another objection to the method is 
according to Hanna and Kennedy(3), that "it fails to include the effects of 
the deformations of the foundation plane. Much further experimental and 
mathematical work remains to be done before a satisfactory solution of the 
method can be obtained. In the meantime the design should adhere to the 
classical theory. " 

(2Y EXPERIMENTAL S'l.RESS ANALYSIS-PB070-ELAS'fiC ME'IHODS (4) 

The methods for determining the fringe constant of photo-elastio material 
were perfected. 

The principles of flexure, compression and tension were used. The 
calibration was done by observing and counting monochromatic fringes with 
changes in stress. The variations of fringes in case of flexure and compression 
are shown in fi!!llre- · ·· · --- · · 

0 

A case of an arch and a beam both loaded in the centre were analysed. 
Attempts were made to use gelatine models for stress investigation of 
earthen dams. Stress fringes observed in a rectangular gelatine mass are shown 
in Figure 40.1. 

( 1) Hanna and Kenned7, Design of Dams, page 86. 

(') The Pmtjab Inigation Reeea.rclt Inetitute, Lahore, ADnual Report, 1~, N• 19. 



Figme 40.1: Showing stress fringes observed in a rectangular 
gelatine mass 
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(3) VARIATION OF CO-EFFICIENT OF DISCHARGE WITH RESERVOm 
LEVELS FOR FULL OPENING OF SLUICES IN KRISHNARAJ'ASAGAR 
DAM(5) 

ABSTRACT 

Presents a study of the variation of the co-efficient of discharge with rE.ser
voir levels for full openings of gates in the case of three sets of sluices in the dam. 

The Krishnarajasaaar dam has a full reservoir storage depth of 124 feet 
above bed of the river, Cauvery. Experiments have been conducted to deter
mine the co·efficients of discharge of the various sets of sluices in the dam. 
They were determined by letting down water at different heights of openings 
of gates at different reservoir levels for known intervals of time. The discharge 
was collected in a basin formed below the dam and its volume was determined 
accurately after making allowances for losses due to seepage, evaporation etc.· 
Experiments were conducted during a period of eight summer seasons. · · 

The co-efficients o.f discharge so obtained have been tabulated in. the. 
3-ppendices issued to the explanatory notes to the rules of regulation, Krishna-· 
raJasagar. 

· The results of the experiments· show that the co-efficient of discharge 
varies (a) with the reservoir levels for any particular vent opening (b) with 
different openings of gates for the same reservoir level, and (c) on the nature 
of the bell mouth given in front of the sluices. 

A study of the variation. of the co-efficient of discharges with reservoir 
levels for full openings of gates in the case of three sets of sluices in the dam hai 
been made in this paper. 

. One set of sluices are three in number each six feet by 15 feet and are placed 
with their sills at 50 feet above the bed of the river (+50 sluices). They have 
1-.}een fitted up with Stoney's patented shutters moving on rollers. The gates 
are 6·5 feet from the front face of the dam and have no bell mouth entry. 

There are sixteen opening each 10. feet by 20 feet placeq at 80 feet above 
the bed of the river ( +80 sluices). These also have Stoney's patented shutters 
placed 6 · 40 feet from the front face of the dam. Bell mouth entry has been 
given at the sides and t_op, the angle of divergence being 100, The bottom is 
flat. 

The gates placed at +103 feet are 48 in number each being ten feet by 
eight feet. These have waggon type cast iron shutters placed 4J feet from the 
front face of the dam. Bell mouth entry has been given· on all the sides that is 
at the bottom, top and sides. The angle of divergence is 6} 0 • 

A comparison of the variation of the co-efficients in the three sets of sluices 
have been made only for their full openings when the gates are raised clear of 
water. A comparison for half or other partial openings is not possible as the 
effect of bell mouth at the top and bottom is more pronounced in the case of 
smaller heights of openings than in case of bigger openings. 

('} Hydraulic Reeearoh Station, Krishnarajuagar, Annual Report, 19" pages 28 to 34. 
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Similarly a comparison of the variation of co-efficients is only possible 
with the head of water measured from the top of the vent opening to the free 
surface of water in the reservoir. A comparison with the head of water measure
ed from the sill or from the centre of the openings would not be correct as in 
either case, the operating head would include the depth of flow equal to the 
height of vent opening which is not effective in increasing the co-efficient of dis
charge. For example in the reservoir of 50 feet depth, the operating bead if 
measured from the sill would be the same both for a vent openings say 5 inches 
X 20 inches or if measured from the centres of the openings. The difference in 
the operating heads between the two vent openings would be only five feet, but 
the co-efficient of discharge realised in the smaller openings is very much more 
than in the bigge~ vent. When the gate is raised clear of water the percentage 
of the area of issuing jet to area of vent opening is very much more in the case of 
the smaller opening than in the bigger opening. As this percentage of area 
of discharging jet to the vent area increases as the head of water over the vent 
opening increases, this has been taken for purpose~ of comparison of co-efficient& 
reali~ed in the three sets of gates. 

':~;able 40.2 shows how, for the similar depth of water ~bove sluice openings 
the co-efficients of discharge vary with the nature of the bell mouth entry. 

For 12! feet depth of reservoir level over the vent opening co-efficient 
Cy2g for the +50 sluices where no bell mouth entry is given is only 4·68, or 
+SO sluices with bell mouth entries at top and sides is 5·SO and for +103 
sluices where bell mouth entries have been given on both the sides top, and 
bottom it is 6 · 4S. 

The relationship between the reservoir levels and the values of Cy2g can 
be expressed in the form of a simple parabolic equation of the type 

Y = a0 + a1X- a1X2 • • • • (4C.l). 

In the case of the +50 sluices , Tabl~ 40.3, with no bell mouth entries the 
equation works out to 

Y = 5·029 + 0·07S5X- 0·013X2 (4C.2). 

With origins for the X andY co-ordinates at X = 92 · 5() (reservoir level) 
and Y = 5·03 which is the value of Cy2g for the corresponding reservoir 
level df -92 ·50. · 

The equation which can be fitted up for the +SO slujces, Table 40.4:. 
which have bell mouth entries at sides and top only is 

Y = 5·81 + 0. 169X- 0·007X2 • . (40.3). 

and for the +103 sluices, Table 40.5, which have bell mouth on all the sides, 
;tis, 
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TABLE 4C. 2 
Btatement of co-~fficient of discharge Cy'2g for various depths of water 

above sluice openings. 

Maximum F. R. L. 
+ 124 feet Sill level of +124 feet +SO feet +124 feet+103 feet· 

Depth of water sluice. +50 feet size of 10' X 20' 10' X 8'. 
above ~luice open- vents. 6' X 15' (Bell mouth entry at {Bell mouth entry at-

mg (With no bell mouth sides and top) sides; top and 
entry) bottom) ---

1·50 4·67 

3·50 4·95 

3•00 4·74 

3•50 5·23 

4·50 5·51 
6"00 5·06 

6'50 5·71 

6·so 6·00 

7·00 5·29 

'1•50 4·49 6·18; 
8·50 6·31 

9·00 5·48 

9·50 6·40' 

10·50 6·4~ 

11·00 5·65 

11·50 6·48 
1!·50 4·68 6·48• 

13•00 5·81 

1~·~ 5·96 -
17•00 - 6·10 
17·{)0 4:·83 -
Hl•OO 6·25 

21·00 6·38 

22·50 4·94 

. t3•00 6·52 

27·50 5·03 
32·50 5·09 

37·50 5·12 -.. 
42·50 5·14 -.. 

45-50 5•14 -



Y = 5·99 + 0·187X- 0·017.X• •. (4C. 4}. 
Similar equations are also proposed to be worked out for the variation of 

~o-efficients of discharge for different heights of openings of gates, for any 
particular reservoir level. 

TABLE 4C. 3 

Curve-fitting ~oQ ~xpress the relat£rmsMp betwun the reun01·r let.:els and the 
t'anu of 0 v'Zg where 0 is the sluice co-efficient for the Plus 50 sluices 

Reservoir l Value ' of I Eeservoir level X 
levels Valueo£ Approxi- with the 
in feet o.yffiY mate change 

mid valuES or 
X orifice x• .x:• X' Xy :X.•y 

I 
'10·75 4·49 72·5 -4 16 -64 256 -17·96 71·84 

75·80 4·68 77·5 -3 9 -27 81 -14·04 42·12 

.S0·85 4·83 82·5 -2 4 -8 16 -9·66 19·32 

'S5·90 4·94 87·5 -1 1 1 1 -9·94 4·96 

90·95 5·03 92·5 0 0 0 0 0 0 . 
1)5•100 5·09 97·5 1 1 1 1 5·09 5·09 

100·105 5·12 102·5 2 4 8 16 10·24 20·48 
-

105·110 5•14 107·5 3 9 27 81 15·42 46·26 .. . . 
ll(}·ll3 5·14 112·5 4 16 64 256 20·56 82·24 

Total 44·46 .. 0 60 0 708 4·71 I 29.!·29 I 

AB!'luming a simple parabo1i• relation between the variables, we can take the equation of •he 
.qo.aclratic parabola in the form y = a+ bXx ex• where the Constanta a, b, c, are to be deter
mined with the help of the following equations :-

44·46 9& 60c (i) 
4·71 60b (li) 

292 · 29 60& 708c (ill} 
Solving these in the usual way, we obtain the following values ofthe conaw.n• :

a. 5·029 b 0·0785 b 0·013 
Hwee ihe curve or beet fit connecting the variable. ii pven b7 •ho equation 

Y- ~·029 + o·07~ ..r-o·oia x•. 
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TABLE 4C. 4: 

Curve-fitting to express the relationship betu:etn the reservoir ltvels and the 
mlue of Cwkere 0 is the sluice co-e.fficient for {he plus 80 lluices 

Reservoir 
1teeervoir Value o!O level Value of 

levels in approxi- X 
feet y mate with the 

mid values change 
X of orifice .x• .x• .x• .XY .x•y 

--
102-104 4•74: 103 -5 25 -125 625 -23·70 118•50 
104-106 5·06 105 --4 16 -64 256 -20·24 80·96 
106-108 5·29 107 -3 9 -27 81 -15·87 47·61 
108-110 5·48 109 -2 4 -8 16 -10·96 21·92 
II0-112 5·65 Ill -1 I -, -1 I -5·65 5·65 
112-114 5·81 113 0 0 0 0 0 0 
114--116 5·96 115 I I I 1 5·96 5·96 
116--118 6·10 117 2 4. 8 16 12·20 24·40 
118-120 6·25 119 3 9 27 81 18·75 56·25 
120--122 6·38 121 4: 16 64 256 25·52 10~·08 
122-124: 6·52 123 5 . 25 125 625 32·60 163·00 

Total 63·24: .. 0 110 0 1958 18·61 626·00 

.Assuullng a simple parabolic relation between the variables, and following the method of 
leMt squares the curve of best fit connecting the variables is given by the equation Y = 6·81 
+ 0·169X- ·007 .X1 • 

TABLE 4C. 5 

Curve-fitting to express the relationship between the reservoir levels and the 
value of C where 0 is the sluice co-efficient for the plus 103 sluices 

. I 
Reservoir Value of 

Reeervoir Value ofO level X 
level& y approxi- with the -

in foot mate change 
-

midvalues of orifice 
X .x• .x• .X' XT .x•r 

-
112·3-113 4:·67 112·5 -5 25 -125 625 -23·35 116·76 

113-114 4·95 113·5 -4: I6 -64 256 -19·80 79·20 
114-115 5·23 114·5 -3 9 -27 81 -15·69 4.7•07 
115-116 5·51 115·5 -% 4 -8 16 -11·02 22·04 
116--117 5·77 116·6 -1 1 -1 1 --6·77 5•77 
117-118 6·00 117·5 0 0 0 0 ·o 0 
118-119 6·18 118·5 1 1 1 1 8•18 8•18 
119_:_120 6·31 119·5 2 4 8 16 12·62 25·24 
120-121 6·40 120·5 3 9 27 81 19·20 57·60 
121-122 6·46 121·5 4 16 64: 256 25•84 103·36 
122-123 6·48 122·5 5 25 125 625 32·40 162·00 
123-124 6·48 123·5 6 36 216 1296 38•88 233·0& 

Assuming simple parabolic relation between the variables and following the method of least. 
squares, the curve of best fit connecting the variable• is given b;ytheequ~tion Y • lS· 99 + O•li7 
.X- •017 .x•. . . . . 
11.51CBI 
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DISCUSSION BY THE, RESEARCH COMMITTEE 

:MB. KuTTIAMMU ii.J.troduced item (1) and said th<~t he had nothinatoadd 
to what had been given in the report. 

0 

MR. BLE~CH asked how the met~od was applied. 'Vhether it was trial 
load analysis. 

MB. KuTTIAMMU said it was not by trial load analysis, but 'by method of 
lea·;t work as explained in American Society of Civil Engineer~~. Proceedings 
Vol. 132. 

D:a. VAID:aiA.NATHAN int1oduced item (2) and said that this subject was 
first introduced last yea.r and the speaker could just show then what a. photo. 
elastio picture was like,.~ 

In the first instance he :remarked that there was little that had been doae 
th~s yE'al". First they wanted to study experiments on earthen dams, for t_his 
work they want~d a subc:Jtance which shou1d not be very hard, which must be 
transparent, and which must give the stresses and strains in a fairly aecurat• 
manner. The material in. which a section of the eartnen dam was finally cons
tructed was crude gelatine obtainid from the hazar and treated for a period 
'Of :five to six: months. It w~ black in th_, beginning and at the end of th• 
treatment it was a fairly transparent stuff. Any material other than gelatine 
would not show anything under its own weight whereas for dams made . of 
masonry one could use any transparent material, for earthen dams the choice 
1\'al restricted. · 

· He showed a pictuze of stress diagram of the f'arthen dam obtained by 
photo-elastic method and said that the picture gave an insight, into the stress 
distribution in an earthen dam, acting under its own weight. The magnitude 
of the stress could be calculated from another experiment. He explained the 
picture, and said that there were six fringes. A particular fringe had a parti
cular value, another had got another. To interpolate middle values betweea 
fringes was difficult. Closer fringes could be got by using white light, and 
using colour photography. He then exhibited another set of pictures showinc 
the photo-elastic study of the stress distribution in a dam and its foundatiou 
and said that the technique in this case had been changed entirely. . 

The possibility of using bakelite or any other material, e.g. glass, instead 
of gelatine was discussed at length. DR. V AIDHIANATHAN spoke of the adTan
tage of gelatine ever bakelite for this particular case. 

To SECRE~ARY enquired what the dark spot under the foundation meant. 
DB. V AIDHIANATHAN said that he did not know how it occurred. He, 

llowever, eaid that it might be due to a number of maximum stress concentra-
tions· at tllose points jwlUch caused that. · 

· lb. DILDA.B HuSSAIN enquired whether he had adopted any particular 
height. . 

Jn,. VAIDBIANATHAN said that only shape of the dam had been taken into 
account and the first thing was to get a picture so that one could prove any 
model on a hypothetical basis. 

RA.o BAHADUB VENKATACHABYA asked if t:he photograph was to full soale 
~ clr&Wll to any scale and what was the thickness of the model across. 
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DR. V AIDHIANATHAN said that the picture showed the full size of the model. 
It did not represent any particular dam. The cross thickness of model was 
about 2! inches to three inches. 

DR. RAJU wished to see a sample of gelatine and asked whether he had 
made sure that there was not any initial stress-whether he had done any an· 
nealina. · · ·. 0. . . 

. DR. VAIDHIANATHAN said that there was always going to be some initial 
stress due to its own weight. The thing that one should ensure hi:p1self wa~ 
that there was no cross polarisation. · · · 

Next DR. VAIDHIANATHAN showed another picture got from ·a,· model i~ 
bakelite. He said that in this modelonecould not" get stresses due to its owa 
weight. It was an arch with 32·5 lb. weight acting on its middle point.. 
'The analysis sheet was also shown, from which it was explained that the fringe' 
value for that particular bakelite model was 182 ~b. per square ~ch, · · -

THE PRESIDENT enquired whether the previous cas.es c~uld also 00 done 
with bakelite. 

DR. VAIDHIANATHAN said that bakelite could be used in the case of.dama' 
also to get stresses due tq superimposed loads and not fox stresses .du.e to ita 
own weight. ' · _ 

\Vhile it would be_ possible to use bakelite for arches, it was contended that· 
it might be possible to use for dams as well something in between gelatine a:ad · 
bakelite. · 

It was possible to work on gelatine in cold countries whereas in a . ho• 
country it was very difficult; with great difficulty these experiments had beea 
attempted in the cold months of December in Lahore. It was further _streesed: 
that arrangements would have to be made to keep the temperature constant te 
suit the preservation of gelatine for the special work., 

MR. BLENCH explained that photo-elastic work was now well eBtablishei. 
His Institute was interested in it because of the possibility of the•ProTine• .. 
taking up a high dam programme. The method was useful in showing ho'li 
~tress concentrations occurred in shapes to which mathematicalanalysia co•ld 
not be applied readily e.g. galleries in dams, dam of one Young's modulus bui~ 
on rock of another. So far it was limited to two dimensions and to .Purely 
elastic material; however, if its limitations were understood, it served' a,usefvl 
purpose, and was liked by the engineer as it substituted pictures for calculatiolll 
that could be understood and checked by experts only. The lines in the photo I 
11hown by Dr. Vaidhianathan :represented loci of equal shear stress, and did nol ~ 
indicate principal stresses. 1 

RAI BAHADUR HA.~'DA said that he was very much impressed with the 118e ·. 

of photo-elastic methods by the Bureau of Reclamation while he was there fOJ: . 
a1x weeks. In reply to questions, he learnt from them with very great satis-
faction the qualities of the system. It was possible by means of these photo
elastic experiments to verify the stresses if they were correct quantitatively 
and qualitatively. He hoped work would be greatly facilitated by the adop• 
~on of these photo-elastic methods. This enabled the mathematical treatmea' 
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ef the subject to be visually seen by an engineer. Americans were saying 
that they, by thif' method, were able to get results 100 per cent. corNCt 
qualitatively and within ten per cent. correct quantitatively. 

DR. V AIDIDANATRAN said that among instrumt>nts they had got Bably 
Compensators. The other instruments ordered for could not be obtained due 
to dollar difficulties. If these methods were sure to give results within ten per 
cent. it was worthwhile trying to get the remaining instruments also. 

DR. RAJU said that Hyderabad was getting a Sl inches aperture polari .. 
scope for their laboratories. The difficulty Peemed to be about the material 
for the models. He saw the matHial used in the Indian Institution of 
Science where even the suppliers did not exactly state its nature, wishing 
evidently to keep it a secret. . 
· DR. V AIDRIANATHAN said that he would be very grateful for further in .. 

formation on the subject. Regarding material, there were many materials in 
the market. Any transparent hemogeneous material could be used, as a 
matter of fact. 

The first time he got a piece of resin last time, he got it from 1 Bangalore. 
He sent it to America to find out what it was. Any number of sheets could be 
found and any number of them could be polarised. Transparent bakelite was 
~ne of cammon substances used. 

MR. GOVINDA RAO introduced item (3) and said that the data collected 
was unique in as much as experiments had been done with the actual services 
and the reservoir, and not on models. Experiments had been made during 
e~ght summer seasons. · 

RAo B.AHA.DUR VENKATACBARYA l'emarked that the experiments had been 
~ade jointly with Madras. . · • 

THE PRESIDENT said that there were useful indications from these photo.. 
elastic studies, and he hoped that these investigations would be pursued to see 
how far it could be useful in further stages. He thanked the members parti
cipating in the discussion .... 

(iii) IL\TEBJAI,S . 

. The following items were diacus.<Jed at the 1947 ReEearch Committee 
-llee~g. . 

(1). Foundation rock of the Ramapadasagar Da~ 
(2) A note on Burkhi mortar by M. C. Sampathiengar. 
(3) Sweating from the Krishnarajasagar Dam. 

(1) FOUNDATION BOCK OF THE BAMAPADASAGAB DAM(') 
· The thermal properties of one sample of the foundation rock at the 

Ramapadasagar Dam site were determined in the Physics and soil Mechanics 
Laboratory. A disc of the rock was cut and ground w uniform thickness from 
the core sample obtained. Using this disc the specifi.c heat, co.e:fficient of heat. 
conductivity and co.efficient of diffusivity were experimentally determined. 
The values obtained are given below :-

Specific heat--0·19 calsfgm.rC=o.l9,B. Tu.flbs.fF. 
t•) briga$ion Research Station Poondi, Madras., Annual Report; 1946, page 59. .. - .. ~ . : . 
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Coefficient of thermal conductivety=0·003 tcalsfsecfsq.cmrC=0·88~ 
B.T.U.jhr.jft.rF. 

Coefficient of diffusivity 0•0063 cm9jsec.·= 0~0 24 ft.1jhr. 

, Density-3·04 gm.fcc. = 190 lb.fc.ft. 
Being the only sample tested, these values could not of course be taken as re· 
presentative of the entire body of the foundation rock ; they just indicated the 
order of the respective values generally. 

A NOTE ON SURK.Hl MORTAR 
by 

Mr •. M. C. Sampathienhr, B. E., 

Executive Engineer, .KrishnO/I'ajasagar Division. 
ABSTRACT 

Presents results obtained from tests carried out on different proportions of 
mortar ·prepared out ol Sur kin. · 

EVOLUTION OF 8URKHIMOBTAR 

It is the common belief that in situation where great strength and dura
bility are called for, cement mortar only has to be used. But in Mysore State, 
for all important masonry works such as the construction of the Vanivilas 
Sagar Dam the Marikanave Dam, the Krishnarajasagar Dam, the 
Hirebhasgar Dam and so on, the State Engineers have used no cement mortar 
but employed a kind of mortar called' Surkhi Mortar ' obtained by intimately 
mixing burnt hydraulic lime with burnt brick powder. This mortar is dull 
red in colour and an. un-experienced eye is likely to mistake it for mud-mortar. 

S URKH I MOB.TAR STARTED AT V ABI VILAS SAGAB 

}fysore State started for the first time on an extensive scale, the use of 
Burkhi-mortar on its dam construction at Marikanave called Vanivilas Sagar 
situated in the North eastern district of the State in the year 1899. The height 

·of the dam above the river bed was 142 feet. Normally, cement mortar would 
have been thought of for the construction. But the Engineers responsible for 
its construction decided not to use cement because :- . _,,. 

1. Cement had to be obtained from either England or Germany as ita 
manufacture in India was still in its infancy. The supply of mortar materiala 
from foreign oountries for dam construction could never be depended upon and 
consequently no programme of construction could be kept- up. Not working 
upto programme would have spelt disaster on the works, as floods would have 
over taken the construction work causing heavy damages and prolongation of 
the works and making it costly too. 

2. The sand available in the river was not of good quality for cement mortar 
work. · 

3. The combining of cement and water for hydration is an exothermic 
reaction and the heat thus developed if not allowed to escape might cause 
serious complications. · 
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Investigations were; therefore, started to prepare a suitable hyd.raulie 
•ortar from the lime stone available locally. Different samples of kat~.kar 
available from quarries within a radius of six miles were tested and the bes\ 
IKNtkaf' was found to be that which was got from a quarry about six furlongs 
from the work. On an analysis it was found to contain the followingjngre· 
iients :- . 

Pertelit, 

Moisture 0·4ot 

Inaoluable matter in hydrochloric acid !J·))) 

:rerric oxide and alumina .. .. :1·6H 

Lime •9·«S 

Magnesia 0·215 

Carbonic anhydride 37·~ 

~ulphuric anhydride ·~. 
Trace& 

A.llia. .. .. •• 1·256 

100·000 

This lime being only slightly hydraulic, it became necessary to add surkhi 
to make the mortar hydraulic. After elaborate tests conducted at site, deta.ila 
of which are given in Tables 40·6 and 40·7, it was found that the best mortar 
was obtained with one part quick lime unslaked and two parts surkhi slightly 
under burnt. But as regards strength, the difference between that mixture 
and one lime three surkhi was so trifling that it was decided to use for dam 
eonstruction works, a mixture of one unslaked burnt lime, with three parts by 
'Volume of powdered surkhi fairly well burnt and ground in power milia. 
This proportion was fixed on account of its cheapness. · 

The mortar as used for the dam were made into briquettes eveJYd&y 
and tested after 14 days immersion in water. The briquettes in all cases were 

· immersed 24 hours after moulding. · The results obtained during the month of 
. ·June 1899 are found in Table 40·8. They indicate that there would be ample 

margin of safety even after 14 days' setting as the maximum intensity of pr~-
., !ure allowed in the dam design is only 8·024 tons per square foot equivalent 
to 125 lb per square inch nearly, and the strength developed in the mortar 
eamples tested was on an average above six cwts. per square inch. Further t~ts 
of the mortar used on dam construction were also continued and they too pomt 

. to the same conclusion. Theseresultsarefoundin Table 40·9. As anexperi· 
ment, during the months of November and December 1899, slaked lime in 
place of unslaked lime was used, and the tests showed a deterioration in the 
itrength of the mortar thereby indicating that fresh unslaked lime only has to 
be· used for the surkhi mortar manufacture. 



TABLE iC. 6 
8kowing th1 re!ult• of le8i1 eonrlucted of mortar u'itl~ aiffert1nt proportions of Lime Kankar with under burnt Surkhi at 

Vanivilas Sagar Works-Mysore State. 

I After I hour 24 hours 

mpcsition of mortar 

T.S. c.s. T.S. c.s. 

1 Lime, I! Sand and . . . . . . .. 
Il Surkhi. 

1 Lime and I Surkki 5 52 I4 65 

I Lime and 1l Surkki 9! . . 20 60 

1 Lime and 2 Surkki 19 . . 17 . . 
1 Lime and 3 Surkki 17 . . 11 .. 

.After 2 houri 

1 

1 

1 

l 

1 

Lime 1! Sand and 
I! Surkhi 

Lime and 1 Surkki 

Lime and I!- Surkhi 

Lime and 2 Burkki 

Lime and 3 Surkki 

''· 

. . 

75 

17 

9 

5 
·' 

. . . . . . 

• • ! 17 35 

. . 21 51 

. . 10! . . 

. . 15 . . 
' . . 

3 days 7 days I I4 days 

T.S. c.s. T.S. c.s. T.S. c.s. 

I 

. . . . . . . . 55 224 

33 197 48 378 81 694 

57 318 82 659 123 986 

35 106 33 197 136 886 

21 .113 40 247 125 752 

Lime kankar with ordinary mrkhi lb. 

. . . . . . . . 45 220 

45 235 34 55 90 896 

41 110 6I 359 51 229 

18 '- 29 107 85 512 . . 
12 . . 58 444~ 11(} 855 .. 

' .. ' 
; . 

22 days 3 months 

T.S. c.s. T.S. c.s. 

. . . . . . . . 
" 

I38 1,281 154 1,456 

. 153 1,280 . . . . 
166 1,282 289 2,240 

'157 9I8 182 1,8•18 

. . . . . . . . 

I5I 1,243 183 2,464 

70 340 . . . . 
70 336 230 1,400 

65~ 336~ 172 1,736 
'"' 

. . 

I 
. 

6 monthl 

Perce 
age o 

T.S. c.s. water 

. . . . . . 

. . .. 50 

. . .. 44 

. . .. 38 

190 2500 33 
. -.. ·~ ... 

. . 

.. 
, . . 

. . 
··-· . 

.. 

. . 

.. 

.. 

. . 
. . 

· . -

50 

44 

3R 

.. 
· * This is the best 

N.B.;-T. S, tensile strength (Breakiag) in lb per square inch, C. S. Crushing 8trength (Breaking) in lb per square inch 

-



TABLE ,0. '1 

Blowing tl&e strengtl&s of mortars oomposel of ~rWul JWOPortions of Lime, Band and surkhi V tml111~ &gar · 'W orkl, Mysor • 
State. 

After 7 days After 14 da.yaiAfter 1 month After 3 montha 
Percent· 

No. lngredientl age of Remarb 
water 

T.S. c.s. T.S. c.s. T.S. c.s. T.S. c.s. 

- - - - - - - - -
1 1 Lime and 1 SurJ:Ai . . .. . . " 840 66 1,230 95 2,000 131 2,390 54 

2 1 Lime and 2 SuriAi . . . . .. f8 812 62 1,372 104 1,792 123 2,240 00 

3 1 Lime and 3 SurkA& '. . . .. 47 504 90 1,196 122 1,900 149 2,632 43 

' 1 Lime and 4 BuriAl -.. . . .. 55 850 76 1,568 130 2,240 190 3,248 45 

5 1 Lime and 5 Surl&Ai . . .. . . 67 840 96 1,288 128 2,240 191 3,024 

e 1 Lime and 6 SurkA& . . .. . . 56 700 84 1,176 1215 1,900 163 2,880 

7 1 Lime and 1 Sand . . .. . . 8 278 10 336 20 500 Not eontlnued u mortar 
..,.. Inferior 

8 1 Lime and 2 Sand •• .. . . & 224 12 300 14 4:60 I t 1 Lime and 3 Sand . . .. . . 10 336 21 448 27 500 

10 1 Lime and 1iaand and liSurkA& .. 52 868 79 1,344 lOS 1,900 160 2,800 1 
11 1 Lime and 1 sand and 2 SurkAi . . .. 52 933 93 1,500 ·107 1,650 166 2,744 

IS 1 Lime and 2 aancJ and 1 SurkAi . . . .. 37 600 62 836 77 2,240 119 2,184 

---



DAMS AND WEIRS 615 

·TABLE 40. 8 
Blwwing the f'esults of mOTtar tests a/tef' 14 days conducted in J uns 1899 al 

Y anivilas Sagar Works, Mysore State. 

Date 
Tensile Strength Crushing Strength 

in lb in lb Remarks 
per square inch per square inch 

3rd 102 '1 Cwt. 
4th 80 61 
7th 100 

n 
lot 

8th " 92 lot " 9th 80 5 
" lOth 791 41 ,, 

14th 100 '1 " 16th 102 6! " 17th 85 5i •• 18th 108 51 ., 
22nd .. . . VePy bad 
23rd 111 '7i , 
25th 101 7t ,, 
26th 100 71 " 

TABLE 40·9 

8_lwwing the a verage both jOT Tensile and 0Tushing Strengths for ef!.Ch month of 
Surk.hiMortar(testeclafter 14days) used at VanivilasSagar Works (Mysore States). 

Month 
TensUe Strength I Crushing Strength 

in lb per square in lb per 1·5 
inch equa.re inches 

Septem her 1899 81 896 
October 1899 92 896 
November 1899 79 784} . 

Unslaked 
December 1899 60 672 lime 
January 1900 87 900 
February 1900 80 784 
March 1900 70. l 896 
Aprill900 75 1,120 
May 1900 72 950 
June 1900 80 1,230 
July 1900 88 1,230 
August 1900 78 880 

Tests were also made in Vanivilas Sagar Dam Works, to ascertain whetb&r 
surkhi mortar really deteriorated by being kept for two or three days before 
use and the results have revealed that it does not deteriorate if kept even for 
Ave days when kept damp. The results of these tests are to be found in Table 
(0.10. Even though these tests indicate no deterioration in the strength of 
mortar, in practical construction, mortar older than 24 hours is· not generally 
ued as it becomes difficult to break the mortar lumps that have started setting, 
ud convert it into a smooth paste free from lumps for use on works. 
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TABLE 40.10 
Shouh'ng the strength of surkhi m&rtar kept unused ttpto six ilays V animlas 

Sagar Wprks ( Hysore State}. · 

Age 
After 7 d•ys After 1' d•y• 

T.S. c.s. T.S. c.s. 
Fresh 49 616 75 1,064 
%-!& hours old 42 560 76 896 
2 days .. . . 55 896 
3 days 33 560 55 896 
-!&days 30 504, 52 784 
5days 29 504: 58 784 

' 6days 20 448 49 672 

f'.B.-Tb 1 Tensile strength in lb per square inch, and 
0.8.-Crushing strength in lb per 1·5 square inches 

KRISBNARAJASACAR SURKHJ MORTAR 

After 1 m!ln'h 

T.S. c.s. 
106 1,563 
87 1.288 
80 1,288 
80 1.283 
80 1,288 
79 1.2~S 

64: 1,176 

The pioneer work done by the Vanivilas Sagar Engineers in the manufac· 
ture of surkhi mortar was pursued vigorously by Krishnarajasagar Engineers. 
Ever since the construction work at-this dam started, various tests with differ
ent proportions and ingredients have been conducted. 'Ihe lines on which the 
tests were proceeded resemble more or less with those conducted at Vanivilas 
Sagar. They are :-

(a) Determination of the best hydraulic lime available in the neighbour-
~~- . 

For this purpose, natural lime stone from four different quarries were 
obtained, burnt, slaked briquettes made and tested upto 12 weeks' curing for 
determining the breaking tensile and compressive stresses. The results of these 
test~ are given in Table 4C.Il. They indicate that the lime stone obtained from 
a quarry called ' Baby Quarry ' was the best and ' Hebbal ' and ' UndaYady ' 
quarries stones were also fair. 

(b) Determination of the best proportion of surkhi and sand to be added 
to improve the hydraulicity of the mortar. Experiments were conducted with 
briquettes made of unslaked burnt lime mixed and ground with different pro
portions of surkhi up to six parts by volume and also with mixture containing 
an admixture of both surkhi and sand in different proportions, Tables 40.12 
and 4C.I3. 

These tests have indicated that surkhi mortar with the addition of sand 
gains in compressive strength. The mortar of proportions one lime :two surkki 
and one lime : three su'Tkhi gives higher results than the other proportions. 
But these. richer proportions are costlier and such rich-mortar is also liable to 
contain free unslaked particles of lime. Hence the proportion 1 : 4 is a sage 
proportion, satisfying all requirements. This is the proportion of the mortar 
used in Krishnarajasagar dam construction. 

(c) Determination of the time of grinding:-
The surkhi mortar used in Vanivilas Sagar was manufactured thus. First 

a sufficient quantity of water was poured into the pan enough to bring the lime 
to the consistency of cream. · Then 3! cubic feet of lime was put in and ground 
well for seven minutes. Then 10} cubic feet of surkhi was added, in buckets 
and also water to keep the mortar to the propet consistency. The mixture 



-

---· 
! 

-~ 

TABLE 4C.ll 
Re1ult.f ()/ pttre hydraulic limB briquettee oonat.ctea at Kri&hnarajt~sagar 

11• week 2nd week 3rd week 4:th week - Gth week 

N &Ble of Quarry 
T.S. c.s. T.S. c.s. T.S. I c.s. T.S. c.s .. T.S .. c.s. 

Not Not 
1. Hobbal 17 - ·25 - tested tested 49 67 64 146 
2. Undavady 17 - 35 - 56 - 6.t. 112 82 168 
3. Baby 31 - 50 - 30 235 87 302 109 359 
4. Madanahally '10 24 38 42 34 : 45 ' 101 - - -

-

8th week ·1 

T.S. c.s. 

I 
83 314 

112 280 
120 426 
56 157 

---· 
12th w~tek 

T.S. 

90 
125 
129 

66 

c.s • 

-
43 
38 

1 
2 
3 
6 

48 
24 

TABLE 40.12 Result oflime-Surkhi mortar of different proportion corulucted at Krishnaro,jasagar 
-

Lime-Surkhi 

--1 0 
1 1 
1 2 

1 a 
I 4 
1 IS 

; 

" . 
. ' 

ht week 2nd wt:ek 3rd wee\ 4th week· 5th week 

-

~c·~· T.S. C.R. T.S. c.s. T.S. c.s. T.s: 
. ·-

'l '31 = 50 = 80 235 187 302 109 
65 MO 109 907 148 1,288 184 1,456 . 190 
,52 268 100 784 138 1.053 160 1,444 185 

~-

. 72 612 '133 1,154 166 1,165 184 1,422 .200 

. 79 425 :122 896 150 986 152 1,444 204 
76 531. 12S. 885 142 1,176 174 1,36~ 183 . 

I ' .. i . . ' T. 8.-Te~le etrength (Br.ea.klng) m pounda per square inch . 
C. S.:-Cn.11hiD1 strength_(l3reakina) ia pou11dl ~er lf!U&rtincll. 
... ~: . ~ . ; 7, •. ,.. ' . ( ·~ - . ... 4> .- .f • • . ··~-·:· 

. 
Q.S. 

. . . 

358 
1,792 
1,758 

1,758 
~702 
1,702 

r , 

~- .. 

8th week 

T.S. c.s. 

' 120 .(26 
219 2,173 

Not Not· 
tested tested 

240 1,971 
.,205 1,828 
. 19.4 Not 
... . :. tested 

.. 

12th week 

T.S. l c. s~ 

---
129 
256 
260 

284 
240 
234 

I 
, I 

4-8 
2,24 
2,26 

., .. 
0 
2 

2.36· :1 
d 1,93 

l,SS 



was then ground removed, the operation occupying half an hour. The ou~• 
tarn of mortar was found to be Ill cubic feet. The percentage of water us~ 
wu about 35. 

At Krishnarajasagar, experiments were conducted regarding the time of 
ginding. · Mortar with 25 minutes, SO minutes, 35 and 45 minutes grinding 
tn power mills were tested up to 12 weeks curing and the results, (Table ,0.1') 
indicated that mortar of 25 minutes grinding was not strong·and grinding 
after 35 minutes did not improve the quality of mortar. A suitable specification 
has been drawn up for the manufacture of sur'khi mortar for dam construc
tion and the same is found at the end. It will be seen from the specification tha' 
for the manufacture of BUrkki mortar BUrkki in the form of 1 to ll cubes has 
been used at Krishnarajasagar, in place of powdered BUrkhi employed at V ani
vilas Sagar In the former case, the powdering of the brickbats is done in the . 
mills only. 

COKCLUSIOD 

The use of surkhi mortar on big and important irrigation and hydro-electric 
works in Mysore State has come to stay, as it can be depended upon for its 
strength etc. A safe compressive stress of eight tons per square foot is being 
allowed generally in all structures where this kind of mortar is used. In tke 
manufacture of thi.q kind of mortar, care is taken to use only the best natural 
hy~aulio lime stone available at or near the work. The lime stone is burnt 
at the works and used. Unslaked and as fresh as possible, the slaking being 
done before mixing BUrkki in the mill itself. For surkhi well burnt bricks are 
only used, even though slightly 1mder burnt bricks are found to give better 
results. The manufacture of the mortar is done by departmental agency to 
eusure quality and not entrusted to any contractor. 

Mysore State has used this type of mortar for the last 4Q years nearly. The 
best proportion of surkhi and lime to be used for the manufacture is determined 
by taking tests from samples of different proportions and adopting the suitable 
among them from point of strength, cost etc. Further research is necessary 
to find out what exactly should be the ingredients of the lime stone and BUrkki 
brick that are used -in the preparation of best mortar. This enables, anyone 
after ohemically analysing the lime stone and burnt brick available near the 
~orb, to fir upon the proportions to be mixed to obtain the best results. 



TABLE 40.13 
Results of mortar tests conilucted at Krishnarajasagar. 

Lime Burkhi Sand Mortar 1st week 2nd week 4th week 6th week 8th week 

-- - . 
-Lime SurkAi S&Dd T. S. c. s. T.:s. c. s. T. S. c. s. T. S. c. s. T. S. c. s. 

' 

1 4 0 '19 426 122 896 152 1,445 204: 2,702 205 1,826 
1 3 1 66 614 102 '194 160 1,358 192 1,638 210 1,820 
1 2 ! 49 210 66 364 91 610 110 796 126 950 
1 1 3 33 ' 200 56 336 82 588 110 '160 130 910 
1 0 4 19 56 34 98 53 168 64: 224 71 266 

. 
TABLE 4C.14-Surkhi Mortar-1 Lime 4 Surkhl :-Grounil in Power JJiillsfrom 25 to 45 Minutes 

Ti.tne · 

25Minutes 
30 Minutes 
85Minutea· 
~Minutea 

lat week, 2nd week 4th week I 6th week 

T. S. 

53 
60 
89 
78 

c. s. T. S. c. s. T. S. c. s. T. S. 

··, 

225 91 500 128 896 152 
312 100 64:8 141 1,008 163 
'114. 123 972 163 1,344 195 
500 130 820 170 1,800 200 

T. S. -Tensile atrtmgth (l3reakimg) in lb t:er !quare inch 
c. s.-cru.shing strength (l3reaking) in lb J.ler £quare Inch 

c. s. 

1,120 
1,120 
1, '110 
1,700 

8th week 

T. S. c. s. 

171 1,232 
180 1,454 
213 1,904 
220 1,860 

-
12th week 

T. S. c. s. . 

240 1,938 
226 2,016 
152 1,120 
156 1,100 
75 324 

-

!12th week 

T. S. c. s. 

202 1,500 
211 1,680 
231 2,040 
240 2,000 
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(3) SWEATING FROM THE KRISHNARAlASAGAR DAM (1) 

The Dam at Krishnarajasagar across the River Cauvery is a masonry 
dam of gravity type. The entire masonry is of granite stone in surkh~ mortar. 
Wllen water was commenced to be stored in the reservoir sweating on the rear 
face of the dam was observed. A systematic study of the water percolatina 
throug\ the rear face was taken up in the year 1929 and observations are beini 
recorded from that year and onwards. 

In the river bed portion of the dam a small drain was constructed for a 
length of 66 inches and divided into three sections. Water percolating down 
the rear face was allowed from these three sections to three cisterns respectively. 
"This water flowing down in a definite time was collected in a bucket and 
measured in cubic inches. The time of collection in seconds, the time of observa
tion, the reservoir level at that particular time, atmosphere temperature were 
all noted and tabulated. From the section of dam the sloping area of the rear 
face for the length and reservoir level as calculated and the sweating in cusecs 
per million square feet was deductedi 

, It has been observed with the results so far obtained that the value of 
.sweating decreases with the age of construction and depends on the resen:oir 
tevel, temperature and_humid~ty of the atmosphere. ~s part cf the sweating 
goes away in evaporation whiCh has not been taken mto account, whatever is 
collected is only the net amount of water that flows down the rear face after 
·evaporation. The sweating baa been observed to be high for high reservoit 
levels. It varies from 0·09 cusec in average for a reservoir range of +120 to 
124 and to 0·004 cuseo for a range of 95-100. The variation in sweating for 
·different seasons of the same year for the same reservoir level is not much 
appreciable. Another fact of observation is that the sweating of the same 
reservoir level depends upon the p~riod of high reservoir level prior to the day 
.0 f observation. In one or two observations recorded, instead of the sweatin: 
showing a diminution with age for & particular reservoir level, an increase haa 
\teen recorded owing to the long period of high reservoir level occurring prior 
·to the day of observation. 

DISCUSSION BY THE RESEARCH COMMITTEE 

liB. KUTTAIDU introduced item (1) and said that some stone blocks for 
·use in the construction of the dam were tested for compression tests. They 
were taken from the cores of the foundation rock. The result of tests had bee. 
:iven for information. 

THE PRESIDENT asked how these compared with the results of rocks lUted 
in other dams. 

ML KUTIAIMlW replied that he had not studied the ~bing comparatively. 

MR. M.P. MATHRANI asked if any shear tests for the material had bee• 
made. - · 

MR. KuTTIA.MMU replied that tests had not been completed. In reply t. 
llr. M. P. Mathrani~ MR. Ku'I'TIA.MMU intimated that a 100 ton Bucktons w~ 
ing machine was in use. 

('} H7draulic R~arch Station, lUiBhnarajaaagar, Annaal Bepor$, 1946, P"iel U to J7. 
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THE PRESIDENT remarked that the strengths seemed rather low. 
, 

DEWAN llAHADUJi GoviNDARAJA AYYANGAR explained that the testing 
was done in the laboratory at the College of Engineering, Guindy in a Buckton~ 
machine. They were establishing a separate laboratory for the Public "\Vorka 
Department at Madras and a 300,000 lbs. Universal testing machine waa 
coming to the site.· · 

THE PRESIDENT asked whether they had made any test after. soa.idng "th~ 
specimens under water 1 · · · 

liR. KuTTIAMMU said that they had not done that so far. They had 
carried out a few experiments only. The laboratory would be coming into 
being in another three to four months. 

THE PRESIDENT referring to the work done at Bhakra said that on some 
rock tests where a strength of three tons was obtained on isolated sample~ they 
got nine to ten tons per square inch in situ. In one or two cases where there 
were slight fiBsures, the results were .exactly the same as on isolated· blocb. 
'Vhether one could utilise these results on isolated blocks in design was a 
different matter. Since the tests in situ gave as much as three to four times the 
value of isolated samples-being something like triaxial strengths, he would 
recommend such tests to be made. He · also suggested · tests . on soaked 

' . 
specimens. 

DR. RAJU suggested tests on different sizes of samples with a view to 
estimating the possible strength in the undisturbed rock. · 

RAI BAHADUR HANDA said that in the Punjab they, had selected a 400 
ton capacity machine for their work and that was the one they should use. 
In the Bureau of Reclamation they use a still bigger one of one million lbs. 
-capacity. Regarding the other question, i.e. making test about the strength 
·Of rock at site they had ordered 200 ton capacity jacks for the purpose. 

DEWAN BAHADUR GoviNDARA.JA AYYANGAR said how far the foundation~~ 
..a.ct along with the dam must have been studied elsewhere, e.g., with respect te. 
Boulder or other dams. ' 

THE PRESIDENT said that the difference between isolated. samples and of 
rocks in situ would be very big. He gave illustrations of some of th• 
e}q>eriments carried out by him. In 1942-43 they carried out lot of tests; they, 

·had dug out a tunnel about seven feet high and four to five feet wide. It waa 
fine rock. They wanted the strength of the rock to be tested. · Spaces 3 inches x 
3 inches, 4 inches X 4 inches, 6 inches X 6 inches, 12 inches X 12 inches and 
various other sizes, at the top were chiselled out and covered by a laye:r'of 
mortar. Pressure was applied at the top as well as at the bottom. In certain cases· 
they did not go up to the yield point but they reversed the pressure and got 

. deflection readings. They found that deflection of the mortar was greater than, 
the deflection of the rock itself. In another set of experiments they made two 
baffles one at the bottom and one at the top and got the deflection of the 
rock direct without the use of any mortar. 

Such experiments could give a relation between the strength of rock in situ 
;and that of a cut out sample, it would be very useful for preliminary calculations 
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DEwAN BAHADUR GoVINDA.RAJA AYYA.NGAR said that the results given 
in Madras report were for Tungabhadra and not for Ramapadasagar. The 
maximum stress could not be more than ten tons. A few tests had been carried 
out in respect of Ramapadasagar dam also. The stones were taken out from 
ihe quarries, but they had not yet gone doW-n 100 to 200 feet below the bed of 
the river. They were also doing chemical analysis of the rock. 

MR. GoVINDA RAo introduced item (2) and said that BUrkhi mortar had 
been used in Mysore for three big dams, viz., Vanivilas dam 142 feet high. 
Krishnarajasagar dam 124 feet high and Hirebhasgar dam. To start with, 
they used BUTkhi mortar because cement was not available. With BUrkbi. 
mortar there was not much expansion and contraction on account of variation 
in temperature and, therefore, both in Krishnarajasagar dam, 8,000 feet in 
length and Vanivilas dam, 4,000 feet in length, no provision was made either 
for contraction or expansion joints. He gave details of how the mortar was 
made and said that experiments had been conducted to ascertain whether the 
composition of mortar u.sed in dams was sufficiently strong, and the results had 
been favourable. The proportion generally employed was one of lime to three 
of BUrkhi optimum but in dam construction 1 : 4 had been used. Experiments 
had also been conducted to find out the strength of the various compositions. 
Unlike cement they could take their own time in these constructions. The 
mortar could be used even after 72 hours after grinding though they tried to 
ue it within 24 hours. Unslaked lime developed better strength than slaked 
lime. Experiments were now in progress to find out what would be the 
optimum content of clay in suTkhi and hydraulic lime, which would develop 
best strength. They had taken up analysing the lime also. 

THE ·pRESIDENT enquired what was the chemical composition of lima 
Were they all hydra~lic limes t 

MR. GoVINDA. RAo said that they were all hydraulic limes and referred. to 
•he detailed analysis on page 612 of this report. In reply to Mr. H. P. 1\Iathrani. 
liB. GoVINDA RA.o said that no sand was used. Hydraulic lime and 11.1rkAi 
without the use of sand had been found to develop better strength. 

MR. KARnt: said that experience with different limes would be dift'erent. 
. . 

MR. GoVINDA RA.o said that was why they were carrying on further 
e~riments to find out the optimum contents of lime and. clay fo~ best strength. 

- DB. HooN asked how the chemical compositions of various limes varied. 

. MR. GoVINDA RAo said that the clay contents of various qua.rries varied 
hom 15 to 40 per cent. 

· DB. HooN asked whether they used lime along with kankar lime and mr'Mi.-
Bad they tried to find out by any method what suitable proportion of IUrkii 
had to be added to kankar lime, because from his experience of kankar lime, 
he found that it was very much dependent on the free lime content which waa 
present in it ; for instance the kankar lime used in these experiments contained 
calcium carbonate and clay. Did they work out the ratio and quantity •hat 
would be suitab~e for any_particular lime! 



DAMS AND WEIRS .CS2l 
" ' 

liB. GoVINDA RAo referred him to :Table 40. 6. ~nd ~1id that the !"&~io~ 
'Vanivilas Dam ; liille -: surkhi : : 1, : 3 . . . · . . . 
Krishnaraja~gar Dam ; lime :. surkh• : . : I : 4. 

"Were fixed as a result o{ daily e.xPez:iillents. - . . . 

_..~· .~· P. MA'fHRANi ~sked ~ th~y ~a.d ~ri~d ~e plq.s 8Ur~hi, plua1J~Jl,d 
m.u....c:uo. . . 
'· · .MB . . GoymnA ,RAo said that t~e .st~~ngth .pf, .such mortars·~· 
Tar1ous proportions of S'lfrkhi and sand '!ere giv~.n in ~ableAP•: 7. · · 

MR. CocHRANE obse~ved that since a period of a.t least 14 days must ~lapM 
between the date on which the mortar was. used in the work and the date OD. 

, which the sample could be tested for stength there could be no r~al pontrol oTar 
the quality of the mortar and no act~on could be taken (short of :dismantling 
the work done) .to set right any defects in compositi()n. · 
·. .MR. SAXENA said that he had ~n· occasion to visit Mysore and his impression 
was that surkhi was dug out from the hills. It was very difficult to 8ay 
wheth~r it cont:J.ine~ some parts 0~ sand because they ,were ~1ot .m:l~ing:ai;L-y 
analysiS of the surkht. He was convmced that because of the ex1sting sari.t 
c~ntents, they d,~d not consider ~ny addition of sand suitable .. 

:H&.G-ovnrnA RAo said that stt.rkht: u3ed in Myso:e was not dug out ea~.1Jh, 
. ~lpi powde ed .bu rLt bricks. · , · . ' . ~ · : , , 

THE P~Es~~ asked what was meant by slaked and unslaked lime. 
fuo BAHADUR MA YD,EO enqui;ed how did the c~st ~f t,hi~ m~rtar c~m.J_)@,J;8 wiUl ce~ent. · · · · · - ~ · . ., · ";" -., -· ... ~- · · .· 

The difference between slaked kankar lime and unslaked kankar lime l;Vas 
explained _by MR. GOVINDA R.Ao. . He alSo stated that acco:-ding tO the pre~e.at 
J~l !ates, the use of s,urkhi was ?O p~r cent~ c.heaper ~h~ntl!~~ of ce~~~t. 

THE PRES~ENT enq~ir~ if )\ir. (}qvinda n~o follO\yed Dr .. Hoon's Jf.Q~)r 
pr~nted to the last r~~.rc.h comnil~tee meeting. 

liB. GoviNDA RAo said that they had gone further than that .. But ·th-ay 
.~eu• the other way aqo1:1t. They did the anilly~is o£ kf!,nkar: ~irp.e .~ft:er b.!lrning 
and ·not· from the quarry. There were certain advantages in dp1~. ~-

11R. BLENCH favou.red_ full scale attempts. 0 pr~duce a, ~nifor~ .k~nkM 
l..imB. He quoted Hiwassee· D~m of the TVA as an ex~mple w;here. sm~~Ne 
a~gate and cement had permitted constr:uction, ~ithout cooling a!!a.nge
m.ents, of a mod(~rately high .'dam, and gave his opinion that a low-heat cement 
such as could .be manufactured from kankar might be us.ed for relatively high 
.dams and saye cooling arrangements. If kankar lime could be 'produced of 
fair uniformity then its strength could be increased greatly, on a m1nufacturing 
scale, by adding just sufficient puzzolanic material (brick dust ~~i~g the most 

· readily availabl-e) to neutrc1lise the fre~ calc:m:n oxid')~ In a large :nr sS·JOil.1!rr~" 
dam made w _ It Portland type of cement with its high heat of hydr~tion, 
the ,secondary ntr~,sses arising lrom shrinkage, cooling,. and res,tra!n( ~~re ()f 
the same order of magnitude as the stre.;;se3 calculated iQ. term~ of pure elastic 
theory and only the applied e~~ernalloads.; so a w~aker poncrete. ~~at.~d 
n.ot indu.ce such stresses could easily .be effoot1vely stronger though absolutely 
~-'L. . . ' - . • .... . . ,_ .. ,. ·,~ ,_ .... ,' 
~er. 

DlCJJI 
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. To hESIDE~ ~ding up the debate said, that this question of ka1t1.bzt 
tmie nYkhi mortar was important, since crQ1'es of rupees would be involved. 
They might not use this mortar for every high dams, but for moderate dams 
11p to ~00 feet it could be used and since its cost . was about half that of 
eementthere woul~ be much saving-in its use. Since, however, there were no 
~standards· 'of ·strength for this kind. -of mortar it could not be used wi~h 
the same confi~ence !lS cemen~ :mortar. '\Vithout st~dardization weak pomti 
might;--develop in 'the_· 'dam though the dam might stand as a whole. So 
he urged for the standardization .of the strengths of mortars and limes •. 

' ~ ,. . . . . . . . ' 
. THE PRESIDENT asked Mr. Govinda Rao to introduce the next item. 

MR. · GovnmA RAo introduced item (3) and said that Krishnarajasaga.r 
:Dain-vas completed in _1929. The data of sweatings were collected from that 
date. the conclusion was that the sweatings were definitely _decreasing.- ·_ 

. MR. DILDA.B HussAIN wanted to know whether similar results bad been 
:·oonected with reference to V anivilas and other dams and whether they had 
been compared with each other. ~ . - . - : 
. . . . . . . . . . 

In reply MB. GoVINDA RAo stated that sweating did not occur ~ all_case8 
because the front face had been pointed with cement to a depth of about nin;e 
inches. Where there was deep cement pointing, there was no sweat at·~ ·an. 
In the Vanivilas. dam, there was practically no sweat at all. He was told that 

. 1weating existed in the firs~ .nine or ten years but now there was no sweating . 

. The present practice was to point the front face of the dams to a depth of 10 
to 12 inches. -.-.•.·::·. ·.. . .· . 

. . --··. }tAO BAHADUB JoGLEKARasked what was the objection to sweating_!.· 

Mit GoVINDA RAO 'aaidthat. continuous sweating would cause incrwed 
·pores in the masonry,and thus ··weaken the dam. In that case, a certain 
amoUn.t of lime might also be carried away with the water as in the caae 

• t>f :Mettur Dam~. : ' . ·· · -
•. ' THE PRESIDENT asked if any information was available about Bombay 
·damS ! . ' - ·. ' - -

- · .. RA.o Biau>uBlMAYDEo said that in some dams in Bombay ther~ was 
~weating. The sweating bad not _been measured. It was insignificant. 

KHAN BAHADUB KARIM said that they had a dam (earthen) which bad 
almost silted about 50 per cent., but the percolation was on the increase. He 

, · would like the research workers to enlighten him on the cause of this phenome
non. 

RAo BARADUB VENXATACHARYA speaking about Mettur Dam said that 
in- the initial stages some sweating might have taken place in Mettur Dam. 
There was no sweating now. They had got figures regarding the amount of 
lime leachedt chemical analysis of the water etc. which had been published and 
a copy of which was available in the Central Board of Irrigation. In the Mettur 
Dam construction too they had used 20 per cent. surkhi, along with ce~ent. 

·The proportion of sand varied from two parts in the front face and four. p~~-in 
the rear face. 
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MB. CoCIIRANE asked whether the •urkhi was ~cided in the factory or 

locally. Was it used for saving cement~ _ 

~BE PRESIDENT asked if it was added for making cem~t .slow -settjng ! ' 
. . - - ·-.. . - . :, 

DEWAN BAHADUR GoVINDARAJ"A AYYANGAB said no doubt 8Urkhi a8 made 
contained some amount of sand, allnmina etc. The main idea of its ~ddition 
was as a puzzolona. So much so, that the final proportion ·of puzzoi~ila to 
cement and sand used might work out to some required proportion«'. flp,rkhi 
was added primarily to reduce the heat of hydration and the proportion was 
wcrked out by trial and error._ Con1pared tq t;h.e local rates, at the 'daM. site 
_mrkhi did not work much ch~aper. 
' . 
· THE PRESIDENT asked Mr. Govinda Rao how nine inches cem{mt pomting 
was done in dams. - · · · · · ... ~ 

MR. GoVINDA RAo said that the lime mortar on the face of the dam in the 
front joints of the front course of the stones would be raked to a depth of 
-'nine inches while the mortar was still green and cement mortar was·. then 
put in. . ,~:~ 

THE PRESIDENT remarked that it was virtually building the front face with 
cement mortar.· - -· .::1. 

. .. 
; MR. GoviNDA- RAo replied it would be more ·or less so. Regarding c~t 
;he said it depended on the cost of labour, distance of kan~ar etc. from the work 
site and other conditions prevailing in each pia~. 

(iv) CONSTRUCTION 

There was no discussion under this sub-head. 

CONSIDERATION BY THE BOARD 

THE SECRETARY said that the former subject " Dams ,, had been split iri..to 
two subject heads viz .. "_Dams and Weirs" £and " Dam appurtenances" • 

. The former comprised four sub-heads. -
' . -

(I) INVESTIGATIONS 

· THE SECRETARY reported that there was no contributio~ o~ the subjec~ ~~ 
the Research Committee Meeting. . · 

RAo BAHADUR VENKATACHARYA asked if a model could be constructed ol). 
Bligh's theory and then tested. .t 

THE PRESIDENT remarked that Bligh's theories were now antiquated. The 
design should now be tested against the latest theories. 

' ' 

It was decided that the subject should continue on the Agenda. 
(ii) DESIGN 

The Board noted the discussions held at the Research Committee Meeting. 
(iii) MATERIALS 

It was decided that the subject should continue on the Agenda.· 
- -- {iv) CONSTRUCTIOB -· . -. 

No discussion. 



SC-Dam Appurtenances 
(•1 ~et and outlet works 

. (ii) Tunne1s 
{iii) Conduits ·and peDBtocb 

(w) Fish tmsaes 
(11) Other works 

The Year·s Work · 
There was no contribution under sub-heads (i) to (iii) and (v) at the 1947 

:Reeeareh Committee ~eeting. 
(iT) I'ISB PASSES 

PRELTMl'NARY NOTE 

In 1941, Rai Bahadur Dr. S. L. Hora of the Zoological Survey of India 
aent a note on ~' Dams and the problem of the Indian migratory fishes " to the 
.lecreta.iy Central Board of Irrigation with the request that the note be circulat
ed to tho members of the 'Board for eliciting their opinion on the subject~ 
'the note was put up to the Research Com,Uttec and it was decided that the 
matter should be placed before the Board. At the ·Board Meeting " it was 
resolved tbatthe·Iett~r (along with·the note) b~ circulated to Bo.u.l mem)>el's 
for opinion ''. 

The Secretary -w:as later directed to enquire from Rai Bahadur Dr. S. L. 
Bora the :requirements of fish passes so far as these could be given in gener.al 
.terms, so that it may .assist in.igatiQn engineers in the design ~f fish paaMS, 
tho~h it may-be· necessary for them to get in touch with the Zoological ~urv~y 
Departmentinindividual~ases. The following i.s so~e of the information whiGh 
lf38 111upplied by Dr. Hora. 

CEJiERAL :REQUIREJiEJITS OF FISH P A.SSES 

1. "Fish ways~ ladd~;rs or passes should aim at permitting at an tirrus 
aa free a.n exchange of the fish population on ·either ~ide of the dam, weir :ol' 
-other ,~bstacle, a.s would naturally take place if there were no obstruction at all. 

The volume of ~ater in different seasons, the idiosyncracie111 of fish, t.lt.& 
. keight .of the dam, .the nature .of the soil, etc., are bound to necessitate local 
JDOdificatiOns in design. 

2. For the reasons stated in paragraph 1 above no single design .will Knit 
all the rivers. · 

3. The slope of the nsh ladder should not be steeper than one foot yertica.l 
· ~ten feet horizontal, oo as to ensure a current of vdocity of not exceeding 
evev feet per sooond in any portion of the fish-wJ.y. The flow of the water 
should be gentle a.nd without deep falls. 

4. The oompartments of bays of the pass lfiU:'3t be of such dimensions that 
~e :fish do not .risk_ collision with the sides and upper end of each bay .when 
uoending. 

! llltroo• oecl J.y ihe Beeea rch Committee 194 7. 
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• 5. Plenty of light should be admitted in a. fish way, both from maint&ininl 
therein the natural conditions of the water, and· in order that the interior 
may easily be inspected and any foreign matter removed. There mU8t be noth~ 
ing in the formation of the pass to suggest the existence of a. trap.' · 

6. It should in all its parts, by action of the cu"rent of water passinc 
thl'ough it, be as nearly as possible self cleaning of all sand gravel and mbbish.~. 

7. The water supply should be ample and there should a.IW3ys 'be· wa.teJ: 
in. the ladders in the season when the fish are making ascent. . · · 

8. The top and side of a fish way should be above ordinary highwater. 

9. The pass must be situated where it will be self advertising i.e. it mU!i 
farm a. current impinging into a certain place below th~ obstacle so strongly 
that it becomes the chief or predominant current of the stream, where the fisk 
will be led to that point for attempting the ascent. One may have the heal 
possible kind of pass, but if fish do not get into it one may as well have no pa.u 
at all. The position of the entrance is of paramount importance no matter 
what type of pass is selected. The ideal position for the entrance to the passia 
elose to where the fish lie, so that there will be an attractive flow of water from 
the pass, when the river at the level at which they chiefly run. The entrance 
should be located in a pool at the bottom of the ladder where fish would naturally 
collect before ascending the river and these pools must be kept clear of aU 
silt and other accumulations and deposits. . ' ' 

10. The Cail fish pass is a combination of the "inclined plain system" 
with the pool and fall or step system. It consists of series of compartmen~ · 
arranged in steps, and separated by number of cross partitions, which ar~ 
provided with!suitable orifices at the bottom alternating successively from si~~ 
to side so as to allow the fish according to their individual habits to ascend tlie 
fish-way by either leaping over the small waterfalls over the cross partitions or 
by darting through the orifices, at the same time enabling them to rest in the 
compartments in comparatively still water. Such a pass may prove satisfac-, 
tory for most of the fish that are found in the Indian rivers. " 

In 1944 the Central Board of Irrigation informed thelmperialCou.ncilof 
Agricultural Research for the consideration of their Fish Committee that the; 
investigations in fish passes may be divided into the following three parts:- ' 

'' (a) A study of the habits of various kinds of fish., 
(b) The capacity and strength of various kinds of fish to progress througk 

different velocities and falls etc. 
(c) The design of the fish pass to obtain conditioDB required vide (4) 

and (b) above. . 
The investigations under (a) may be carried out by zoologists but the 

investigations under (c) is purely a matter for engineers. The investigation~ 
under (b) are such where it is necessary for both the engineers and the zoologists 
to work together. " 

A scheme financed by the Imperial Council of Agricultural Researeh for ' 
an investigation into the bionomics of Indian Migratory fishes was i.D..stitntel 
with a view to standardising designs for fish passes on the 1st May, 1946. · 

. "' .. 
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The following resolution waa moved by Dl. S. L. Hora at the Imper~ 
Oouncil of Agircultural Research Fish Committee Meeting 1946. : . , •. ·.1 

" The Fish Committee of the Imperial Council of Agricultural Research 
atrongly urges the Government of India to take adequate stepa to sa!egwud 
fish productivity of the various provinces in which power and irrigation pro-:
jects are· to be undertaken and that before starting construction of any dam or 
other type of structure obstructing movements of fish, surveys of fisheries 
:resources be made by qualified experts. " 

On this resolution the Fish Committee recommended that Dr. Hora's sug
$estion w.as premature and so the suggestion was not adopted. . 

~ · · The question being of immense importance has now been brought on the 
agenda for the Research Committee. 

Recent Literature, 

1. Pryce-Temnatt, T ~E. Fish passes, 

2. Report of the Committee on Fish-Passes-Institution of Civil Engineer 
(London) 1942. 

3. Fish passes for weirs and dams. Full scale test of Designs-Central 
Board of hrigation Journal January, 1944, page 10. 

4. Central Board of Irrigation Bulletin No. 38, June 1943, page 1. 
'· . 5. Bora, S. L. : Construction of Dams and River Fisheries-Central Board 
of Irrigation Journal, Aprill947. 

6. Dams and Fisheries-The Central Board of Irrigation Journal, April 
1947 (Editorial) page 77. 

7. A.M. Mcleod: An Investigation of Fish-ways 1942. 

The Year's Work . 
The following item was discussed at the 194 7 Research Committee Meeting : 

, ' (I) Problem o£ :fish cultivation in Irrigation and Hydro-electric re:::ervoirs 
by S~ L. Hora. 

{1) PROBLEM OF FISH CULTIVATION IN IRRIGATION AND 
HYDROELEC'rRIC RESERVOIRS 

by 

SUIUler Lal Hor~ D.Sc., F.R.S.E., F.Z.S., F.R.A.S.B. F.N.I. 

Director, Zoological Survey of India, Banaras. 
ABSTRACT 

_ Enunciates the main problems of fish culture in large reservoirs and shows 
tiieir complexity and varied nature. Suggests means to tackle them on· 
cpmprehensive scale • 

. Like agriculture, aquiculture- or more popularly called Fish Culture is an 
ancHmt~dustry and implies conscious h~man effort directed towards increasing 
food supplies tmough the cultivation of desirable species-of fish in impounded 
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:.._ate:rs. From 'the above definition, it will be clear that for inltiat~g a 
programme of ·fish culture, the following fundamental conditions must_ be 
satisfied:- .. 

I. Availability of the varieties of fish suitable for cultural operatiol:lS ; 

2. Suitability of impounded waters for the culture of desirable species 
of fish; and 

' . 
3. Conscious efforts on the part of man to utilise impounded water-

. resources for raising fish crops. This effort will not only entail 
human labour,. knowledge and skill but will alSo imply the produc~ 
tion and use of fishing implements. Like agriculture again, the· 
fish cropping has three aspects-· sowing, tending and harvesting. 

~ . 

This is not an occasion to give details of fish cultural operations, whick 
·are capable of considerable improvement through experimentation and research, 
·but to correlate the three fundamentals of Fish Culture with vast sheets of 
·impounded waters dammed up to serve as reservoirs for irrigation and/or 
hydro-electric purposes. I shall, therefore, discuss the subject under four · 
. headings, viz., Fish, Reservoir, Man and Fishing Implements. ' 

FISH . 
. 

, , hrigation or hydro-electric reservoirs are usually constructed by damming 
a channel of run-away water which becomes flooded at certain times of the year 
·and runs almost dry in other seasons,. The water thus wasted annually is 
·indeed a great loss and its storage is definitely a national a~ set. In such challllels, 
there is usually an indigenous fish fauna, which throuyh centuries has become 
-·acclimatised to the variable ecological conditions pevailing in its habitat 
and may have evolved structural features which enable it to live in harmony 
with. its environment. Let us take, for instance,· a hydro-electric reservoir . 

. Such reservoirs are usually constructed by da.mming up a hill-stream, the main 
tphysico-biological features of which are:- · 

(i) Rocky bottom, strewn with pebbles and shingle at certain places 
and rocks and boulders at others. · 

.. 

(ii) Clear, fast-flowing water cut up into a series of pools and rapids 
or cascades or waterfallS. • 

(iii) Highly oxygenn.ted water in view of (ii) above. 

(iv) Absence of higher aquatic plants which could serve as food f0r 
. fishes. 

(v) Animal or vegetable matter which could serve· as food for fishes lies 
encrusted on rocks and stones or hidden among pebbles or shingle. 

The indigenous hill-stream fish fauna generally comprises of either strong' 
powerful swimmers, such as l\Iahseer, Indian Trout, etc., which can negotiate 

· through muscular effort cascades between rock pools ; small loaches- or loach
·like fi&hes which live among pebbles and shingle or of species provided with 

orCYans of adhesion for sticking ·to rock and stones and rasping jaws for feeding 
on° enciU.£ted matter. All of them are lovers of highly-oxygenated waters and 
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in quite a number of them gills are greatly reduced in response to this factor in 
their environment. The feeding habits and the consequent modification.~ of 
lips and jaws are also very characteristic of hill stream fishes. 

If such a highly specialised fauna is subjected to a changed environment, 
such as will be produced by the construction of a reservoir, it is obvious that 
most of the specialised forms will die out and only generalised species may 
survive. For cultural operations, therefore, we shall have to determine experi
mentally the species that are likely to survive and their suitability for cultivation 
rate of growth) feeding habits, breeding habits, palatability, boniness,. 
fJte •• The temperature of water in the reservoir and the new physico-biological 
eonditions produced by the construction of the reservoir will have to be studied 
in detail so as to find out indigenous or exotic species which could be cultivated 
therein. 

Even when suitable indigenous or exotic species have been discovered, it 
will be necessary to find out a source of fish seed supply. If the cultivable fish 
becomes established in the reservoir and breeds freely in it, then the seed supply · 
problem will not be so acute, otherwise hatcheries and nurseries may have
to be set up and a regular fish farm established near the reservoir. Usually 
several species of fish are cultured together so as to make use of all food zone& 
in their environment. 

In short, for stocking a reservoir of the nature described above with fish, 
. eonsiderable amount of objective applied research and experimentation will be 
•ecessary. The nature· and extent of research will naturally depend on th& 
type and construction of the reservoii- and also on the availability of suitable 
local varieties of fish but in no case it will be possible to undertake fish cult!n.e 
•• a commercial basis Without undertaking the investigations referred to above. 

RESERVOIR 

I~ discussing the availability of the varieties of fish suitable for culttir&l 
operations, references have already been made to the nature of the reservoir. 
Besides depth and perennial nature of the water, both of which are tinsuitable 
for fish cultural operations, the ruggedness of the bed of the reservoir is an 
:i.rilportant consideration for harvest~g th~ crop .. I s~all have occasion to refer 
to this aspect of fish culture when dealing with fishing rmplements. 

With the constructiQn of a reservoir, one may find the following varieties. 
ef environmental conditions :- · · 

(i) Feeder hill-streams of the reservoir which will continue to afford 
suitable ecological conditions to the existing torrential fauna. 

(it) Shore waters up to a depth of ten to 15 feet; ~armer and more 
suitable for the young fish and growt~ of vegetation. . 

(iii} Clear surface waters lying off shore in depths of 15 to 50 feet 
permitting growth of aquatic vegetation. 

(iv) Deeper waters, over 50 feet in depth, where light d~es not penetrate 
· &nd which are not suitable for the growth of plant life. The bottom 

will be covered with silt and detritus. 

(v) Shallow, muddy bays with the bottom covered with silt. 



Ecologv of eaca habitat will ha~e to be iD.vestigated experimentally for 
the determination of varieties of fish' suitable for each. ·It would mean 
oontinuouR observations over a number of years -after the construction of the 
reservoir and a watch on the changed that might. occur in the habitats of :fishes 
from time to time. 

MAX 
. Both the fish and the reservoir·can aehieve little in the way of fuJh cultlll6 
if left to nature alone. There is no doubt that subject· to the consideration11 
detailed above there may be a small crop of natural fish, but no regular :fishery 
worth the name can be established without human effort. Besides research 
and experimentation, which should be directed to attain the objective in viewi, 
there will also be need for workers who could interpret and help to apply in 
practice the new knowledge, the new creations and the new ideas coming 'out 
from experimental farms and laboratories. Besides a large number of practical 
fish farmers, skilled and unskilled labour will be needed to make fish culture& 
a success after the reservoir is found suitable and the desirable varieties 
of fish have been discovered. In fact, the success of the whole venture will be in 
proportion to the knowledge, industry and earnestness of the persons entrU.sted. 
with the job. It should be hardly necessary in the modern times to argU.~ . 
the case for an increased rate of progress in the technique of food production 
which is the ultimate objective of fish culture in reservoirs. 

FISHING IMPLEilDTS 

Huma.n efforts without the aid of tools of a particular industry can ·achieve 
little and in tackling the problems of fish culture in. reservoirs new methods of 
so" ing, tending and harvesting may have to be fouu4 .. For .instance, in a deep 
reservoir most of the fishing appliances now m~ed in fresh water fisheries may not 
be of much practic: 1 value. Even deep-sea fishing methods cannot be used oil 
account of the nature of the bottom of the reservoir which may co:1tain tree 
trunks, immersed villages, rocks and boulders, · etc. Experiments in fishing 
methods carried out at the Mettur Reservoir have shown that' Rangoon Net, 
used by the fishermen of the Godavari for catching f!ilsa is fairly effective but 
much research and experimentation is still needed to evolve suitable methods 
for harvesting the crops. · 

It will thus be seen that a considerable amount of investigation will have 
to be undertaken in the case of each reservoir before we can think of heavj'. 
profits from fish cultural operations. It must also be borne in mind that eacih 
piece of water has its individu!O!.lity and specific proplems, so no rules of thumb 
can be formut1.ted for all reservoirs. · 

SUGGESTIONS FOR THE COMMITTEE 

In this brief account, I have. enunciated the main problems of Fish 
Culture in large reservoirs and have shown their complexity and varied nature. 
The only way to tackle them on any comprehensive scale is to set up 
investigations through fishery S'~i-3ntists, s~u1tan~ously. with t~eir 
investiO'ations considered essenti'll for undertakmg a· reservmr-coi::tstruct10n ·. 

0 
project. For each reservoir, an exp0rimental fish fa'rm must be constructed 
and a staff of one senior and two ju '1ior technical officers with the necessa~y 
compliment of subordinate staff engaged. The same st..'lrff can,carry out the fish 



632 'l'HB CENTRAL .BOABD OJ' IRRIGATION ANNUAL BEPORT 194:7 
' ' ' ~ a t c : • 

~d fisheries survey of the river and work out the bionomics of commercially 
important migratory fishes with a view to advise on the type of fish passes 
that may be required in that particular dam or weir. 

In other countries such investigations are invariably included in any 
project of dam construction and it is high time that India also thought of 
conserving the fishery resources of the rivers and of augmenting fish· supply 
through the proper utilisation of large areas of impounded water. 

DISCUSSIOlT BY THE RESEARCH COl'dMI'r.rEE 
' DR. HoRA introduced his paper and said that he was very grateful to the 
Committee for having afforded him an opportunity to speak on the subject of · 
·:fishery problems connec~d with the construction of protective works in water
~ays and how engineers cou,ld be helpful in the solution of those problems. He 
~ad been inviting attention to the study of fish passes in relation to the 
'piigratory movements of Indian fishes concerned since a long time and waSJ 
b.B.ppy to state that he had now been afforded an opportunity to survey the fish 
~nd fisheries of the Kosi River in comiection with the multi-purposes dam. 
· .. ·. The waterway engineers, he said, were mainly concerned with the water 
resources of a country and their proper utilisation for human welfare and in this 
~op.Dection they attached importance to irrigation, navigation, and hydro-electric 
f<!wer. He wanted the audience to go back to the period of the primitive man 
wheri there were no engineers in the modern. sense. Even then waterways 
played a very important part in the economy of !fian as is evidenced by the fact 
that all old, prehistoric cities were built either on the banks of rivers and lakes 
"OY on the sea shore. To those primitive people, water resources meant fisheries 
·and navigation intermittent or all the year round. Dr. Hora, therefore, wanted 
engineers to regard fisheries, nature's most valuable and prolific gift, 
as one of the water resources deserving of their consideration. It was necessary, 
be said, that surveys, such as geological, economic, etc. pertaining to a 
project should also include a survey of the fisheries resources of that water-
-way. - . ' 
-. Forfishcultureinreservoirs, itwasnecessary, he said, to know the types of 
&h locally available, varieties of fish that could adapt themselves to changed 
conditions, the physical and biologic:a.l conditions affecting fish life produced 
by the construction of dams and the general ecology, bionomics and life-history 
-()f the species to be cultured therein. He recommended, therefore, that 
-Research Fish Farms on· an experim~ntal scale should be instituted at dam 
~l.tes to investigate the fishery problems likely to arise with the construction of 
dains in the countrv. · 

With regard t~ the existing fish passes in various dams, Dr. Hora charac
terised them as fish traps and stated that they had not been built with any regard 
to the life-history and bionomics of the fishes likely to use them in their 
'lnigratory movements. · 
· ·· Referring to some earlier subjects discmsed by the Research Committe~ 
and with regard _to acidity or alkalinity of tube-well waters, he ref~rred to a 
tube-well irrigated fish farm at Batala, Gurdaspur District, Punjab, and stated 
that:its water was definitely acid and found unsuitable for the cultt;.re of fish. 
·Several measures had to be taken to make it suitable for fishery pu:poses. It 
, ·was well known that a T11 value of 8·0 to 8·8 was suitable for fish growth and . ' . . ' 



he thought the same PH value. was good for plant growth. It was necessary, 
~;h~refo~e,.. that the Irrigation Engineers ·should check the PH of tube-well 
wiJ.t;ers~and, if necessary, correct them for irrigation purposes. 
~:-r~.F.or the reclamation of low lands, :PR. HoRA suggested that much improve:. 
riient· could be made by digging fishery tankS and' by filling up the neighbourmg 
lands with the earth· excavated therefrom. ·ne .furlher pointed out that :fis1i 
·~e ~d precipitating action on the mud suspended in. the water and fish 
cUltUre could; therefore,~ help in silting up low lands gradually. 

By showing as above how problems of engineers were inter-connected with 
thoso of fishery biologists, the speaker pleaded for co-ordination of their activities 
in the best interest of the nation. He also emphasjs~d the neeq of est~blishing 
a Fisheries Research Section in the· Central W:aterways Irrigation and 
Navigation Commission, so that proper fishery surveys and fishery biological 
investigations could be instituted on a comprehensive BC!lle in connection with 
the various dam projects. Financial burden of running such a section could 
perhaps be shared with Indian Council of Agircultural Research. Preliminary 
fishery work connected with any dam project could perhaps be. undertaken by 
the Provincial or State Fisheries Department, for such departm'3nts now existed 
everywhere. · The riverine research staff of the Central . Inland Fisheries · 
Research Station could. also help in these investigations and the Zoological 

·Survey of India could be helpful in carrying out faurtistic surveys. In view 
ol these considerations, he presented tp.e follow :ng draft r~solut~o.P. f<?r co.nsid.e:r;a~· . 
ti.~n of the meeting, w~ich was .discussed and passe~ ... · . ·.· ·~·· · ~-· · · : · · 
r , , '.'Resolvl d th:1t the R~search Committee recommends to the Board that in 
the·construction of prot~ct.~e rive·r· wo1ks1 due considerat~on should be 'paid to 
the fishery fN'OUrces of the waterways ~y COt.ducting fau~stic and economic 
surveys of th~ fisheries. In view of the proposalsto coristtutt a large number 
of dams in th.-.,country the Committee.desires·ihat Irrigation·R(s'1archStations 
should und13,1takt) work on fish pa~s'1s by associating ·fishery ·scic,ntists with 
them in this work." ':. -~;. . . ' ' '· . ; !. ' ci:. 

•1.:. ,THE··CBAIRMA.N .(Snn DILDAR HussAI:~~') tha~ed, the speaker for his 
instructive · speech. · · ; 

__ --..~.........__;___,.., I 

CONSIDERATION BY THE .BOARD 
THE SECRETARY said that this was a new subject head introduced by the 

Research Committee with the following sub-heads: (i) Inlet. and outlet works 
(ii) Tunnels (iii) Conduits and penstocks (iv) Fish ·passes and (v) Other works. 

There was no discussion at the Research Committee Meeting under this 
head except on Fish' passes, under ·which Dr~ Hora had contributed a note of 
general .interest. The resolution, pas~e~ by. ~he Research Committee might ba 
considered by the Board_. · · 

After some diScussion, the following Resolution was adopted by the Board. 
Resolved that the Board is of the considered opinion that in the construction 

o!Iprotective river works_due consideration should be paid to the fishery resources 
of the waterways by conducting faunistic and <nomic surv.:ys of the fsheries, 
and in view of the proposals to construct a lar~e number· of.dams in the country, 
the Board desires that Irri~atiori · Research Stations ~h9uld · undertake work 
on fish passes by associating fishery scientish with them in this "Work. 



6C-Spillways 
PRELIMINARY NOTE· 

This subfect has been introdu~ed as a sep~rate item for the first time• 
Previously, discussjon on the subject has taken place under "Dams". The· 
following items discussed at the 1946 Research Committee Meeting. 1Uldar 
"Dams" could be classified under the head" Spillways". 

(1) Myf'ore type of spillway siphon, by V. Ganesh Iyer, Esq .. 
(2) Sipr_on E'pillways: Ganesh Iye.r's volute siphon: Factors afteating 

the co-efficient of discharge of. 
(3) Det.ermination of the co-efficient of discharge of automatic ga\es" 

spi1lways for Tansa Dam. 
(4) Spil:way siphon for Rasul Hydro-electric Power Station. 
(5) Volute typ·~ siphon· models. 
(6) Spillway dains. 
(7) Siph"n sri:~way.:. · . 
(8) Siphon spillways.· , 

The Board at their last meeting accepted the recommendations of the· 
Research Committee that Mr. Ganesh Iyer's paper on Spillway Siphons be pub-
lished as a Board Publication after the author has made such additions and 
alterations that he considers necessary. Mr. Ganeshlyer has not sent in the 
oompleted copy of the draft publication as yet. · 

There are three main types of siphon spil:ways. One is the overflow Bp~ 
way, th~ second is the inclined tunnels spillways and the third may be c&1led 
Shaft spillways. This includes what the Americans call the "Glory Hole" 
Bpillways and the Ganesh Iyer's Volute Siphon. 

TP,e following are some of the features which require investigation: 
· (1) Overflow spillways · 

(a) Slope of crest fo~' maximum cd-efficient of discharge 
(b) Slope of glacis and cistern for minimum erosion below the spillway 

(2) and (3) Inclined Tunnel and Shaft spillway 
(a) Mutual interference 
(b) Priniing head 
(c) Co-efficient of discharge· 
(d) Cavii:a.tion 
(e) Measures against erosion on the downstream side 
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i. Naylor, :A:. H.-"-Siphon spillways, Edward Arnold .and ·Co.,. Londo•ll 
1935. ' 

.1. :Roc~;E.'""TDesign,of a high head siphon spillway, P:t;oce~Q.ings of the 
American Society of Civil Engineers, April 1939, pages· 607-618. 
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1098-1100, November 1939, pages 1641-1646. · 
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· the Institute of Civil Engineers, December 1937, page 318., · 
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· C.'~- Jnglis, C.I.E., Director, Central Irrigation and Hydro-qynamic 
Research Station, Poona, to the Superintending · Engineer, 
Deccan Irrigation Circle, regarding design of a syphon for the waste 
wt;ir .at Bhandardara. · · 

. 8. Stevens, J". D.-Siphons as water leyel regulators; Proceedings of tho 
American Society of .Civil Engineers, October 1938, pages 1627-1641 .. 

9. Varadamjan, M. R.-Siphon spillway for the yashvant Sagar dam 
in Holkar state, Mysore Engir}.eern Associ8.tion Bulletin ·.Volume 
~I No. 2, page 8, · 1933. · 

10. Relidov, I. .N .-Determination ~f pressure within a siphon spillway, 
:&oceedings ,of the American Soci~ty of Civil Engineers, March 1945, 
page 297. 

II. :Brown. 9 . .A. M.-Note dated lOth· March .1945 on the discharge 
coefficient of cc~am types of spillw~y sipho.1s (Typewritt~IJ) Marcil 

. 1945.· 
12. Siphon Spillw~y experiments~ · Report of Central - Irrigation and 

~... llpirud;;:.uamic Rese.trch Station, Poona, 1942-43, J><l.;e 24, 1943. 
13. BonnetT L, 'Bloclanan, J. f nd Iamotn J.-. Experimental .investi

gation of various types of self priming siphons Ul3ing scale models, 
International Association for Hydr."ulic structure Research~ 
Summary in Englis~ . .German and French, 1937. · 

14. Hegley.-Automatic Siphon Spillways,. Civil Engineering ft!}d Public 
Works Review, November 1937, page 394. 

16. Ein.nie, G. M.-Model Experiments on bell mouth and siphon bell 
mouth overflow spillways, Journal of :the Institute .of nivi! 
Engineers,. paper No. 51L6, pages 65-90, November 1938. 

16. Experiments with siphon spillways (Typewritten) . Report OD: 
Research work in lr_ igation, Research Divisio.a ·Poona, i 1933-34 

. page 27. , 
17. Alm:ed Shukry.-Experlmental investigation of the behaviour of 

flow through siphon spillways. Fuad University Giza, E ypt. 
18. Siphon Spillways, United Provinces, Public ''rorks Depa ·t.mAnt. 

Annual Report, lrrigat:on Research Section, Technical ~Iemo. 
No. 16. page 2~ 1945. ~~ 

19. Iyer,. V .. G.-Volute Siphons, 1946, (stencilled). 
~. Creager, \V. P. Justin, J. D. an l Hinds, J.-Engineering for dama~ 

3 YOhvne.&, 194:5, pages R71, 909. 



21. Hanna,' F. W. and Kennedy; R. C. -Design of .daJps 1~31, page 191, 
22. Justin, J. D.-Earth Dam Projects, 1932. . • · ~ · . ,, . ' ' . . . . 
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24:. ·o'Brien·,.·~~ and.Rickox~ ·G._~ H.:..:..;_Applie~ :fluid;·mechanics, 1937, 
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26. King, H. W.-Handbook of Hydraulics, 1939, page 61. . . 
27. Kuttiamtnu, T. P.-Irrigatiori Research; ·Division Poondi, Madras. 

Annual Report for 1944~ page 2~ · . · 
28. Franzius, 0.-Waterway Engineering,' 1936. · · · 

. . 29. Davis, C. V,.- H~ndb~ok of applied hydraulics, 1942. . . 
30. Soucek, E .. and Zelnick, E. W., Lockmapifold ~ent:s, Dock 

and Harbour Authority, Jol. 26, No. 303, January 1946. _ 
31. Hill, R.A. and McNaughy, D.C.-Design of Spiral Spillway Chutes 

Civil Engineering Vol. No. 15 No~ 11, Novembe~.- 1945. 
32. Roberts, K,.C.-.. Sp~lway gates and equip~ent oii T.V .A. Projects 

Civil Engineering Vol. 16, n. 1, January 1946. ' · · 
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· The Year's Work 
The following items were discussed at the 194:7 Research Committee 

Meeting: · · ·· ., 
(1) Scou.r' downstream of a five-vented spillway dam fo:r various 

combinations 'of shutter openings. 
(2) Pressure distribution: ··on ogee spil).ways-Tungabhadra Spillway 

Dam. · 
(3) Pressure distribution. on the Ramapadasagar Spillway Dam. 
(4:) Co-efficient of d~scharge for the Ramapadasagar Spillway DaJ&. 
(5) Stilling-basins for overflow dams. 
(6) Roller bucket for the Ramapadasagar overflow _dam. 
(7) Siphon spillways for Pahuj weir. 
(8) Preventing scour below Ganesh Iyer Volute Siphon Spillways by 

mutual impact of jets issuing from adjacent siphon oUtlets. 
{9) Experiments on the effect of altering the shape and n1llllber of 

volutes in a volute siphon. . 
-(10) Experiments on dissipating the energ} 'Of flow from volute siphons· 
(11) Experiments on variation of co-efficients of d.isc}large und~r varying 

degrees of submersiqn of siphon outlets.! . 
(12) Experiments on Shaft. Spillwa;s for Tanks. 
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. . 
'(13} Mod~l invMtigations ·regarding the design of.Napa D~n;t~ 
(14) Rasul Hydel Scheme Spillway Siphon. 
(15) Bhakra Damp Spillways • 

. . (1) S~OUR DOWNSTREAM OF A FIVE-~TED SPILLWAY DAM'FOR 
V A.RIOUS COMBINATIONS OF SHUTTER. OPENINGS (1) - -

ABSTRACT . 

In the case Of a rehlator or a gated spillway~- the -- scour8 developed doWti: 
stream of the structure during_ regulation are very much influenced by the' war 
in which the shutters are opened. To study t}le nature and magnitude of this 
iD1laence, a series of eueriments were carried out on a model of a spillwa.r 
dam consisting Of five gated spans, which is briefly described iD t}liS report, 

. -

DESCRIPTIO]( OF THE MODEL 

For- this study, the design proposed for the Tungabhadra Dam was adopted 
in some of the details and the model was constructed to a scale of 1/100. A 
plan and section of the layout is given in Figure 6 0.1 The model of the spill· 
_way was fitted up across a parallel sided flume 26 feet X 5 ·83 feet X 2 ·5 feet 
taking off from one side of the experimental tank 20 feet X 20 feet X 2 ·5 feet. 
Water supply was controlled and maintained steady by means of inlet and, 
Qverflow sluice valves and the water levels downstream of the model were _ 
~djusted by means of a tail gate~ _The model itself consisted of an ogee profile 
overflow section of five sp~ns each 60 feet wide (reduced to scale 1/100) separated 
by piers ten feet wide and two non-overflow sections of 120 feet length, each 
.constructed in continuation of the spillway on either side .. The spillway was 
94: feet high and maximum depth of flow over it 22 ·5 feet. It had a stilling _bas~ 
nine feet deep and 26 feet long from the bucket toe and a pucr.n- apron 120 feet 
Ion(J beyond. The top of the apron was taken as +100 ·00 and this datum was 
adopted for calculating scour contour~. The ~tilling. basin. and apron ~?-~;
~tream of it wero separated from the nver bed Immediately m rear of the nol).;
overflow dams by means of river walls 12 feet truck and of sUfficient height. ·The 
bed d~wnstream of the ma.sonry floor was moulded level with screened sand passing 
through 24 mesh and retained o;n 30 mesh per inch sieves. All'measuremel'l.t8 
were made by pointer gauges reading to -a thousand of a foot. · 

DESCRIPTION OF THE EXPERIMElfrS 

Excluding a few test runs the following combinations of shut~e:r o~n.ing~ 
were experimented up on~ · 

{1) All shutters fully open'; upstream water level 22 ·5 feet over crest; 
downstream water level 25 feet ov~r apron. · · . . ·. , 

(2) All shutters open half; upstream water ,level same as ~hove ;-down;. 
· stream water levell7 ·8 feet over apron. -. · _ · . . - · · , · 

(3) All shutters open one-third; upstream water level same as ~hove'; 
dow.p.stream water ~evel13 feet over apron. _ __ ... 
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(U) Four vents fully open in three different combinations ; upstream 
water level same; doWDStream water level 21 ·8 feet .above ~pron. · · 

' ' ' 
' (7-11) Five combinations of three vents fully o~n; upstre,am ~ater lenl 

,aame: as above; downstream water levell8 ·5 feet above apron. 

· ·. (12~ 17) Six combinations of two ven~s ~ly. <?~n ; upstfeam , water level 
11Uer levell4: ·,.5 feet over ap.ron. · 

(18-20) One vent open full-three separate cases ; upstream water level same 
!l•bove; downstream w~ter level12 feet over apron. · 

.. · The period of run in each case was one hour • . 
DISCUSSIOI OJ RESULTS 

·. (i) Floto pattem.~bserving the .flow during the seve~l runs'the following 
characteristics were noticed :-

(a) \Vhen all the shutters were open either partly or fully there was 
steady forward flow away from the structure except for some return 
:ft.ow and eddying on the wingQ, i.e. opposite to the non-overflow 
~ions. · 

(b) \Then only wme ()f the shutt~rs were open the flow invariably got . 
unbalanced and return flow obtained. The resulting heaving ~nd 
eddying were E~evcre when the shutter openings were concentrated 
and unl'lymmetrical it~Ut the centre line~ By opening the fhutt:ers 
\ymm€trically and by <1i~tributing them evenly the flow could be 
more <>r less steadied. All· the~ e characteristics of flow hacl ttcir 

: ef:f'ect on the location, ~velopment an.d depth of scour,:. 
(ii) &xJ?IT$.--A c~mparative study of the ~cour contours yielderl ronny 

interesting infer-enoos .. _. · · · 
Though tbe dischargP.s with all vents half or one third. open were much 

less than wit-h all \'tmts fully open the .depth of scovr remained the ~arne 
~use , in the former two, cases the downstream water levels were 
proporticm:.tely ~s. 
~ . Tbe benefit of opening all ~:>hutter~ p~rtly ~n preferenc-e to a few of ~he!U 
was fullv cleaT. · 
I rF ; 

Th~se te::ts indicated the. advantage of opening the vent.a in a symmetrical 
ma.nner :\lld of sprt.ading them evenly al<>ng the full length of the spillway. 

The unbalanced .flow. observed in the case~ere shutters were opeiJed 
unsymmd:ric-ally will have con~iderab]e ndver~·e effect..,Qn marginal banks and 
will lead to txk ero~ion and bellying. "-... 

Another inference €vident from the:::e studies relates to f.he .... technique of 
mod•3l experimentation for the des.ign of energy dissipators. Two dimemlio:;a1 
mode~ UEua1ly adopted for such experiments can give a sohttion for 
disSipating the'-eicess energy which gives ri~e. to ~dJies and surging :flow·; t ~1t 
ermnot i1~dieatc the -effects of lateral flow, return eddies, etc.. It is, thereft-rc, " 
advi~able to coock the design finally on a three dimensioned model. 

I CONCLUSIOK 

. &oms d~wnstream of ~ regulator are influenced not only by t~e discharze 
udtail watef depth bnt by ille way in which the shutters ue operated. · Wi.tlt 



a level bed in re&r it is best to opeq all shutters partly for allowing the desired 
discharge rather than a few of them. In case op.lya few shutters are to be opene~ 
it is better to distribute ~hem evenly along the full length of the r~gula.tor ~nd to 
prefer a symm~trical arrangement· of opening. .. Tlte. basic idea shoul4 b~ · tq 
eUminate altogether or to minimise to the extent possible ~~~ retl,ll'n, fl~w 'Il:~ 
~ateral eddies. These cause erosion of margins ~nd accentuate he.ds~~~\· .,.~ :.,..:; 
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. Fi~ure 6 C. 2 : · Pressure obsen;ati:on on · aJtefnalive· ·a$sZ"g.ii.s : 'P/ -Prl!.fi-~ fJ/ 
Tungablzadra spillway dam . . . .. . . , · ... '· . , , . · . ··-- .. ,. 

{2) PRESSUR~ DI$T&mUtiON ON OGEE $PILLW~¥~~(Jlig~~.t\DM 
· SPILLWAY DAM: (2) . 

Two dc~ign~ are sh~wn for the profile. of the Tungabh~dr~.'spillway da_m 
in Fit,tUre 5 C.:! The profile indicated by thick line is based on thecliart giTeriby 
Creager (3). · · · ·· ... ,. . . . . . ., 

The o~her p')rfiles inclica.ted. by dott~d lines, followed the underside ol 
a freely di·~cha.r~ing na.ppe satiqfying relevant hydraulic particulars, as obtained 
from a hydraulic model. The latter contained slightly less masonry than the 
former and also gave a slightly· higher co-efficient of discharge~ Before it. 
could lle adopted, however, tests had to be made with regard to cavitation 
stress and stability. A start was made with a model incorporating piezometers 
to evaluate the nature and magnitude of pressures o~. the ~urface of the 
spillway for the full designed·overflow. ' 

( 1) Irrigation Research Station, Poond,i, Madras A.wlual Report. 1946, pAJN :IQ \0 60 
( 8) Creager, Design of Masonry Dam. 

1:01~ 
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TBEBODEL 
·A masonry 1lume ~th parallel walls two feet apart {~lear) was construe~' 

and the models of the spi11way to scale 1/36 were fitted in the flume. Suitable 
mangementa were provided for . the supply and withdrawal of water). fot 
adjusting and measuring the levels upstream and downstream, and fot 
maintaining these levels constant and steady. A number of piezometer holes 
were left along the centre line of the profile and these were connected to a piezo-

. meter ::.set. up outside the ftume by means .of suitable tubings and nipples. 
· · Water was let into the flume and pressures were noted and recorded for various · 

eonditions of dow. Seven experiments were canied out in this study. 

· ...... · Observations were first made on a model of the profile obtained by 
experiment. As negative pressures were noticed on this, the model was 
reshaped .to Creager's profile and pressures noted again. 

• --- - · · OBSDVATIOlfS 

_ Values obtained in two sets of observations _are plotted in Figure 6C.2· 
These give the values of pressures exerted on the surface of the spillway by the 
overllowing water for the niaximum flood· discharge conditions. It may be 
aoticed that negative pressnres were indicated at several points of the profile 
based on model experiments and that Creager~.s profile did not show any negative 
pressure at all. The minimum pressure in· the former was six feet and· ia 
••e latter it was almost zero. ·· - : .· .· . 

It would be possible theoretically speaking to obtain a ne~ profile inter• 
mediate between the two eliminating all nt'gative pressures and keeping down 
the pressures as near to zero as possible. But the practical difficulties weft 

'. iadeed considerable and the study was not pursued. 

COKCLUSIOKS 

On a spillway profile designed to follow closely the underside of a freely 
·· discharging nappe of relevant hydraulic particula1's negative pressures of small 

magnitude were detected. The profile based on Creager's chart did not dis .. 
close any such negative pressures. The positive pressures obtained on the latter 
were of small; magnitude. For the Tung~bhadra . spillway the original del:!ign. 
l>ased on Creager's profile could, therfore, be adopted. This, it was noted, 

gave a eo-efficient of discharge of 3 ·75 in the formula Q=OLHf for the design
ed maximum head. . . · - . · 

(3) PltESSURE DISTRIBUTION ON THE RAM.APADASAGAB SPJLLWAY 
, DAM(') . 

Tests on a "Minimum Section 'Profile fer the Ramapadasaga.r :-;pill way 
amilar to those carried out on a model of Tnngabhadxa spillwaJ dam alsO 
indicated negative pressures. A " Practica.l Profile " sati~fying considera tiods 
of strength and stability and constructional conveniel\ce was also tested 
on the piezometer set up. Thi'l design is shown in Figure 60.3 experiment 
made od this is explained below. 

( 6) .Irrigation Research Station, Poondi, Madras. Annual Report, 1946 pages 60 to 63. 
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Figure 60.3 Pressure obser?!_ation -~ Rarnapailasagar Szn"llway Dam: 
THEitODEL 

A model of the spillway to scale l/48 was construde4 in smoothly plastered 
niasonry, fitting it up between the parallel walls · of a · masonry flume 
25 feet longX2 feet widex 5 feet deep. Piezomet~r points were introduced 
along the centre line of the profile at locations shown in the figure taking care 
not to omit any point of contrafiexure, etc., where separation might be expected~ 
These points were connected by suitable tubings to a ·manometer set __ up 
outside the flume wall. No piezometer points were introduced in the buck"t. 
as the design for the f:!ame had not been finalized. · 

Tbe flume took off from a stilling chamber to which water supply was made &-t 
constant head by means of inlet and overflow valves. No tail gate was provid
ed and the over flow jet was allowed to shoot forward beyond the bucket tip. 

,. . 

Before starting an observation the piezometer tubes were all filled with 
water, air locks sucked out and correct level in each tube corresponding to ~ero 
pressure at the concerned point carefully marked.· Water was then let in an<J .. 
when the maximum water level conditions were obtained and kept steady tb~. · 
rise (or drop as the case may be) in water level in each_ tube was measured.~· 
The study was repeated four times for confirming t?e readings. 

PRESSURE OBSERVED 

Th1 pressures observed are shown in Figure 6 C.3. They were everywhere 
positive. . In th 3 neighbourhood of the crest, i.e., just downstream of it they 
were of small magnitude varying from 2.8 to 1.6 feet of water in protGtyFe 
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lnd.!eati~g ~ highly effi.cien~ shape from th9 point o~ view o~ diacharge. The 
design md1cated no negative pre~sures along the profile. Observations Qf 
pressures for the h::;:ket t:ortion will have to b1 taken wh,~n the desigD. 
f~ it is fi.n alized. · " 

. . 

(4) CO-~~ OF DISCHARGE FOR iB~ RAMAPA:PASAGAB 
SPILLWA1: DAM {') . . ' 

lll'l'll()DUCTIOX 

. The·profile of the R~mapadasagar Spillway Dam as dosim~d is shown ill 
YJgUa 6C.3 A series of experimenta were made on a 1/60 sc:le model of thi4 
design for obtaining Talues for ~he c~-:efficient of discharge. A few prelimi
nary experimento were made for perfecting the model. Aft3r th'3 model wa~ . 
perfected two sets of experiments we~e carri')d ou11. · 

Further experim~ntJ are in prog~es~ ~o find out the eifoot of cantilevering 
out the pier cut waters on th~ upstream Side of the spillway on the coefficient 
of disch arge. · 

The model was a two. qimensional one and was fitted up between the par~llel 
si(les of a masonry fiunie 2.5 feet wide X 4 f~et deep X20 f<:Je~ long taking o:tr 
at one end of a stilling cistm1 20 fee;t X 10 fee;t X 5 f3et. The model which a~ · 
already f:;i;ated was to scale l/60 was constructed in :p1asonry and plastered· 
perfectly sm~oth. The heads over the crest of the model were measured in a 
gauge well five feet upstream of th'} model and thg diacharge was measured · 
by means of a. preca~ib:at3d weir over which t~ 1 water was let ~to th 1 stilling 
cist9m. · All measurementa were made by vermer gauges, readmg correct to 
thousandth of a foot. Arrangeml3nts for maintaining const~nt h'lads during the 
ex:~riJnents were also provided. · 

RESUl-TS 

The values obtained for C ~ the foro,1ula Q=O L.H. i aft<:Jt applyin~ 
necessary oorreCtioni ro.r t~e. veloc~ti9S of approach are furniohed in Table 
60.1. The headS oyer~~~ ~~lway noted refer to the pr( tc-type. The co-effi
clant could be seen to rHe from 3 •45 for te.n feet overflow to 3.8 for the full 
depth of 30 feet. In the· · _,.ototype the value might be actually a little higher. 
For design purposes, however, th~ valu,e of 3 ·8 wa~ re('ommendcd to be adopted. 

(6) Irrigation Resea.Tch Sta~on, 'footldi Madra&, Annual Report, 1946, page 63. 



Figure 60.4 : Part model of the Tungabhadra Spillway Dam. 
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;TABLE {)C.~'-
Rarnapailasagar Spillway Dam-· Jfodei lj60~~e.fficient QJ aisclujtjt." . 

• • .. _ • ~ • - ...... - ••. - -. 1 .. .. . .. .. ~ • . .. 
. . 
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... I . ' .. - . . . . -

I - - ~ ~- -. ,. . .;. 
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{5) STILLING BASINS FOR OVEBFLOW DAMS (1j 
. ABsTRACT . . . . 

. ' . ' ' .. " ~ i . ' . . . ·~ . • l ; -. ..... . j ·... . ~ ...:1 

. Experiments conducted on two dimensional models of the . TUDgah~ad~ 
spillway dam iii 1945 were continued .in 194.6 in order t~ see il an improved tn»e 
of stilling basin could be evolved. The studies became :particularly immortaDt 
as similar spillways were proposed in several of our Post-war ProjectS; for~
ample, the Gandikota (Pennar), the Vag&i, the LOwer Bhavam, the ~atamii~ 
Projects, etc. A ver'i large .,_umbei of experiments; mostly of an explora~ ~ 
qualitative type were carried out and a brief desCription of the more impodan~ ~ 
·~ese studies is furnished here. The studies did not yield an entirely satisfactorJ 
solution and the research is, therefore, iii :progl-ess. -.. 

DESCRIPTION OF THE MODEL 

Mo. t of th'3 expetimflltS ("'i..~cuEsed here were conducted on g 1/48 seale 
model of the Tungabhadra _spillway already_ available it tlie f-tation, Figtile 
6C.t. Its '!alient dimensions, wete as given below:-· · · · · 

Length...:....2 feet 10 inche8 .:. 156 feet. 
Height-28 inche2 _ 100 feet. 
Profile-based on Cxeage:t's chart; :.~ 
Bucket radius~ ·25 inches=25 feet. 
Depth of stilling basin-2 ·25 incheg · 9 feet. 

_Length of apron in rear-. 24 ·5 inches-:-9S feet_ . , . 
Maximum depth of flow overcr~st-3 ·94: inches-=15 ·75fe.et •. -.' 

· Ma~imuro tail_w.ater _de-pth o~~er apro~~5 ·S.inches. · 23,~:~. fee~: 

(~) Irrigation.Ruearch Station Poondi~· Madras; Annmit ~port 1946·pa.g~ 63. 



The model was constructect in smooth plastered masonry exctpt for the 
eill which was in teakwood.. Some of the types of sills tested are shown in 
Figure 6C. 5( A to L). They were fixed one a&r the other at the end of the stilling 
basin and the nature of flow with varying discharge and tail water conditions 
were observe~. In typical cases the water surface elevations were traced. In 
a few cases a continuous run for one hour each was maintained with maximum 
water level conditions upstream and downstream and the scour formed in 
rear traced.· For these scour experiments the bed material used was screened 
river sand of 14/18 mesh per inch. 

.. .. Some of the observations were repeated quantitatively on other models 
aYailable at the station including one in the laboratory glass flume • 

. · ... 
STABDJKG WAVE CBAllACI'ElUSTICS 

These Apillway dams are all designed to have cret~t shutters. and the con· 
ditions of flow that may obtain will vary considerably from practically nothing to 
the maximum depth over crest on the one hand and from the maxnnum 
depth to almost nothing in the river downstream on the. other. With 
such varying conditions the design of a perfectly satisfactory stilling 
basin becomes almost impossible and a selection has to-be made of some device 
which will be satisfactory for as wide a range as possible. In these designs 
a standing wave is made to form on the solid apron downstream of the 
dam by means of some type of sill or baflle. Let us consider a simple stilling 
pool with no tail water, · dissipation of energy is caused by actual impact 
of the shooting nappe against the baffie •. When there is some tail water, a 
standing wave is formed. 'Vith high tail'water levels the standing wave may 
be submerged and may form very near the dam face. If in this case the tail 
:water is kept steady and the discharge increased, the standing wave will move 
farther and farther down till for a certain condition a perfect l.itanding wa"Ye 

-\Vith a large roller is obtained just over· the baffie. If the discharge is further 
I:increaHed the standing wave rises higher and dives down to meet the tail wa.ter 
:and another standing wave is formed here. The rollers in t<uch ease become 
'less effective in. dissipating energy. Increa.c:;e t.he discharge still further : 
the surface roller disappears and the jet shoots forward with hypercritical 
velocity and strikes the river bed downstream producing a deep scour. 
The studies made were intended to find out how best to get a design whiclt 
would not came such deflection ·of the nappe for the worst condition of 
_discharge and at ~he same time would give the best possible standing wave. 
The possibilities of using: various kinds of sills were gone through in the 
experiments. Some of the types of sills treated are shown in· Figure 6C.5 
(A to L). Obs~nations made and "inferences gathered are described below. 

SIMPLE VERTICAL SILL . 

The profile of sta».ding wave obtained with an ordinary 'stilling basin 
having a horizontal floor and a simple vertical sill for conditions corresponding 
to maximum water level upstream and d<;>wnstream is shown in Figure. 
6C.6, curve (1). It was not a perfect standing wave; the wave had a crest 
rising above the tail water and diving jet which created a ·second standing wave 
tmd a series <>.f ~aV~8. __ dOWI).St~~m. \VJlen the tail watet· WaB gradually lowered 
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(C) Re-entrant Sill (D) Re-entrant Perforated Baffle 

~ I e j Q i I 
Section Elevation 

Plan at Top r: ~ ~ ~ 
(E) Re-entrant Perforated Sill 

~ ~ 
(F) Simple Deflector Section 

~ I II II II I~ 
(H) Toothed and barred Deflector Elevation . 

(G) Toothed Deflector 

A (I) Stepped Sill (Type I) 

~ • (J) Stepped Sill (Type 2) (K) Stepped Sill (Type 3) 

~ Section 
.!3. 

D 
Plan 

D 
(L) Stepped Sill with Spray Blocks Jn front 

Figure 6C.5 :-Showing various types of Tested Sills of Stilling Basin 
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SPILLWAYS 

~the dive became more powerful and the disturbances more -pronotmced.· · '\Vllea 
.the tail water was reduced to the minimum the standing wave was sti~ formed, 
but it was practically due to the impact on the sill rather than any 1mpac~ OD 
the tail water. On the other hand when the tail water was kept high and. the 
-discharge reduced the standing wave showed signs of improvement and. at a 
certain stage a perfect standing wave was formed. . When the discharge -wu 
further lowered gradually the standing wave got nearer and nearer to th~ -43Aa 
face. Considered as a whole the design was just satisfactory· in that there 
was no bodily deflection of the high- velocity jet for the worst condition. 

• 
• .I : 

' ' 

Bucket 

a<YXX'il'" 

S II Sill L&V& tl lng basin 

Figure 6 0.6 Stanaing ware profiles f~ dijje'fent types of~ills., i . 

Now the depth of the stilling basin was reduced and the . observation& 
repeated. The standing wave for most of the conditions improved, but when 

··the tail water was low t"~e sill acted as a deflector and the hypercritical jet jvaa 
· · ·bodily deflected in a voilent shooting sheet.. Reducing the length of the ~ol 
· also had the same effect. The sill was then changed to a baffle wall rishls 

above the apron Figure 6C.5 (B). The general characteristics remained the same 
a.s if the cistern 'Y~re deepende~~ 

RE-EftRAIT SILL : 

Nextthesillwas rep1aced.by a re-entrant sill Figure 60.5-(C) ofthe: ~~e 
-overall dimensions. The sill rolled back the shooting nappe towards itself:~d 
hastened tbe fomation of a standing wave . on the. one hand ~nd obviated 
-deflection downstream on the other. Thestari.ding waveobtainedforthesaine 
ma:ximunt water level conditions upstream and downstream is shown in Fig1ue 
60.6, cUive (2}. It was higher than the _on~· obtained. with the vertical ~Hll 
\Vhen the re-entrant sill was· brought . near towards. the' bucket the .. stanillac 
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·~~erose higher. Deepening of the p.ool did not improve the standing waT"' 
. A. better stand.ill.g wave was got by inc.:reasing the lengt:h of the pool or 'by 
-decreaging it.q depth. Here again when the. sill was low enough or v.·herl it wag f~ 
. enough froin the bucket a shooting jet wa.11 produced. . On the whole the curv
" -ing of the sill has ni9i'e orle~s the same effect as putting a l>aftle to increM¢ the 
~:ffective depth of the basin. The rela.th·e advantage may have, therefore, tQ 

·be judged by comparison or cost of construction and maintenance nrtd. by 
· · etruct:utal ~onsidetatione. . · · · . · . . . 

RE-E:ITJLUT PERI'ORATED SJJJ,. 

The re-entrant sill was next provided with perforat-ion.~ with a view to 
lowet the standing wave cr~stp to relieve tlie sill fiom direct impact of the shoot
ing jet and to improve its dlsripating efficiency. The first sill of this kind 
tried on the model is shown in Figure 6C.5(D). Here the re-entrant silJ shoWn in 
(C) was ~urmounted by a sloping baffie and perloration.q 3/8 inch~s X3/8 inches:: 
1 ·5 feet X 1 ·5 feet spaced 3/8 inches"'"! ·5 feet apart were made in 
this baffie. This gave a high standing wave. The baffie was then removed and 
perforations were given in the sill itself as shown· iri (E). The larger the perfo
ration the lower was the standing wave.. Perforations 2 ·5 inches X 1 inch~ 
10 feetx4 feet spaced l inch3!?~~2 feet apart was found quite good. The 
Btanding wave profile obtained with. this sill for indentical condition& of disclunge 
and tail water levels as adopted in the previous experiments is shown in Figure 
60.6, curve 3. The stan4ing wave was lesser in height than in the previoll3 
two cases. The functioning of this sill for variou.~ discharges and tail water 
eonditions was studied and was found a]most similar to what was noticed in the 
·case-of the re-entrant sill with the one difference that the standing wave had 
a lesser height due to the relief effect~d by the perforations. Against the advan
tages mentioned alxeady we may have to consider the structural and financial 
aspects of construction and maintenance of the silt · A1so the jets escaping 
throt&gb the _;Perforations_ might carry residual energy to be £:tilled lower down 

SIMPLE DEnECTOR 

In fWerj one of th~ types ~fsilisdescribed above the tip of the sill W&3 

,. ei~er vm;tical or sloping inwards. _This was respomible for the heaving up of 
· the stan~ng wave. To see how far this could be eliminated by introducing 
. modifications to a d~fiector sill was the next approach made. A simple de
~· lector as sho~ in Figure 6C.5 (F) was exarni'fled. Except when the tail water 
~evel was sufficitmtly high compared with the depth of flo-. over cm-t, no stand-

.· .ing w~ve was formed. · · 

TOOTHED ABD BAJUID DEFLECTOR 

The deft.ector was theli pioVided Witll~teeth as shown in Figures 6C.5(G.) 
_These consisted of sim_ple. vane .w~lls l inch= one foot thick spaced 3 inches;;: 
h-elve. feet apart and ha~ing their npstr~am faces vertical and tops hqrizontal. 
Thi~ was not ~iiective. In~teasing t~e thickness or the teeth and tlras iedu
eing tne gaps between the:In had the c:frect of reducing to a smali extent the range 
-within which deftectio·n occtirred. This would then be a modification of Reh
·bock-s denta.ted sill. Rehbocli's dentated sill has this efrect that for high 
ita.di and lo'W .tail wt-ter depths lt act~ a.~ ·a defiector~ · . ·. - · · · · 



lA order to break the ~PM ~n!l~~o~ prevent: deflection the teeth were all 
pierced and a rod 3/8 inches diameter -I· 5 feet . was inserte~ thro~gh· them .. 
This *~s found ineffect.ive as for a wide rang~ of disch~rge conditions the shoot
ing jet could eac::ily snoot through beneath the bar. ·To reduce this space the 
rod wag replaced by a reepei' ! inch =3 feet deep. This again was ili operc~otive 
till the overflow became large. 'VbeN the overflow was large the shooting 
jet got split up into two paiis, the bottom part pa~sing through the gap beneath 
the obstruction in a shooting jet with 1mdiminished velocity and the top part 
which got intercepted by the obstruct~on riHing very high in & spray caused by 
the impact. This did not appear satisfactory a,nd the attempt to m<Jdjfy a 
deflector in this manner wag not pursued. 

STEPPED SILL 

Three types of stepped sill are shown in Figure 6C.5 (I; J and K) and were· 
tested on the model. In type {I) there were two steps and a deflector top. In 
type ( J) the same total depth was covered by five steps : there was no deflector-· 
top and the front faces of the steps were curved inwards as in the re-entrafl~, 
sill. In type (K) there were only two steps both ~1a ving re-rentrant faces and the · 
steps being steeper than the previous types. Figure 60.6 curve 4 shows the· 
standing wave profile obtained \fith tyPe(J)forniaxifuum watet level condition. 
Th~, tanding wave ·w·as better than what. the other sills gave.Not only this: this 
~tanding wave was of a. uniformly perfect type for a veiy wide .range bf lto-wii condi
tions. Th~ fill had the tnerii of adjusting itself in depth to ~mit varying ~il water 
Je-yeh up to a limit. But when the taii water was be1ow this limit for a cert&in 
discharge it failed to produce a f;tanding wave. and , functioned a...4 a tnere 
deflector. By making the steps .steeper the range of usefulness of the. 8ill 
wit.hout its becoming a deflector could be increased. A sill wnich wvnld. be 
e.ffeetive for a wide range of tailleve]s would be tery deep indeed. · 

. •. 
SPRAY BLOCKS IX CISTEU 

· . · To see if the action qf a sill ciould be izrlproved by providing some .kind of 
blocks in the cistern the design indicated in Figure 605 (Ll was tried. The use
fulness of this addition was practica11y. insignificant. For certain ranges .or 
flow the spray blocks would alone function and for certain other ranges these
would be redundant. For the ranges for which both were simultaneou$ly 
functioning the blocks appeared to be making som.e contrihutiort towatds dis
sipation of energy, whic~ was, however, n?t appreciable.-

SLOPING FLOOR FOR BASDl 

In all the above studies the floor of the- stiUing basin was horizontal. 
A few of these tests were repeated wit;h the floor sloping down one in 
eight to the foot of the sill. The standing wave appeared to sho~ some 
improvement in certain cases, the s1opi11g floor apparently having the 1nerit of 
adjusting its· depths to suit a wide rarige of tail water elevation.s. · TlP,s st!ldY 
is proposed to. be pursu! d. · · 

' ' . 
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SCOW AND ITS PUVDTIOK 
. In a number of experiments scours were traced and in Figure 60. 7 a few 

· typ teal ones are plotted. These may now be discussed. 

, C.&.l. i. 

·Without End . Sill 
.. 

j 

~teppecl re-entrant sill_ -A---"'" 
"-e-entral'lt perforated s111--x-•-
Simple vertical sill ______ _ 

Re-entrant sill 

r
~--------------------- ~ ---~~ ----.:.-::::=::;=_.:-...-:&-=--~ :_6::-"~x =~-:----

4--=;~.!i r~x5-~ Ax-x:...--x-x-... ' 

" With End Sill ' 

·Figure 6 C. 7 :Longitudinal sections of scours uith aifferent type of $ills 

The longitudinal sections of the scours are shown superimposed iu t~o 
sets. In the first set the scours obtained with (1) a simple vertical sill at tbe 
~ndof the ~asin, (2) a re-en~rant sill, (3) a re-entrant perforated sill and (4:) 
a stepped sill are shown and m the second set the scours obtained when an end 
sill was added to each of the above are shown. Considering the first set, i.e., 
without an end sill the scour was least with a stepped sill. This could be anti· 
cipated from the fact that the standing wave with this sill was of a perfect 
type. The soours with a vertical sill and a re-entrant sill respectively were 
almost the same, the letter being less deep. By altering the dimensions of 
either we may get practically the same scour and the same standing wave pro
file with both types of sills. The scours with the re-entrant perforated sill 
was deeper than the above. On~ plausible explanation would be that the jests 
escaping· through the perforations were not as efficiently stilled as the resi. 
Here again it would be possible to alter the dimensions and get more or less the 

· same scour as obtained with a simple vertical or a re-entrant sill. 

In all cases the addition of an end sill was a definite improvement. Adding 
an end sill to the ~pron having a stepped sill at commencement did not show 
marked improvement, because there was not much of a scour to reduce. In 
all the other three cases where the standing waves over the first sill were not 
perfect and had given rise to secondary standing waves the improvement effect· 
~by the end sill was marked. · · 

CONCLUSIONS 

.. . . The inferences djscussed above may now be summarized-
. . . (i) In designing stilling basins for spillway dams careful consideration 
should be given to the varying conditions of discharge and downstream water 
Jevel that may obtain at the structures. A stilling basin which may ensure a 

~ 
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perfect standing wave being formed on the apron for a certain set of conditions 
may not be so effective under certain other conditions and may altogether 
fail in still other conditions. The length and depth of the basin and the type 
of sill to be provided at the end of the basin should be so designed for each par· 
.ticular case as will be satisfactory for all ordinary conditions of flow and for 
most of the conditions that may obtain extraordinarily. · 

!- . 

·:_· ( ii) A stilling basin having a vertical sill at its end is the simplest design. 
By making the basin sufficiently deep or by raising the sill sufficie:tltly high 
.~hove the apron a standing wave may be forced to form on the apron for the 
_worst possible condition, viz., maximum discharge and xninimum tail water 
.Jevel. With a sill of tnis type. a perfect standing wave. will be obtained for a 
few conditions of flow. For most other conditions the standing wave will rise 
. .above the_ tail water level and dive down to meet the latter, fomiing a second 
.rstanding wave. One objectionable feature about this sill is that it has to bear 
. the direct impact of the shooting jet for conditions of low tail water level. 

· '· . (iii) Curving the vertical sill and giving it a slope towards upstream niini
llllses such direct impact. In the matter of forming the standing wave it has the 
.eame effect of · a high baffie. In other words when a re-entrant sill is used in"' 
.ltead of a plain vertical sill the depth of the basin can be reduced.· . The week 
'point about this design is the tip of the sill whose construction· and rluiinte
nance will require very speci~l care and e~ense~ . _ 

(iv) By providing large perforations in a re-entrant si~l the height of stand
ing wave can be lowered and impact on the sill relieved .. The wat~r jssuing 
through the perforations, however, seem to retain a part of their kinetic' en
~rgy undissipated. Structurally the design is complicated and may_ be. costly . 

. · (v) When the sill is kept with a batter towards the downstream side it 
~ct-s as a deflector and no standing wave is formed except under very few con
ditions of tail water levels. Efforts to modify a deflector by ·providing it with 
teeth bars, etc., with a view to making it ~ffective in creating standing waves 
for a wide range of flow conditions did not prove successful. 

(vi) A stepped sill is a great improvement on a deflector and when correct
ly designed will create a perfect standing wave for a wide range of flow condi
~tions. But the range is not half as wide as obtained with a vertical sill and with 
low tail waters a stepped sill will be no better than a deflector. 

~ l. .·(vii) Addition of spray blocks upstream of stepped sill did not indica~e 
any marked improvement in the matter of preventing deflection at the stepped 
sm or of energy dissipation. . ~ . . . . . ' ' .. ·. . ·. 

(viii) The scour formed dQwnstream of the structure was the least when 
the standing wave was of the perfect type as obtained with the stepped sill. 
The scours obtained with the other sills were more or less same or could be made 
more or less same by modifying the dimensions. By adding a second .silt at 
t~e end of the apron furtber reduction of scour could b~ effected. 
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• 
_ (8) ROLLERBUCXE~FOR'lBERAMAPADASAGAR .. 

OVERFLOW DAM <7> 

ABSTltAC1' 

. The spillway section of the Rama:padasagar Dam is designed to have a 
height of about 150 feet above the river bed at site al1d to discharge a total of 
nearly 2·4 million cu.Secs with 30 feet deiJth ot ftow over crest. 'rhe design ia 
shown in Figute 6<r.3. The river btd i$ sandy for gieat -de~tll· and the toundation 
of the dam will extend nearlj 150 feet belo1t bed before tneetillg ftim rock. for 
the dissipation ol enero below the illillwaJ the USllal clevices of aprons and *fils 
eannot be adopted as these will hot have ~011er foundations and Will be prohibi
tively costly. Thd only suitable tne of dissipater. appeara td be the " RoDer 
buctd "-which can be formed on the face ol the dam itself, as a pan of it ant 
BUPl!Orted by jt. 'l'he elevAtion, radius; and shJilli ol the bucket for tfBcient di:J;. 
posal of floods, Dlinhnum lcour below the structure and secUrity of the bucket 
itself against abrasion, cavitation, etc., had to be deteimined and this was taken 
up for investigation on hydraulic models. The present re:port embodiea the 
ieSults obtained in the series of exPeriments carried out so far on a :nnmber of 
Biode]j. ; There were two sets of models, the fJrst set consistblg of two dimenSional 
mOdels to scale 1/60 fitted up in an out door ftum~ and the other set consisting of 
Simi1ar models to scale 1/200 fitted up i_n the glass sided hydraulic flume insidlt 
the laboratoQ'. 

· DESCRIPTION OF THE 1/60 MODEL 

The model of the spillway was constructed in masonry and plastered 
smooth between the para11el wa~ls of a masonry flume 25 feet long two feet 
wide and five feet deep. At the head of the flume was a stilling chamber 
into which water at constant head was supplied and maintained by means of 
inlet sluice valves and ovetfl'>w arrangements. At the end of the flume was a 
tail bay wit11 gate which enabled the correct downstream levels to be maintained. 
The ptJrtion of the flume downstream of the· model bucket was packed with 
sieved sand of 14-18 mesh to a depth of i! feet with its top levelled off to 
correspond to+30 · 0. The model was run for a period of 45 minutes in each 
experiment, the profile of the water surface was taken during the run and the 
longitudinal section of the scour was traced at the close of the run. 

- · Two designs, namely, (1) a deep bucket with invert at.± 0 and radius 
.50 feet and (2) a shooting bueket with invert at+24·0 and radius, 80 feet. 
·shown in Figure 6C.8 (A) and (B) respectively, were tested in these models. The 
effect of cutting down the tip of the shooting bucket to various inclinations on 
the size and type of tbe standing wave was qualitatively observed in a sepa
rate experiment by replacing the tip with a hinged wood~n plank. · , 

DISCUSSION OF RESULTS 

The standing wave profiles and scours observed on the above two modeLi 
f~Jr conditions .corresponding to maximum water level upstream (+194·0) 
and the downstream (+~O) are exhibited in Figure 6C. 9._,VIth the deep buc~et 
the standing wave was higher and the scour was deeper than with the shootmg 

--' ·-- - --' . -
('') Irrigation, ResJ&rch Station Poondi, )ladraa, Annua.l Report, 1946, pagee 70 'o 71. 
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figure 6C.8:- Showing Design of Buckets (Ramapodasagar Spillway Dam) 
Scale30 20 10 0 30 60 90 Feet 



----#-,, 
_,-' ~- . . 

_, _...·-·---·-·- ----, ~ ~-~ . ·~ - .• ---"' •' """""' ,...._. ~.. ----- -------... --------~--------______________ .-
--...-~ , ,. ..._ ........ ---~ ---
~~_, ..... '·/· ·-·-e=:-.~-.a::'-=e-.t=t= ............. ~~.J:tt=.!:.l:.l-_...,.t:::t!:t:.4!:.!.~·::!.·~·-·-· 
----~·-_,.,-- -· -·- ( Standln& Wave Profiles ) 

.-·-··· .... -·-·- ... . .... . . .......... ..... ,___ """-' 
-........... ..;:::_ ....... 

Deep Bucket with bwert a& 
I· 

........ ·""' ......... / -... --· ........ _______ . ____ 
!.0 I ndlua 50 

Referenc:ett-
Upstream Water Level + I 94-G Downstream Water Levelt 90-0 ---

.. It .. + 190·0 .. 
•• 

.. .. .. + 185·0 
.. + 180·0 

.. .. 
•• 

.. .. +88·0----.. .. +85·0----.. .. +8)·5 ........ 

____ ..,.. . 

./ 

( Loncltucllnal Sectlona o1 Scoun ) 

Figure 6C.I 0 :- Showing Standing Wave Pro(lles & Scour Sections for Deep 8ucket{Ramapadasagor Spillway-Model~ 
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bucket. The standing wave in the former case was found oscil!ftting abo~t 
the longitudinal axis of the flume presumably due to the ex~eS~IVe deptlt pf 
tail water (especially before the full devel<;>pment of the scour) lfhifh ~ad to .be 
balanced by the hypercritical stream to maintain the staqdi:p.g wave •. W!t~ 
-the shooting oucket no such_ con~t~on was noticed. However, t~e _ st~nd.mg 
-wave appeared to be rath~r high. 

Figure 6C.9: Longitudi~l s~ion ofsta~i:n~ wave profilea and 1cours 

Observations made with the hinged board forming the tip of the bucket 
indicated that by cutting down the tip, the heigl:lt and efficiency of the standin: 
wave could be improved. 'Vithin limits, the smaller the angle which the tip 
made with the horizontal the better the result. Cutting down the. tip too much, 
however, resulted in the standing wave being thrown farther down to the sandJ. 
bed1 which, of course, could not be contemplated. 

f , ' ;_ 

Thus on th~ whole, it was inferred t}lat a bucket of the shooting typ~ with 
its tip cut down to nearly horizontal would prove suitable. Further studies were 
then taken up on the smaller :tnodel fitted in,&ide the glass ~ume .. 

DESCB.lPTIOI OF TBB 1~0 KO.QEL , . 

The glass sided hydraulic flume of the laboratory which was used fo~ these 
-experiments has an overall length of 40 feet and uniform width oftwo feet. For 
the first 12 feet length, it is three feet deep and this includes the· eight inches 
diameter inlet pipe, the two feet wide, sharp edged p:teml.librated gauging weir 
and necessary stil1ing arrangements. For tlte rem.ain~ng length·.t~e fl~(;). has 
a uniform depth of two feet and this section includes in additi9n ·.to the mode 
the tail gate and oulet pipe .. A trolley traversing this portion of the flume· is' 
provided and the trolley and its rails are ~quipped with vernier· scale~ .and 
gauges and this equipment is used for tracing' water surface pro~ile, and scour 

.contours correct to 1/1,000 feet. Gauge pointS are also provided for measuri.iii 
water levels upstream of the gauging weit, and upstream and downstream of the 
model. Water supply to the flume is 9-rawn from an overhea<l tank 20 feet X 
:::0 feet X 5 feet which is supplied by continuous pumping~ , · ·· · · · 
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The models of the spillway and bucket were made in well seasoned teak.;. 
wood, polished, smooth and fitted up between the glass sides in the center 
of the flume. The portion of the flume in rear of the model bucket was pack
ed with sand of 24-30 mesh per inch grade, to a depth of about 7i inches and 
top of the sand bed was levelled off to correspond to + 20 · 0. The level of th~ · 
bottom of the flume was thus about -100·0. The time adpoted for each 
experimental run was four hours which was found sufficient to develop the 
maximum scour below the bucket. For each run, the standing wave profile 
and the scour details were taken and flow characteristics recorded. 

PBELI111KARY TESTS 011 A DEEP BlJCDT 

· ·The first four experiments were carried out with the deep. bucket haVing 
its invert at ±0·0 and radius 50 feet Figure 6C.8 (A). ·Water levels upst~am 
and downstream of the spillway were maintained as given in Table 6C.2 which 
were the normal flood levels corresponding to the discharges noted against 
each set of levels. The purpose of these experiments was to see for what set 
of normal conditions, the . ~orst scour was produced. The standing waves and 
the scour profiles obtained in these experiments are shoWn in Figure 6C.l0. 
The highest standing wave and the deepest _·scouroccurred under maximum 
water level conditions. For all subsequent experiments this was, therefore., 
adopted as representing the extreme normal condition. · 

·· TABLE 6C.~ ·~ . 
. Ra~padasag~r Spill?fl;Ly-.Bucket stud~es-Statement of water 

letJels for various discharges 

· ~ Diacbarge 

2 · 25 million cUieCI 

1•85 " •• 
1•36 ... •• 
0·91 ,, 

., 
'' 

0•53 ,. , 
0·22 •• " 

t 
J 

Front water 
level 

. ., 

.. i 
l 

+19,·00 

+190·00 

+185·00 

+180·00 

+175·00 

+170·00 

Rear water - -
level ._ · 

+90·00 

+88·00 
' +85·50-

+83•50 

+73·00 

+62 .. 50.; 

The model was run in the fifth experiment with maximum· water leve] 
upstream and with a low water level ( +53·0) downstream. The scour extend· 
ed down to the flume bottom. This of course was an exceptionally abno~al 
condition. However, the various designs tried were tested for this condition 
also representing an exceptional case. 

GRAND COULEE TYPE BUCKET 
7 This is shoWn in Figure 60.8 (G). The invert and radius w~re the same ~! 

those in the case of the deep bucket discussed above; the only difference was Ul 
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the shape of the bucket beyond the tip. Trying the design on the model no 
difference was noticed in the standing wave profile, depth of scour or in the gene
ral .flow characteristics between this and the deep bucket. The remarks niade 
above regarding the oscillations of the standing wave were observed to apply 
to this design also. The design might be rejected. 

IBOOTIIG BUCKET WITB TIPS CVt OFF. 

Next came the following four designs :-

(i) Bucket wi~h invert at +24·0.radius 80 feet and ten feet length of the 
tip cut off to have a slope of ten degree with the horizontal 
;Figure 60.8 (C). . 

( ii) Same bucket with ten feet length of the tip. cut off horizontal Figtiie 
' . . .r. 

_. 6C.8(D). . • . ._ 

·.(iii) Bucket with hlvert at +12·0 ·r~dius~ 80 feet a~d ten feet lengt}( 
of the tip cut off to $ slope ten degree with the horizontal Figu.;er-
60.8 (E).. . ' ~ .. ! 

(iv) Same bucket with ten feet length of the tip cut ofi liOrizontaf" 
Figure 60.8 (F). 

These four designs were tried for conditions corresponding to maximum.· 
water level upstream and downstream and also to maximum water level up-· 
atream and lowest water level downstream. The standing wave profiles and the· 
longitudinal sections of the scours obtained in each experiment are shown in. 
Figure 60. 11 and 60. 12. Items (~) and (iii) were generally satisfactory, butc. 
the former appeared to be better of the two. Salient features observed on, 
these models are discussed below. · · 

STANDING WAVES AND ROLLERS 

The general characteristics of the standing waves, surface and ground 
rollers and the consequent development of scours were similar for items ( •) 
and (iii) and the only differences, noticed consisted in the heights of standing 
waves and the depths of scour. _ ·. -~-~ 

. -"' 
Under maximum water level conditions upstream and downstream a: 

fairly good standing wave formed just over the tip of the bucket, giving rise· 
to efficient surface rollers inside the bucket. The standing wave rose a littl&
above the tail water level and dived down causing a secondary standing wave: 
Scour started where the diving jet struck the bed and developed towards u~ 
stream and downstream. The scoured sand carried towards the bucket by< 
the ground rolle~ acti~n tra.velled up the slope of the scon:ed bed to the tip l~ 
the bucket. This aotion m.rght cause wear on the bucket tip. Exceptmg thts,:, 
no abrasive. action was noticed. No.sand entered the bucket proper •. ·. Tb~;; 
downstream face of the bucket did not get exposed. Tbe secondary wave formed' 
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downstream . or the main standing wave gave rise to a sillgi~g flow which per
sisted till the bed had scoured to some extent after which the flow got steady 
aildamooth. · 

. 
'Vith maximum water ·level upstream and lowest water level downstream 

no proper standing wave was formed. The jet shot beyond the bucket and 
touched the bed about.200teet downstream in a dive..starting a deep but flat 
..nour. There was considerable agitation and consequent surging flow. Seour 
deTeloped rapidly. Sand carried by the ground rollers moved up to the tip .. r 
the bucket and was then thrown back. No sand entered the bucket and the 
-41awnstteam face remained unexposed to abrasive action. · 

-,. 

The conditions observed with the designs (ii) and (iv) were generally 
~~:niJar tq th;e above. Under. normal conditions upstream and downstream, 
proper standing waves and good rollers wera obtained. '\'nen the ~il water wu 
low shooting flow occurred and the hypercritical jets dived down to the bed· 
~ol¢ng it deep. - With regard to the moyetp.ent of th~ s,a~d carried 11p by the 
gro"!ID4 roUe~ it was notice<! ~llat the B!\ond tr3velle~ up to the tip of the bucket 

_{in both cases (ii) and (iv)] and then along the horizont~l portion and then 
.alODe it was shot back away from the bucket. This might cause abrasion of 
~~ ~t ~i,. 

Comparing the heights of the standing waves for the various designs tried 
for maximum·· water ~eve} conili;tions upstream and downstream shown in_ 
Figures 6C.l0, 6C.ll and 6C.l2, !t. may be noticed that the higher the invert o( 
the bucket the lowe! the ma,ximnm height of standing~~ve. Clearly the de"_l>th. 
()t water' obtaining at Polavaram in rear ofthe spillway for big~ floods appear, 
ed co]lSiderable and did not call for a~y deepening of tbe bucket. '+his explain.:
ed why the scours obtained with the shallower buc~ets were ~ot so ~eep ?S with 
the deep ones. 

SCOUBS 

Under normal maximum water level conditions the nature. and depth· of 
~our obtained were more or less the same. for it~ms (i} aud (ii). ·Depth far 
items (i) and (ii) were less than for items (iii) and (iv). With maximum water 
leTel upstream and lowest water level downstream scours "?'ere -ye_ry deep for 
all the four items and went down to the bottom of the flume corresponding to· 
_:100·0. ~n these scours the slope of the b(d downstream ofthe bucket might 
be taken as the criterion for cpmparison. Viewed thus the scours for items ( i) and 
(ii) were si~ilar and more favourably shaped than scours for items (iii) ~nd 
(w) which latter were ag-ain similar between themse~ves. '_\'able 6C.3 g1v~s 
details of scours obtained on the several mode !a in a nonvenient form. Consi
c:lermg scours a~ne a& the criterion for selection, the choice would thus be in
favour of the burket witll invert at +24:0. The cutting down ofthetipfrom 
• dt>-grees inclinatio~ to aorizont~ did not materially influP.nce the scour~ .- -
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TABLE 6C.3 
Ramapadasagar 3pillu·ay dam-l.Iodel studies on buc:et design-

Statem.ent giving details of scours and other parhculars 

I 
I W a.ter level- Re

duced levels 
Scour 

I 
I 
I 
I 

.\ Numbfer and description 
o o bucket z 

~ 
I'D 

1 

Up
stream 

2 

Down
stream 

3 

I 
11 ~"!:! 

level of 
deepest 

part 

ON 1/60 SCALB KODEL 

1! Deep buckets with ra
dius 50 feet and invert at 
'+O·O. 
I I 

+194·0 

I I 
2 1 Shooting bucket with '+194·0 

'r&dius80 feet and invert at 
i+24·0. 
' 

3 !. Shooting bucket as 
jaboTe but with a hinged tip. 

I 
I 
I 

+90·0 -43·3 

+90·0 

I 0B 1/200 10-'.LBIIOD:U. 

4 I Oeep bucket with ra· +194:•0 
'ltlins liO fee~ and inTert at 
l±O·O. 

6j 
ei 

I 

'1 

Do. 

Do. 

Do. 

+190•0 

+185•0 

+180·0 

8 Shoot.ing buc:bt with +194:•0 

l
rad.iua 80 fee~ and invert at 
+24:•0 and tip of bucket 

1cut off~ ten degreea with 
jhoriioataL 
I 

I 
91 De. +194:·0 

I 
I 

I 
l151C'B1 

+90·0 

+88·0 

+85·0 

+83·0 

+90·0 

+53·0 

-40·8 

-5·4: 

+14:·2 

-6·8 

Distance 
of the 
deepest 
part 

beyond 
bucket 
tip in 

Remarks 

J 

face 
(feet) 

5 6 

ISO Standing waves hi~h and 
nnste.dy--Scour d .. p 
and close to structure. 
Abrasion at tip only. 

180 Standing wa.vea hetter
Scourless deep and more 
fiat-Abrasion at tip. 

Lowering of the tip im •. 
proved the Standing 
wave. 

184: 

182 

220J 

Out of the four normal 
conditions of u}IRreua 
and downstream water 
levels tried in items '-7 
the hat, m .• upetream 
and doYilltre&m ha"rinc 
maximum Yater len] 
gave the wont combiDa 
tioa.. 

234: Recommended at the 
best design-Low Stand
ing wan and Jow eeo.r 
-Abrasion a• tip only. 

Scours extends down to 
:ftume bottom.......slope I 
vertical: I homonVJ. 
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T.\BLE 6 C.3-contd. 

T 
l , Number and description 

W a.ter level
Reduced level 

Up D own 

I 
I 

Scour 

Distance 
of the 

Reduced 
deepest 
part Remarks 

. of bucket strea.m s tream level of beyond 

z 
ii 

l 

deepest bucket 
part tip in 

face 
(feet) 

1 2 3 I 4 5 6 . 
I I 

10 Shooting bucket with 
radiua 80 feet and invert at 
+24·0 and with tip cut off 
to horizontal. 

+194·0 1 

I 
I 

+90·0 -8·4 184 I .... 

+5:)·0 .. .. I Scour exwnded to flume 
bottom slope 1 vertical: 
4·5 horizontal. 

n Do. +194·0 
I 

U Shooting bu<·ket with +194·0 1 

! 
+90·0 -23·4. .2341 .... 

lJ 

radius 80 feet and invert at 
+12 with tip cut off to ten 
egreea with horizontaL 

Do. + 194·0 ! +53·0 
I 

I 

.. .. Scour extended to flume 
bottom slope 1 vertical: 
6 horizontal . 

. U Shooting buck"t with 
dius 80 fee~ and invert at 

,. ! + 12 with tip cut otT to 
· orizental. 

+90·0 -20·8 234 .... 

+53·0 .. .. Scour extended to flume 

\ 

bottom slope 1 vertical: 
6 horizontal. l_ 

Do. +194·0 

CONCLUSIONS 

'I:he inferences may be summed up as follows:-
. (l) The depths of tail water fer all normal conditions 0~ flood discharge ·· 

appeared sufficiently huge to create a proper standing wave with a 
shallow bucket. A deep bucket with invert at +O·O and radius 
.50 feet gave an exce:>sively high standing wave causing a deep scour 
near the structure. Lateral oscillation of the standing wave 
was noticed inside the flume ur.1dcr certain conditions. The design 
appeared definitely unsuitable. · · 

(2) '\Vith the other types it was noticed that the higher the invert the 
l.)wer the height of the standing wave and the less deep the scour. 
A bucket having a radius of 80 fef;t .~nd invert at +"24·0 wa;:; 
generally satisfactory 

(3} The standjng wave in the above design could be improved fu-rther 
by cutting down the tip ot the bucket. A design with ten feet . 
lengtb oft}etipcutdowninaslopeoftendeg!fes with the horizon
tal was found to be the best. Cutting down the tip further to horizon
tal did not materially . improve the standing wave and this also 
indicated the likelihood of abrasion of thP. horizontal bit. · 
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(4) Thus a bucket of 80 feet radius with invert at +24·0 and havjng 
ten feet leno-th of its tip cut down to slope at ten degrees above 
horizontal Figure 60. 8(C) was found best. With this a pr?~er standing 
wave with good rollers was formed for all normal conditiOns of flow. 
The maximum scour with maximum water level upstream and down• 
stream was 27 feet and formed 234 feet downstream of bucket 
tip. With maximum water level upstream and lowest ~ate: level 
downstream no standing wave was formed and a shooting Jet ob
tained. The scour in this case was very deep, but it was also far 
away from the structure. The slope of the scoured bed below 
bucket tip was about one ve~tical to six horizontal. 

('i) SIPHON SPILLWAYS FOR PABUJ WEIR (8
) 

A battery of saddle siphons with a \olute priming siphon was designed for 
Pahuj weir at Lucknow Res£arch Station. (9). Since the project is still under 
consideration, model experiments were continued to test the possibilities of 
further improvements. 

(A) SADDLE TYPE SIPHON 
Tho three inches lip was reduced to I! inches. This minimised the region 

of turbulence and cavitation in the vicinity without materiaHy affecting the 
priming depth and co-efficient of discharge. The full details are shown iri 
Figure GC.l3. 

Table 60.4 gives the priming depth and co-EffiCient of discharge of saddle 
siphon under four different conditions:-

TABLE 60.4 

Serial Priming Co-efficient 
No. Detail of Experiments Depth of 

(inches) discharge 

I I Saddle siphon with ll inches lip and with volute priming . 
· siphon i.D: operation • • . . . • . . 7 0·66 

II Saddle siphon with ll inches lip and without volute prim-

I 
ing siphon .. .. .. .. .. 11 0·66 

III I Sad~le siph.on witho?t ll inches lip and with volute priming 
Siphon m operatwn . . . . . . • . 11 0·70 

IV I .Saddle siphon without It inches lip and without volute 
1 priming siphon.. .. . . . . .. 19 0·70 

-
:XoTE :-The outlet bend is provided with a sealing cistern in all cases • 

. . . From.the abov3 table, it is ~pparent.that a lip improves the priming qua· 
hties. c.onsiderab~y. Th~ c.o-e:ffic1ent of d1s~harge Is affected but slightly. The 
provisicn of _I! mches lip Is, therefore,_ desuable for Pahuj siphons in view of 
close regulatiOn and consideration of safety of the weir. 

(
8

) rnited Provinces, Public Works Department, Irrigation Research Station. Annual. 
Repo;t o~ ~esearch ~regress, 1~46, Technical Memorandum No.l7, pages 46 to u. 

(.) lmted Provmces, Pubhc _Works pepartment, Irrigation Research Stalion, Anm.ual 
R epo1t (,n Research Progress, 194<>, Techmcal Memorandum, No. 16 pages 24: to .26. 
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Ob~'"!rvation of Pressures 

Pressures w~re next ob~ervJd at s~v2~:1l pJi:J.ts thr::>ughout the siphori. con
duit to study the nature of flow. A large number of pres.sure pipos were in
;erted in the side wall at sectio1.'j AA, BB, etc., t-•ide Figure 6C.l4: and in the in
V3r and the outer shellg of the siphon model (scale 1/18) vide F;gure 6C.l4. The 

. pipes were m1.de abc;;olutdy leak pronf, the inside edge;; being thoroughJy smoo
th~d and flash with concr~te s~1rf.1c~ to e:l'lurc accunte result3. The actual 
pre3sure head was determined by m3:1'mring the suction h~ad in a U-tube, 
on~ end of which wa.s connected to th "l point concerned, the other bt>iog open to 
the atmosphere. The observation from the model and the T~sults derived 
therefrom have all baen converted for the prototype to affJrd an easy means of 
comparison with tho1e in the actual siphon installation. 

Tables, 6C.5 and 6C.7 give vertical distances of outer and inner shells and 
th~ side wall pressur~ pipes respectively above or below crest. Tables 6C.6 
and 6C.8 show the actual obsey J pressurJ at these points in the saddle 
siphon. Figure 6C.J5 indic~, ~..;J th€ distribution of rressure in the outer and I 

innet she1ls. Fi~ure 6C.l6 depicts the presaure contours within the siphon 
barrel at 4 · 0 faat differen-::·~ of head. · 

TABLE 6C.5 

l·ertical distances of Outer arcd I r.ncr s/;rll rre~~?/Te pipes above or below crest 
· (-)sign denotes ahnre crut, and (+)sign denotes below crest 

1 
Pressure pipes No. 

l 
Place of 1-,-1 -- --·-'-

I I I I Obeervation I I I .in the 
3 4 5 i G 7 8 9 10 I 11 a phon 

1_1 ~~ I I eonduit I -- --- ---I I I 

I 
31·0 ' .. ·127·0 O.ter shell 9·00 -9·0 -6·0 5·0 10·0 15·0 20·0 24·0 

Jruaersbell 0·00 11·50 5·0 10·0 15·0 20·0 24·0 39·0 •o·o I .. I .. 
TABLE 6C.6 

Pressure obs;rvations in the Ouhr and lnn(r shfll of Saddle siphon conduit 

----------- ---

: of~~----·----,---- ---P-re,ssure in pipe No. 

o:::~ / ' • • • • • ~-7 -~ s • _:__ __:___ 
()uin shelll'-5·09,-1~·.·· -17-1>/-···· I •·••1

- .... c:;; -11·79 HIS 1.... 1·62 

~or sbelll-26·6( 
1
-la 39 -28·8 

1
-2(·00 ~-18·0~ -7·20 I 2·0, 23·04 /22·2i I · · 1 • • 
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>-I 

HALF PLAN SHOWING GENERAL ARRANGEMENT OF SIPHONS 

H.F.L. Without Siphon 773·00 _ 

H.F.l. with Siphon 772·40 

Gate R.L. 769·007 

Up R.L. 764·00 

Reg. No. 316 HE (C) '49-1260 (H.L.O~ 

SECTION 
OF 

PAHUJ WEIR 

Concrete 

Lime Concrete 

SECTION ON X.X. 

,. ... 
i Oia. Bars at 6 Centres 
" , 
I Dla. Bars at 6 Centres 

D. S. W.l. 739·00 ] 
with 18,000 cusecs 
passing downstream 

Figure 6 C. 13 :- Design of Saddle type Siphon for Pahuj Weir 
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Lip R. L. 763·85 ..... C--'------

c. c, 

D ••••• D 

(a) Showing position· of Pressute Pipes ;n right side waU 

2 

Crest R.L. 769.00 

Ll R.L. 76-f-00 

9 
(b) Showing position of Pressure Pipes tn Inner and Outer Shells 

Figure 6C.I4: Showing Saddle Type Siphon for Pahuj Weir 

ScaJe 
1&;0iiiiiiiiiiiiiiiiii1.1!0!!!!!!!!!!!!~0iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiilO!!!!!!!!!!!!!!!!!!!!!!!!!!!!!.f!!liiO;;iiiiiiiiiiiiiii;;iiiiiiiiiiiiiiiiiiiiiiiil6° Feet 

IIIG- No. 316 H£ (CI'4')·1210 (H.L.OJ 



C.B.I. 

~VVater sur~ce level 771•05 -· 7·83 

2 ~ Crest R.L. 769-00 

r 1 ··-' 
2 3 4 

Lip R..L. 763·8S 

.. 5 

s ' 10 

6 7 

7 8 

Q__r•· I 

0...1!,:19 ~Outer shell 
-26·.;.4 - - ~ _ £ ~ s-o9 
-28·80 -15·39 ,.. -

'~24·00 . ~"p,-s·99 
wa ~-8·55----r---~-----r----~----+---~ 
~ y . 

i'e..:IS·OO p -s.6s 
-~~!.:,_20 

~----~----------~ -9·~~~~~~--~--~----1-----~---T----; 
/ ltl. 745·00 CX:.-11·79 r----- -+2·0 

1 1 \ - - -1-. :..,•· 6~~ r- Inner stieiJ 

Inner shell 
9 - 10 +1·350-0+3·29 ~ 

~·23·04 
---~ 9 . 1-----t--+---+--+----t--+---+--t---+~:-.!~~· '-I 8 

- +22·24W 

-30·0 -10·0 -to-o 0·0 +10·0 

References : • 

Inner shell• • • • • • • -~Or.t--CIO~-
Pressure head in feet of water 

Outer shell• • • • • • • ---o---o--- -Pressures + Pressures 

figure 6C .IS :- Showing Distribution of Pressure In Inner and Outer Shell 

(Saddle type STphon for Pahuj weir] 

I 
+20·0 + 25·0 



C.l.l. 

er.c ILL 769-00 

Lip R.L • 76-4·0 

l.L 7.fS·OO 

Flgut·e 6C.I6:- Saddle Type Siphon for Pahuj Weir 1how1ng Pressure Contours within Siphon Barrel 
I I 

Roo. No. lit HUCI'"·IIIO ~·'-"~ 
[Drawn CJt 4·0 Chanre of Heod, Attnospherlc Pressure 0·0] 



SPILLWAYS 659 

TABLE 6C.7 

J'erlical distances of sirle-u·c.lt p~·cssure p1pes al•o've or belmv crest(-·-) sign denotes 
abot~e crest, ( +) sign de'YI/Jles below crest 

Section whnr0 o bs rvat ion were 
Pjrc No. 

tak< n. 
1 2 3 4 5 

AA . . .. . . 1·0 2•0 3·0 4·0 5·0 

BB . . .. . . -7·5 -6·0 -4·5 -3·0 -1·6 

cc . . . . .. 5·0 5·0 5·0 5·0 5·0 

c1c1 .. . . . . 15·0 15·0 15·0 15·0 15·0 

-' - DD 24·0 24·0 24·0 24·0 24·0 . . . . .. 
EE . . . . .. 33·0 34·20 35·50 36·70 38·0 

FF .. . . . . 33·40 34·80 36·20 37·60 39·0 

GG .. . . . . 28·0 29·201 30·50 31·80 33•2(t 

TABLE 60.8 

Pressure obser·l'alions in the r(ght wall rif saddle siphon barrel 

Section where pressures were Pressure in pipe No. 
observed 

1 2 3 4 5 

.AA -6·57 -5·40 -7·30 -8·69 -9·90 

nB -14·05 -14·551 
I 

-15·30 I -17·19 -20·56 

co -7·79 -7·96 i -14·75: -18·0 -21·92 
I 

c1c1 3·91 -4·94 -7•42 I -9·55 -12·01 

DD -0·99 0·14 1·94 4·50 6•76 

BE 3·89 6·16 9·00 18·00 20• ... 

FF 3·39 9·00 10·80 18·00 20·54 

GG 4·69 8·55 9·99 9·00 8•55 

The following conclusions have been derived :--

(i) The maximum negative pressur~ at the crest and lip of the sipl~on 
~re of the onler of--26 ·04 feet and -28 ·80 feet respectively. Thu~ th€re 
;£ecm~. possibility of slight cavitation in the neighbourhood of the lip. 

(ii) Thfl ptessure ia the siphon leg changes its character from suction to 
po3itiYe pressure, almost at the section DD, in line with outlet R.I .... 
7 45 ·0, wheu the upper filameritR of the issuing jet of water ftr'1t 
make contact with tl1e atmosphere. This shows that the bead. 



660 TllE CENTRAL BOARD OF IRRIGATIO:N ANNUAl. REPORT 1947 

TABLE 6C.9 

J oss of pressure head (in feet of water) at 'l.'ariaus sectian of Saddle s1plton I'On
duit. Water depth over rrest-2. 05 feet 

Loss of pressure head in pipe No. -
Sections Mean 

loss of 
I II III IV v pressure 

head 

I AA . . .. 9·62 9·45 12·35 14·74 16·95 12·82 
BB . . .. 8·60 10·60 12·85 16·24 21·ll 16·45 

' 
cc .. . . 14·84 15·01 21·80 25·05 28·97 21·12 
c1c1 .. . . 20·96 21·99 24·47 26·60 29·06 24·61 

' DD . . .. 27·04 25·91 24·ll 21·55 19·30 23·58 
EE .. .. 31·16 30·09 28·55 20·75 19·16 25·93 
FF . . .. 27·06 27·85 27·45 21·65 20·51 25·59 
GG .. . . 25·36 22·70 22·56 24·85 26·70 24·62 

--
producing flow should not be taken as the difference between upstream water 
surface and the top of the is·ming stream, but the il.ifference between the 
upstream water dUrface and a point in tills particular case, I ·04 feet below the 
surface of the issuing jet. 

Conclusion (ii) above is in conforr ity with the findings of Davies (1°) 
and it was considered desirable to t~st other fundamental laws of 3iphcn fi.ov.-

C.t.l. 
27·5 

1 25 

... 
G,l 

"" /T y...... 

11' b( " i ; ~ I I 
I j_ 

.!!: 
r: -., ~0 
"' Ql 

..c: 

f 
:::1 ... ... 
Ql .. 
0.. IS .... 
0 

:: 
~ 
c .. ., 
2: 10 

~~ 
I : I I J I I I 
I I II 

~ 
I : l I I I 
I I I I d l I I 

~ 
I I I I 

l I 
I I 

f ! I I t I I 

/ I I I I 
. I . II I I I ! 

I I 
I I I ·I II r 

I I l I I I I I 
I I I I I I 

!I t I I 
,, I I I 

0 M lO BB . 40 cc FF GG 
100 110 

length of siphon .n feet -

Figure 6C.l7 : Shmoing '!)ariation 'l:n the mean loss of pressure head within 
siphan barrel 

"lin f p d · of the Institution of Civil 1_0) Davies :--:-The Jaws of siphon flow ,.u utes o rocee mgs 
Eng(inee~, Vol: 235, 1934. ~ages 352 and 361 •. 
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enunciated by him. His first law is self evident and .nee~ no varification. 
His second law is borne out from the pressure contours vide Figure 60.16, clear
ly indicating the free vortex flow. To verify his third law losses of pressm;e head 
were worked out with respect to upstream water level for pressure p1pes ~t 
various sections AA, BB, etc., of the side wall, and the mean loss of pressure 
head Table 60.9 plotted .:ide Figare 6C.17 for the whole length of siphon bar
reL It is clear from the above graph that:-

(i) The mean los8 of presbure heaa up to C1 C1 b greater than the loss 
at DD. Tbis increase could only be attributed to the surging ac
tion that is likely to take place owing to the slight contraction of 
the stream, partly due to the exi..,tance of the lip and partly dJ.e to 
the bend beir.g a sharp one. As a result of this the actual speed of 
the water particles is greater than that required for axial flow with 
consequent loca1 increase in kinetic energy. 

(ii) At the section DD, where thepressure in the siphon barrel changes
from negative to positive, the mean loss of pres.,ure head 
being 23 ·58 feet while the static !lead up to water level upstream. 
is 26 ·05 feet. Also net loss downstream of section DD is (24 ·62. 
feet-23 ·58 feet) 1 ·04 feet which is supposed to represent the static 
head up to the assumed mean position of the partially submerged 
outlet. These results substantially confum the third principal 
law of siphon flow enunciated by Davies. 

It will be noted, hvwever, that the above pressure head loss at section 
DD, is about ten per cent. lower as compared to the static head of water up
s-tream. This iliscrepancy can either be due to the incorrect determination of the 
pressures, or to a difference between the side wall pressure~ and the actual mea~ 
pressures, obtaining in the stream or to both. 
Co-efficient of loss in bends.-
. Davies conducted a series of experiments to determine the mean co-effi

cients of the loss in pipe bends of square section (11). He has claimed that ruch 
co-effi.ci:nt were equally applicable to Eimilar bends of a siphon conduit. Table 
GC.IO gives the probable co-efficient of loss in the crown and outlet bends of 
the saddle siphon for Pauhuj weir as ascertained from Davies co-efficient. 

TABLE 6C.IO 

I Angle of I R K 
Detail of Siphon Bend Bend - Remarks D 

I Crown Bend 47<> .. . . . . 2·0 0·14 1 100 per cent. extra 
loss is assumed du~ 

60° I 1·5 9·19 
to lip 

43° 2·5 0·13 
47° 0·5 0·20 

Outlet Bend 
Lip .. 0·20 .. . . . . 115°-22!' 1·5 0·27 

Wbere--
R ~s the radius of t~e bend up to the centre of the siphon barrel. 
D 1s the depth of Siphon barrel. · 
K i a the probable co-efficient ofloss. 

~ 1 ~) D<n:ies :-The Flow of Water through rectangular pipe bends : Journal '\.nstitu~J6n 
\ C1vJ} Engmeers, February 1936, page 90. 
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The co-efficient of loss in the crown and ontlet bends can r.lso be determined 
from the actual observed mean loss of pressure head "ith the help of the for
mula:-

Ou 

2gL 
K=-

V2 

''l1ere K is tf.e co-dficient of loss. 

Lis the observed loss of pressure head in the bend. 

Vis the observed mean velocity of flow. 

Table 60.11 gives K as obtained from the observed loss of pre3sure head. 

TABLE 60.11 

I 

Mean Mean Loss of 
loss of loss of pressure v 

Detail of Siphon Bend pressure pressure head in 2g 2gL 
head head the bend K=-

i up to up to L -\ v• 
I I 
I I Section Section 

cc 
AA l 

•wn Bend . . .. . . 21·13 12·82 8·31 10·33 0·86 
.. I 

! I 
Section Section 
FF DD 

tlet Bend . . .. . . 25·59 I 23·58 2·01 10·33 0·20 

From the study of the Tables, 60.10 and 60.11 above, it will be apparent 
that the values of' K 'as ascertained from Davies' results compare well with the 
values obtained from the actual observed head losses. 

(B) Volute Siphon 

vVork on volute siphons fer Pahuj was also continued this year and an 
imprvved design was evolved as per Figure 60.18. This gave a priming depth 
of .three inches and co-efficient of discharge 0 ·6. Circular and parabolic 
volutec; were tried and ultimately the shape ofvolute as per Figure 60.19 was 
adopted which gave optimum results. 

r ar;'rttion of co-ejfiCient of discharge and prim1'ng depth 'With different outlet lengths. 

A 1/8 model of siphon as per Figure 6C.18 was constructed to study the 
natnrP of flow in greater detail. In the first instance only the length of outlet 
w~:l'l ,-.. ried. The results of tbese experim~nts are given in Table 60.12. 
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figure 6C.I8 :- Showing design of ·volute Priming Siphon 

for Pahuj Weir 
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Figure 6C.I9 :- Showing 'detail of Vanes of the Volute Siphon 

on Pahuj Weir 

REG. No. 816 HE (C)'49-1260 (1-1.1 •• 0~ 
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figure 6C.23:- Showing Distribution of Pressure within the Slphon Barrel 

(Volute Priming Siphon for Pohuj Weir) 
R ... Ne. 3t8 t-<E (C)'•t-tr60(H.L.O) 
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TABLE 6C.12 

Length of outlet Priming depth Co-efficient o£ 
(feet) (feet) discharge 

Serial No 

-
1 5·5 0·864 0·576 

2 8·86 0·608 0·668 

3 12·16 0·256 0·670 

4 13·50 0·304 0·665 

5 15·50 0·320 0·670 

Figure GC.20 sh')WS how priming depth and co-efficient of discharge vaiy 
with ,-arying Jeugths of outlet. It would be dear from the above graph t~at 
tLe minimum priming depth and maximum co-efficient of dicharge is obtain· 
ed with 12 · 16 feet long cmtlet. This fu.ggests a ba~ic f'tudy of outlet length for 
di!Tercnt rliamc! ers and headc which is under investigation. 

Vart'd£on of pn'ming depth and co-~ffident of disultarge with different outlet 
bends. 

Model inn~stigation~ were next taken up t.o determine the priming depth 
and tLe co-efficient of discharg3 for 90° aud il4-0-l5' outlet bends ganerally 
adopted in pmctice for different ratios of~ The linne db-grams of these bend~ 
.-u· ~ f'llow11 in Figure 6C. 21. The observations are g!v~n in Tei ble 6C.l3 
and f''~ult~ plottr~ graphically in Figur'j 6C.22. 

TABLE 6C.l3 
8l,tr1l'i,1g 'l:ariaf1'on £:¥1 JJ·n'ndng depth and co-e.ffident of d1:sclwrgefor d?fferent ralues 

of~ h~ V olule Priming S1'phon 

t-:nrial 
~ ';\ <). 

1 

3 

7 

I 
i 
I 
I 
I 
I 
I 
I 

I R 
I 
I -
I D 
I 

I 

I 
! 

r 
I 
' 

0·875 

1·06 
I 

1·50 I 

1·73 ! 
I 

2·oo 1 

2·25 

2·50 

' 

For 90° Bends I For 114°-15' Bends 

I Remarks !>riming Co-efficient Priming Co-efficient 
depth of dP-pth of 
(feet) discharge (feet) discharge 

., 
0·272 0·663 0·224 0·660 

0·320 0·672 
Sharp (v)ll 

0·232 0·667 

0·536 0·679 0·464 0·672 

0·600 0·685 0·472 0·680 

0·8~2 0·691 0·516 0·688 Ea 1y (v)U 

0·836 0·702 0·846 0·700 

0·912 0·721 0·872 0·712 

I 
• .,JIIItfl/ 
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CONCLUSIONS 
(i) The priming depth is minimnm with sharp bends, while the co-efficient 

uf di~charge is greater .in the case of easy bends in both 90° and 114°---15' 
Lends. 'Vith very easy bends siphons may not prime. 

(ii) The priming qualities are better in the case of 114°-15' bends 
while the discharging capacity is higher in the case of 90 degrees bends. 

Pressure Observations:-

Pressures in dome, bell mouth and barrel of tha same model were observed. 
The position- of the pressure pipes 1, 2, 3 etc., both above and below crest 
within the siphon conduit, are shown in Figure 6C.23. The pressure ob: erva
tions at various sections are given in Table 60.14 and results plotted graphi
cally in Figure 6C. 23. From the F>tudy of the above graph it is evidt!nt 
that--

TABLE 6C.l4 

Showing pressure obsert'ations at var£mts sect1:ons of Volute Priming Siphon 
(a) Below Crest. · 

Pressure head of water in feet with respect to atmospherio 

Distance of 
pressure 

Serial No. pressure pipe 
b.elow crest I Front side 

I 
Back side :&:~ht ..;~de Left side 

1 0·5 -9·691 -9·89 -9·29 --2·59 

2 1·0 -6·73 I -7·59 -7·99 -4·99 
I 

3 1·5 -15·55 -10·75 -13·03 -13·29 

4 3·5 -10·f;5 -ll·29 -12·49 -13·69 

5 5·5 -10·23 -9·09 -8·89 -11·29 

6 7·5 -6·43 -6·89 -6·89 -4·75 

7 9·5 -4·89 -3·39 -5·09 -5·75 

·' ll·5 -2·95 -4·75 -3·43 -;")·09 •J 

9 13·5 -1·75 -1·55 -1·55 -2·03 

10 15·5 -1·29 0·25 -0·69 -0·89 

ll 17·5 1·77 0·45 2·51 1·31 

12 19·5 3·71 
I 

3·37 4·ll 3·ll 

13 21·5 -2·431 4·31 4·77 i 4·2<> 

14 22·5 24·0* -14·00 I 4:·07 -4·33 

15 22·5 24·0· 1 -1·63 -2·05 1·67 

*For side pipes only. 
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(b) Atove Crest. TABLE 6C. 14-0ontd. 
----~ 

Serial Xo. 

I 
2 
3 
4: 
5 
6 

Distance of Pressure pipes 
abo>e crest 

0·50 
1·00 
1·25 
1·25 
1·00 
0·50 

Pressure head of water in feet with re.;;. 
pect to atmosphere pressure 

-1·35 
-4:·85 
-3·10 
-2·64 
-4·85 
-1·35 

(1) Tha trend of pres~:,ure is approximately the t::ame at four ::.ections with• 
in the f:tr3.ight length of tho siphon, though EOm-3 variation is indicated at 
t.h~ bell mouth and the outlet. This is probably due 4-,Q the free vortex flow 
heing changed to straight line flow and 'Vice versa at these two places. 

(2) The maximum negative pres!:.ure in the volute f'iphon is only 16 
feet compared to 26 ·8 feet in the Ea.ddle for the Ea.m~ head. The volute 8iphon 
can, therefore, be improved to give larger di.r:;charges by exploiting the Ruc
tion her,(l up to 26 f0et. 

(8) PREVEI~TING SCOUR BELOW GANESII IYER VOLUTE SIPHON 
SPILLWAYS BY 14UTUAL IMPACT Of lETS ISSUING F~O~ ADj4CEN~ 

SIPHON OUTtE~S (12) . . . 
ABSTRACT 

In the high head dams, proposed to be constructed in various post-war 
schemes, Ganesh Iyer Volute Siphons will suggest themselves for adoption fvr 

R.L.1784 C.B.I~. 

R.l. I 763 

R.l. 17 5 :.rl ,..ur-.1..[: 

SE,CTION PLAN 

. Figme 6C.24: G_anesk Iye.r Volute Siphon (Hirablwsagar Da~, Mysore), 
~.i-'zfh Ol.tlet angle modified for model experiments. 

P (
12

) Indi<t:l Waterways Experiment Station Poona Annual Report (Techru'cal) 1946 
ages9lto94. '· ' ' · ,. ~ -:. 
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.excess fiood disposal. They have a 'better discharging car.acity and a 1< \Tt:r 

-prim:ng depth as compa.red tv ordinary sa~.dle type siphon spillway JUso, it 1:-:s 
been claimed that, in their design, heats t :xceec1irg tte atrr.n:phHic prenx re 
hea:l coul:l be effectively utilised for :producing flow thrcugh the sirhon, thr:s 
t'equiring less spillway ca:racity in high dam design, if this ty~e is used. 

Where rock or inercditle formation is at a ccL~iduable derth belc.w the 
normaltedlevelofthe river downstream of the !;:pillway, jets iEsuirg frcmtte 
outlets are likely to create n~w problems concerning the protection of the river 
bed against heavy scour ; and unless the kinetic energy of the jets is sufficiently 
destroyed before it hits the bed, and/or the river bed in the vicinity is adequately 
protected, conditions endangering the safety of the dam are likeJy to develop. 

Exp ;;riments ware commenced to study tee dissipation of ene1gy of tbJ 
jets, by maJring them hit each other at difierent anglts immediately after thl·y 
leave the outlets. 

MODEL 

Two 1/24 scale geometrically-similar models of volute siphon spillways. at 
Hirebhasagar dam (Jog Power Scheme, Mysore State), already constructed at 
the Station to study mutual interference of siphon'3, were utilised for thh study. 
"The vclutes in the bellmouth inlet were made geometrica1ly-similar and th~ 
.distance between the siphons was equivalent to that of the Hirebhasagar 
.siphon-,. The only change made was in the alignment of the horizontal outlets ; 
thus. in experiment 1, an angle of 18° was made and in Experiment No. 2 
.of 30°, Figure· 60.24. 

PROCEDUBE 
The bed downstream of the spillway was laid in shingle at level equivalent 

·-toR. L. 1690 to a depth of 2 ·55 feet. in the model. Discharge was run through 
the siphons till the maximum depth of scour observed in the bed remained 
'lllllaltercd in consecutive runs. 

'Vater level in the reservoir upstream was maintained equivalent to two 
feet above the crest of bellmouth maximum flood level, while water level in 
-the river downstream was maintained at R. L., equivalent to 1707, or 17 
feet above the original ground level. Thus, the drop of level from the centre 
.of the outlet to the water level in the river was equivalent to 12 feet. 

EXPERIM.ENTS 
Experiment No. 1.-(Jet angle=l8° and bed material=17·31 mm.) 

In this experiment, the jets were made to hit at an angle of 18°. Coar~e 
shinCJle (mean diameter=l7·31 mm.) was used for laying tbe river bed down
.atre~m of the spillway. It was obs ~rved that tbe two jets affected each other 
insignificantly, so far as energy dissipation was concerned ; but dropped down 
vertically as a single jet, practically producing the effect of the sum total ot 
jhe two, as was judged by tbe depth of scour-hole. The depth of_ scour. WP.S 

considerable, the cement plastered bottom of the channel over which shingle 
was laid to a depth of 2 ·55 feet becoming exposed ; indicating that depth of 
acour if not restricted by the floor would have been more. The depth of scour
hole obtained with a single jets was 1· 55 feet only. 

Experiment No. 2 : (Jet angle=30° and bed material. 17·31 rnm.) In 
this experiment, the angle made by the adjacent jets was moreased from 1~

0 

to 30°. The material used for simulating river bed was the same as Ill 
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experiment No I, 'riz. m=l7·31 I_!l.r;!· Figure 6C.25 shows t~e longitudi~al. 
section of the scour-bole aft r stamnty was reached. The maximum depth o( 
Ecour was 2 · 3 feet:=-=55 · 2 feet giving slightly better results than with 18° jets ... 

Expenment No.3: (Jet angle· 30° and bed maten'al=6·0~ mm.) In thi~ 
experiment, the bed material was changed from 17 · 31. mm diameter to 6 · 20' 
rom., to see the effect of the grade of bed material on scour. It has been found· 
th,lt scour- holes in such cases dependent on the geometry of flow and the
ultimate form of score hole is, therefore, independent of the grade (provided 
the bed material is incoherent), (13) TJ1e depth of scour was 2 · 4 feet, as compared 
with 2 · 3 feet in experiment No. 2 with m= 17 · 31 mm. This point require!~ 
further investigation. Figure 6C. 26 shows the longitudinal profile of scour 
hole. 

Experiment No.4: (Only one siplwn running and bed material=6· 02 mm.) 
In this experiment, the depth of scour was observed with only one siphon 
discharging so that this could be compared with scour-hole obtained with jet 
hitting at angle of 30° in experiment No. 3, the bed material being the same .. 
Figure 6C.27 shows the profile of scour-hole. The maximum depth of scour· 
was only I· 55 feet=37 · 2 feet. Thus, with jets bitting at an angle of 30°, the-.· 
maximum depth of scour-hole was 1· 55 times that obtained with only one" 
siphon. 

CCNCLUSICNS 

The jets hitting at a.n angle of 30° were not effective in reducingthe maxi..-· 
mum depth below that obtained with only one siphon. The angle tested was
the maximum that could be constructed with the existing design of the Jog 
Volute Siphons. If further increase in angle of incidence has to be tested~ it 
will be necessary to increage the distance between two adjacent siphons (present 
distance 45 feet) which will, however, increase the length of the spillway and .. 
thus increase the cost. 

---·---
(9) EXPERIMENTS ON THE EFFECT OF ALTERING THE SHAPE 

AND NUMBER OF VOLUTES IN A VOLUTE SIPHON (14) 

The volutes and the funnel are two of the i~portant parts in the volute sipholl 
which determines its performance. 

EIP~rimanh wara conducted firstly to determine the conditions under whic~ 
maximum co-efficient of discharge could be obtained irrespective of the priudng: 
depth,_: S3con.:1ly to d~brmlne tha con1Hiorn under which priming depth W"dS a 
minmu:n ani iiaa.Uy to determine the optimum coniifons und;,r which a sipbou 
could. function with mn:imum co.e.fficiant of discharge with minimum priming 
del)th. All the other conditions in the modaJs that is, the shape and curvature of 
the dcmes-, vertical Pires, bends, outlets etc., were kept constant througll.ouf 
the e II' erim. en ts. 

E:q)~~!~ments were made with a nine inch mode] operating ul!der
1 

3·25-
feet h~td. 

---------· ~~· ...____ 
( 

13
) Bu ~ns. R. V. and White. C. M. " Protection of dams weirs and slucies against seour' 

Institution of Civil EngineerF, Paper No. 5127 (1938-39). ' ' 
(

14
; Hyd··aulic Rest'arch t-'tatio~:, KrishnaraJ·asagar Myme Annual Report 1946 pagw 

47to49. ' ' ' ' 
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The effect of increasing the capacity of the funnel on the co-efficient (;f 
discharge was first studied. To effect this increase in area the volutes were 
chipped off and the siphon was allowed to function. The co-efficient of dis
charge increased from 0·75 to 0·85. But priming took pl2.ce only after the 
dom~ was comphtely submerged giving no access to air from out side, i.t., 
a d~pth of about eight inches which was very high. The experiment clearlv 
showed that increase in area of the funnel was necessary for getting increased 
co-efficients and that volutes were equally necessary to reduce priming depth. 
Thi8 increase in area of the funnel with the volutes on it could be accomplished 
e1th ~r by increasing the slope or the diamter cf the siphon. 

The effect of varying the slope was first tried. The slope was reduced 
from 2 to 1 to 1! to 1. Priming depth was found to get reduced. But a further 
reduction in slope from 1! to 1 to 1! to 1 did not very much affect the priming 
.depth. 'Vhile it reduced the co-efficient of discharge. A slope of I! to 1 was 
con.;;;idered the optimum and was adopted. The width of the funnd 
at· the top is another factor which affects the discharge. Greater the ratio 
between the diameter at top of the funnel and the diameter of the vertical 
pipe, better the discharging capacity of the siphon. The ratio has no appre
dable effect on the priming depth. Since increased diameters of funnel re
snlr· d in fewer number of siphons and lowered the discharge that cou!d le 
pas.s ·d per foot length of spillway, it was not desirable to give wid~ widths to 
the funnel. The ratio 1· 5 between the diameters of the funnel at top and 
bottom gave satisfactory results. 

The effect of altering the number, height, shape and curvature of the volutes 
was next studied. It was found that the greater the number of volute-;, 
the more powerful would be the vortex and consequently lesser would be the 
priming depth. Since they reduced the area of flow in the funnel, the discharge 
.also rot reduced. Table 60. 15 gives the results cf the experiments. 

? •. 

TABLE 60-15 
L. 

~----------------------------------------------------------------

: E~~~t No. jl I 21 31 41 51 61 7 I 8 I g I 10" : 11 

-~~,:__:__-----, --------------,-. -~-,--
No.-?f :olutes . . .6 6 6 9 9 9 9 12. 1 12 '11·2112 

Height or'volutes in inches ·' ·t 1 I! ! i 1! ll i 1 1! Ill 

Prf?: i~g. ~epth ill inches . . 6 6 5, 5l 5 ,5 4! 4! 413! I 3 

Co-efficient o£ discharge 0 · 85'0 · 85 0 · 83lO ·81'0 · 81'0 · 80 0·80'0·78 0 ·78 0 ·76.0 · 7v l I I I I I I I I 

Twelve was considered the minimum number of volutes necessary, for 
forming a strong vortex so as to ensure. minimum priming depth. Keeping 
the number of twelve volutes constant, experiments were next conducted to 
_,tudy the effect of increasing their heigkts. Table 60.16 gives the results. 
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TABLE 6C-16 

i I 
eights of volutes above funnel surface\ 0 ! J_ 1 I! 2 2l· 5 4 

In inches 
' 

H 

p rin. ing depths in inches \ Did not prime 5·5 5 4·5 3·5 3·5 3·5 3·5 . . .. 
till the water le-
vel was l inPh 

above dome (i.e. 

l about 8 inchs) 
l 

It was thus seen that the heights of the volutes influenced the priming 
d~pt h only to a certain limit. Any increase of height beyond ll inche~ bad 
no influence on priming. . 

Reg:1rdmg the shape, it was found that for the same he.igbt ~f volute, 
a sm'Joth planar shape, that is, the cross section at any pomt bemg made 
trap13zoidal was the best. Cup shapes, and shapes imitating the blades of .a; 
centrifugal pump, and turbines, etc., wera tried and found not very advanta;J 
geous. 

. Having thus fixed the number, height and curvature of volutes for mint
mum priming depth and shape of the funnel, fer maximum discharge, experi
ments were continued turther to evolve the optimum combination of bOth. 
It. was found that the number of volutes necessary for low priming reduced the 
capacity of the funnel. This difficulty was overcome by slightly increasing 
the diameter of the funnel at the top from u~ inches to 19l inches, keeping. 
the same slope of I! to 1, The junction between the funnel and the vertical 
pipn was made more gradual by decreasing uniform!) the diameter of the fun
nel bdow the volute portion from 14 inches to 12 inches in a height of 8 inches.· 

This rcr;;ulted in a siphon which gives a co-efficient of 0 · 79 with a priiL.ing 
depth of thr~c in.::hes in the nine inch model operating under 3 · 25 feet head. 

(10) EXPERIMENTS ON DISSIPATING .THE ENERGY OF FLOW FROM· 
VOLUTE SIPHONS (15) 

ABSTRACT , 
Where sip11:>~3 h1va bean installed in dams· with .. thefrr outlets above .the 

highest flood le7el of the river in rear of them, their . dis'charges shoot out in ·a; 
clear ove:hn a'l:l imJinge with further momentum added during their descEnt 
on thJ riv~:r b~d below. Various methods have been employed to· dissipate·. their 
enargy so as to causa least damage to the protective works in the rear. 

One of the methods employed is to give a tilt upwards so that the jets ~hoot 
up hi~:h into the air dissipating their energy in their upward movement. Some
time3 they are further broken into small spray. by fitting jet dispersers to · tlie 
mouths of the outlets. Such devices cause considerable resistance to flow 
reducing . their efficiency considerably. Other methods were tried to dis
sipate the energy of flow. · · 

E.tperimcnts were tried wi'th an elliptical outlet, the transition.from th~ 
circle to the ellipse being made from the bend. The area of the elHp<:~e. was 
kept s:1m~ as the circle~ t.he width of the ellipse being increased proporti'onately. 

(1 5 ) Hydraulic Resea." "'LStation, Krishnarajasagar, :Mysore, Annual Report 1946 page3 
50 to 51. ' , 
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Two sets of experiments were made. ln one ofthem the transition from circula:r 
to elliptical section was made giving a linear divergence, i.e., in plan the line 
joining tangentially the circl~ and the ellipse was straight. In the otkr series 
the transii:.ion was made giving a parabolic divergency, that i::; tl-1e flare tetween 
the circle and the ellipse was made a par' 1ola. In the l ~ inch£; siphon .. 
model working under an operating head of 3·. feet used for the purJ o~;e, the 
transition was made from 12 inches circular to 1 inches by 8 inches € ;liptical. 

'Vith linear divergence, the flow did not ··pread itself out vel;. much 
The oo-efficient of discharge which was 0·79 in a cir~ular outlet got r<:duced 
to 0· 71 due to energv lost in change of section. 

With parabolic, divergence, the flow spreads out better. The co-efficient 
of discharge got reduced from 0·79 to 0·74. 

As mere divergence of flow did not effiectively dissipate the energy 
of the flow, experiments were next conducted with a mouth piece attached to 
they outlet. It had a guide in the form of a spiral traced along the linear cir
cumference of the mouth piece. Its pitch was equal to tbe diameter of the outlet 
piece. Experiments were conducted with various lengths ()f mouth pi~ces 
attached to a 12 inches siphon operating under a head of 5 · 75 feet. It wae 
found that even with a spiral guide which had been twisted only through 180°, 
tbe resistance offered to the flow was so great that the co-efficient of disclnuge 
fell down to 0·575 from 0·815 which wa.s- the co-efficient obkined withct:.t the 
mouth pjece. 

Next a mouth piece with a screw vane was tried. The vane was hdical 
in shape equal to the diameter of the outlet ·in width and had a pitch eql~al to 
the periphericallength of the outlet section. 'Ihe length of th~ mouth piece was 
two feet. Though it was more effective in dispersing the jet, the reduction 
in diacharge co-efficient was almost similar to that of the screw guide i.e., 
from 0·815 to 0·58, The siphon used was the same as in the former experi
ment. 

A suggestion was given by Rai Bahadur A. N. Khosla, Consulting En
gineer to Government of India, that siphons may be placed in pairs with out 
lets askew to each other so that the jet from one impinged on the other. the 
energies of both getting dissipated during impact. The angle of the skew, 
that is. the divergence from the axis perpendicular to the face of the dam could 
not be made big as then the space occupied by any pair of siphons would ir:crea
le, lessenin~ the discharging capacity of the E~iphon per foot length of th~ spill 
way l~ngth available in a dam. If the skew angle was kept small, the jets 
could be made to impinge against eachotheronly after they had travelled a 
considerable distance away from the exit surface, with the result they would 
have· gained ·considerable momentum ·due to gravity before the impinge. 
Impinging would take place only at a low level above the bed of the river. 
A.s this would not be effective, short mouth pieces with bends facing each other 
at 45° were fitted up. The impinging took place, quite hign just a little below 
the exit level and is fairly effective. The reduction in co-efficient was from 0 · 815 
to0·66. 



. So far no satisfactory method has been evolved. The alternative'ofkeep· 
ingthe siphons with their outlets just at the bed of the river itselfthrisavoiding 
all impinging action. on it seems to be preferable. · 

. . . \ . 

(ii) EXPERIMENTS ON VARIATION OF CO-EFFICIENT OF DISCHARGE;· 
. UNDER VARYING DEGREES OF SUBMERSION OF SIPHON · 

OUTLETS (16) . 

. ; ABSTRACT 

Several experiments were tried to dissipate the energy of the discharge be
fore it issued from the outlet exit of a volute spihon. Since all of them resulted 
in reduction of co..em.cient of discharge, fresh methods had to be tried. 

In the ~xperiments tried, the· siphons discharged free with a cle~ ove~all 
on the tail water over the river bed in rear of the dam. The severity of the im
pact cold be mitigated by keeping the outl~t submerged tinder the tail water just 
on the river bed itself~ · Experiments were conducted to find out the reduction 
in the.discharge that may result thereby. ·Two cisterns were constructed with a 
dividillg wall between them one cistern. to represent a reservoir, the dividing wall 
to represent a dam. and. the other cistern to represent a river bed. 

A battery of six . siphons each of six inches were installed so as t<? oper{tte;_ 
under a head of 3 • 75 feet. They were all placed close together in a row with 
two ·inches between the outer edge of one dome and the other. The siplion 
outlets were kept with their centres above. the bed of the floor of a maso~ry. 
cistern which represented the bed of the river. The water level on the upstream 
was kept constant of 'each set of experiments, while the depth of water over· 
the cistern· floor o~ ~he .downstream sid~ was raised each time to get the 10· 
quired depth of submersion o,f the outlet~ . The.le~els of water upstream a~d 
downstream were taken with·reference to the ~p of the funnel. · · ~ .,_. 

For purposes ot. calculatin'g the co-efficient of. discharge, when the dis.;.·: 
charge from the out]et, was a clear over fall, the·operating head is taken as the· 
difference between the water level upstream and the ·~entre of the outlet exit. 
In all other oases, the head is taken as the difference of water levels upstream 
and downstream., .. In this method of calculation, the operating head is th~ same 
whether the outlet exit is just beJow· or several feet below the downstream 
water level. · · · · 

.. -<- • .. 'l ~ . • 

~· R~ts of the experiments ~how t~at the co-efficient of ~charge is a ~~~i- . , 
m'!llll bemg 0 · 83 .for a clear overfall discharge. Even when the issuing jet·· is j~~ . , 
supported on the downs~ream water, the co-efficient of discharge falls from.0·8~. 
to, 0·782. The co-effiCient falls gradually as the depth of submersion of the 
outlet increases as shown in Table 60 17. Table 60.17 shows the .relation bet.. ·: 
ween th6 co-efficient of' diScharge and submersion ratio which has been taken·· 
as the ratio between the depth of downstream water level above th~ invert of 
the outlet exit and the diameter of the outlet. The co-efficient of discharge is a 
minimum when the outlet is fully submerged being 0•67. . . -

' ' 

(1') H7draulio Research Station ,Krishuarajasagar, Mysore, Almuallteport ,1946 page~ 
~~~ . 
M51CBI 



.672 THE CENTRAL BOARD OV IRRIGATION ANNUAL REPORT 194 7 

It is thus seen that the co-efficient of discharge falls down from 0·83 to 
O"· 67 when the discharge change.s from that of a clear overfall io one of complete 
submersion. The siphon outlet if placed at the bed of the river while it may b6i 
effective in preventing the damages caused by impinging of discharge on the 
river bed, reduces· the efficiency of siphon considerably. To overcome ih.il 
disadvantage, it is proposed to conduct experiment to create standing wave 
conditions in rear of the outlet keeping it at th~ bed of the river. This may 
increase the operating head and the discharge through the siphon and also 
dissipate the energy of the flow more efficiently. 

TABLE 60.17 

BJ!ect of submersiO'J'I, of siplwn outlet on the~ of discluYrge· 

I I Upsiream Down· 
Submer- water stream 

Ilion level water 

1 
(feet) level 

- (feet) 
I 

'Free I -4·00 ... . . 
0•00 .. 0·125 --3·625 

.() •4.1 • • I 0·225 -3·415 

0•58 .. 0·167 -3·333 

0•85 .. 0·227 -3·223 

G·srf .. 0·281 --3·13~ 

1•00 .. 0·34:5 -3·125 
. . 

Diameter of pipe= 4 inches· 
Dauun-=Lip levef of eiphon 

Head Dis• 
applied charge 
(feet) (cusec•) 

3·6251 2·666 

3·750 2·318 

3·640 2·266 

3·500 2·205 

3·-'60 2·101 

3·,20 2·063 

3·470 2·018' 

----------------

Co· 
efficient 

Remarb 

. -
0·83 I 
0·782 Submersion ratio 

0·76 
depth oYer 

0·75 invert of outlefl 

0·72 
=diameter of outlet 

0·71 

0·&7 

f12) EXPEIUMEliTS ON SHAFT SPILLWAYS FOB TABXS (1') 
ABSTBAC'.r 

,Abnost a11 laDks bl the Mnore State have open weirs for discharging IUlPlDI 
Bo04s. u the' weirs are sharp. crested and admit of a clear overfall discbarge 
thjj .Pin about' a:·.~ ~ecs per foot l~ngth pet foot depth of. ov:erflow. n bJ azr;· 
mea.M it is po~~e to mcrease the dis~~ per foot length, the length of a wei:t 
required for passing the surplu~ .~~reduced and c_onsequently the width of the 
a:au· cliamiel (akjljg oft from·lt ii alSO reduced, savmg in cost. Where it ill not 
eostt1 to llav~.l~ 1~ o! we~ ~11~· lellgth maJ be kept the ~e when &he 
depth of over flo'! ~ed to pass th~ floods may be reduced. The height of tank 
buncl and the· ar~ of land to· be acqlllred betweeii full tank level and maximum 
water level are decrease<l. Ei~erway, a _Sllillwa! which can discharge more Jl6,t 
toot ~ than ordinU1 weltS results m considerable economy. . 

(") Jiydraulie Research S•ation, Kriahna.rajasagar Mysore, Annual Repon, 1~, pagea 

&(to 69. 
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A profile of a high co-efticient weir WaS deve1oped (iBJ wbicir gave a co
efficient of 4 · 69 .iD. the formula. 

8 

Q=OL HT 
Where Q=Discharge iri cusecs 

O=Co-emcient ol discharge 
H =Leligth of weir in feet . 

· L=Depth of flow over the- weir m feet 
The co-efficient was for an overflow depth of i2 inches in a model of three 

1&tt length and :t · 45 feet iri height. 
The discharge in this spillway was pro.POsed to be increased bf haviiic & 

number of holes in the body of the weir. It wa.s expected that each one of the 
holes would act as a circulai weir and the floodS would pass J)artlt througlt then 
holea and partlt over the weir. : 

The holes were given at the' entry a fntmel shape Wiffi. voiuies and were 
1Iared at the outlet. Th.ey were exactly at the centre· of the foP. o! the body wall 
of the weir. When water was allowed it was forinct· wafer woUld jump over tli8 
~ircular holes and the voluteS' never came into action. Since the volutes were 
likely to be damaged when left exposed m tank weii in oul of the way :Piacel a 
design without the· volutes was considered inore snitabie. · 

The design of the various component parts' ofthe weir were· takeri.1ip sep~~ 
rately. The efficiency of each part individually and iri relation to· the whole 
haa been taken up. ·The factors entering the design are :- : · · · · 

1. The front and tear batters to·the .. body wall in relatiori. to its !tability 
and co·-e:fficient of discharge. · . · 

2. The shape at the top of the body wa.U. . 
3. The junction of the toe ot the body wall with the apron below. 
-t'. Diameter ·and number of welhr. . 

. .l). Tli~ shape o! wells' and the sll.ape at the top edge fo regnlate enfq·· of 
water into thtY well~ · · · · · - - · 

~- Effeet of interference of flow 'between iie *~lls. · 
7. lnterfere:nce of flow' between well and bo'dy wall of···~· 
8. Snape of oUlet.· _ · - -

9. Shape of the outlet ai the ju.nction and the weii. 
10. The. method of Haring, and shape of exit. 
ll. Position of outiet. · 

~· .. "' 
12. Interference of flow between discharge O'V'~:t theweif and thal !iom f,16 

outlet. · · ~} 
13. Rate of increase of e·o-effieient with depth of discharge dli.ring riSizit 

stage and falling stage. . - ~ 

14:. Pressures below the· nappe and ill the weirs~ . 
15. Effect ot end contraction ori. discharges fu models. 

- 16. Effect ot ~ltering the position of' the w~ir in pian, making it circul~ ~t: 
parabolic. · 
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17. E:ffect of silting up in rear of the weir. 
18~ Protective works to the apron in rear of the weir. 
19. Relation between flow in'the . ..model and proto-type. 

Experiments were started with new design. - The body wall of the weir 
as it was designed was two third of a right angled triangle "with its angle at the 
apex equal to 30°. The top surface was rounded off to a semicircular shape. 
The model designed was. 12 inches high and 2i feet in length. Four semicircu;. 
Jar :we_lla ~ach two inches in diameter, equally spaced apart were attached.to the 
;Weir. -Outlet were taken from the wells, at the bed level through weir~ ;'l;he 
.outlet '_Vas three jnches _in diameter at the entry to the well ~nd flared_ to 3l 
1nches of the eXIt. - · · · · 
fiii-'..;.~ .-:.u-- - ~ ~~· , ·~ ·: :,. 

- · . The front batter was kept vertical as it was presumed any change in· its 
shape did not affect the efficiency of the weir. Rear batter was. kept such that 
the ..section of the weir was stable under various conditions of over flow 
:mthout leaving any air gap between the body wall and the nappe. Experi
ttents were made by gradually cutting the section of the weir evolved at Poona, 
'and making the rear batter as steep as possible. After a few trials, it was found 
that the rear batter 1 : v'3 gave good results. · · - . 
_; Reg'arding the shape at the top of the body wall, a lip was added at the 
11pstream edge. This did not appreciably increase the discharge co-efficient. 
This was given up and a semicircular and semi-ellipti<;:al tops were next tried 
successfully. The semi-elliptical top gave better co-efficients. 

_ The junction of toe of the body wall with the apl'on below is generally 
covered over with an up turned bucket so as to facilitate formation of a standing 
wave away from the weir. The problem in this case was solved by construct
ing a platform with a slight rever~l slope over the top of all th~ outlets so 
that the ffow as it descented on the rear slope of the body passed over the plat
form and jumped clear of the flow from th& outlets taking off from the wells. 
Interference- of flow between the outlet discharges and that from the body wall 
or the weir- was prevented." The outlets have. alao been given a reverse slope 
10 that the discharge from them impinges on those descending from · the p!a.t· 
form, thus <ljssipating energy .during their impact. 

Experiinents were next conducted regarding the. optimum number. and 
diameter of wells that can be added on to each _weir. lnc,reasing the .number 
of wells interfered with the_ discharge over the portions of the weir between 
them. The ineffective length of the straight weir at its junctions with the 
walls of the well got increased, thus decreasing the flow over the weir~ Too 
small a-number of wells were not also useful as to pass the same discharge 
through the wells, their diameter had to be increased which meant a corres
ponding increase in the diameter of the oulets. A disproportiona~ inc.r~ 
might endanger the stabilityof the weir. _For 2} feet length of well' experi
ments were tried With five wells each 2l inches in diameter when it was r¢uoed 
to four wells each three"inches in diameter the co-efficient of discharge inc;reased 
from 4·50 to 5·06. The wells were made semicircular in shape as they could 
then ·be built economically as a semicircular arch. To prevent the t~ 
from wells being communicated to the straight weir, it might be better to design 
then. a-s .inilcpe~d~nt ~~ells __ .p~ce4 clo~e to_ the. strai_ght ~e~ •. The _dia~dier 
•. ~.! · .• ..,. • •• • . ~ • ... 
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~fth~ well was kept such that th~ discharge over its peripher~llellgth att~~ tOp; 
wa.B ·at least twice as much as could.pass through the outlets at the ~xnn~_ 
designed depth of flow over the weir. T~e ou~lets had been kep~ crrcular m 
section with a bell mouth entrance at the J~CtiOn of the ?utlet ~th t~e welL.; 
The outlet was flared at the exit from thre? mches to~! ~ches m a distan~e 
or eight inches. The exit was changed from crrcula~ to elliptiCal shape, the traDSl• 
tion from circular at the start to the elliptical section .at the exit was lll;ad.e 
gradual without changing .th~ cross se?tional area. The dive~gence was str~_lght 
rro~ circular to the elliptical sectiOn. ' - -
. .' .. The effect of keeping the outlet above the bed was not advantageous;

a.i it lessened the discharging capacity of the outlets and also c~used damage by1 
impact of water on th~ apron below. . . . , · _ 

Table 6C. 1.8 gives the results of the experrments :-

TABLE 6b. 18 .· ~ - . . 

I .. 
- .. . . . . ' -·- . . . . "'·. 

Read in feet .. \ Co-efficient' 0' in the formula Q=OLH · 
. ~ - . ,.. ' -

i2·130. 
.. . 

0·080 . . .. 
0·199 •• . . .. 6·331 

0·279 •• 5·278-
0·320 . . .. 5·135, 

0·403 •• .. . 5·996· 
0·459 •• .. - .... . 4·979 

0·643 •• . . .. . 3•746 '., ' 

0·791 •• .. .. 1 '3•'636 ."t 

Strictly the formula Q. CLH f is not applicable to this· type or spillway as th~ 
portion of the discharge passing through the wells varies as the square root of 
the head of water above the outlet. Still a table of co-efficient is given just to 
indicate the increaae in the discharging capacity of these types of ·spillway$ 
compared with the usual type or weirs. · ,. .• i: 

' . .~, ,, 

· The wells were all closed with clay and water was allowed to pass'over thd 
weir. The co-efficient of disch~rge., varied from thre~-- to 36 for dep~hs (.,>f fl.o'\f 
varying from 0 · 3 to 0· 72 feet. Water was allowed to pass only thi-'bug~ the 
wells without allowing any spillage over the weir. _,The co-effioient of discharge 
in the outlets worked out to 0 · 75 in the formula Q=O.Ay2gk where Q. is the 
discharge in cusecs, A =a-rea of the outlet, and k= is the operating head ni.easur~ 
ed from water surface upstream to centre of the outlet : ? ~ ,. 

· The ~ffect ~r silting up to the crest of the weir on the co-efficient of dischargtl 
was also mvestigated. In the small model the effect was not perceptible the 
increase in the co-efficient being within five per cent. . ~ 

. Further experiments were conducted on only the weir profile without. 
the wells. They were confined only to the investigation of variation of co..: 
efficient of discharge due to merely changing the shape ~t the top, other factors 
remaining the same. The model was only ten inches high and 2! feet in width~· : 
For a circular top, the maximum co-efficient of discharge realised was 3 ·889 
!or a depth .of 0 ·62 foo~ abov~ -~~e cr.est ~f t~e w~~· _ For a seJ?i~~l~ptical to~ .. : 
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i• is 3 •_931 for depth of 0 ·771 foot. The co-efficient is greatest for ~ parabolin 
being • ·4:0 for a depth of only 0 ·24 foot over the weir crest. It is 'proposed· 
to carry on the .experiments with bigger models. . 

~e ~t;hel' factors entering into the design o! these spillways are a!Eo ~der 
jDVestigt!.tlon. 

(13) MODEL IBVESTIGATIONS REGARDIXG THE DESIGN OF 
· N~GWA DAM (18) 

ABSTRACT 
The Government of United Provinces have sanctioned the project for ~e 

eonstmction of a reservoir at Nagw~ a village on the ~mnasa river. about 
four miles above the ex~ Silhit Weir,inMirzapur Canals Division. The Ex
ecutive Engineer, Mirzapur Canals Division designed a high co-efficient weir 
which was tested and modified at the Research Station. 

Data: · 
Capacity of the reservoir • • • • . . 1,890 milliJn onbio feet. 
Catchment area • • • • • • • . 180 square milee. 
llaxim~ fiQOd discharge AI per lngJia' lQrmuJa • • • • • • 92,900 C'll&eea. 
.Allowing 15 per cent. for ,.~ .l'bsorption, fdlticipated maximum 
80041 over the weir . • • • • • · • • . • . • 79, 000 cwreca. 
IAII.stb of the proposed W.ei:r• • • • • • • • • • • • 600 feet. . 

A model of this profile, Figure 6C.28 was constructed to scale 1/40 m 1·5 
feet wide glass flume, and run with the above anticipated flood. The co-efficien~ 
of discharge worked out to be 3 ·4 only. It· will be-noted·that such a low co
efficient is to be expected when 6 ·0 feet flat. erest at-the top must tend to have 
the characteristics of an ordinary broad -.crested. weir ... 

H F L 855-oO 6'Honzootal portion io., w&Jicln1 •• = == 
Para~ prve (to h decermeDecl • ._ model) 

Itt, 845·00 

, 
5'0 

Fignre 6C. 28 : (left) A section of the proposed design of a high coefficient weir for the 
Napa Reservoir. - . 

· ¥igure 6C29: (right) High coefficient weir for Nagwa Reservoir-as modjfied. 
(1') United Provinces, Publio Works Department, Irrigation Research Station, Aunt 

Jtepart on Reeea.rch Progress, 1946, Technical Memora.ndum No. 17 pages 35 to 46. 
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. It ha.s been ~~~oJD.a~Y to b~Ee the .cv.rve .of a spillway £rest .on tiie profile 
obtained with. -th.e un4er~urface of the ventilated nappe of .a. Eharp-c.reste.d. 
weir at a corresponqmg head. This has been fo~~d on ~he behef that .the. p~· 
e~nce of a solid EtructUie bdowt)le A~ppe a;r;~,dinu:nmedie~e contact. with ItWlU 
not appreciably affect the courre of the fr.eely fallmg particles o~ water~ .Con• 
sequently a sharp crested weir corresponding to the proposed height of Na~a 
Weir (60 ·0 feet height was changed to 65 ·0 feet later on) was constructed In 
1·5 feet flume to rcale 1/40 with one fi4e Qf glass plate .to tra~e the under-surface 
of the Mppe, and ordinary brick-wall on the other side, w1t~ a hole to aerate 
the nappe. Figure 6C.29 8hows the under-surfac~ 9ft.ll~- v.entJlltt.e~.nappe gnder 
a head· corresponding to the maximum flood discharg~. A weir profile wa~ 
made 1 ·5 feet wide1 ~raced as above as per ;NG. 1. of ~F1gq.re ~.C 00. ~e co 
emci.ent ofdische,rgf) was found to be 3 ·587 only. This co-e~ment of disc~e 
agEitl 8 ppcared to be rather low in view of the Poona ~xpenmen~a1 results ~ ), 
where 8 maximum po-~ropiep.t·9! 4: ·.8.3 had been Dhtain.e(loo .b1gh CO--.efiWienii. weir tOOdelP .·~ . . -.. . . . . · 

Model investigations were taken up. with va1iou~ profile~ as ·:Per Figure· 
6C.30 to detcqnine the shape f9r the maximum co-effiment of discharge. The 
common feature of all these vrofiles t£'sted is that the downstream slope of 2 : 3 
was invariably maintained in all, as was indicated by the under-surface of the 
ventilated nappe I)[ a corresponding sharp-crested weir, vide Figure CC.29. 
OnJ.v the UJJper portion of the crest was modified to find out t!J_~ yc,t.rj~#.Qn. m jib~. 
co-efficient of dispbal'ge. l'rofile No. 11 Figure 60.30 w.ith a prot.ru.di~g lip 
upstream gave the maximum co-efficient of 4·04:9. This profile has bee;u.,~ 
corporated in Figure 60.29 and it would be interesting to note the difference 
in the shape of the high co-efijcjent type profile and the one made in conformity 
with t.he under-surface of the ventilat-ed nappe of a sharp cre:~t~~. weir •. J~ 
will be appreciat~d that Cd=4·049 is for HJD=O ·135 ; where His the head 
over weir crest, ~nd Dis total upstream·~ ater depth. The value of Cd increases 
as ratio RID increaE~es. At J>.oona Od was obtained as high as 4:.83 bnt for 
B I D=O ·57 'fhe .~econd best profiJe in Figure 6C-30 without 'the projecting lip is 
No.6 whicb gives a co-efficient .of discharge of 4 ·0 12. Details of these two profiles 
can be 8een in Figures 6C.31 and 6C.32. . . . . . . . 

The nr.tu.re of rock at Nagwa site being sand stone, it was feared that the 
high velocity jet dihcharging frea1y over the weir~ might undermine the rock 
foundf\tion and thus endanger the safety of the whole .struc~:ure. Experiments: 
were, therefore, conducted with the best profile to find out deviceo for maximum,_ 
disoi:pation of energy and ~imum protection do"'nstream. Cistern depths·. 
rangmg_ fr.om three fe·~t to e1ght feet and lengths ranging from -60 f~et to 100 feet. 
~re tned. Fonr feet deep and 90 feet wide cistern gave optimum conditions ... 
Figure 6C.33 (a) shows a. stepped cistern. with one foot }ugh and ten feet wide· 
steps and ~ ro~ ,of sta~gered blocks 8 feet X 4 feet X 4 feet. Figure 00~33 (b) 
shows slopmg c.:.-..,ern With two rows of staggered blocks 8 feetx4 feetx4 feet. 
The performace of the former was slightly better than the latter. 

It was decide~ later on, to p~ovide ~t leas.t six feet of fiat surf~ce a.t the top. 
·~ crest for. walkm_g ac~oRs for InspectiOn purposes. Such profiJes designed, 
With and w1t~out hp~ Figures 60.34 and 6C.35 gave co-efficient_s of 3 ·648 and. 
3 ·548 respectively With the maximum ar.tticipated discharge. . 

• (
10

) The Central Irrigati011 and Hydrodynamic Research Station, Po'ona, Research Publica--
tion No. 4, pages 46 tCl 47. · 
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Model of the above four different profiles were now construded to scales 
120 a!ld 1/30 and the. co~esponding co-efficients of discharge observed. Thes& · · 

· nvest1g~t10ns would md1cate how the co-efficient of discharge varied with the 
ecale ratio. Table 60.19 gives the co-efficient of discharge for various profiles 
to different scales. 

TABLE 60.19 

Figure No. Profile No. Scale Observed co-
Extrapolated 
Co-efficient o£ 

efficient or discharge in ' 

t 
discharge ptmotype 

: 

1 .2 3 4. 0 : 

60~31 .. . . A 1/40 4·049 

(with lip) .. 1/30 4·061 4•098 
' 

1/20 4·075 ' 

.. B 1/40 4·012 

Ga.32 .. . . (without lip) •. 1/30 4·02& 4·076 

1/20. 4·00 
: 

-
. ' 

1/40 3·648 
c 

60-34 •• .. (with lip) . . 1/30 3·665 3·704 

1/20. 3·675 

I 1/40 3·548 

iC-35 .. .. (with:.:. lip) .• 

1 

1/30 3·558 3·600 

1/20 3·575 

These values of Cd were extrapolated vide Figure 60.36 and the co-efficient 
of discharge for prototype found out vide column 5, of Tab1e 60.19 thereon. 

Prcs~ur3 observations were next taken at different ratios of HJD i.e., 
(H6dd over weir crest/Depth of flow) for all the four profile-s constructed to 
scale 1/40. The details of observations are given in Tables 60.20 to 6C. 23 
and curves showing pressure variations have be~n plotted in Figures 60. 31, 60 . 

. 32, 60.34 and €0.35 as also corresponding values of 0 tabulated. 



c"~ Cd ·3-587 

(I) 

..,., 
~~ Profile I . 

o> Under Nappe of free fall (7} 
over Sharp Crested Weir 

'd·3·769 

Profile VII 

C. B. I. 

I 

U.S. Protrudin~ Lip 3 
wide and I 0 long 
O.S. cubic Parabola .__ ___ _. 

(2) 

(3) 

(4) 

(5) 

(6) 

~ Cd •3·665 
~ 

Profile II ~ 
I 

U.S. Quadrant of 6 radius (8) 

D.S. as in I 

Cd ·3·856 

"" ~~ Profile~~~ 
U.S. Quadrant of 4 radius (9) 

D.S. as in I 

""41) 
'il 
~~ Profile I~ (10) 

U.S. Quadrant of 5 radius D.S. 
Parabolic x11·8 h0 ywhere h0 

is designed head 

~-
~ (d•l·922 

""41) 

~(f! Profile V (II) 
\9: , 

U.S. Qua~rant of S radius O.S. 
Curve x= 1·8 h0/ where h0 

is designed head 

"'al Cd.4·012 

~~ . Profile VI (ll) 

U.S. Quadrant of 3/adius D.S. 
cubic Parabola 

Maxium flood Discharge 79,0~0 Cusces 

Cd•3·802 

Profile VlU · , 
U.S. Protruding Lip 5 

wide & 6'1ong 
D.S. u in VII 

-
Cds3·989 

Profile IX , 
U.S. Protruding Lip 3~ 

wide & 6'1ong 
D.S. u in VII 

Cd•l·92l 

Profile X , 
Protruding Lip 2·5 wide 

& 6'1ona·o.s. 
same as in VII 

.Cda4·049 

. Profile XI , 
Protruding Lip 2 wide 

•& 6'1ong D.S. 
same as in VII 

Cd•l-648 

Profile XII • 
' , 

T~e same as XI with 6 
wide flat top 

figure 6C.3 0:- Showing Sections of Various Profiles of high 
Coefficient Weir for Napa Reservoir . 

RtGo. No. 316 'iE (C)'49·1.160 (H.L.O.) 



C.B.I. 

Crest R.L 8-tS.OO 

, 
65 

Downstream Water Level 805-00 

M W.L. 855- · 
Rock R.L. 780·00 Downstream Rock level 780·00 

, 
Crest ll.L. 845-00 

.._~--- 53·25----++w:...=...--::;;;:..... __ 
Sta"ered ltlocks &.-'4 
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SFILLWAYS 

TABLE 6C:2o 
Pressure observations at various points in weir profile No. A. Figure 6 C. 31,. 

.. 

Pipe No. Depth of Pressure head in feet of water, atmospheric pressure being takea 
pipes be· as datum 
low crest 
of weir 

Q-101,2001 Q-126,500 
{feet) 

Q-50,600 Q-79,000 Q-151,800 Q-202,400 

1 6·00 14·08 16·53 18·33 19·89 21•50 . 24·62. 

2 2·50 6·58 6·04 4:·55 1•73 1•96 1·£6 

3 0·00 -0·92 -3·63 -6·12 -10·10 -13·66 .:_19·04 

4 1·50 -0·4:2 --0·96 -1·95 -3·60 --5·50 -7·54. 
.. 

5 4·00 1·08 1•87 1·38 0·90 1·50 1·30 
.. ,. 

6 11·50 0·58 1•34 1·38 1·73 2·17 4:·13 
., " 3·46 7 21·50 0·58 0·70 1·05 1·06 2·17 

8 31·50 2·08 -1·96 -1·62 1·06 2·50 1·80 
.. 

9 4:1·50 1·58 1·37 2·72 2·63 4:·17 6•46 
) 

10 51·50 -2·92 0·03 0·38 3·06 6·84 8·80 
. i 

Q : Corresponding flood discharge in cusecs . 

TABLE 6C. 21. I • , \ .. 
Pressure observations at various points in weir profile No. B. F1'gur.e 60. 32 . 

' . . ' 

' 
- - ·'. ' . ,....,_ · ... - ···- ... ··" ... "" -· ... ·..:;..-· ... ·--

Pipe No. Depth of Pressure head in feet of water, atmospheric pressure being taken .. 
pipes be- as datum · ·;,· ·· 
low crest --of weir in 

feet 
Q-50,600 Q-79,000 Q-101,200 Q-126,500 Q-151,800 Q-202,400 

-
1 '6·0 13·33 15·83 17·33 18·66 20·00 ' 22·50 

2 3·0 9·17 10·00 10·50 10·83 10·83 '• 11•00 •.. 

3 0·0 -4·17 -5·33 -8·00 -12·00 -16·33 :,;_20·50 

4 3·5 0·83 0·00 -0·50 -1·66 -2·66 -5•83 

a 5·0 2·50 2·33 2·00 1·66 0·83 '-0·33 

6 15·0 2·33 2·67 3·00 3·33 3·66 ' 4·17 

7 !5'2 2·00 2·83 3·33 3·67 4•17 5'50 

8 35·0 0·33 1·33 1·67 1·67 2·33 " 3•00 

9 45•0 4·00 4·00 5·33 5·50 5·50 ' 7•50 
-10 55·0 2·00 2·67 3·33 4·66 5•00 

,. 

6•10 

. . Q : Corresponding flood discharge m cuseca 
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TABLE 6C. 22 . . .... 

l'tU31/.f"l observations at mrious points in weir profile No. 0. Figure 6 0. 3l 

Pipe No. Depth of 
pipea be-
low .ereat 
of weir in 

feet_ 

1 4·5 -.. 

2 I ·0 . . 

a· 0·0 .. . -

' 0·0 . 
.. 

i 2·5 

8 16·0 

7 20·0 

I 30·0 

t 40·0 

'· !9 . §9·9 

Prei!8Ul'e heai in feet of water, atmospheric pressure b · emg taken· 

Q-69,600 

' 13·58 . 

1·59 . 
4·~6 

-3·74 

0·92 . 

0·09 I 

0·08 

2·91 

0·09 

-J·9~ 1 

as datum · 

Q-79,000 Q-101,200 Q-151,800 

16·08 17·63 21·~0 

-3·74 -6·.36 -10·13 

0·59 Q·03 .0·37 

-8·fl -~·61) -11·13 

1·7~ -Q·2Q 1·.87 

0·7j 0·47 1·64 

1·75 0·03 2·0~ 

I·~~ ~·7Q 0·20 

0·~~ J·SQ 4·.87 

-J·~a. :=1·'10 5·54. 

Q-202,400 

-12·05· 

0·05-

-11·39· 

3·7S 

4:·95 

&•28 

2·62 

4:·62" 

6·21 

~ : Corresponding flood discharge in cu,ecs 

TABL}1 6C.23 
Pres.sure Qbser1'4#Pn$ a~ l'MiO'IPJ pmnt., in weir 1Yfofile No. D. Figure 6 0. 3$ 

. 

FtpeNo. Depth of Pressure head ~ feet of water, atmospheric pressme being taken 
pipea be- as datum 

.ow crest of 
weir in 

1 Q-79,000 
feet 

Q-50,600 Q-101,200 Q-126,500 Q-151.800 Q-202,~0 -- - ---·.-

1 4:·0 1~·33 1~·33 15·33 1CS·33 18·66 20•33 

2 1·0 2·66 0·00 -2·66 --5·83 -11·00 -18·67 

s 0·0 J·67 3·33 2·67 1•33 0•66 1·33 

4: 0·0 --f)·33 -9·33 -1!·67 -16·67 -21·00 -23·67 

8 2·0 --i)·67 -~·33 ~·33 --t·OO ~·33 ·-9·33 

s J2·0 :·67 1·00 3·67 . : 3·83 4·00 4·67 

7 ·. ~2·0 . '· ~·00 . #·50 3·00 3·33 4.·00 4·67 

I J!·O - J·OO 1·33 . 1·67 J·33 1·67 3•33 
. 

I ~·0 ,.f57 . 3·00 S·33 4·00 4·67 6·61 

10 5:z·O ~·33 0·00 ·. !·00 3·00 3·67 5·0~ 

:-:-:--:- - ... -· . -~- - -.--- -· -- - ·- - .. 
Q : Corresponding ftood diacnarge in cusec• 



SPILLWAYS 681' 
- . 
CONCLUSIONS 

1. From the comparison of the values of Od. with or without lip in the two 
sets, t'id.e 6C:37 it- is .evident that. od, jncrear.t:>e witb increa~ e i:q. BID ; walues 
being. slightly higher, Qnly _at .certain disc)larges, fo~ profiles ~jth the projecting 
lip than without it. It will be realiEed, therefore, ~hat a li;p on the ~pske~m 
side does not always appreciably influence th~ discharge_ as the beneficial 
effect of the slight reversal of flow is offset to a certain .extent by the increased 
e.urv~ture of-the filaments. · _ 

2. For the observed ,-~nge of discharges, negatiY,e pressure in £he region of 
crest increases as HJD increases, the ir1.crease is below cavitation pressure even 
for (he highest .d~scharge. .The nappe wa$ adher.ent, ,and, the~·e f)ee:rnpd ~9 be nG 
danger of its sep~ration. r - • • • . ' • • ' • ' 

3. _ Fx:om the cmves of pt:ess;ures ip is· ~vidept ~b~t i~!case Ai :. negative 
pressure is accompanied by an increase in discharge. Apparantly there seems 
to be no danger of pulsation in the region of crest as a r&ult of pressure ~ariations 
in profiles vide Figur~ pC.31 .~nd 00.32 ~ It is, ~o~eyeri p;iarkedly signifi.can\ 
or profil~s f!i#~ Figures 60.3~ ~nd 6C.p5. Sop1c extra r,einfotcemenji is tbe~E-fore 
necesbary t,? safeguard against pulsation in the .case of f;lat-topped crests. r : . 

It i3 gene1ally _acce;pted that~ -~though expe~imel).ts Q~ ,siP,all_~;~c,~le ,J1,1Pde4;
as have been discussed abov~, cannot be relied upon~ give ac.~urate q_uap.ti-, 
tative results for determining the behaviour of much Jarge1-' pro~otyp.es, qqalJ
tatively their indications are of direct importance in actual design. · It iS pro
posed to take up a serie.s of experiments at Bahadra.bad for further study 
of this structur.e JLt YaJiQllS bigger scales .tQ ,-- koow· the·· operations of large 
scale spill-ways wjth greater a,ccuracy. 

~ - ·- - ,. 

(14) ;RASUL HYDEL SCJIE)m SPJLLW~Y SIPB9ff (21) _, 

. A number ot iJ.esjgps were testeq ~P,.~· tqeir MJD};ng deptp~ $Ud pri~Jll.nJ. 
times were Qpse,:ve~. . . . · .. . : . , 
, Differept .designs ot lips w~r.e also e~mined £>~ t~e ,D.oQ.eJ~- 'rhe ·tests.: 
sh.ow~.d that ' lip ~pressed ~y J ·5 fef3t ~elow t}le !lJ.lJ supply Je~el ~]ld ~~~ 
~orizontal projection was the pest for priming. A deprimii~.g pip.~ pJacM. ~ 
feet ~way from the lip was found suitable.· 

The work on the Rasul Hydel Siphon model was continued and the folloW~t 
ing investigatjons were completed. 

(a) Level and shape of the end of the air intake pipe 
(b) The angle and level of the exit nozzle , · 
(c) Pressures at different points in the syphon 
The conclusions were :-. 

(1) A sharp edged bell-mouth end of the air intake pipe with an area 
· of the end 1· 5 times the area of the pipe, and fitted at R.L, '188 · 25. ~ 
.gav~ the best results. · . . · ~ , 

(2) The exit n.ozzle when fitted at an angle of 35° with the horizon~ 
threw the jet to the maximum distance of 87 · 6 feet from the nozzle.' 

(3) The most suitable level of the exit nozzle was at R.L. 733·5. 

( 114 -The Punjab Irrigation Res~arch IrstHut~, Lahore, Annual · Report~ 1946 
pages 5 and 6. 
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(4:) The pi ·ssure at the crest of the siphon was negative with an average 
value of 16·2 feet of water. 

: After completion of the above tests a fresh design of the siphon spillway 
was received. The total fall was split up into a siphon and three falls. 

The conclusions were :-
(1) A straight lip might be adopted. 

(2) The crest of the siphon should be joined to the bed of the approach· 
channel through a vertical slope and a transition curve of 1· 5 ·feet 
radius. 

(3) The area of the mouth should be 1·7 to 1·9 times the throat area, 
,. 

(4:) The maximum negative pressures on the crest and crown equalled 
in ~gnitude, 22·0 feet and 8·4 feet of_ water respectively. 

. . 
. · (15) BHAXRA DAM SPlLLWAYS (U) 

·A ~losed tunnel and an overflow spillway with deep curved bucket, and 
with bucket shooting into the air were examined. By changing the vertical 
transition curve in the closed tunnel, negative pressures were reduced but not 
eliminated. The bucket shooting into the air has the advantage that it is open . 
to· inspection and repair. . . . . . 

DISCUSSION BY TBE RESEARCH COMMl'rlEE 

MR. T. P. KuTriAMMU introduced items (1) to (6). Referring to item 
(2)-(4:) first he said that the profile of an ogee spillway should be designed to 
coincide with the underside of the freely discharging nappe of water over a 
sharp crested weir of the relevant hydraulic particulars. The most efficient 
profile fo~ the spillway was obtained. H the profile was made just coinciding 
with the underside of the nappe the coefficient · of discharge would then be 
3·96. In all the tests made with such profiles it was found that negative· 
pressures were obtained in the region below the crest, but these were of small 
magnitude, say less than five feet of water and could be ignored. If the profile 
were slightly in excess of this minimum even then negative pressures were 
eliminated. The masonary profile given by Creager in his book on Masonry 
Dams gave such a design which was quite sound and economic. No negative 
pressures were produced, but then the coefficient of discharge was reduced to 
3 • 8. In Madras this design was adopted for most of the spillways. 

MR. KUTTIAMMU continued to say that in the United Provinces Report 
Mr. Chaturvedi had referred to high coefficient profiles for a 65 feet high dam 
giving negative pressures as high as 20 feet of water. Such designs were likely 
to develop vibrations in the structre and may not be quite sound. A high 
coefficient weir was all right where the height was not great. But in the case 
of dams it was advisable.to avoid negative pressures of high magnitude develop
ing near the crest. 

{II) The Punjab Irrigatlcn Rt..BtJ<tl:ch I, stitutf', Lahol'f', Annual R£pcrt, 1946 page 6 
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·. Referring to items (5). and ~6) ~I&. Kri;TIAMMU e~plained aD: ~porta':lt 
feature of the stilling basin design. The simplest design of a stilling basm 
consisted of one formed by a bucket, a bprizontal floor sunk below average bed 
'and a vertical sill. · Dissip~tion of ener~ in this case '!as effected by a sta~~g 
wave. But the formation of a standing wave was mfluenced (1) by the dt~ 
(}ha.rge over the dam (2) l>y the downstr.eam or. ~ail water dept~ and (3) bi tli~ 
dimensionS of floor sill etc. ·For a particular discharge and tall water depth ~ 
simple stilling basi~ could be design~d as would give ap~rf~ct standing wav~~ 
But if either the discharge or the tall water depth was varied the nature ~nd 
efficiency of the standing way-e was affect~d. -He took~he.example of a stilliDg 
basin giving a perfect standing wave havmg 'a large elhptwal back roll~r for a 
partioular set of water levels upstream and downstream. If now the tail water 
was gradually lowered or the discharge was gradually increased, ~he shape of the 
hydraulic jump changed. Its crest rose above the tail water level forming· a 
~'boil" as it was called. There was then a dive and a secondary standing waye-. 
This caused scour downstream of the sill, the scour being almost a reflection 
of the boil. The higher the boil, the deeper was the scour. The boil was an 
indication and a measure of u.ndissipated residual energy. If now the tail 
water level was still further lowered. the stand~ng wave is washed clear out of 
the basin, the hypercritical jet shot over in a powerful sheet of water and struck 
the river bed downstream with undiminished energy.· This would certainly 
cause deep scours in the bed and should be avoided for ordinary designs.· 

In the case of spillways with crest shutters it was quite possible to have 
wide variations in discharge and tail water conditions and the stilling basin 
should be so designed as would a void the shooting flow and will yield a standini 
wave for the entire range of variations. With a simple sill this meant that ·we 
might have to put up w tb a boil and there might be some amount of residual 
energy beyond th~ standing wave. A strong apron in continuation of the sill 
and perhaps an end sill or deflector at the end of the apron might then beco~e 
nee~. . 
.. M:a. KUTTlAMMU stated that iri 1947 he continued the studies and fou~d 
tha~ by providing two rows of staggered blocks illside the basin jus~ upstream 
of· ~be sill called floor blooJrs for convenience the efficiency and range of useful., 
ri.ess of the standing wave could be very much increased. With such design·_a 
strong apron downstream of the sill might be dispensed with. . , , · -
.. In some cases, as in the Ramapadasagar Dam~ it is very costly to have· an 

apron because of foundation difficulties, the depth of sand in the river bed is 
as.great as 150 feet (and any apron would -be. very costly). In such situations 
a roller bucket was th.e best design. Experiments for obtaining a suitable 
design of bucket of the Ramapadasagar were described in the Report. . The 
height and shape of standing wave and the depth and position of scours were 
all ail'ected by flow conditions and by radius and invert level of buckets. By 
cutting oil' the edge of the bucket at differ.ent angles the height of the standing 
wave could be lowered. Another factor that had to be examined in these 
tests wa~ regarding the possibilities of abrasion of the concrete by the sharp. 
and earned on to it by the rollers. · . · 
• ·c In the studies carried out in 1947 ~n_Madras a real sbootingbucketwith 
1nvert at + 7 4: was tested and found swtable in many respects. 
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Referring to item (1) Ma. KUTriAMMU said that scours doWn'Btream or a 
gated spillway' having· a large number ot spans depended also on the way in 
-which these gates were operated. Experiments were made on a model with 
1ive vents and contours of scours obtained with various combinations of gate 
openings were plotted. A. study of these indicated how very important it waa 
to lla~e proper regulation of shutters during flood!. With a uniform bed down
stream it was best to open all shutters uniformly to_the required height for the 
disposal of the surplus, instead of opening only a few to greater heights. In 
ease only a few shutters could be opened, it was better to distribute them even11 
oYer the full length of the regulator and to prefer a symmetrical arrangement of 
~pening. The idea was to prevent or minimise the effect of return fiow and 
Mdies. 
·. : MR. S. N. GUPTA introdu1led items (7) and (13) and said t.ne experiments 
oondu.cted m the United Provinces on sipbons showed that in t.iie case of a bit 
saddle sipnon of ctoss-Rectional area 16 feet x 9 feet or so as in Pa.huj, twe 
things viz. (1) the provision of a suitable lip and (2) a sealing cistern at the outlet 
were essential for attaining the minimum priming deptn. It would be seen 
from Table 60.4 that the provision of II inches lip in Pahuj saddle siphon reduced 
the priming depth from 12 incnes to 7 inches whereas the co-efficient of dis• 
charge is affected but slightly. 

It was learnt from Mr. Ganesh I yet during his visit to the United Provinces 
in March last that in similar actu~l saddle siphons installed at Kanva in Mysore 
State, which came into operation, for the first time after their conStruction, 
during the fast monsoons, the priming depth was observed to be two feet and 
siphons were not running full. That it would b'e so was self explanatory in 
the' absence of a suitable lip and a sealing cistern. Increasing the capacity of 
tile priming volute sipnons would. nelp matters, but :not very much.-

Expermients on' volute siphons indicated that tne i~ngth of outlet played 
a significant part ooth' for minimum priming deptli and ma:rinlum co~.f&cient. 
ol discharge. Figure 60.20 showed tnat 12 · 0 feet long outlet for a .head of 2S • 0 
feet gave eptimum results. In other" words', tne lengtiL ol tlie' outlet sliould be 
a certain miniinllln and according to tnese experiments it was neady ball the 
working llead'.- Mr. Ganeali Iyer agreed' with the aoove conclusion and he·waa 
of the opinion that 22·0feet longoutl~f.ofvofute siphons at Hirabliasagar Dam 

. mignt not be adequate to give the desired results. Furhtet experiments- With"' 
~e:rent diameters and heads to determine th~ optimum lengtb of outlet were 
iQ progress- at Babduraba.d • 

. · . Mit. Gov1ND.t RAO' introduced items (9) to (12) and 6rieffy described Uie' 
&periments carried out~ Ile said item (9) related to tlie effect of altenng the' 
-aliape and numbe:r: of volutes in a v-olute siphon. Tile volutes and t'he funnefe. 
.ate two important parts in a sip non wtUch determine its performance. Experi_.. 
fuents were made .with a nine inches model operating under 3 • 25 feet. .A slope' 
Of II to I was considered tbe optimum: a:.a.d was adopted for the funnel. Ani 
~eepei slope decre:1sed ooth the prinming deptil and the coefficient of disclmr~•·. 
Airy flatter .slope had the opposite effect. The effect of altering then~~· 
height, shape and curvature of the voluMs was next studied. I' waa found 
tlai twel~e volutes· ot li iilches height gave the beat remit.. 

; . 
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... MR. GoviNDA RAO also described briefly th~ expeninents and cori.cltiSions 
t~btained vide items {10)' t6 (12}. . .• . . . · 

· " P-.Ao BAlW>tm J oGLEKAR introduced item (8) and said that in fUgn dam~· 
it was necessary to see that the jets issuing from s~phon out!ets did not caut11e 
-damage to the river .bed by impac~. The volute sip~.?n d-~!~ugne_d _.by Gan~l 
Iyer was unique in design, in that It nad got a very }righ dischargmg eapa~1ty 
and a low priming depth. He had ~lready got ~wo stphon' models of the Hire
bhasgar design. These were used II'l the expenments to fixd. the effect of ad
jacent jets hitting each other at various angles, on the deptn of scour down
~tream. Thess experiments could not unfortunately be started earlier as
information regarding volutes was obtained from Mysore only by the end of 
December 1946. Scour was observed on the bed downstream, which consisted 
<){ 17•3 mm. single and 6 mm. coarse. sand. Tpe drop from the centre of the 
outlet to· the downstream, water level was equivalent to 12 feet. With jets 
hitting at an angle of 18°, energy ":as not dissipate~ effectiv~ly pet-a use ~ha 
two jets combined to drop down vertiC~lly as a single Jet, practiCally producmg 
the effect of tbe sum t.otal of the twc. When the angle was changed to 30°, slightly 
better results were obtained ; but the maximum depth of scour was I· 55 tim.e8 
tbat obtained with only one siphon. In these experiments the coefficient of · 
.disc.aarge remained unafferted as there was no back pressure. Further experi
ments with outlets tilted upwards so that the jets travel ·upward before hitting 
·each ot.iler and experiments where the out going jet was fanned out before 
jncidence of the jets and other devices would be carried out.-

D:a. N. N. BHANDARI in a written discussion referring to item (5) s1id tnat 
Jle· had an opportunity of studying the same problem in the University of 
London in 1941. The line of attack was also alm{)st in den tical to that followed 
~yM:r. Kuttiammu. With a constant head upsireamoftht:! crest or'an overflow 
.dam, as the downstrem depth was gradually varied the type of :flow, ehanged 
-considerably and abruptly at certain depthS' of ta.it water. Figure 6C.38" gaTe 
.an idea of the nature of four different :flow patterns. 

Continuing DB. B.liA.NDARI said that with sufficient depth of tailwater 
:a perfect standing wave was formed-, but if the depth: of the· tAil wder exoeeded 
a certain value the effect of the sill was not felt at all and the lfate:t moved 
a-long the downstram bed just as it would dO' in. the abselioe o( a sill i.e. the 
'high velocity jet, after having been thro~ up slightly, o~ce again· moved· alone 
the bed. As a result, any movable material that came mt the way would be 
carri~ away by the current. Figure 6C.3'8(a)" illu8tra£e'd· tms- fyp~ of {10 w. 
As this flow was mainly along the bottom, it was named by D&. BHA.NDAiii a4 

.cC Bottom Flow ". It might be pointed out that " Bottom Flow " moved along 
the bed " un-separated " from the· boundary. 

A. the downstream water level was lowered a definite critical point was 
observed where th? flow sud~enly " ~ep~rated " oi " broke-away" from. the 
sharp edge of the sill. The h1gh velocity Jet was thrown up to t:ne surface and 
thereat;er moved along the top. T!lls type of flow was named by hi~ as " Top 
Flow , ~nd _was ~epresented by F1~re. 6C.38(b} •. The flow along the bed waa 
reversed 1n direct10n as was characteristic of the phenomenon of " Separation ,, 

u b ak '' 't . II d Th" or re -away as 1 was sometrmes ca e . IS type of B.ow was favourable 
~ \he prevention of erosion was desired. 

. . . . . ' ·-. 
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. If the tail water was further lowered, the downstream water became leas 
than what was required to meet the momentum of the high velocity jet deflected 
b;r. the sill. As a result as shown in Figure 6C.38(c), the jet formed another . . .. 

. 
(a) Bottom flow /. 
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Figure 6C. 38 Showing th.e nature of four 4ijferenlrjlat4 pattems.· · · 
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i.ydraulic juinp, downstr~eam of the siJI, which might be called a ~Jubsidiary 
:.ydraulio. jump. The formation of this subsidiary hydraulic jump was not 
desirable because the high velocity jet shot t~rough the downstream depth of 
waier, on to the erodible bed causing scour, ·some distance doWnstream o, 
the RiD so that this :flow placed a limitation on the" Top Flow '' discussed ill 

the previous paragraph .. 

'·~ 

Still ~her lowering of the downstream water level cam~ed the ma~ 
1tanding wave to shoot cleru: of the sill. The whole of the disc~ar~e came don 
in a jet on to the bed causing great havoc if the bed was erodible. This for.q:l 
of Jlow was shown in Figure 6C.38(d). 

Reversing the process, that is, increasin~ the, ~ownst.rearn wa.te~ level 
oniy raised the critical point where tile " Top Flow '"·changed to " Bottom 
Flow". 

The two limits of the " Top Flo~ "gave the ~ange of the utility of an.y: 
energy dissipatio:q arra~gement. · 

' 'l i 

, DR. B:a;ANDAR.l had also carried out a· s~ries o~ tests ~itli vario~s sizes ~~ 
aills and dimensions of cisterns with different discharges, and :had observed & 

marked effect on tbe critical points where'~ rop F~ow u changed into" Bot~a 
Yl~-,v" and ~ce tJersa. It was also noted that at a particular discbarge a certaill 
aize of sill became useless because there was no top flow taking place at all. It 
was either bottom flow, with high downstream level or shooting flow with a low 
level downstream. In some other cases it was found t:hat t.he discharge 'av~il
able in the laboratory flume was not enough to cause bottom flow at all. It wu 
always top flow which changed to shooting flow with. a low downstrea.m. leyel. 

Da. BHANDARI had come to the following de:firute conclusion~ ; 
' i . < 

. . 

(1) ·The efficiency of a sill increases with its height. · 

(2) The quantity CJf discharge that can $af~Iy be pat~sed over a stru€:tur~ 
in the presence of a sill. increases with .th~ height of the siH •. 

. , (3) ·fhe angle of sill varied with the slope of the glacis Figu,re 6C.39.' Tlte . 
~a~ter the glacis the steeper'is .tbe siU .that i~ required. For hori.z~ntal: ~0~ .· 
1~ 1s th~ rectan~lar typ~ of. slll t~at 1s mos~ ~eful. Thel'elore, if the ,ill J8 • 
placed Just at the toe of glacis a triangular si1II"s requireq and if the sill i . 
placed at the end of a horizontal floor it ia a rectangular sill thatiawa:nted. ~ 
li51CBI 
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(4) If there. is a roller bucket installed in between the glacis and the sill 
then the height of sill required deoreases with the increase in the 
radius of curvature of the bucket and vice versa. 

(5) Results obtained from the experiments confirmed those obtained by 
Rehbook and Schocklitsch regarding the . depth and length of 
cisterns. 

Ref'erring to item (13) DR. N. N. BHANDARI said that a setiea or experi
ments bad been carried out on profiles given in Figure 60.30. It was interesting 
to note that for profiles No. 1 to 6 in this diagram the coefficient of disoharge 
went on increasing as the crest of the weir was made more and more sharp. This 
evidently conformed to the general idea that the coefficient of discharge wa.s 
more in the case of a sharp crested weir than in a broad crested weir. . . 

The downstream slope had very little effect if any on the coefficient of 
discharge or weirs (23). . 

( ••.) 'Bhanda.ri N. N. •• Weit Coefficient," Reports and pa.p~rs for the postponded moo~. 
1989. of Ule Internati0n1el Asaociatiao for HJdraulic St.rv.ot'U'O ~h (~e) pap lli. 
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. In Figure 60.37 the value of 0 with and without li:p W'ei'e compared •. Bt,tt 
it was not indicated anywhere if the rest.of the profile In both c~es w~ the 
same. Coefficient of discharge was affected by the shape of the lip_ t.o a con• 
siderable extent as was shown by White and Burns (14) Rehbock (25) and ()~hers. 
The result would have been very useful if the coefficient of discharge was· plotted 
Again.st the radii of curvature of the lip and of the po;rtion of th~ ~r~~ cio~~ream 
of the lip. • · 
( :, . In the opinion of DR. BHANDARI extrapolation of a curve p~ssi:Qg jprough 
only three given points, as.done in Figure 60.36, was not justine'd,. ;Th_ern.i:h~~ 
number of points should be four·. · · 
... : ·. HR~ KUTTIAMMU in' reply to the discussi~n by Dr. 'Bhandari' said.that the 
remarks by Dr. Bhandari were very interesting and contained a-clean exposi).. 
tion of the nature. of flow downstream of_spillways ... rPr: ~~apJiari's, co~cl~sions 
were generally acceptable, of cour~e with certam hrmtat10ns· whiCh' .. M;&. 
KuTTIAMMU said he had already explained. For example, MR. KUTTlAMMU 
!aid that DR. Bhandari had stated that the efficiency ·of a sill increased with 
its height, and 1\I&. KuTTIAMMU had already explained how the shape and em.~ 
ciency of a standing wave and hence depth and pqsition of scolll's varied with 
height of the sill. There was then always an optimum position wh:ich:gave th~ 
best overall result. · · · · · ' ' ' r ·v I , 'H :J 

~ · ~. ·MR. FRAMJI said that in ~he Mysore experiments the jets just' ~lllet:· each 
other and fell con-jointly~ They should first strike each other, dissipate the 
energy and tnen · fall on the ground.' · · I • • • - ·· 

::: ·THE Pl~ESIDENT agreed ·with MR. F&AMJI~.' 
THE PRESIDENT asked if any body had tried to go 'into the mathe~a.tics 'of 

-~blute; ~:~iphon and requesred 1\ir. Blench .to speak .on ~he ·subject.\ l. ·~ ~ 
M&. BLENCH said he had. "not given 'the subject'sufficient t;hou.ght to justify 

~n- extemporaneous comment on th~ ,mathematics, which would. be three 
dimensional. He pointed out that, without whirl, such a siphon was unsuitable 
for prim~ng ; with whirl the conditions for sucking air became present. but the 
coofficient might drop." · · 

Mn. CHATrURVEDI s~id that further progress in the design of volute siphon 
had been made in the Uvited Provinces as a result. of the initiative of Mr. · 
llutc~nson.. They had be~n able to combine four volute siphons placed in 
one hne at rtght .anglesto the dam, with only one outlet tunnel, saving lot or 
~o'?ey and spa~e. The area ot the outlet tunnel was increased gradually .frO~ 
InSide to outside. · · · · ··- ; -'· 

In reply tC? the Pre£4ident M&. CHATUBVEDI said that the diameter' of the 
sllaft was kept at 12' feet; ' . ' . ' '. ' ... 

~. THE ~RESIDENT :r:em~rked that one· could have a siphon or much la:rge.t 
diameter In place of haVIng four shafts. · · · · 

: 1!&. CHATURVEDI replied that there was a limit to the diameter that eould 
be llScd. . · ' · · . : ' i :I 

(
1
'). Hurns R.V. and Winte C.M. " Protection of Dams Weirs and Sluices agains~ 

Soo.r " Journal of the Institution of Civil Engineers, Nov em be; 1938 page 28. . ' 
· ("). R?h~ock, Th. Ha.nbbuch der Ingenieur-Wissens cha.ften, VoL 2 (Part 3, Seotioa 11), 
~ u, Ul_l)Zlg, }gl2. . . I 



Tim P&ESlDE~ said that siphons upto 30 feet diameter had already bee a 
designed. . 

· ·. MR. CluTt:TBVEDI said that in that case the siphon would not prime:· 

T~J:, PRES~ENT sa..id tha~ tbere wa~ no reason why they should not. 

M.a. C.BATUKVEDl said that in any case 30 feet diameter was not practicabt, 
~· ev~ case. 

. . liB. SAXENA said that exreriments were carried out to provide one ~in:l• 
eover over all the siphons bu that did not work. . . 

MR. FLUIJI pointed out that with the arrangement as described br Hr. 
Chaturvedi there would be difficulty in the dissipation of energy too. 

SYEn DILDAR HusSAIN asked Mr. Chaturvedi how would such an arrang•· 
xnent be constructed. 

,• '-I 

· MR. SAXENA described the method of construction. He said that acco .. 
eflioient of discharge of 0·7lhad been reached. Formerly it was only 0·50. · ·· 

T:H~ PRESIDENT asked Dr. 'Bose to say whether he had been able to ca~ 
out any mathematical investigations on spillways. · 

DR. BosE said that he had been trying to get a physical picture or the 
whole process. It was not clear to him as to what happened inside the barrel 
of the siphon after the water passed through the volutes into the barrel. W a~t 
it still rotating t He would like to get some sort of insight on the following 
·~~stio~ from workers in t~s field : . 

. , (a) What happens to the w&ter as it passes through the volute3 and 
enterS the barrel. Is it still rotating ! 

(b) Is there an empty space "in the centre of the mass of watergoin~ 
down the barrel ! · · · · · 

(c) Does the outside of the rotating volume of water touch the barrel 
walls. If not, what is the pressure in this space." 

. · DB. BosE said that if the barrel could be given a. shape following the outside 
fi4 the rotating liquid the coefficient of discharge could be made ver1 high. Ile 
requested Mr. Govinda Rao, .to .let him have· a reply on these points. Da. 
:BosE said that unless the physics of the problem was clearly understood, m~th• 
xnatics could not be worked out. 

MR. N. S. GoviNDA RAo said he would reply Dr .. Bose on the basis of thft 
model experiments he had conducted " Regarding question (1) the water :i8 
seen still to be rotating in the barrel after skirting round the volutes. This J• 
clearly seen before priming. After tbe siphon primes, the entJre dome is ,filled 
with water full to the crown.· Water as it issues from the outlet is seen to bf! 
disoha.rging with a twist (2) There is no empty space in the centre of the !lla8:! 
of th9 water going oo"'7n the barrel. The volutes are so shaped that the tloY 
froll;l all of them impinge at the centr-:- of the V3rti :ml pipe. (3} It is not possible 
to observe whether the outside of t}p r•)+at:in~: vo1nm ~ of water touch~ t~~ 
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'barrehnlls or not. All the water filaments issuing :&om the funnel ~ ~~e ~ 
meet at a point from where they may diverg~~ and fill the barrel as Jn FJgUr• 
~C.40. The space ABCDE may be emp~y: . 

DR. BosE said that in such a model, one c~uld only see the top of the iow. 

C.B~I • 

. 
j 

t 

Figure 6C. 40 
Ma.. FRAMJl said that the action described by Dr. Bose took pla.ee onlf 

11pto the time when priming took place. Mter that the flow through the siphoa 
was full bore. 

MR. GoviNDA RAo corroborated Mr. Fram.ji's statement and explained the 
action that took place. It was full bore because of the outlet tunnel. 

· · Da. BosE said that if there were no outlet tunnels the flow would be a.a he 
bad described above. : 

. 'lli. GoviNDA RAO said that in the absence of the horizo~tal outlet' tunnd, 
ihe fiow would be like that through a vertical pi:pe. · · 

MR. FRAMJl corroborated :Mr. Govinda. Rao's statement~ 
THE PRESIDENT asked Rao Bahadur J oglekar if he had . taken any pressu. 

~bser~ation inside the siphon. · · 

]1&. CH.ATURVEDI referred to his report where pressures inside the siphoJl 
had been reported. · · 

· UAo BAHADUR JoGLEKA.R explained the position of negative pressUre 'ia 
'\he siphon. He said that the outlet ran full bore o1_1ly if the length of the outle' 
was more than a certain minimum otherwise air was sucked in froD:i the dowil
stream end and the flow was not full bore. 

liR. CHATURVEDI stated that pressure had been observed for such a lengt~. 

RAo BAHADtJR JoGLEKAR said that maximum negative pressures obtainea 
just below the bellmouth of the volute siphons and on the inside of the outlet 
bend (25). These indicated the places where cavitation is likely to occur •. Hta 
pointed out that though 30% increase in discharge was obtained in lf8th seal• 

(15) Central Irrigation Hydrodynamic Re.ea.rch Station, Poona, Annual Report (THUi•l), 
~~~2--43, figure 37 and page 26. 
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iJod~l wheiiits ~~tlet ~as flared; the percent.age increase's in fullscale 500 CUsee~g;· 
saddle siphon was· only three per cert. and cavitation took place as the la.rgeo 
1iphon was working near the limiting negative pressure (26). ' 

· .; THE PRESIDENT suggested -that the profile of the siphon should bf' ch~nged 
whenever cavitation was found to exist. 

R.&.o BAHADUR .loGLEKAB said that tnat could be done. He emphasised 
the danger of assuming the coefficient of discharge in the prototype from model 
experiments undet such condition. · 

~ 

THE PRESIDENT remarked that that was exactly wby he was partic11larly 
anxious about the. mathematical analysis of flow through siphons. 

·MB. GoviNDA RAo reported that measures· had been taken to observe 
pressures and diseharges on the Hirebhasgar Dam. 

' 
THE PRESIDENT suggested that work should be done on sipnons on a. co-

operative basis by deputing research staff to liyscre. 

DB. BosE asked if any one had tried to introduce air into the place5 where . 
negative pressure occurred to avoid cavitation . . 

RAo BAHADUR J OGLEKAB said that he had tri~rl that. It broke the cavi-
tation but reduced the coefficient of discharge. 

:~. ) DR. BosE said that this was the method followed in the prevention of 
.eeparation 'of the boundary layer from airfoils. R. B. Joglekar's experimenta 
showed that the coefficient of discharge and cavitation were inter-conne<:ted. · .. ' 

) . · · M~. FRAJUJI referred to items (2) and (3) and ~aid that the pressure depend
ing on the velocity of flow was affected by scale, so models of more than one 
~.s6ale were required and the pressures extrapolated for the prototype. With 
larger weirs negative pressures were considerably greater, It should also,~ 
J"emembered that a small error in the profile might have a big effect on pre~sure, 

'nence a considerable margin of safety was desirable. , 
. 'I 

Referring to item (4) he said that the experiments bad been done with 
only one scale ·model.. · 

·il 
Due to interchange of momentum between fillaments of different '~elooi~~ 

by viscous shear, and as the viscous effect reduced with an increase in scales 
Jhigher coefficients were obtained in geometrically--:-similar weirs of grea.~ 
scale. Another dissimilar feature in the boundary layer, was the relative 

, thickness and surface drag which were ah;o dependent on viscosity and hence 
,-on scale. It was therefore, necessary to carry out experiments with three or 
.. four models of mfferent scales and to extrapolate the value of the coefficient ~o~ 
the full scale weir. Experiments of this type were carried out at Poona durmg 
1937-38, 1939-40 and 1941 and were reported in the Annual Reports vf those 

·years. An extrapolated values of about 0=5 was obtained for the most effi
. -cient section evolved at Poona while the :Madras Report figures are much 
.'lower probably due to the small scale of the model. 

.. ~ 
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. Regarding item (6) ~fR: FRAMJI continued ·~o· say that a· very exhaustive 
series of hydraulic laboratory studies on dam spillways were performed by tl\e 
U. S. Bureau of Reclamation and an analysis oi these results had been ably; 
presented in an article on " Protection against Scour below overfall Dams :!. 
by Lane and Bingham in the Engineering News-Record of :M:arch 14,1935. 

The ideal condition was to have a tail-water at suoh a height above ilia 
river bed for each discharge so as to form a perfect hydraulic jump for the 
depth and velocity which would occur in the overfalling stream at the toe of 
the dam for that discharge. But as the tail water elevations were controlled. 
by the river conditions below the dam this ideal was never attained. · Fre
quently the' tail water rating curve and the curve of jump heights lay above o:r 
below or crossed each other. The design of the stilling device must depend 
on the relation of these curves and Lane and Bingham's analysis followed this 
natural classification. The devices tested should also, accordingly, be classified 
as llBeful for one or other of the four classes of conditions. 

. The Humes used for the models appeared too small in length to give still 
entry conditions and the depth of sand over the rigid bed quite insufficie~t 
for the worst conditions to be test-ed for maximum water level upstream and 
low wat.er level downstream. ., 

The Ramapadasagar bucket experiments with io model were obviously 
run for too short a period (45 minutes) to give maximum scour, if the smaller 
model ;;.! required four hours for stabilizing. 

~oo 

An intermediate condition of tail-water level might bring a deeper scour 
nearer to the work than with minimum downstream water level and should 
have been tested. 

M:R. GovrNDA RAo referring to the experiments made for preventing scour 
below Ganesh Iyer's volute siphons at the Poona Research Station stated that 
turning the position of the horizontal outlets through 18° or 30° did not material
ly help in dissipating the energy of the flow. Since the angle of skew was very 
small, the point at which the two jets could .meet was very far from the rear 
face of,the dam. In the distance the jets from the outlets had to travel in the 
horizontal plane before impinging, they would be dragged down in th~ vertical 
plane considerably due to the action of gravity. This resulted in the two jets 
meeting only slightly above the tail race affording little scope for the water 

.... to fan out after the impact and fall in the form of a spray. t 

MR. Govr:xDA RAo congratulated l\Ir. ChMurvedi on the valuable e.KPeri.,; 
ments he had made in designing the siphons for the Pahuj weir. He had 
brought in an additional item of outlets in the design of volute siphons. T.his 
had been recognised in our designs though not with the prominence, Mr. 
Cbaturvedi felt they should have. 

In the design of the saddle type siphon, the followin()' well known three 
methods of effecting water seal had been adopted :- b 

(I) Insertion of a lip 

(2) \Vater seal formation at the bend and 

(3) Auxiliary volute siphon. 



;' It has been 8tated that the three inches lip has been reduced toll inch .. 
a~parently in its width without materially effecting the coefficient of discharce 
&ad priwng depth. If the lip width had been increased from three inches ~ 
iay six inches or even 12 inches, its effect on the priming depth and discharge 
eoeffioient would have been more pronounced. While a greater width of lip 
may give lesser priming depth by shooting the jet to the outer shell more eff'ee
iively, the discharge coefficient may correspondingly decrease due to the higa 
loss of energy in the jet impacting on the outer wall, and thus lessening ita 
Yelocity. 

It is seen from Table 6C.4 that the saddle siphon with on1y the •olute siphoa 
11 inches priming depth and 0·7 discharge coefficient with the addition of the 
tip-both the priming depth and the coefficient of discharge have decreased. 
-rh.is decrease in priming depth without sacrificing the discharge coeflicien• 
~ould have been obtained by merely increasing the capacity of the auxiliary 
Tolute siphon. . 

Water &eal furmatio1t.-This bas been achieved by tilting the outlet pipe 
'clpwa.rds. This has naturally reduced discharge coefficient. Instead the wat.r 
'IJea.l could have been formed a little away from the outer leg of the siphon by 
eonstructing a baftle wall to form a cistern with water level-first a little below 
t}le end of the vertical leg as Figure 6C.41 

~~ 
~-~~ 

~~~ 
11'1•!: II / W,ater level -:.-. Baffle wall 

,_,_,_,A I l:t~ 

~u~~ ~====:..~ - -----------

C.l.l. 

·-

Figure 6C.4:1 
Pre&IJ'Ures.-Regarding observation of pressures and pressure contou.ra 

these are evidently at the periphery only, as it is obviously impossible to measure 
pressures in the body of the siphon barrel without disturbing the few condi
tions. The section Din Figure 6C.l6 is not t.h~ controlling section determinini 
the operating head of the siphon. It is merely the point where the characteri8-
tics of the flow change. The controlling section is at BB where the discharge ia 
proportional to the vacuum developed there. 

Volute Siphons.-The experiments on outlet lengths necessary for mini
mum priming head and full bare discharge are very interesting. It has also 
been his experience that where the outlet length has not been sufficient it has 
riot been possible to get full bore discharge due to air rushing in. The flow in 
an insufficient length of outlet will be merely that due through an orifice of 
diameter equal to the neck the tunnel and the operating head being equal t$ 
ibe head of water plus vacuum pressures about it. 'Vhere the outlet lengta 
i! sufficient, the flow through the barrel will be similar to the flow through a 
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pipe under pressure and the operating head producing th~ disch~ge will b~ the 
difference of water level upstream and downstream of the reservoir or the centr& 

· for the outlet pipe accord~g as the discharge is submerged ot free •. 

- RAo BAHADUB JooLEXAB referred to item (7) and said that in the e:tperi .. 
ments in which the radius of curvature of outlet bends (R) was varied; it was 
not clear whether the bead was kept the same by removing a part of the vertical 
leg to accommodate the extra height of out let bends with inc;reased radius of 
•~ature. · 

In Figure 60.15 eudden decrease in pressm:e at p~e~ure. point 2 
on the inner shell at the crest indicated that the curvature of . the 
~est was too fiat and could have ·been improved bv ~ ,smooth c~v~, 
between points 1 and 3. The Poona experiments had shown that & lip 
at the downstream end of the crest (meant .to lower the priming depth) waa 
ietrimental for the discharge due to distorted curvature of flow and such a 
design was not recommended. Instead one could get low priming depths by 
providing a priming siphon. · · 

' 
Continuing, R..1o BAHADUR JOGLEKAR said that in Table 60.12, the effect 

of increasing the length of the siphon outlet .pipe on priming depth and coefficient 
was shown. It appeared that the siphon did not run full-bore .till the lengta 
of the outlet pipe was made 12 ·15 feet, when the priming depth was minimum 
and the coefficient maximum. This showed that with a shorter length, the 
curved flow round the bend did not properly redistribute in the horizontal 
portion of the outlet when the outlet length was less than 12 feet, thus admittin: 
a.ir from the downstream end, which delayed priming and reduced coefficient. 
Pressures in the outlet legs should be· observed to eluoidate this point ... It 
wali stated by l\lr. Chaturvedi that the optimum length of the siphon outlet1 
·was probably half the height of siphons. More experiments were required to 
-urify this point. · · ' 

. . . ' 
Regarding item (9), RAo BAHADUR.JOGLEKAR said that the experimental 

tesults showed that th~ priming depth was reduced by increasing the height 
of volutes but the coefficient of discharge was adversely affected., So the desig!t 
(lf volutes had necessarily to be modified to obtain a compromise between 
1.hese two conflicting factors as regards coefficient and priming depth. A low 
priming depth was associated with a low coefficient. Similarly, there was a 
optimum height of volutes, which when exceeded did not reduce the primlni 
depth ; besides the coefficient was affected. ' 

So far as the priming depth was concerned, the Poona experiments had 
PJbown t~1at the .re~ults were not geometrjcally similar. The model alwayr~ 
gave a l1lg~er pruumg depth than the proto~y:pe. So in a particular design of 
a ,·olute s1p~o~ one would expect a lower pr1mmg depth for a full-scale siphon; 
but l.ower p~u_nmg dep~h .required volutes of relatively less beight. In order tn 
ohtam a mmm:~um prm~mg depth in the prototype, it would be necessary to 
earry out expenments '\\!th models of three or more different scales and in ear.Ji. 
~1se the minim~m primin¥ depth should be determined by increasing the heigPt 
of .vo!ut.es. This 'Yould gn·e a very useful relation of the height of volutes1 and 
J.mn.mg depth WJth model scale ratios. · 
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. Further be referred to item (13) and said that experiments were carried Ol~t 
'at Poona with a. full scale high coefficient weir profile (21). A maximum c~· 
efficient of 4·84 was obtained with energy bead over weir crest (H=H1+~). 
of 2 • 7 41 feet and the ratio of energy bead to total depth of river and velodty 
head was 

H 2·741 
---------- - ------ = 0·297 

D+H 6·5+2·74 
and not 0·57 as stated in the Uni~d lTovinoes Report. 

In the United Provinces weir profile, the e.x:trapolated value of 0 fo~ · 
prototype was 4·10with ~+H=0·35; whereas in the Poona profile of fuJ.V 
scale weir, value of 0=4 · 40 was obtained with the same ratio. ' 

~ With increase in depth of water over crest or increase in the ratio of D!H 
coefficient increased, which was due to the increase in curvature of flow ove.r 
the crest, which increased negative pressures ; but there was a limit beyon~ 
which, if the depth of water was increased the coefficient reduced due to sepa- · 
ration. 
· When choosing a particular profile, one had to be careful not to choose t~e 

aasolute maximum 0 but a slightly lower value of 0 on the rising C : 11 curve 
otherwise there was a danger of separation occurring in case the maximum 
estimated discharge is exceeded. As regards the lip of tne upstrea.m face of 
the weir, with a property designed lip, the coefficient increased; but one migbt 
.have to omit it due to constructional difficulties and the likelihood ot damag~. 

Flattening the weir crest to six teet to provide a foot path, the coefficient 
reduced from 4 ·1 to 3 · 64 which meant a reduction of storage depth of about 
seven per cent. To overcome this, a foot bridge with piers could be constructed 
'over the weir and before the design was finalised, the relative merits of gain 
in storage capacity and the extra cost of a foot bridge should be considered. 
' . . 

: ~ · Regarding item (15) in the Punjab Report on Bhakra Dam Spillways RAO 
·:BA.HADUR J OGLEXAB. said the Figures 6C.31 and 6C.32 of overflow spillway 
showed that the approached cba,nnel to the spillway was at right angles tp 
the spillway which was quite incorrect for reproducing prototype conditioll3. 
The entry_ conditions would all be incorrect causing incorrect distribution of 
velocities and discharge concentrations. The results would, therefore, oo 
undependable. · 

RAo BAHAD'LTR VENKATACHARYA said that priming depth should be as 
low as possible. In Mysore they had tried removeable vanes for the volu~ 
so that once th~ priming had taken place the volutes could disappear. Those 
disappearing vanes improved the coefficient of discharge. For the dissipation 
of energy they had trjed the method of impingin{J' jets. They had also tried 
to divide the bore of the siphons. Relative dista~ce between tne 8iphons had 
y~t to be worked out. These steps might solve the problem of coefficient of 
discharge and the dissipation of energy • 

. (
17

) Central Irrigation and Hydrodynamic Research Station Poona. .Annual Report~··. t 
(Technical), 1940-41 .. ·, , 
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~ ~ , -)IR. ~n;~VEDI replied to the criticisms .. ,Regarding th~ lip p~o"?ded ia 
the siphon as remarked by Rao Bahadur Joglrkar, MR. CnA~VEDI sa1d tha' 
every case required individual study. He sai~ tbattbe·lip was provided ·t<? 
get the minimum priming depth. The circumstances were such in that parti• 
cula.r case that they were prepared to do.anything ~reduce the p~ming l?ngth. 
AB regarded the smooth ·curve suggested by l\Ir. Joglekar, he said he did no' 
go in for that as several crests were tried just to know_ which was going to· give 
tbe maximum discharge at low heads. · · . ,( 
-~· . ; '~legarding .the suggestion of Mr. Govinda Rao for reduction of the c~ 
~fficienLy, several methods were tried and the present one was perhaps the bes' 
to Aatis:fy the local conditions. The pressure had not reduced because of that. 
The pressure could only be measured at sides and there was likelihood of som~ 
discrepancy which he admitted. Coming to the point raised by Rao. Babad~ 
Jogle.kar that tbe design migbt have been different .to eliminate flood, ·MB~ 
CHATURVEDI said tbat it was only a local consideration. He said that they 
~ere providing six feet shutters and tbat it w~s very helpful. He said that a 
lip Ehould not have been added. He further said that some basic work had to 
be done in t11is respect. This, he said, had been discussed witn :Mr. Ganesh. 
lyer. As tne subject was quite new this could be discussed still further ~d 
experiments had got to be done. , . . . · . · · :; . : 

MR. KUTTIA.MMU replying to the criticism of Mr. Framji said that Mr~ 
Jc"ramji wanted the co-efficient of discharge experiments to be conducted op. 
several models and prototype values to be obtained by extrapolation. Co; 
efficient of discharge over a dam was influenced by gravity, viscosity frictio)l. 
and atmospheric pressure. In the design of spillways he had already explained 
that no negative pressures were allowed near the crest. Hence the effect on 
atmospheric pressure could be neglect~d. The effect of viscosity was also ig
norf'd in these experiments. The model w.as worked on Froude's Law an<l. 
if the scale was large enough to eliminate surface tension effects and if the fric~ 
t.ion .was conectly adjusted one model should be quite sufficient to give satis ... 
fact<lry results. The scales were sufficiently large ( -Js or tfo ). Friction in 
the model was not reduced sufficiently. . It might,therefore be assumed tba~ 
the eoefficient in the prototype would be slightly higher. If there wese nega-
tive pressure, the scale effect would be, considerable. MR. KUTTIAMMU said that. 
he had studied the Khadakvasla experiments on high coefficient weirs. : The 
scale effect in those models was due to the reduction of pressure created at the 
crest. As such reduction of pressure was not allowed in the Madras e.xperi: ... 
ments there was no necessity for repeating the studies on other models. . · t-

.As regards pressure observations there were limitations due to spac~ 
disclutrg·~ et_c. The models were of scales 3\ or 

4
\.'- Smaller models woui~ 

not be suffiCiently accurate. In larger models the fluctuations would be large; 
There might be some scale effect in these but these bad not been examined· 

' . ·' 
RegarJi~g the designin~ of a stilling basin to suit discharge .and r~ting 

curve, 1\IR. ~UT~MU said he had alre~dy explained how it was essential to 
h~ve the design smtable not only for normal cmiditions of flow, but also for a 
w1de range of extraordinary conditions as well. If this was not borne in mind 
the sill would fail to serve its purpose under certain very likely conditio.us~ 



M.a. FRAMJI said that the tail water depth and rating curve might have to 
})e designed for different conditions. That allows for various factors wbicA 
aight come up under different conditions. 

TliB PRESIDENT said that there had been the most interesting discusaioa 
-on the subject. The general feeling was that these researches should continue 
before one could make final decision a!'! to what was the best solution in each 
particular case. So far as the volute siphon was concerned. its mathematica 
ahould be studied in greater detaiL Just at present the operating head was takea 
.as the difference between the upstream and downstream water levels. Tba\ 
was very debatable point and it was necessary to bring to bear a mathematici 
atudy from point to point. One bad to be careful in developing the subject• 
from small to big scales and it was essential, therefore, to study the mathematics 
of the problem. It would help to get an idea of the whole situation and at the 
1ame time it would save valuable time of research workers in going into details 
which could be worked out from mathematical analysis. If the mathematiciaa 
and the experimenter worked together, it would save considerable time. The. 
President made personal appeal to the mathematic~ans to give the experi
menters a helping hand. Quite a number of interesting remarks bad been 
made with respert to the experiments made at different stations. He was 
aure the research worke1shad taken note of these and it would be of great ad· 
Tantage to the profession as well as to the country if these remarks were acted 
upon and the results presented in the next year's meeting. The question of 
spillways was very important in the design of new dams throughout the country 
so that it formed a part of the future development plans. 

, M.a. CHATURVEDI in a written reply to Dr. Bhandari's remarks said that 
Dr. Bhandari's conclusion about the general idea was correct . 

. He agreed with Dr. Bhandari that the co-efficient of discharge of the weira 
was not much affected by their downstreams slope. Downstream slope of 
~agwa weir was changed from 2 : 3 to 4 : 5 in order to ensure better stability 
.oonditions and it was found from model studies that the co-efficient of discharge 
zemaine~ practically unchanged. Figures 6C. 31, 6C.32, 60.34 and 6C.3S 
gave details of the profiles A to D. It was evident from these drawings that 
the profiles A and B and C and D were similar except on the upstream side. 
It would be apparent from Figure 6C.30 that the shape of the upstream lip i11. 
profiles No. 7 to 11 were derived experimentally without conforming to any 
radius of curvature. Sinc,e the experiments were Qt. ill in progl'fss, Dr. Bhandari's 
suggestion about the graph showing the co-dficient of discharge plotted against 
the radii of curvation of the lip and portion of the crest dowmtream of the lip 
was welcome. 

. The extrapolation through three points could not be avoided as the scale 
Tariation was limited owing to very little discharge available at Lucknow 
Research Station. Further investigations were in hand. in this connection at 
Dahadrabad. 
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DISCUSSION BY THE BOARD 

THE SECRETARY JescribeJ the discussion held at the ResearchCommitt~~ 
Meeting. 

:M&. CHATURVEDI said that certain experiments on the Ganesh Iyet'' 
Volute Siphon were carried out in connect~on with tbe shape an~ design_ of o~
let. They had not met with much success. He requested Mr., Narasinihru1a 
to advise. 

liB. NARABDlHAIY.A said that the research officers had got the details of 
the volute ~!phon as constructed at Hirebhasgar. This type was a modification 
of that adopted at :Marconhalli and was based on model tests carried out at 
Krishnarajasagar. The model results were satisfactory, but on actual work
ing it was found that the siphons did not function with one foot depth over 
the top of the siphon. It was designed for nine inches priming depth. A 
priming depth beyond one foot could not be attained as with depths higher than 
that the land in the Madras Presidency would come under submersion. Later 
on the level of the lip was reduoed by about six inches so that there was a mar
gin of about two feet and even then the siphons did not function. Mterwardi 
the vertical portion was constructed. In that case the siphon started function
ing at about one foot 5} inches priming depth. But the discharge was not quite 
full •. For the reason that there was _not a perfect vacuum .. A ~ote ha~ been 
prepared on this and he trusted Mr. Ganesh lyer would place it before the :c~ 
meeting of the Research Committee. · _ . · . · -· 

THE PRESIDENT said that the report would be awaited with interest. ,. 

Mr. N.&RASIMBAIY.A said that the capacity of the sluices was more than 
a~ple for the surplusing. There was no diffi.9ulty in disposing off' the floods. ·: 

Mn. FR..UIJI said that the modification made must have caused a reductiOD. 
in the discharge. 

MR. NARASIMHA.IYA agreed that the discharge was very much less and one 
of the reasons was the constriction. The other reason was that ther~ was a 
lot o£ leakage of air into the siphon at the joints. Even the pressures did not 
indicate full vacuum, but all that could not be perfected in the short time 
available between other floods. 

· THE PRESIDENT asked Mr. Narasimhaiya if the leakage was from the joint 
enly. 

ll&. N..&!usnr:HAIY.A said that in the last experiment it was not from any 
where else. In the first instance the air was getting in from the air pipe. Eve• 
though the rear end was exposed the siphon action was going on. There wu 
no sudden break in the siphonic action, but the discharges were becoming lees. 

MR. FRAMJI said tha~ he found Rao. Bahad~ ': enk~tacharya's suggestion 
a good one. The suggestion was regarding the dissipatiOn of energy in a hirrh 
eo-efficient weir by the use of friction blocks to a depth of l the cistern as in 
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Figure 6C.4:2 This design was based on the design of the St. Antony Fall~ in 
America. These blocks were tied on to the cistern so that tbey could not get 
vprooted. 
. THE PRESIDENT asked Mr. Framji as to what the new point· in 't'!ie 
~esign was. 

C.LL 

Friction Blocks 

_jD 

~----.....,- !f-1-
Figure 60. 42 

. 1\1&. FRAMJI said that the Madras was ·experimenting on the dissipation 
of energy in spillways. He was simply reporting the progress that had been 
made so that others who were doing similar work on the spillways may try 
this d~gn too.; · ... · 

J· •. • DR .. BosE liked to know the height of the St. Antony Falls on ~hich these 
blocks had been tried. He said that these blocks did not stand the impact of 
the water for long and were washed away in some other falls. That is w'hy 
.buckets had been advocated.·' ,. · 

. ~ 

MR. FRAHJisaid that probably the height of the Antony Fa lis was 6() feet. 
ne blocks bad been functioning in the St. Antony Falls so far. 

It was decided tbat the subject 'te kept on the denda. 

···~-----



7C---Hydraulic Structures on Permeable) 
Foundations - ·· 

PREI.tr.fi.NARY NOTE 

This subject was on the· agenda· ot t:he 'Research Committee from 1939 
-tin the time of issue of the Board Publication No. 12 ; Design of Weirs on 'Per-. 
meable Foundations. ,~·::: 

Tll.e design of pavements of regulators on clay-' and simd-clay~foundations 
waa also on the agenda of the Research Committee. This subject was removed 
frOm the agenda in 194l.with the following resolution passed by the Board: 

- '·'(a) Resolved that this subject be taken off the Agenda, but "in order to 
complete the information published by the Boardf the two notes by Rai Baha•· 
~nr Khosla be published as a Supplement to Board publication No. 12 (with 
any modifications which the Author may consider necessary). · · ) 

"(b) The Board is of the opinion that basic research on flow under dams,' 
where the subsoil is not homogeneous, is not likely to be useful, in view of the 
.diversity of formation which may possibly occur and the difficulty of repr<).;;• 
dooing these conditions in models. ~ 

i ·"(c) In cases where effectively impervious strata of soil occur, adlwc 
~xperi,ments might be carried out to determine the effect on sub-soil flow in 
~~h particular case. · · 

"(d) In view of this, the subject" the design of pavements of regulator 
on ~lay and sand-cLay foundation, should be removed from the Agenda." 

No action was taken on part (a) of this resolutiol\.. {j,entral Board ofi~i
gation, Publication No. 12 is now to be revised, and jt, has been decided tha.t 
.a]\. developments that have been achieved since its publication should be i.:r-f. 
-ehided in the revised edition. The Board.decided .. inl946 to-re-introduce-.thJ 
~ubject tnis year on the agenda of the Research (Jom.mittre,.·. 
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~ ·. 1. Waugh, ,V. R.--Stni.ctn:ai ~ehavio'urof Fontana DaJ7n revealed by 
~ua.l purpose instnunents,-Engmeermg News Record .Volume 135, No. 20,: 
November 15, 1945. 

:-. 2. Taylor, Glover~. N . ...:...Method of constructing deep land foundation~ 
Institution of Civil Engineers, London 1£45.. . . · 

3. Ferguson, P. M.-Bal~ncing F~oting on clay-a Mirage; Proceedings of 
-oth Texas Conferenre on Sml Mechamos and Foundation Encineering August 
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6. Leliavsky, B.-Percolation under Aprons of Irrigation work-Engineer 
dated Aprill2, 19 and 26, 1946. . . _, ~ · 

701 



'102 TJB CEN~ BOAIID OF IIUUGA.TION .ANNUAL BEFORT 1947 

• 7. Elsmny, E. A. -Heading up worb on Fervious soils ; Fu~d. University, 
Giza, Egypt. · -

8. A tbeory for the design of control works on deep permeable foundation~, 
Sudan Irrigation Department, Departmental Technical Note 1947. 

The Year's Work·. 
~lit followiDg items lfere discussed at the 194 7 Research Committee :Meet .. 

in1. 
(1) Pressures on Lloyd Barrage Floor. 
(2) The Poondi Regulator. 

(1) PaESSURES ON LLOYD BARRAGE FLOOB (1) 
A study of uplift pressures OD weir floors built OD permeable fOlJDtlatioDJ iJ 

imJ()riau.t frOm the poiat of view of stability Of structures. With thia purpose 
ia view observatiOn pipes upstream and downstream Of each pile line oa th• 
Barra'e floor have beea fixed at pier No. 32 and observatiODS made everr 
rortnjght aad the data analysed to study the situation. . 
· Figure 7C.l g~ves a section of th~ floor along pier No. 32 with proper 

dimensions :-

(.B.L 

R.l.l45 

'. 
Figure 70.1 :Section of the Lloyd. Barrage floor along pier No. 32 
The points numbered (1) to (8) show th;e position of pressure pipes. 
For such a floor it is possible to find the theoretical pressures at points '(to 

8 according to Khosla's theory of pressures on permeable foundations, whic:k 
is being used extensively ever since its origin. Th~. theoretical pressure• 
expressed as a percentage of working head have been worked ··out (1) and are. 
~ven in Table 70.1. · · 

TABLE 7 C.·l 

Pipe %Pre&Rure Pipe 

~ ..... .. .. OO·t 

s .. .. 77·1 

3 7.2·5 
!'. 

( 60·3 

(I) Irrigation Research Di-vision, Sind, Annual Report, 1946, pages 20 to 22. 
( 1) Central Board of Irrigation, Publication No. 12, page 128. 
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A study of the pressures as actua~ly observed sho'! th~t (1) as the wate~ 
is headed up after the river starts falhng the pressure m pipe No.I upstream 
of pile line 1 goes on decreasing a:s the duration of. ponding increases; (2) 
when the pond is raised again after It was ~owered durmg Dece:r:nber canal clo
sures the pressure in pipe No. ~ show~ higher pressure than It was showing 
before lowering the .pond; (3) till the difference between upstream and down-
3tream water level at the Barrage is less than three fe~t the pressu:r~ observation 
in the pipes give erratic result~ ; ( 4) the differenoe in pressures observe~ in pip~s. 
No. 3 and 4 i.e. in pipes upstream and downstrea~ of t~e · seco~d ~nle hne IS 
more than theoretical; (5) the difference in pressures ob_ser~ed ~n ~Ipes NQ. 1 
and 8 i.e. in pipes upstream and downstream~ of ·1~st pi~e lme IS le.s th~n 
theoretical. · · : 

Item (1) can be explained as duet? silt deposit occurring o~ the upstr~am 
thereby decreasing the pressures and Item (2) as due to scoun~g out the silet 
deposited at the time of heading .up by water flowing freely when the Bar~age 
gates are lifted out of water during canal closure. Item (3) can be explained 
as dae to inertia, the four inches diameter observation pipe may not respond to 
smaller head. . 

Item No. (4) can be explained as due to the penetration of pile No. 2 in 
}eAs pervious strata, pr~ssure reduction is more than theoretical. 

In the past, to study the pressures, it was cu~toma!y ~o correct the qbser- ·. 
ved pressures for temperature and 'JY'O rata increase them in such a manner tha~ 
the pressure in pipe No. 1 was made to correspond to the theoretical pressure· 
of 90· 9 per cent. This showed that not only the difference in pressure between 
pipes No.7 and 8 was less than theoretical but the pro rata pressures 'Yere higher 
than theoretical. 

This made people conclude that the last pile line was leaking and that the· 
Barrage floor was unsafe. 

In Central Board of Irrigation Publicatio~ No. 12 on page 45, it is said' & 
d~posit of silt is equivalent to an increase in the length of sheet pile •. ~ 
atte~pt ~as, ther~f?re, ma~e to find out wha:t depth o~ sheet pile woulq !).~ 
reqwred m the position of pile No. l such tha~ It wo~Id gi~e ~be observed pres. 
aures in pipe line No.2 just downstream of tlJe .first pipe lin~, and with 'thi~ in
creased depth of piling, the pressures ~11 along the :Boor were tested. This did 
not give any solution. Then it was proposed to consider an· equivalent increase 
in length of floor upstream such that it would give the observed pressure with 
tb~ same length of sheet pile No. 1 as that observed in pressure. pipe' No'. 2. 
This gave somewhat better results compared to those observed in other pipef 
but yet thc~e was a considerable drop downstream of line No. 2 as oolhpar~d to 
the theoretical drop. · . 

Calculati~ns were .then made assuming what length of increased p~vement 
w?uld b~ r~qmred to give the observed pressures downstreaiD: of pile No. 2 and 
w1th tins mcreased length, the pressures upstream and downstream of the 
thi:d and fourth sheet piles. were cal~mlated. These calculated pressures so 
arrived, more or less tally With the observed pressures. · . 

. The. mat~er ~a.s t~en referred to ~he S~cretary, Central Boarcl of Irriga
t~cn to give h1s op1mon In consultation with Rai Bahadur Khosla, if nec~ssary, 
whether the method adopted was correct. As Rai Bahadur Khosla was bus 
M51CBI 1• 
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the Secretary suggested that Dr. Bo-;c may be consulted. Dr. Bose spggested 
that the actual difference between pressure pipes No. 4 and 8 should be mad6 
equivalent to 100, and then the pressures in-all the pipes No. 4 to 8 increased 
pro rata and compared witb the theoretical pres~ures. This method also giveEJ 
a much better fit, than rormally increasing the pressures pro rata to what· 
it would be downstream of first pile line as was done originally. 

Even by Dr. Bose's method, it can be said that the last pile line is not leak
ing and thera is no danger to the Barrage pavement. 

To correctly work out the pressures without the variations in water level 
upstream and downstream of the Barrage, special set of observations were taken 
three times a day for a week during the month oi January 19-17, and they have 
been analysed and given in Table 7 C.2, 7 C. 3 and 7 C.4. 

Table 7. 0.2.--(}ompares the theoretioal pressures with those 
actually observed but increased pro rata such that the pressure in pip& 
line No. 1 corresponds to the theoretical pressure. . 
· Table 7 C. 3 compares the theoretical pressnres with those obtaine<! by 

extending pavement upstream such that the pressure in downstream of pipe 
line No.2 in pipe No.4 corresponds to the one actually observed. 

Table 7 C·4-compares the differences in pipes Nos.5and 6, 7 and 8, with 
the theoretical ones where the actual observed pressures have been incraased 
in such a manner as if the differ~nce in observed pressures in pipes 4 and 8 was 
1()0. 

TABLE 7 C.2 
Precentage pressure in pipes on the basis of pro-rata increase to pressure in pipe 

N c. 1 equal to theoretical 

\ 
Percentage pressure in Jlipes 

Date Time. Head 

I I I 1 2 3 4 5 6 7 8 

1947 
Janu· 

ary29 Sa.m. 14·1 90·9 54·0 51·1 34.·1 27·7 22·7 15·6 g.g. 

12noon 14·2 90·9 54·0 51·1 34·1 27·0 22·7 15·6 9·9 
4p.m. 14·4 90·9 55·4 54·0 32·7 28·4 22·7 15·6 11·4 

. 30 8 a.m. 14·6 90·9 56·8 54·0 34-1 28·4 22·7 17·9 11·4 
12noon 14·6 90·9 56·3 53·4 33·2 27·4 23·1 15•9 11·4 
4p.m. 14·8 90·9 56·3 51·9 31·7 27·4 2H~ 14·4 10·1 

31 8a.m. 15·1 90·9 54·0 52-6 32·7 27·0 21·3 14·2 9·9 
12 noon 15·1 90·9 54·0 52·6 32·7 27·0 21·3 14·2 9·9 
4p.m. 15·3 90·9 54·0 52·6 31·2 27·0 21-3 14·2 9·9 

Febr.1a· t 
ry. • 

1 8a.m. 15·8 90·9 55·4 54·0 34·1 28·4 22·7 15·6- Il·~ 

12 noon 15·8 90·9 55·4 54·0 34·1 28·4 21·3 15·6 11·4 
4p.m. 15·8 90·9 56·3 53·4 33·2 27·4 21·6 15·9 10·1 

2 8a.m. 15·8 90-9 56·3 53·4 33·2 27·4 21·6 15·9 10·1 
12noon 15·8 90·9 56·3 53·4 33·4 27·4 21·6 14·4 8·7 
4p.m. 15·8 90·9 54·0 52·6 32·7 27·0 22·7 15·6 11·4 

3 8 a.m. 15·8 90·9 54·0 52·6 34·1 27·0 22·7 15·6 11·4 
12 noon - 15·8 90·9 54·0 52·6 34·1 27·0 22·7 15·6 9·9 
4: p.m. 15·6 90·9 54·0 52·6 34·1 27·0 22·7 15•6 11·4 

4 8a.m. 16-2 90·9 55·4 52·6 34·1 28·4 22·7 15·6 11·4 
12 noon 16·2 90·9 M·5 53·1 35·0 %8·0' 22·4 15·4 ll·2 
4p.m. 16·2 90·9 55·4 54·0 34•1 28·4 22·7 15·6 ll·4 

The theoretical 90·9 77·1 72·5 60·3 45•5 39·9 24.2 9·1 
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TABLE 7 0.3 
Percentage pressure calculation according to principle rj ~xtended paveme~tt 

methods 

%Pressure in pipes 
-

Da~ Head I I I 2 3 4 6 

January 19~1- I 
29 .. .. .. 14·1 24 19 16 11 1 

%4 20 18 12 7 

30 .. .. .. 14.1 24 20 16 12 8 

24 20 19 13 I 

31 .. .. .. 15·1 23 19 15 10 7 

F 
23 20 18 12 7 

ebruary 19~7-
1 .. .. .. 15·8 24 20 16 11 8 

24 20 19 13 ~ 

2 .. .. . . 15·8 23 19 15 11 7 

23 20 18 12 7 

3 .. .. .. 15·8 24 19 16 11 8 

24 20 19 13 8 

4 .. . . . . 16·2 24 20 16 11 8 

s\ 
TABLE 7 C. 4 

Percentage pressure calculated according to Dr. Bose's method 

I Water level presslll'e in }-ipes 
--

Date Time 
Up- Down- Head 

stream stream 
t 

I 2 3 4 

6 

IIG' 

1,014: 

190 

1,106 

100 

1,108 

190 

1,150 

190 

1,209 

1901 -1,io6'" 

190 

1.10 

5 --January 1947 

29 .. 8a.m. 192·8 178·7 14·1 100·0 72·5 52·5 23·1 0·0 
30 .. 8a.m. ,, 192·7 178·1 14·6 100·0 76·4 50·7 23·7 0·0 
31 8a.m. .. 192·7 177·6 15·1 100·0 73·1 54·1 22·3 February 1917-· 0·0 
1 .. Sa. m. .. 192·8 177·0 15·8 100·0 77·7 50·4 21·9 0·0] 
2 .. 8a.m. .. 192·8 177·0 15·8 100·0 72·0 48·8 21·6 0·0.] 
3 .. 8a.m. .. 192·7 176·9 15·8 100·0 68·8 48·8 18·0 0•0 l 
4 .. 8a.m. . , 193·1 176·9 16·2 100·0 72·0 47·5 20·9 O·G 

100·0 71·1 60·1 29·31 l 0·0 
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(2) THE POONDI n.EGULATOR(3) 

During December 1946 the regulator had to pass an unprecedented 
high flood and observations were made on the working of the regulator. 

The dissipation of energy below this structure is effected by a bafHo wall 
five feet high located 25 feet downstream of the toe of the glacis and three 
rvws of staggered blocks near the end of the masonry apron 75 feet downstream 
of the ba:ffie. As all the ~!tutters were not uniformly opened ~ comparative 
study of the standing wave profile for a more or less constant rear water level 
and varying ga~e opening was made. For a shutter opening corresponding to 
the average of all vents put together, the standing wave had its commencement 
within the downstream third of the glacis. Starting from this line it rose 
steadily to a maximum height just over the ba:ffie and then dived down to 
meet the rear water and form a secondary standing wave. When the shutter 
opening was less, the standing wave was.located higher and was of a more re
gular type. At the close of the :flood regulation one of the shutters could not be 
closed properly and had to be taken out for repair. This gave rise to an unusual 
condition viz., maximum ~evel upstream, practically no tail water downstream 
and the shutter fully open. In this state no standing wave was formed, but 
the shooting jet was bodily deflected by the baffle wall to form a parabola 
which dived down striking the apron in front of the staggered blocks. Knock
ing against these blocks, the jet rose high in large sprays and fe11 down on the 
loose apron in rear causing a scour crater 40 feet X 40 feet and having a 
·maximum depth of about five feet. Except for this there were no harmful 
..scours in rear of the aprons. The baffie and block<J functioned satisfactorily. 

'\Vhenever the shutter openings were irregular, there was considerable 
-unbalanced :ftow accompanied by return eddies. In the stream downstream 
there' were heavy wave3 ~irf>cted to~ard~ the right m~rgin and the violence of 
these waves was ac~ntuated when ventway openings in the left half were greater 
than in the right half. Another undesirable effect of irregular shutter opening 
was that it gave rise to several vortioes near the cut waters upstream. These 
vortices caused more disturbance in the case of pointed cutwaters than in 
ihe c~se of semi-circular cutwaters. 

DISCUSSION BY THE RESEARCH COMMITTEE 
MB. SETHNA in introducing item (1) explained the behaviour of pressure 

pip~~ on the barrage floors and the method of accounting for their departure from 
Khosla's method. The latter method tended one to conclude that the last 
pile line was leaking and the :floor was unsafe from the point of exit gradient. 

As it was stated that in the case of small structures the floor was three 
dimensional, and since there were a large number of bund sluioes which had to 
be redesicrned from considerations of pressures on floors, the President and 
Dr. Hose 

0
were requested to suggest some solution for this case, as it would 

effect a large economy in tbe remodelling of tbe pavements. 

From a model of sluices, it appeared that in case of a structure which waa 
narrow in comparison to its length, there was no pressure on the floor. 



Anotb~r I>Oiiit exJ>ressed was, ,where the water leyel was hi~hef. t~~D ~he 
pavement, whether the suni of the ~ut off and water level ~b?ve, pavetnef.'~ 
ahould be taken for working out the pressUres or the bigger of the two~ 

Also in the design of pavement wherein cistern was constructed_, whether 
there was any benefit and whether any saving of thiokness of pavement was 
affected. 

. He also, e~quired how . calc~~atfo~s sh~uld ~~ . ina_de . ~~~ri-~~~ -~#~-.s~~~ 
water level was below the pavement level and, therefore, the sub-sml was 11o; 
being saturated. · 

MB. T. P. KuTTIAKllU introduced item (2). 

. MR. BLENCH ~aid that. comparable experii:ru~nts had ~e~n .. don4 in. the 
Punjab. He pointed out that a theory relating to t\vo-dimensiobs and hom<h 
geneous porous material could not be applied to real con.~tions that were greh.tly~ 
different. His Institute was now trying to develop a three-dimensional elec
tric analogue. 

1\f.R. M.P. MATHRA.NI said that there were cases wher~ sub-soiiwater level 
on the side of the canal was high~~ than t)le fuJI supply h~veL He li:new: this 
was an extra factor which should be considered_when a subsoil water level was 
higher. 

THE PRESIDENT said that he was sorry he had no time to look into the pd.rti~: 
cular points mentioned by Mr. Sethna. He had examined it few other cases . 
and had found that ther~ was no leakage in the piles. Sometimes observations 
were wrong. In one or two cases on the Trimmu barrage, he got similar alarm
ing reports but found that all the observations were completely wrong when he 
actually got to the site, he found it was all due to wrong measurements. He · 
said that he would discuss the matter in detail with Mr. Set~na later in the day. 

-· ~ ... . ' '. ~ . " ' ~ ... 

MR. M.P. MATHRANI. said that itwasdoubtfulwhetheritwasworth while 
~pending more money over this. His opinion was that the design should be 
for the full pressure, but considering the cost, he doubted whether it was worth
while going in for it. In this case, he mentioned that there were hundreds. of 
smaller barrages throughout Sind which required reconsideration. 

DISCUSSION BY THE BOARD 

THE SECRETARY said that there were only two items for discussion at the 
Research Committee and that there was no resolution for the consideration of 
the Board. He said that Mr. Sethna wanted to clear up certain points rrgarc,• 
ing the Persident's remarks made at the Research Committee Meeting. 
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- MR. SETHNA referred to the President's rep1arks where he had ·said " He 
had examined a few other cases and found that there was no leakage in the 
piles ". MR. Sethna thought that the President was referring to the data 
that MR. Sethna had supplied to hin... 

THE PRESIDENT regretted that he had had no time to look into that data· 

DR. BosE said that Mr. Sethna's case was not solitary . In another case 
also some difficulty had been experienced in explaining or interpreting the 
results of these pressure pipes. When DR. BosE was in the Punjab it was 
thought that the pressure pipes were not indicating the actual condition. The 
trouble was that they tapped only one point and it was not possible to know 
what was happening underneath a structure by observation from a f~w points 
only. In view of this ~e liked to know whether it was _worthwhile spending 
money for putting these pipes on a new barrage. Pressure pipes were going • 
to be installed in the Mor Project, but he would like to know from the President 
whether it was worthwhile putting them. 

THE PRESIDENT said that it was everytime worthwhile putting in the pres
!ure pipes. He said he could quote a number of cases where the warning given 
by the pipes was right. In any case the cost involved was insignificant, but 
information obtained may be very useful. No doubt. the pressure pipes did 
require some attention. Pressure pipes should be put in wherever possible.. . 

SARDAR BAHADUR SARUP SINGH said that the information collected from 
the Islam and Ferozepore weirs 1lsed to be sent to the Director of Irrigation 
Research Punjab for examination. It was found after this procedure had been 
adopted that the predictions obtained were very useful. He added 
that unless silt observations were also made, i.e. the observation of the level of 
the doWlliltream silt along with the pressure observations, the result were not 
of much use. 

It was decided to keep 'the subject on the agenda. 



8 C- Canal Falls 
PRELIMINARY NOTE 

This subject came on the agenda in 1931. A Board Paublication was issue<! 
in 1935 which iR now being revised. The progress made in this respect is rather 
slow for lack of staff in the Board's office. . 

At the last Board meeting it was decided to request the Chief Engineers 
, Punjab to sent in their final reports so that the Secretary could proceed with the 
~- proposed publication. · - · 

The contribution made at the 1946 Research Committee Meeting, it was 
felt, had advanced the Research on this subject and Research Officers were 
requested to forward further contributions as early as possible. 

The follo~dngit<ms were djscuiscd at the H34.6 R< rePrc~CqrmittceMe<ting 
(1) Basic research on different elements of straight ·and curved 

glacis type fall~. 
• (2) Design of glacis profile in canal falls. 

(3) Sarda type fall. 

( 4) The curvature of fit w in the throat of a standing· wave flume, 

(5) Formula for weir discharge with free fall conditions. 

(6) Laboratory experiments on mcdels of existing falls at R. D. 217,000 
Dipalpur canal, and R. D. 60, 510 Lowe~ Jhelum Canal. 

(7) Observations, at site, on actual falls at R. D. 217 ,COO Dipalpur Canal. 
and R. D. 184, 000 Mailsi Canal. 

(8) Model experiments in connection with proposed addition and altera
tion to Tando Mastikhan Fall at R. D. 117,999 of Rohri Canal, 

(9) Model investigation for preventing scour below falls and bridges in 
United Provinces. 

1 

(10) Investigation to evolve a design for canal drops utilising, counter
acting jets for dissipation of energy. 

The Year's Work 
• The following items were discussed at the 1947 Research Committee Meet ... 
lng:-

(1) Experiments on one span (part model) of siphon in connection wit& 
proposed additions and alterations to the existing Tando Mastikhan. 
fall at R. D. 1191 117 of Rohri canal. 

(2) Canal drops with counteracting Jets for the Neivasal Tenpathi 
Channel. · 

(3) To find a device for controlling side erosion at foot bridge at mile 
8-4-232, Marihan Branch-Mirzapur-canal. 

( 4) Rasul H ydel Scherue Falls. 
(5) Fall at R. D. 129, 500 Pakpattan Canal. 
(6) Design of canal falls. 

709 
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{1) EXPERIMENTS ON ONE SPAN (PART MODEL) OF SIPHON IN CONNEC
TION wiTH PROPOSED ADDITIONS AND ALTERATIONS 'IO 'lBE EXIS
TING T_ANDO MASTIKHAN FALL AT R. D. 119,117 OF ROBRI CANAL(1) 

ABSTUCT 

The model e%})eriments converting the eiistii:lg Tando Mastikban WI into 
a siphon, to serve as a control point in the transition stage duriilg the lowering of 
the bed of Rohri Canal, were carried out during 1945 (2). The experiments showed 
that a minimum loss of 5 · 89 feet was necessary for the siphon to work under 
reasonable priming conditions, though a loss of 4 · 2 feet was obtained but with an 
inordinately high priming level. It was then decided to carry out further ex
JJeriments with a part model of one span, which would be provided with a glass 
tide to study the nature of flow and losses. This experiment was done during 
the tear under report. 

OB.TECT 
The object of the experiments was to find out the best profile and design 

of the siphon which would give least loss under reasonable priming conditions, 
making use of the existing structhre (Tando Mastikhan Fall) to the maximum 
advantage possible. 

MODEL 
A ·geometrically similar part model 1/12th full size i.e., only one 

central span was reproduced as shown in Figure 8 C. I. The discharg~ . of 
the model was 2 ·125 cusecs corresponding to average discharge of 1050 cusecs 
on prototype through one span. · · · 

Figure SC. 1: Experiments in one span siphon model. 
. -

(I) Irrigation Research Division, Sind,Annual Report,l946, page 28 to 29. 
(2) Irrigation Resea.rc~ Division Sind, ~nnual Repori. 1945, pages 67 to 70. 



CANAn FALLS ~ Tlt. 
Experiments. _ . . . . . _ . 

The existing crest of the Tando :Mas~ikhan Fall was extended. ttl a length 
of 30·53 feet (proto) with a view to avoiding dismantling of the R. C. C~; plat
form below the toe of the existing glacis. The lertgth of the piers wa~ also 
extended in the same length so as to keep a uniform width of throat over crest. 

The profile of the downstream glacis ~n.d roof :Was §o designed as to keep 
the barrel full and thereby obtain the lowest priming level without the use .or 
& baftle, as the experiments carried out last yeat shdwed that though the baflle 
w.tll helped in early priming it added to the loss of head. . . 

The first design tried out consisted of a gravity parabola of the fohn 
xs = 23·9 (where Xis the hori~ontal distatice from the erid of the ~rest and 
Y the ordinate of the profile) for the glacis ~nd ogee cutve for the roof. . 

The li.rst experiment was without a b3Jiie arid the dowhstreatri wri.ter level 
at full supply level. The loss of h~ad recorded- was 4·T feet. Table 8C. I gives 
the summary of all the experiments. It Will be seeii that this experiment 
gives the lowest loss. The initial priinirig level and . the upstream water 
level were the same hi all the six exp~tiirtents 'tdr Hesigrl I. 

II 

TABLE 8 C. r 
Experiments on one span.(Cen_t~al) ~_ipluJn~bde~ 

Q=1059=2.12!J (gxtesfull'!) vp~n) 
Size of barrel at entry =8 feet and a( crest=6 feet 

·~-------------r--------------------------------------·-

3 

4 

5 

.. 

1 .. i . ~-
.Water . Water Loss of f'.eneral description and Remarls-
lenl level Head 
up- down-

stream stream 

177 ·12 172· 42 

181•68 162·59 

181·57 163·56. 

• 

177·36 172·49 . 

177·23 163·87 

178•:n" 172·~6 
, .. " '• 

.·"'" . 

.t · 7 Crest extended in a length of 3(). 53 fee'
so as to avoid dismantling in the
original R.C.C. work,. no 'batHe;. 
downstream controlled to full supply
depth an air lock was observed at 
t.be top of downstream glacis ; 
initial priming level same as Uil-
stream water level. 

4·87 

. -"5· 85 
: 

Same &"' above except the dowJt· 
stream left uncontrolled siphoa' 
did not prime at all. . 

Expt. 2. repeate~ after providing a 
baffie two feet high at 155 feet from 
the toe of glacis. siphon did net 
prime at all. . 

Expt I. Repeated after providing a 
baffie two feet high at 15·5 feet 
from the toe of glacis. Priminw· 
leve! same as upstream water ieveC: 

Expt. 2 .. Repeated after providing a 
a baffle five feet high at. 15·5 feet 
from the toe of glacis. 

Expt. L repeated after ,providin~ 
batHe five feet high at 15·5 feet 
from u.e toe. of glacis, priming lent: 
same as upstream water level. 

1 Gravity Grnity · 183·16 163·27 
Parabola Parabola 

No. batHe: downstream uncontroTied 
Initia.l priming level was 183 · 48; -

2 183·97 172·28 ll· 69 Exvt. II ( 1 )repeated afte'r controllin:
~ownst.t:eam loss ofbead wa! ~· 
high therefore unsuitable • 

... --------------------. 
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It was observed from the glass side that there was an air-lock downstream 
.of the glacis just above the end of the crest. A baffi.e wall was therefore pro
•ided to see if it would improve matters. 

Experiments 4 and 6 were therefore performed by providing a baffie 
wall of two feet to :five feet height, respectively at a distance of -15 · 5 feet 

·{prototype) from the toe of the glacis. The condition did not improve and the 
losses recorded were 4·87 feet and 5·85 feet respectively which were tligher 
than those given by Experiment No. 1. The air-lock still persisted in the 
.above experiments. 

The presence of the air-lock in the above design led to design II, wherein 
'gl'avity parabola was provided both in the downstream glacis and the roof, so 
:as to follow the shape of the jet. This has been shown in Figure 80. 11 This de
:Sign instead of improving matters gave a very high value of the loss of head, vide 
Item II 2, hence no further experiments were carried out with this design. 

Conclusions 
From the experiments performed this year, a further reduction of 1·19 

feet in loss of head was affected against a loss of 5·89 feet (prototype) obtained 
last year in the full model (to smaller scale) i.e. the siphon could pass the 
full supply discharge with a loss of 4·7 feet by providing a gravity parabola 
for the downstream glacis and an ogee curve for the roof, after extending the 
~rest and piers in a length of 30·53 feet (prototype). 

(2) CANAL DROP WITH COUNTERACTING JETS FOR THE NEIV ASAL 
TENPATHI CHANNEL (3) 

The design tVas approved for adoption in the reconstruction of the collaps
-ed drop at R. D. 0./1600 of the Neivasal Tenpathi Channel (Grand Anicut 
-canal System) and tbe drop was constructed accordingly. Immediately higher 
.up in the channel at R. D. O.J0600 there is another drop having the same dis
.charge and fall and it was decided to compare the working of these two drops 
for a few years. The reports received from the local officers (Executive En
_gineers, Grand _1\.nicut Canal Division) indicated that the drop had been work
ing fairly satisfactorily. Observations made by them in 1945 showed that bed 
.scour do~nstream of the new drop was roughly 16 per cent less than the bad 
scour downstream of the other. Observations made in 1946 indicated less 
.scour and side erosion in rear of this drop than in rear .of the old one. Flow 
in .rear of the new drop got smooth within 50 feet downstream while in the case 
..of the ordinary drop it was nearly 70 feet. Two rows of friction blocks were 
.provided in rear of the old drop. The pipe conduits of the new d.rop were 
-provided with gratings to prevent accidents to persons getting into the channel. 
Floating debris caught on these gratings had to beremoved periodically te 
-prevent their choking the pipe~. Further observations will be made before 
.drawing :final conclusions. 

(3) TO FIND A DEVICE FOR-CONTROLLING SIDE EROSION AT FQ9T 
BRIDGE AT MILE 8-4-232 MARIHAN BRANCH-.MIRZAPUR CANALS {') 

A 1·6 feet raised- crest-type fall was inserted at this site sometimes back 
;.after the foot bridge had been constructed. Owing to the increased velocity 
.()f flow below the fall and the contracted section of the channel, both banks of 
-the Marihan Branch were falling in a length of 100 feet. 
~~) Irrigation Research Station, Poondi, 1Uadras Annual Report, 1946, page 6 . 

(') T.1e United Pr:>vbces, Pub!io Works Dep1.rtme:1t, Irrigati'Jn Reseuoh Sta.t1on Annual 
Report of Research Progrcu 1946, Techni ·al Memorandum No 17 pagee, 102 and W3 
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Existing Work 

Proposed Work 

DATA 
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Figure 8 C.2 :- Foot Bridge at M.B-4 -238 Showing new proposal 

( Marihan Branch ) 
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"EG. No. 316 HE (C)'49-1260 (H.L.O:) 



Figure 8C.3 : The vertical fall aml the original parabolic fall in operation. 
Notice that flow conditions downstream of vertical fall are very satisfactory. 
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CANAL FALLS 713 
A model of this bridge and fall was constructed to scale 1/~ vide Figu.re 80.2. 

It rep:POduced prototype conditions when run with a full supply discharge 
of 265 cusecs. The theoretical bed width was increased to 29 • 5 feet equal to 
the water way of the bridge including piers. Upstream approaches were stream
lined by providing segmental wing of ten feet radius. Downstream wings 
were warped from vertical to 1 : 1 side slope of the channel in a length of 40 
feet. The flow was now smoother, side ero~ion being reduced to 70 per cent. 
The existing floor was extended by 20 · 0 feet and bowed I in 60; ten feet pitching 
in. 1 in 10 &lope was added to it. This greatly relieved the action on the sides 
and with two rows of staggered blocks 1· 66 feet X 1· 83 X 0 • 83 feet at a distance 
of 8·75 feet and 23·5 feet respectively from the crest of the fall, the bed and 
si~e erosion were reduced almost to nil. 

CONCLUSIONS 

The following recommendations have been made for modification ofpro
totype. 

I. Upstream approachee should be provided with segmental wings of radius 
~nfu~ . 

2. Downstream wings to be warped from vertical to 1 :I side slope in a.. 
length of 40 feet, 20 · 0 feet floor length should be provided downstream of exist
ing floor and bowed 1 in 60 ; in ten feet pitching in slope 1 in 10, to be added 
down*stream. · 

3. Two rows of staggered blocks 1· 66 feet X 0 · 83 feet X 0 · 83 feet to ba 
provided at a distance of 8·7~ feet and 23·5 feet respectively from the crest 
of the fall. (vide Figure 80.2.) 

------
(4) RASUL BYDEL SCHEME FALLS (5) 

An examination of a proposed design showed that it distorted the flow. 
A vertical fall as an alternative was also examined. Figure 80-3 shows the · 
two types of falls in operation. It will be seen that there is mu,ch less turbulence 
below the vertical fall than below the originally proposed type. 

(5) FALL AT R. D. 129,500 PAKPATTAN CANAL (5) _ 

On a fall at R. D. 129,500 considerable bed scour and bank erosion existed. 
lfodel tests showed that it WE s du.e to u.neven distribution of flow caused bv 
piers constructed on the downstream fioor for supporting the Village Road 
Bridge. Distribution was controlled by constructing piers on the crest. Bank 
erosion was reduced. Bed scour was further controlled by the introduction of 
three rows of staggered blocks. 

(6) DESIGN OF CANAL F.LLS (') 

The summarized results are :-
Opllmum depth and length of cistern new 

(a) With a plain floor, the scou,repth D. continued to decrease with 
increase in fioor length up to L,--12, whereas with staggered blocks 

----
(

6
) Irrigatian Research Institute, Punjab. L'lhore, AnnaalReport 194:6 page 6. 

(') Irrigation Reeearoh lnatitute, Punjab. Lahore. Annual Report 194:6. page 8. 
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in two rows no further decrease in scour occured. for .i~ greatet 
than 7D. (D is channel depth, LJ is the length of the floor. 

D, is scour below designed chann'11 depth). 
(b) With a plain floor, side erosion decreased as L1 increased up to LJ:-

9D and became approximately constant for L1 greater than 9D. 
\Vith staggered blocks. however no further decrease in scour was 
experienced for values of L1 higher than 7D.Keeping cistern length: 
constant and varying cistern depth below the designed downstream 
channel bed, it was found that for all the fiuming ratios cistern 
depths greater than 0 · 4D, did not help in further reduction of scour 
and while with a plain floor the extent of side erosion was not affect 
ed by cistern depth ; with staggered blocks it was more or less steady 
for values of D1 greater than 0·4D. 

As staggered block protection is usually provided it was concluded that 
from the point of view of bed scour and side erosion the optimum cistem depth 
is 0·4D, always assuring a hydraulic jump to form. 

(2) Relation between Scour DeP+h and DiScharge Intervals 

. A sectional model of a hypothetical fall in different ~cey channels with 
discharges 300,600, 1,000, 1,500, 2,000, 3,000 and 5,000 was tested on 1/12 
areale. The following relations between scour depth D, and discharge inteilBity 
g were determined. . 

D,=0·759 qO.G7 (Without blocks) 

D,=0·388 q o.&7 (With blocks) 
The relation is of the general form. 

D,=Kq 2J3 
The eroded width. denoted by W,-the stable width of water surface at the 
section of maximum side erosion was related with q by the relations : 

W8 =2·47 q-3 • 35 (\Vithout_bl9cks) 
W,=2.s2 q-2.s2 (\Vith blocks) , 

(3) Relaticn between glacis slope and !cour depth. 
' Glacis ·slopes of 0 : I, 1 : I, 2 : 1, 3 : J,- 4 : 1, 5 : 1 and 7: I were 
investigated for a fall in which q, B., D1, .i1, n·were kept constant. The 
important results were : . . . 

( i) The change in glacis slope d?eS not ~ffect the scour depth when .the 
· floor length L1 is kept constant .. 

(ii) The ratio of length of standing wave, to downstream depth, iB con
stant at about five for all the teshl. 

The hydraulic jump was located at the toe of the glacis. 

DISCUSSION BY TBE BESEABCH CCl'rHr1l'l'IEE 
' MR. D'ABH.EO introduced item (1). He explained the necessity of the 
cOnversion of the existing Tando :Mastikhan Fall into a siphon in the interi~ 
etage of lowering of the Kotri Canal from mile No.2 to mile No. 24. He sa1d 
that these experiments were an extension cf the experiments carried out dttring 

•' . 
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the previous year where a loss of head of 5 · 89 feet· wa~ ob~ained as against ~·1 
feet in the present experiments, b~t the losses ~ere still ~gh as a loss of three 
feet was aimed at. Further expenments were m progress. 

MR. KuT':f!AMMU introduced item (2). 

l\IR. CHATURVEDI introduced item (3) and said it represented a basic study 
for eleminating wave wash. In the Uni~ed Provinces falls were built after 
detailed model experiments. In 1928, vertwal dro~ fal_ls gave the b~st results"! 
It had now been confirmed that the selection was JUS~ified. Experrments had 
been carried out to find out the optimum depth of cistern so as to eliminate wave 
wash. · 

DR. UPPAL explained the work done at the ·~unj~b lrrig~tion Research 
Institute. He said that they had carried out basic expe~iments on the length: 
of' cisterns and found that staggered blocks should be an essential feature 
of the design. His contention was· that side erosion w~s quite different from 
wave wash. He said that there was no advantage in lengthening the floor 
bey.ond an optimum length. The dimensions 0 · W for depth ~f cistern and 
6 D for length worked out very satisfactorily where 1J is th~ downstream depth 
of water in the channel. · 

MR. BLENCH described some erroneous designs, and stated that his lru,titute · 
was developing the idea of a " Spreading-floor " to fan the flow in the hyper
critical stage, so th~t hy~auJic jump would occur at about regime channel 
breadth and the fanning would continue even after the jump. The principle 
was merely that fanning would continue once it was started ; it could not be 
induced clearly or readily by acting on only the siqes ~fa jet. He had found 
the TV A hydraulic laboratories us.ing th~ principle for convergence as well. There I 
the problem was to persuade water to ente~ the shaft of a tunnel spill
way, of some 4Q feet diameter, and 300 feet d:r~p, and refrain from pulsation 
that would cause it to foul the roof. The engineers' design, shown on a model 
was a failure ; but the laboratory's design, providing a curved weir crest near 
the tunnel entry, compelled the flow to take the right 90Urse at ·en:try, so that 
it continued in the right cours~ thereafter. · · ' · · · · · 

MR. BLENCH ~aid that falls would continue to be useful as meters, but· 
would have to be calibrated. Only in the long-cr~sted weir, properly designed, 
tould the th~oretical discharge table be relied on to a fine degree of accuracy. 

DR. UPP~L said that the ~hree ~xperimental falls on the 1\fontgomery-
I>a.kpattan hnk were working mcely. · · 

MJt. FRA.MJI said that instead of the flat crest, length design, ('XceedinO' 55 
feet., ( crr,ct It1.172fprovided in the Sind de sign he would suggest that the c~est 
be curved (proposed crest level R. ~· 17 6 ·?)-say to a radius of~~ feet-to give 
advantages of curved flow to the siphon m order to reduce thg mordinately ex- , · 
cessivc priming depth wP,ich still persisted with the Sind design; the ~epth of 
entrance be made ten feet and depth at crown six feet. The outlet should be flared 
at 1 in. 10' t? improve t~e .discharging capacity. The proposed siphon involved 
no modificati~·u t~ the existmg ~t~u.cture upstream of t.he ~rest ~nd only a small . 
amount of reshapmg of the eXIStmg downstream galcJ.S, 1f possible. The· width 
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ef siphon (excluding the partition walls) would be 100 feet. The total losses. 
in upper arm, lower arm and in friction were estimated to be 3 · 89 feet, probably 
sbmewhat less in the prototype say 3·75 feet. The siphon would pass the de
signed discharge with upstream water level of 175·75 and was expected to 
prime in the protytype with a less than one foot rise over crest, or below R. L. 
177 · 0. The position and height of the bafll.e on the downstream of the outlets 
would have to be tested in the model. The co-efficient of such a design was 
expected to be appreciably higher than 0 · 5 of the proposed design. This 
might also be tested in the model. 

MR. H. P. lliTHRANI said there was a difference of 1·7 between the two 
and that there was no objection in lowering the crest by 1· 6. The two ideas. 
could be combined. 

MR. FRAMJI asked Dr. Uppal what were the depth and extent of scour 
before and after the blocks in the model at the Railway Bridge 1 Was the work 
done on the geometrically similar model with both rigid and mobile portions 
to a geometrical scale 1 

The height of blocks provided appeared to be excessive. They would 
create distortion of curvature and block up the waterway just where nature 
zequired greater water-ways on the outside of the curve, causing distortion of 
flow and accentuating conditions downstream. In a similar case on the Tapti 
at Hope Bridge where the spans on the concave sides were blocked with loose 
stone with the idea of centralizing :flow, conditions downstream worsened. 

Referring to the Rasul Hydel Scheme Falls, MR. FRAMJI said that there
sults appeared to be judged merely visually by trubulence whereas bed scour 
should have been compared. 

Regarding the Design of Canal falls MR. FRAMJI asked Dr. Uppal if the 
figures given for 0·~ teduced length of floor with blocks were obtained with 
retrograded conditions downstream; because a fall must not only be designed 
for the designed water level downstream but for water level after anticipated 
retrogression. 

DR. UPPAL Paid that the Punjab practice was to allow for 25 per cent. 
retorgression in all cases. 

MR. FRAMJI further asked Dr. Uppal if there was some type error in the 
formula given at the foot of page nine of the Punjab Repo1t ! 

DR. UPPAL said that there was no typing error except that the words 
' with blocks ' and ' without blocks ' given in the formula correlating W, and 
q had to be interchanged. 

RAo BAHADUR J OGLEKAR pointed out that if this was so, the formula was 
wrong ; because for discharge of 5,000 cusecs up to which experiments were 
carried out, the surface width according to Lacey formula on which all the ex
periments were based works out to 190 feet; whereas according to the formula 
given by Dr. Uppal, the maximum width including embayment would only be 

· 59 feet. 
DR. UPPAL stated that the formula was applicable only upto 300 cusecs. 
MR. FRAMJI said that for the discharge of 300 cusecs, the Lacey surface 

·width works out to 47 feet; whereas the formula gave the width including bel
lying, only 15 feet. 



CANAL PALLS 711 

liB. BLENCH said that there was an error which he would have corrected .. 

RAo BAHADli"R J OGLEKAR referred to the item (2) and said that in this fall,. 
gratings were provided " to prevent accidents to presons getting into tho
channels; floating debris caught on these grating had to be removed periodical
ly to prevent their choking the pipes." This showed serious defects in the de
sign :in case floating debris was not removed through negligence, flooding and 
breJ.ches of the canal bank upstream may result. The design would be suita
ble only where there was no debris in the water. 

MR. FRAMJI said that if the hydraulic jump was located at the t()e of the
glacis for the designed conditions in this type of fall, it had been observed that. 
with any retrogression of levels, the jump moved downstream and then wa~t 
unstable. · . 

DR. UPPAL replied that it was an important point and he would give his 
best consideration to it. 

• RAo BAHADUR VENKATACHARYA replying to Rao Bahadur Joglekar stated 
that the canal referred to was only an artificial controlled canal and the grating 
was provided to catch anything that might flow down occasionally and not 
as a normal feature. He said that it was very suitable for these conditions. and. 
not for rivers and canals. 

He further said that some sort of a device should be found out to reducEt 
the wave wash in canals. 

MR. CHATURVEDI said that vertical falls had worked satisfactorily as fuU 
width falls. 

MR. FRAMJI said it was no good comparing falls of different fl.uming ratios. 
They must have the same flu.ming ratios and discharges in order that costs· 
are compared for equal performance. 

:MR. BLENCH agreed with :1\Ir. Framji. 
THE SECRETARY said that the cost should be the over all criterion. 
RAo BAHADUR VENKATACHARYA asked if staggered blocks had been· 

tried on the slopes to prevent wave wash. , 
DR. UPPAL said that staggered blocks had proved successful on slopes too.

THE SECRETARY said that the old practice of projecting bricks from the· 
side pitching served the same purpose. 

DEWAN BAHADUR GOVINDARAJA AYYANGAR said that wave breakers· 
had been used in tanks in Madras. 

1\lR. CocHRANE referred to the wave breaking berms used on the Suez 
Canal. 

DEWAN BAH.ADUR GoVINDAR.AJA AYYANG.AR said that they had been 
tried on rivers also. 

CONSIDERATION BY THE BOARD · 

The work done at the Research Committee Meeting was noted by th~· 
Board. 



C~D~stributary Heads 
PRELIMINARY NCTE 

... .. J J .. 'j 

'Ihis subject has been mi the agenda since 1940, and has been considered 
fwm three ~spects, viz., regulation, metermg of supply ~nd silt control. 

At the 1945 meeting of the Board, " it w~s resolved that a Central Board of 
·irrigation Publication should be issued on the" Design of Distributary Heads" 
and with this end in view research officers be asked to contribute their drafts 

.on the subje~t by :r.~~y, 31 19~(i.'~ 
Punja~ has sent in its .contribution. Indian 'Vaterways Experiment 

.Station have suggested ·certain publications on the subject which may be in
cluded. 

Replies from Sind, th~ United Provinces, Madras and Ceylon are still 
awaited. The rest of the Provinces and States have nothing to contribute. 

The following items were discussed at the 1946 Research Committee 
lleeting :-

(1) Basic experiments to investigate the effect on silt distribution of 
(a) angle of offtake and (b) varying discharges. · 

(2) Model Experiments in connection with silting of Dhoro Naro Dis
tributary. 

{3) Further Model Experiments on the head regulator on Reservoir 
Branch. 

(4) Basic experiments for determining co-efficient of radial gates. 

Recent Litera~ttre 

~he location of Head Regulators in th~ Gash Delta, 
Sudan Irrigation Department, Departmental Technical Note 1947. 

The Year's Work 
The following items were discussed at the 1947 Research Committee 

)leeting :-
(1) Basic experiments to investigate the effect on silt distribution of 

(a) angle of offtake. (b) varying discharges. 
(2) To :find a suitable device for eliminating bed scour below Ghaggar 

Canal Head. 
(3) Basic experiments for. determining co-efficients for radial gateB. 

{4) Model experiments in connection with scour below cross regulator 
over Sind Canal at Rustom. 

(:')) Model experiments in connection with silting of Saidkhan Di':ltri
butary ('X.- Hyderabad Branch. 

(6) Model experiments in connection with silting of Dalore and Patoi 
distrib~taries ex J a:mrao Canal. 

,{7) Model experiments in connection with silting of Jamrao Canal. 

718 
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(1) BASIC EXPERIMENTS TO INVESTIGATE THE EFFECT ON SILT DISTRI
BUTION OF {a) ANGLE OF OFFTAKE AND {b) VARYING DISCHARGES(1) 

INTRODUCTION 
Some experiments had been carried out at the Hydrodynamic Researcll 

Station Karachi in connection with proportionate silt distribution at the heads 
of offtakes the results of which showed that the angles of offtake did not seem 
to control the entry of silt in the o:fftaking channel. As this conclusion was 
based on insufficient data, it was coll8idered necessary to conduct basic experi
ments to study the problem in detail. 
, Experiments to study this problem were started in the year 1943 and two sets 
·of experiments i.e., 10 p::r cent. and 20 per cent. discharges in the o:fftaking 

. channel and angles varying from 30° to 120° in 30° stages were completed during 
the year, the pivotal point about which the o:fftaking channel was made to rotate 
with respect to the parent channel being the intersection of the centre lines. 
In this method as the relative position of the cross regulator and the nose 

• of the offtaking channel changed with the angle, it was felt the results would 
·"be defective. , 

In the year 1944, the experiments were reorientated, the pivotal point 
for rotating the offtaking channel being the downstream intersection point of 
the fuJI supply lines of the two channels and {ii) a shorter length of thread 
(indicator) being used i.e., three inches length instead of six inches used pre
viously. In the year 1944 only one set of experiments with 20 per cent 
dilcharge in offtake was eompleted. 

In the year 1945, in addition to the indicator method, the injection method 
with liquid was adopted{2). Experiments with 10 per cent discharge in offtake 
were conducted in 1945. The conclusions drawn from the experiments are:-

(a) The thread method does not show a consistent behaviour though 
in general,. there is a. tendency of increasing percentage of filamen~· 
entry as one moves from bed to surface. In the liquid injection 
method the feature is definitely marked as the bed flament percent
age is generally the least. 

(b) In respect of the variation of the percentage with the a1,1gle of off
take no consistent behaviour is obtained either with the thread or 
liquid method. 

(c) The increase o~ bed filament with increase in the percentage discharg& 
of the o:fftaking cha~el comp_ared to the tot3:l discharge entering 
the parent channel1s approXImately proportiOnal to the increase 
in percentage discharge for all angles. 

(a) The average filaments entering the o:fftalring channel approximate 
to the discharge entering the offtaking channel with the liquid 
method while the thread method gives- smaller values thereby 
indicating superiority of liquid method. ' 

. . It was decided ~ give up the thread method and use only the liquid m-
]ectiOn method, which was followed in the experiments of 1946. . 
----~~~-=----~----------------------(1) Irrigation Reaearch Divilion Sind, Annual Report, 1946, pa_g_ee_2_3_a_n_d_2-4.----

(1) C. B. I. Publi('ation No. 38. "Annual Report (Technical) 1946 ". 
M51CBI 



TABLE 90.1 
Hydraulic. Data Model Scale Rat·io lf12th. 

Parenti Channel 

-
&e· 1flt&o11 I 2nd sot I 3rd set I 4th ~et I 5th set I I 
rial l>Moription 

I o. I I 
) 

I 1 
Upstream Downstream Downstream Downstream I Downstream Downstream N 

' 

Pro. I Mod. Pro._ Mot! •. 
I 

Pro.· Mod.· Pro. Motl. Pro. Mod. Pro. 

~ . 
I Diaoharge· 

iD OUIOCI 1,000 2·00 000 1·80 800 1·60 700 1·40 600 1·20 500 1 00' 
2 Fulhupply 

level 105.·50 100·458 105•40. 100•450 105·40 100·450 1(15·40 100.450 105·40 100·400 105·40 100·450 
3 Bed level 100·00 100·000 100·10. 100·008 100·30 100·025 100·050 100·042 100·71) 100·058 101·00 100·083 

' Full supply IHi · 0·458 5·3 0·442 IH 0·423 4·9 0·408 4·7 0·392 4·40 0·367 
· depth in 

50·00 I feet 
I 59·60 I s Bed width 72·00 72·00 68'·00 64·0 64·0 64·0 l59·50 64·50 154·50 50·00 

in feet. 
6 Side slopes l: 1 l: 1 l: 1 i: l: 1 !: I 
7 · Mean velo 2·4:i3 0•7023 2·403 0·69l7: 2•357 0·6805 2·3011 0•6656 2·246 0·6483 2·177 0·6284 

in Ft/Seo, . 
8 Pavement 100·00 100·000 100·10 100·008 100·30 100·025 100·.20 101·042 100·70 100·058 101·00 100·083 

level 
100·048 9 Crest level .. .. 100·58 100·91 100·079 101•04 100·087 101·15 100·096 101·4!! 100·123 

10 Reynold'• .. .. .. 31,340 .. 29,.600 .. 27,630. .. 25,660 . . 23,240 
No. 

11 Width of .. .. .. 28.·68 .. 17•00 .. 25•1Q .. 22·88 . . 21·11 
Meter flume 
ininchea 

12 Length of .. .. .. 11·94- .. ll•l~O .. 11·02 .. 10·& . . g.g 
Meterflume · 
in inohea 

100·01~2 )3. Crest level ·. .. .. .. .. 100.·06~ .. 100·083 .. 100·037 . . 100·120 
in inches 

14 Length of 
Glaoi•1 in6 

.. .. .. 2·64 .. 2·52 .. 2·40 .. 2·34 .. 2·22 

in inohea· 
15 Radios oF 

I 
25•8 25·8 .. 7·0 .. G·7o . . 8·25 .. 6·3 .. 6·5 

cunature . . 
ininohes I . - ----~~-

htaet 

Dowru.tream I 
Pro • Mod. 

100 ·20 

105·50 100·458 
102·70 100·225 

2·8 0·233 

20·80 20·80 

l: 1 
1·608 0·4643 

102·70 100·235 

.. . . .. . . 
.. .. 

.. .. 

.. .. 

.. .. 

0·37 9·!11' 

Downstream 

Pro. 

100 

105·40 
102·60 

2·8 

20·80 

M od. 

·2 

100·4 
100·2 

·23 

20·8 

0 

50 
17 
3 

0 

1:11 
1·60il 0·41H 3 

17 

43 
80 

102·60 100·2 

102·91 100·! 
.. 10,, 

.. 'l·3 1 

.. &· 3 

.. 100·2 

.. 1·3 

.. 2·7 



TABLE 9C.l-contd. 

--~----------------------------------------------------------------------------------------Offtaking Channea 

Be-
rial Description. 
Ne. 

2nd Bet 3rd Set 4th S('t 5th Sf't 

Upstream 

Pro. Pro. Mod. Pro. :Mod. Pro. ?!Iod. Pro. Mod. Pro. Mod. 

I Downstream ' Upstream I Downstream Downstream J Dowu••ream I Upatream \ Downstre&lB 

----------~~----------------~----~----~---~----~-- -----·-----------------
Mod. I Pro. 1\lod. Pro. Mod. 

300 0·60 

--- _, ___ , ___ , ____ , ____ , ___ , ____ , ____ , ____ , ____ , ___ _ 
500 0·80 1·00 0·80 ---~~-------1·------1-----1------1-----1 

1 Discharge 200 0·40 200 0·40 0·60 400 41JO 300 1·00 600 

in CUIE'CS 
I Full supply 

level 
a :Sed level 
4 Fulls up ply 

depth in 
feet 

I . Bed width in 
feet 

8 Side slopes 
'l Mean velo. 

Ft/See. 
8 Pa'fementlevel 
9 Crest Level· 

10 Reynold's . 
No. 

n Width Clf 
Meter flume 
in inches 

12 Length. of 
Meter flume . 
'in inches.-· 

13 Crest level . 
· ininohes 

14 Length ()f 
Glacis, 1 
in lS in ;in· 
ohM 

15 · · Radius , of 
curvatqre 
iaincbe~ 

105·50 100·4:58 105·4:0 100·4:50 105·50 100•458 105·40 100·450 105·50 100·45S 105·50 100·450 105·50 100·458 105•40 100·456 

102·10 100·175 102·00 100·167 101·70 100•1(1 101·60 100·133 101·40 100·116 101·30 100•108 101·10 100·0~1 101•00 100·083 
3•4 0•283 3·4: 0·283 3·8 0·317 3•8 0·31'7 4·1 0·342 4·1 0·342 4·4 0·367 4:·4 0·367 

30·8 ao-5 I 30·5 38•0 38·0 

1·82~: ~-6272 1-sl7 1 
0·5272 1·97l:j ~·6711 

102.·10 100·175 102·00 100·167 101·70 100·141 
.. .. 102· 37 100·198 .. .. 
.. . •• .. 14,600 .. • . 

.. 

• 

.. . . 

. . .. 

12·43. 

100~195 

1•68 

.. 
.. 
. . 

38·0 38·0 4.4.·li 44·5 44·5 50.0 60·0 50·0 50·0 

l: 1 
1•978 0·5711 

l: I 
2·095 0·8049 

101·80 100·1!3 101·40 100·116 
102·12 100·177 .. .. 

.. 17,240 •. .. 

15·78 

.. 

. . 

16·61 

i: 1 
2·095 1 o-6049 

101·30 100•108 
101· 72 100•143 

• . 20,720 

18·72 ~· 

9·24. 

1-:1 J:1 
2· 177 0·6284 2·177 0·628j, 

101·10 100·091 101·00 100.83 
• • • • 101,242 100.118. 
•• •• •• 23•240 

2l·ll 

100·1JO 

2·22 

. 5·0. 18·48 
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OBZDJT 
~ the full series of experiments as originally envisaged were not comple~ 

i.e., with the discharge varying in offtake from 10 per cent to 50 per cent in 
aiages of 10 per cent. the experiments were continued this year. 

MODEL 
The geometrically similar modell/12th the full 8ize which had been W!ed 

in the previous experiments was made use of with the necess8ol.J' modifications 
for change from 20 per cent. to 30 per cent. Figure 9C.l shows the general lay 
out of the experiment. The hydraulic data were same as shown in the previous 
experiments and have 'been shown in Table 9C.l. 

C.B.I. 

~~~-~--- ---~~~~- ---~· ......_ 
... 

PLAN 

r.l.IOO.U7 (l.l.IOO·I-42 
s ft..l.l OIH~7 

C.L.I 00.0-33 
n 

l.l.IOO·f42 

' 
LONGITUOINAL SECTION OF OFFTI\KING CHANNa 

Figure 9 C.l :-Model or basi! experiments to determine the effect on 
silt dist-ribution of diQerent angles of of!takes and varying discharges. 
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EXPEIUMED'S 
In all12 experiments were carried out, three for eaeh angle i.e., 30°, 60•, 

00° and 120°. For each angle, full supply discharge f discharge and l full
.apply discharge were admitted in turn into the parent channel, the upstream 
water level being the full supply level in the parent channel for all cases. Th• 
experiments were conducted with 30 per cent. of the full supply discharge of the 
parent channel in the offtaking channel, the remaining being passed down the 
cross regulator. The experiments were done with the liquid injection method. 
The filament distribution is shown in Table 9C.-2 and Figure 9C.-2. 

3 

.. .. 

\f 
l 

C.l.l. 

., 

i \ 
I I 

c 
J.{ de rr:n,cs :-

60 

for lo• · f.s.o. · l i Filament distribution 
Fillmt:~t 

Fdc.tn£:nt 

fil.:ainent 

distribution 
drstrlbutlon 
dlitribution 

• .6 6 ---4--- A--~ 

for 60 c---o ---o-- o------o 
for wr. 0 0 ---o-- ~--o 

for 110 X X --x------·----.-------::.:..._ _ _.;.;;___.:..,_,:::~~-_:_j 
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TAB~ 9C. 2 

SnO'W'i-11g percentage filament distribution for 30 per cent. of total di~cnargt: 
· entering offtake 

By liquid method 

Descrip,ion 
Percentage of total Percentage of filaments entering 
discharge entering offtake. 

offtake 

30° 60° 90° 120° 

Bed J'Bamea.• .. .. Full supply discharge 31·9 49·3 44·4: 38·9 

1 Depth " . . .. {30) 28·2 30·2 26·8 24·2 

l •• " .. . . 31·9 27·9 25·3 25·9 

t ,, H •• .. 29·0 27·0 26·4 25·0 .. 
~lll'ia .. .. . . . . 26·1 27·4: 24·8 26·1 
' 

ATerage .. . . 29·42 32·36 29·54 28·0 

:Bed YilamenM .. f Pull supply discharge 48·5 64·6 59·9 51·4: 

1 Depth '' . . .. {40) 47·3 48·6 36·4 32·3 

l '' , .. . . 43·4 36·6 33·3 34·0 

t .. .. .. . . 46·1 34·2 32·9 24·5 

Burfaoe 
" .. . . 38·4 37·7 31·9 37·30 

~ - .. 

Average .. . . . . 44·74 44·34: 38·70 35·9 _ .. -
:Bed Filaments' .. l full supply discharge 81·3 86·1 72.0 

'0 
~ 

:1 depth (60). 79·3 57·5 t7·7 '0 •• . . . . = .... 
"' i 74·7 59·4 57·4 .: .. .. . . . . 0 
0 

64·5 57·9 55·2 
.... 

i 0 
" .. .. . . z 

Surface , .. . . 63·50 52·6 55·2 

ATerage .. . . . . 72·66 62·70 61·5 

-· 
CONCLUSIONS 

I. The bed filaments for the 30 per cent. discharge show that the maximum 
bed filament entry is at 60°. 

2. Tlie bed filament entry increases with the increas~ in the percentage 
discharge in'the offtake, but not in di!ect proportion in all case~. . 

~ .·· .. .. - ..... .. • ,. .. t ~ ' . . ~ t 
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Stag&ered blocks 
Side pitching 

Data 
Discharge 
Water depth 
Bed width 

Original 
577 cusecs 
5·6 Feet 
40 , 

~ev•sed 
740cusecs 
6-0 Feet 
48 , 

taggered blocks l·S•I·SK I•S--- 132'7~ ---- . , 

11- - -l;.:.:_- - ':..;.;( 2 
Wlnt, WarppedfromVertlcal 

to I :I 

0 ... 
~ 
"j 

Re~. No 
3

,
6 

HE\c)·•g_,
28

o(H.LO.) Figure 9C.3:- Ghagar Canal Head showing new proposals In the Downstream 
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3. The average of the filaments entering the offtake correspond to propor
tionate discharge in the offtake more or l~s. 

4. The experiments are in progress r.nd 40 per cent. and 50 per cent. of 
<li:;charge in the offtake are yet to be tried, before· final conclusions are reached. 

(2) TO Fll\"1> A SUITAELE DEl!IfE FGR ETIMlKATING E:ED SC"OUR 
BELOW GiiAGG.AR CAKAL LF.!J?(3) 

The pitched floor below Ghaggar canal head is being repeatedly ripped o:fr 
in a length of 35 · 0 feet as a result of which 3 · 0 feet deep bed scour is also de
veloped. Subsequent filling of the scour with stones was of no avail, as i~ 
got washed off when the canal was run. 

A model of this head was constructed to scale 1/1~ vide :figure 90.-3. Wh~n 
• this was run with a full supply discharge of 577 cusecs, the model repro

duced prototype conditions. It will be noted that owing to 33·0 feet head of 
water on the upstream side, the pitched floor could not stand the teqific velocity 
of the isslfillg stream. The model also indicated side erosion of the order of 8·0 
feet on either bank. On inspection at site, it was found that side erosio~ did 
(!Xist due to wave wash and the side pitching was eroded at places. · 

Since Nagwa Dam is under construction on Karamnasa river, the discharge 
of Ghaggar canal would increase to about 7 40 cusecs, the corresponding designed 
bed width being 48 · 0 feet. Accordingly the model w~s changed to the proposed 
dimensions. Hyperbolic e~an~iC>ri C>f Qiffei~nt lengths were tried and 1 ~ 
22 · 5 expansion gave minimum bed and side erosion. The model 'ras tested 
with one, two and three rows of staggered blocks 2 · 5 feet X 1· 5 feet X 1· 5 fee~. . 
Three rows of blocks provided at a distance of 7 · 5 feet, 41· 0 feet and 79 · p feet 
respectively from the edge of the existing floor reduced t~e ·bed scour · to 
almost nil. · · 

. , T~e floor w~s f~h~r bo~ed 1 in 80 and ~e!l feet boulder pitching added ~ 
1t, whi.ch made the s1de erosiOn almost negligible. · ' · 

CQNC~U~IO' 

The fo~lowing recommendations have been made for the modification o£ 
the prototype. 

1. The downstream wings should be flumed with hyperbolic expansion 1 in 
22 · 5 and 90 · 0 feet fioor length to be bowed 1 in 80 with ten feet boulder 
pitching added to it. · · · 

2. Three rows of staggered blocks 2 · 5 feet X 1· 5 feet X 1· 5 feet to be 
provided at a distance of 7·5 feet 41·0 feet, and 79·0 feet respect:vely from 
the edge of the existing floor where the tu.nnela end. 

( 
3

) The United Provinces, Public Works ~partment, Irrigation Research Division Annual 
Report of Rcsea1ch Frogyess, 1946, Tuhnical Jde1rcran~~m No. 17, Ia&es 101 and 102. 



TABLE 9C. 3 ... , 
Statement showing the value of Co-f,fficient in the formula q=Cxyl 2gH in two 'span· Radial Gate I model of N asrat ~ 

Branch R.D. 99,160 under Stand~ng Wave conditions 
(Nine feet Head Radial Gates). 

...... ·-···~-···-· 
___ ... _____ 

Model ratio 1/9 Model ratio 1/10 Model ratio 1/11 ;I 
t"ii 

-·-···---~~ Depth 1 ---~-i5ep. K (") Depth ' I nate Gate I 
G1~e onr I H-D 

t::oJ 
over 

/n-D 
over 

H-D~ ~ Water Let•el o~n- Reg. 3x 
open- Reg 3x 

open-
1 

Reg, Remarks 
up-stream 

I 
mg Crest c ing Crest c tng Ure~t _ ~ 0 
:& D -4 :s D -4 I , D 1 4 t"" ---- 6 ,-,- -----

1 12 
bf 

1 2 3 ' 5 8 9 10 11 13 1' 0 ---- t Full supply I..evel 1'0 0•9081 0'825 0'87 1'0 0 825 0•750 0'87 1'0 0 i48 0•680 •O·IIt •value omitted 
due to ex peri- '=' 

0·5 below full ij;!pf'l.v level .. 0·859 0·776 O·S7 .. 0·773 0·698 0·85 0·735 0·667 O·S6 n1ental error 0 
I I'IIJI 

1·0 0·803 I 0·720 0·87 0·721 0.646 0·87 0.664 0,596 0· .. 5 ... 
" .. •• .. .. ~ 

1·5 0·7091 0·676 0·87 0·692 0·617 0·87 0·664 '.)·347 ()·j 4 
-~ .. .. .. .. .. COl .... 

2·0 .. .. .. , .. 0·693 0·610 0·87 .. 0·618 0·543 0·89 .. (\·11715 0·507 O·e7 ~ 
0 

2·5 .. .. .. , .. 0·632 0·349 0·86 .. 0·572 0·497 0·88 O·ti25 0·457 0·85 z 
.... 

3·0 O.t182 0·499 0 ·84 0.521 0·(46 0·80 0·480 0·412 0·88 z .. .. .. z 0·864 0·866 0·8ftl 
0·84.'i . 0·845 0·845 

d 

Full supply level ""' 2 0 0·888 0·721 0·76 2·0 0·827 0·677 0·74 2·0 0·746 0·610 0·74. 1:"' 

0·6 t.elo" full illll•j·lylenl .. •• 0·859 0·692 0·76 .. 0·766 0·615 0·73 .. 0·703 0·577 0·74 = ~ 
1·0 .. .. .. 0·804 0·637 0·7(1 .. 0·727 0·377 0·71 • • 0·645 0·509 0·74 = -1·15 .. .. 0·752 0·585 0·75 .. 0·672 0·522 0·73 .. 0·600 0·464 0·75 I co .. ..... 

~ 
2·0 .. .. .. .. 0·689 0·1\22 0·78 •• 0·637 0·487 0·73 .. 0·589 0·43~ 0·74. 

2·i 0·628 0·4(11 0·7~ 0·677 0·427 0·75 0·513 0·377 0·7!) .. .. .. 0·765 0·73t .. 
0·743 

0·767 0·757 0· i.fr 



TABLE 9C.3-~conttnued) 
1 4 I 2 I 3 

~-------------------- ----Fulhupply level ~~ 3·0 --;933 
O•t5 he11"w full snpply level 

1•0 .. .. 
.. " .. .. 

Fall supply lenl 

O·q, below full•uppl.v lt~v~l 
1·0 ,. " •• 

, 
,. •• 

Full supply lenl 

O•:S below fullaupply Ienl 

1·0 

1·5 

Full supply ln-el 

.. 

.. 

O·:S below fall aapply level 
1·0 , .. • • 

Full1apply Jenl 

Fullaapply lnel ' 

Full ~upply ltTel . . 

•• 

•• '' 

" .. 
" 

" 

4·0 

0·683 

0·855 0·615 

0·786 0·.536 

0·754 

0·6S!8 

0·918 

0·504 

0·483 

(\·585 

0·73 

0·73 

0·73 

0·73 

0·72 
0·728 
0·718 
0·68 

.. 0·856 0·523 0·69 
, O·R07 0·474 0·70 

.. 0·748 0·416 0.71 

" 0·712 0·379 0·70 
0·696 
0·693 

4·5 0·905 0·530 0·68 

.. 0·854 0·479 0·71 

" 

" 

5·0 

" •• 

0·806 

0·750 

0·918 

0·856 
0·785 

0·918 

0·431 

0·375 

0·501 

0·439 
0·368 

0·4~5 

0·464 

0·69 

0·72 
0·700 
0·686 
0·69 

0·69 
0·65 

0·677 
0·680 
0·70 

0.676 
0·70 

0.672 
0·72 

_ti_., __ 7 __ i: __ s. ____ 9 -~~~~~-~: ___ 
1 
__ 13 __ _ _!! __ _ 

3·0 O·Sl7 O·li92 ~·71 3·0 0·754 0·549 0•73 

" 

" 

" 

" 

.. .. 
" 

" 

4.5 

.. 

.. 
" 

5·0 

" .. 
5·2 

0·766 0·541 

0·726 0·501 

0·677 

0·634 

0·847 

0·452 

0·409 

0·547 

0·69 

0·70 

0·70 

0·72 
0·704 
0·718 
0·69 

0·778 0·476 0·69 
0·717 0·417 0·69 

0·663 0·383 0·69 

0·637 0·337 0·70 
0·692 
0·693 

0·819 0·481 0·68 

0·756 0·418 0·68 

0·717 

0·676 

0·830 

0·776 
0·726 

0·827 

0·820 

0·379 

0·338 

0·455 

0·401 
0·351 

0·390 

0·405 

0·68 

0·69 
0·683 
0·686 
0·69 

0·69 
0·69 

0·690 
0·680 
0.73 

0·676 
0·70 

5·6 r 0·83= 0·420 I ii11i2 
0·69 

0•668 

.. 
" 

" 

" 

4·0 

" .. 
.. 
" 

, 

" .. 
5·0 

, .. 
5·2 

5·4 

0·705 0·500 

0·647 0·442 

0·74 

0·75 

0·75 

0·74 

0· 6()4 

0·568 

0·748 

0·702 
0·869 

0·62~ 

0·573 

0·740 

0·733 

0·66~ 

0·634 

0·741 

0•714 

O····r 
0·745 

0·719 

0·784 

0·399 

0·363 

0·475 

0·742 
0·718 
0·69 

0·4t~ 0·71 
0·396 0·71 

0·356 0·72 

0·300 0·72 
0·710 
0·693 

0·433 0·72 

0·426 0·71 

0·358 

0·327 

0·4:00 

0·373 
0·324 

0·390 

0·351 

0·352 

0·71 

0 72 
0·715 
7F686 

0·68 

0·72 
0·74 

0·713 
0·680 
0·67 

0.676 
0·72 

o.67e 
0·73 

o.G'G8 
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{3) BASIC EXPERIMENTS FOR DETERMINING COEIPICIENTS FOR 
RADIAL GATES(4) 

INTRODUCTION 

'Ihe charts showing co-effi.ci~nts for radial gates arrived at as the result o£ 
<experiments carried out during the year 1932-33, were reported to give values 
~I discharges which were different from the values actually observed on the 
:field, and therefore needed verification. This was also confirmed by taking 
:field observations during the year 1935-36. Briefly the defects from which the 
previous experiments seemed to have suffered were, (1) the results of one scale 
had been translated into prototype without the mvestigation of effect of scale, 
(2) the experiments did not take the effect of span and piers into account, and 
(3) the model was built with three spans, but in carrying out the experiments 
the two end spans were closed, and no change was introduced in the downstream 
.expansion, though a change had been made on the upstream on account of no\ 
~perating the two spans(5). 

Fresh experiments were therefore started in 1944, to arrive at the correct 
values of the co-efficients to save time for canal flow measurement and obviate 
the necessity of actual observation of discharges. The observations of the last 
two years showed that the value of the new co-efficients were higher than those 
<>btained previously for standing wave conditions specially for the higher gate 
<>penings. The values cf the coefficients for drowned conditions were also 
found to be higher. The experiments were continued during the year under 
xeport to collect further data so t~at final conclusions may be drawn. 

OBlECT 

The object of the experiments as already given in the ' Report of this 
Division.for the year ending December 1945 ',is to find out the correct co-effi
~ients for adoption. 

EXPEBIME.NTS 

Of the five regulators selected for investigation, four regulators to three 
different scales have been completed so far. The results of two regulators, 
namely (1) Fall Regulator. over Nasrat Branch at R. D. 98,160 and (2) 
Cross Regulator over W ari,Lh Branch carried 9ut dur~g the year under repoft, 
are given in Tables 9C.-3 to 9C.-6 and are described below :-

Experiments <m model of Fall Regu"!ator over Nasrat Branch R. !J. 98,160 
(t-wo span model). 

( 4 ) Irrigation Re~earch Division, S~nd, Annual Report, 1916, J:ages 5 and 6. 
- . 

( 5 ) Irrigation Re•earch DivU.ion, Sind, Annual Report, 194 •• Chapter IVo.. 
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TABLE9C.4 

&alement &bowing the value of Coeffici~nt in the formuLa q=Cx....j 2g ii i~ two 
rpm Radial Gates model of N asrat Branch R.D. 99,160 under drowned conditions 

Model Ratio 1/9 I Model Ratio 1/10 Model Ratio 1/11 

I Ga~ H= Gate H= Gate H= 
Water I.AYel \ope~ Dl-DI c opening Dl-Da 0 openin~ D1-Xs a 
upstream. :r; :r; 

Yd Sapp}J !AT•l 5·0 0·121 O·M 5·0 0·190 0·83 5·0 0·115 0·85 

.. .. 4:·5 0·120 0·87 4:·5 0·~ 0·83 4·5 0·134 O·Ba 

,. .. 4:·0 0·143 0·84 4:·0 0·220 0·82 4·0 0·150 0·83 

" .. 3·5 0·181 0·85 3·5 0·260 0·82 3·5 0·170 O·Si 

.. .. 3·0 0·205 0·83 .3·0 0·323 0·85 3·0 0·188 0·7' 

{l·O}llelow 

0·1051 J'. ~. L. .. 4:·0 0·118 0·81 4:·0 0·188 0·86 4:·0 0·13 

.. .. 3·5 0·151 0·88 3·5 0·213 0·83 3·5 o·o95 \. 0·88 
~ 

" 
.. 3·0 0·222 0·83 3·0 0·200 0·83 3·0 0·117 0·~ 

- .. 2·5 0·290 0·84 2·5 0·3'2 0·84 2·5 0·141 0·86 
i 

{2·0/IMlow .. 
J'. S. L .. 3·0 0·170 0·82 S·O 0·220 0•81 3·0 0·106 0·7, 

•• .. 2·5 0·177 o·81 S·5 o·24o 0·84 2·5 0·1M 0·82 -.. .. 2·0 0·250 0·82 2·0 . . . . 2·0 0·1~~ O·SG 

0·835 0·833 0•831 

t OT2i' 7Pi2o 7Ff2i" 
I I 



TABLE9C. 5 

Statement showing the value i'j Co·e.ffioient in the formula q=Cxv 2g H in 3 1pa1t Radial Gatea model of Warah Br. R. D. 68,902 
under Standing Waves conditions (9 feet Head Radial Gates) 

level Water 
up-atr ea.m 

........... ---
1 --- level .. Full supply 

0 •6 below J'ul 1 1upply level 
1•0 .. , . . 
1•6 .. .. . . 
2•0 .. .. . . 
2•5 .. .. .. 
3•0 ,, .. .. 

lenl .. Fulltupply 
0•6 below Full supply leTel 
1•0 .. .. . . 
1•5 " .. . . 
2·0 •• .. .. 
2·6 .. .. . . 

lenl :Full IUpply 
0•6 below l'ul 

.. 
J•upply lenl . . 1•0 .. .. 

1•3 ,, .. •• 
2•0 , , . . 

Gate 
open 
ing 

a: 
--

2 

-
1·0 

.. .. .. .. .. .. 

2·0 
, 
" .. .. 
" 

1·0 .. 
• 
•• .. 

Model Ratio 1/9 

Depth l Gate 
over H=D- open-
Reg. 3:1: 0 ing 

crest D -.-- X 

---~ -------3 4 6 6 

0·921 0·838 0·73 1·0 

0·873 0·790 0·76 .. 
0·828 0·745 0·76 .. 
0·779 0·696 0·79 .. 
0·723 0·640 0·76 .. 
0·648 0·565 0·75 .. 
0·393 0·610 0·76 .. 

0· 7l'i6 
0·845 

0·898 0·732 0·77 2·0 
0·882 0·715 0·75 " 0·818 0·651 0·76 .. 
0·761 0·594 0·75 .. 
0·702 0·636 0·74 .. 
0·663 0·486 0·73 .. 

0·750 --0·757 
0·924 0·074 0·75 3·0 
0·878 0·628 0·74 .. 
0·819 0·669 0·73 .. 
0·753 0·503 0·73 .. 
0•703 0·453 0·74 .. 

0·734 --0·718 

---------
Model Ratio 1/10 Model Ratio 1/11 

Depth Gate Depth 
over H=D- open- over H=D-
Reg. 3x 0 ing Reg. 3x 0 Rem arb 

creatD 4 X crest D T --- ------- ----- ---
7 8 9 10 II 12 I 

13 14 

0·841 0·766 0·72 1·0 0·863 0·795 *0·87 *Value omit-
ted due to Ex-

0·795 0·720 0·73 .. 0·826 0·757 0·83 perimental error 
0·740 0·665 0·74 .. 0·771 0·703 0·77 
0·692 0·617 0·74 •• 0·723 0·655 0·79 
0·645 0·570 0·76 .. 0·682 0·614, 0·79 
0·595 0·520 0·77 .. 0·628 0·660 0·78 
0.545 0·470 0·77 " 0·69% 0·524. o·76 

0.,.6 0·787 --
0·845 0·845 

0·843 0·693 0·75 2·0 0·863 0·726 0·75 
0·794 0·644 0·76 .. 0·828 0·691 0·73 
0·748 0·598 0·75 .. 0·773 0·636 0·72 
0·687 0·537 0·75 .. 0·733 0·596 0·7S 
0·642 0·492 0·74 " 0·685 O·M8 0·72 
0·595 0·(45 0·74 .. 0·638 0·501 0·70 

0·747 0·725 - -~ 

0·757 0·757 

0·845 0·620 0·71 3·0 0·858 0·653 0·72 
0·795 0·570 0·72 .. 0·815 O·tHO 0·71 
0·744 O·tH9 0·73 .. 0·763 0·1158 0·72 
0·695 0·470 0·73 " 0·730 0·525 0·72 
0·645 0·420 0·73 .. 0·682 0·477 0·71 

0·724 0·716 -- --
0·718 0·718 



TABLE 9 C. 5~conttnued 
---·~ --~·· 1 2 3 ' 5 6 ! 7 8 g 10 11 12 13 14 - ---. ... Ful11upply level 4·0 O·,H9 0·586 0·74 4·0 0·841 0·541 0·71 4·0 0·863 0·590 0·73 0 • 5 below Ful1aupply level , 0·862 0·529 0·75 

" 
0·795 0·495 0·72 .. 0·818 0·645 0·72 1·0 ,, ,, 0·815 0·482 0·75 0·748 0·44:8 0·72 0·769 0·496 0·72 l·G , 

" " 
,, , 

" 0·760 0·427 0·75 
" 

0·698 0·393 0·72 , 0·733 0·460 0·72 2'0 , 
" 0·729 0·396 0·74. 0·642 0·342 0·73 0·688 0·415 0·72 " " " O·U6 0·720 0·722 

0·693 0·693 0·693 
t:l ...... Full supply level 0·923 0·548 0·72 0•803 0•465 0·71 U1 4·5 4.5 0•73 4·5 0•863 0·556 ~ 0·5below Full aupply level 0·873 0·498 0•72 0·760 0•422 0•73 0•828 0•521 0·71 ~ " ,. 

" t;; 
1·0 , , , 0·825 0·450 0·72 

" 
0•725 0•387 0•70 

" 0·773 0•466 0•70 
0 

1.5 
" " 0·772 0·397 0•73 0•684 0•346 0•71 0·723 0•416 0·71 ;! I " " " 0·723 0•718 0•708 

~ 0•686 0"686 0'686 
~ Full supply leYE'l · 5·0 0·917 0·500 0·73 5.0 0•825 0•450 0•70 5•0 0•863 0•522 0•70 1:! 0· 5 below Full B'Rpply level 0•876 0•459 0·73 

" 
0•785 0·410 0•71 0·818 0•477 0·71 ~ 

, 
" 1·0 " , 0·823 0•406 0•74 , 0•745 0·370 0•72 0·775 o·434 0•72 , 
" 0·733 0•710 0·710 

0'680 0'680 0'680 
1 

0·72 0•69 0·69 .Full supply level .. 5·2 0·9.25. 0·492 
0'676 5.2 0•820 0·430 

o·~7~ 
5•J 0·868 0514 0•676 

0·72 0·69 0·69 Full sUpply level 5·4. 0·923 0·473 0•672 5.4 0·819 0·414 0"672 5·4 0·863 0·495 0'672 

0·73 0·72 0·68 Pull supply Ien~l .. 5·6 0·919 0·4521 0•668 5.6 0·801 0·381 0'668 5·6 0·864 0·482 o·66T 

l I 
_, 
~..., ...., -- -~-·-:.·----- -......-.._.,..... __....._ ~- ·oar-... 
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TABLE 9C. 6 

Statement 1howing the mlue of Oo-ejjicien.t in t/tef()J'muln, q=Oxy2gB in tirc11 
1pa11RadiaZGates model of Warah BranchR.D. 68,902 underdrowned conditi014c 

llodel Ratio l/9 Model Ratio l/10 Model Ratio 1/11 

• W at..r Level Gate H- \ Gate B- Gate H- R.marb 
upstream opeD· Dl-DI c open- D1-Da c open- Dl-Da c 

ing· iog ing 
s :1: :1: II: II: -

:r.n Supply 5·0 0·1~ 0·86 5·0 0·082 0·83 IS·O 0·094: 0·86 
!Mel 

" 
.. f·5 0·1G1 0·81 ''0 0·090 0·82 4:·5 0·112 0·87 

•• .. ,.o 0·178 0·81 4:·0 0·098 0·83 4:·0 0·132 0·85 

•• .. 3·5 0·203 *0·91 3·5 0·113 0·84: 3·5 0·160 0·84 *Value 
omit~ 

•• .. 3·0 0·214: 0·83 3·0 0·139 0·82 3·0 0·181 0·85 due to ex· 

{1·0' below l . perimeota) 
error 

J'nll Supply 4:·0 . 0·1!6 0·83 4·0 0·048 0·83 4:·0 0·066 0·85 
LITel 

•• .. 3·5 0·119 0·83 3·5 0·064 0•80 3·5 0·085 0·84 

.. .. 3·0 0·14:3 0·83 3·0 0·078 0·83 3·0 0·104 0·86 

.. .. 2·5 0·187 0·84 2·5 0·104: 0·85 2·5 O·UO 0·86 

{S·Cllloelow :ron SsppJy 3·0 0·092 0·82 3·0 0·057 0·84 3·0 0·067 O·l}j 
Lnel .. .. 2·5 0·096 0·84 2·5 0·0'19 0·81 2·5 0·094 0·88 

" 
.. 2·0 0·130 0·83 J·O 0·096 0·83 J·O 0·12% 0·00 

O·Sio 
.. -

0•828 0·867 
0·'120 I 0·'120 0.120 

STAimiNG WAVE COI'DITIONS 

Observations were taken on three models of scales 1/9, 1/10 and lfll. 
Figure 9 C. 4 shows the details of the model1/9 scale with the pertinent hydraulic 
data. The results show a higher value of the coefficient for nearly aU range 
of gate openings, vide Table 9 C. 3. The figures in italics snow the values of 
coefficient in the original e_xperiments. This confirms the results of the experi
litents carried out last year. 

DROWlr.ED COKDITIO:NS 

Observations for drowned conditions were taken on all the three models • 
. The results obtained gave higher Coefficients than those obtained in the experi

ments of 1932-33, and confirm the results of the experiments performed in 
:1944 and 1945. The results are given in Table 9 C. 4. . 

Experiments on model of Cross Regulator ~r Wc-rah BrMnck R. D. 68,902 
(tlru s_pan model) 



C.BL 
Model of Fall Regulator over Nasrat Branch at R. D. 99,160 

Note·· Prototype DtmensiOns shown In Vermillion 

0 N:asr;at Branch 0 N:asrat Branch 
z z 
1i Description Upstre;am Downstream 7i Description Upstream Downstream 
I: ·;: .. Pro. Model Pro . Model " Pro. Model Pro. Model 
"' "' 
I. Oisch:arge in Cusea 1495 6·155 1495 6·155 9. Hydraulic Gradient I In 10,000 10,000 

" 1. Full Supply level 139·30 63-880 136-80 63·602 10. Reynolds No. 81·600 
" ]. Bed level 130·30 62-880 127 80 62·602 II. Width of Meter Flume 28-93 

" 4. Full Supply Depth tn Ft. 9·0 1·00 9·0 I·OO 12. length of Meter Flume 27·0 

s. Bed Wtdth in Feet ~·10·67 ' ! ! 3. C. l. of Meter Flume 62·702 53·0 53·0 1!>.·10·6.7 

6. 
(70·67) (70 67) 14. length of Glacis 64 Stde Slopes (I: I) (I: I) 

Mean Velocity in Ft./Sec 2-68 1'8933 
. 

7. 2-68 • r893] IS. Radius of Curvature 24 

8 Crest Level 13 I ·04 62·962 

• 

LONGITUDINAL SECTION 

Model of Cross Reculator over Warah Branch at R. D. 68,902 

! Warah Branch 0 Warah Branch z 
'i Particulars Upstream Downstream 1i Particulars Upstream Downstream ... ·;: 
~ Pro. Model Pro Model " Pro. Model Pro. Model VI 

I. Full Supply Discharge 1507·0 6·203 1507·0 6·203 8. Crest Level 173-25 62-754 
2. Full Supply Level 181·58 63-880 18 1·58 63-880 9. Reynolds No. 80·710 

3. Bed level 172-58 62-880 172-58 62·880 10. Width of Meter Flume 28·78 
4. Full Supply Depth In Ft. 9·0 1•0 9·0 ' 1·0 II. length of Meter Flume 27·0 

' ' . ' . I s. Bed Width in Feet 54•50 6-0·67 54·50 6-0·67 12. C. l. of Meter Flume 62·980 
6. Side Slopes (I: 1) (I: I) 13. length of Glacis " 6·0 
7. Mean Velocity in Ft. Sec.2·64 j0·879 2·64 10•879 Radius of Curvature 

, 
14. H·O 

Figures :- 9C.4 & 9C.5 Showing Basic Experiments in Connection with Determining 
(Top) (Bottom) . . . 

Coefflcrent of Dtscharge through Radial Gates Rea .. o. 316 HE IC) '49-1260(H.L 0.) 
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STANDING WAVE CONDITIONS 

. Figure 9 C. 5 shows the model of the regulator constructed to a s~le of 1/~r 
Observations were seen on all the three models to 1/9, 1/10 and 1/11 scales 
The value of the coefficient obtained was higher for the larger gat~ openings 
viile Table 9 C. 5. This confirms the results on the two span model in respect 
of higher gate openinga. 

. DROWNED CONDITION 
Observations were taken on the three above mentioned models, tJifk 

Table 9 C. 6. The ~alue of the coefficient is higher than the one obtained pre
viously in 1932-33 and confirms the results obtained during the last two years. 

CONCLUSIONS 
The experiments are in progress and one set remains to be compieted' 

before final conclu~ions are drawn in respect of coefficients to be adopted, the-
effect of scale, piers and spans. · 

( 4) MODEL EXPERIMENTS IN CONNECTION WITH SCOUR BELOW CROSS: 
• REGULATOR OVER SIND CANAL AT RUSTOM (&) 

INTRODUCTION 
The Rustom cross regulator is at mile 5/4 of Sind Canal. It is an opea 

type regulator, without a rai~ed crest and the regulation is done by needles .. 
It wa~ constructed in the year 1938. 

On the downstream side below the pitching a belly forms with the result: 
that the bank erodes and the groynes on both sides collapse, and have to be
repaired annually. The reverse flow is ~onsiderable on the left side but sli<rht 
on the right side. 

0 

In the year 1945 ceinerit concrete b1ocks were put in below the end of the
downstream pitching in the bed. 

.. . . OBJECT . . 
. Model.experiments were desired. to_be carried out ~it~ the object of stop

pmg the stde and bed scour and brmgmg about the siltmg up of the existing
scour hole. 

MODEL. . 
A geometrically similar model l/17th the full size was constructed with 

hydraulic data as per Table 9 C. 7. The regulator and the channel were repro
duced from details supplied by the Shikarpur Canals Division. 

TABLE 9 C. 7 ' 
Hydraulic data for Cross Regulator at Rustom model scale ratio 1/1'1 

~ Partil.'ulars 

I F.S. Discharge in cusecs 
2 F.s. Level 
3 Bed level •• 
4 F. S. Depth in feet .. 
5 Red width in feet • 
6 Hydraulic gradient •. 
7 Side Slor.es •• 
8 Crest level 

i 

I 
Rustom 

Designed 

Upstream Downstream 

Proto Model Proto Model -
I,907 .. 1,907 .. 

203·3 101.063 202.3 101.004 
192·1 100·404 191·1 100·345 
ll·2 0•659 11·2 0·659 

44 2·41 44 2·41 
( I 11\. 7,500) 

1/2: i 
I91·5 1 100·369 

Regula.tor _ 

-Wor.king .. 

U Jlstre.'lm Downstream 

Proto 

2,381 
203.8 
I89·9 
13·9 

62 
( 1 

?t.fodel 

2'0 
101.092 
100·275 

0·818 
3·65 . 

m 
1:1 

Proto Hodel 

2,381 2·0 
203.0 10l.Of5 
189·9 100·27& 
13·1 0·771 

62 3·65 
7,500) •• 

l') Irrigatiou Reeearrh Diorision, Sind,• Annual Report 1946, paa• 36 to 38, 
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EXPERIMENTS 

·t'he principal experiments have been described below. The velocity dh
trtibuions referred to in the experiments are bed velocity distributions and are 
shown in Table 9 C. 8. 

TABLE 9C. 8 

Statement showing velocity distribution below Cross Re9ulator over Ru~tcm 

Expt., I eft ~ight Velocity 
No. Partic•1lars 

1~'" _:_,__:___ 0 6'" 12'" 1~'" Mou:. Mean 

--·------
1 Ori~inaJ conditioDll u existin~ l·G5 3·06 3.20 3·10 2·27 2·-17 2·27 3·20 2·57 

at aite with Full Supply Dis-
charge-2·0 cusecs baffle at. 
0· 11• /12' at the end ofthe Pvcco 
pavement. DJstrib!ttbn taken ~t 
c1'oss section 2'i feet awa.1 from 

1 
dow1111tream end . 

.3 Same as Experiment 1 except 0 2·1G 3·05 2·56 2·06 1·92 2·G4 3·05 2·1i 

..t 
tha.l baffle placed at 1· 71/28'" • 

(' 1·65 2·CIS Same a'l experiment Nr. 1. excE-pt 
that an additional baffle 0'71'/1?' 

2·&4 1·05 2·118 2·93 2·93 S·OI 

high place:l at. the end of down-
stream end tl.e original ba:ffle .. wall also redurerl to 0· 71"/12'" • 

Same a'l in experiment 4 Exrept 0 2·24 2·64 3·39 3·61 2·97 2·31 3·61 2·4i 
the l:.ei.:l'ht of both haffies was 
l!ept 1"/7" instead of0·71"/J2• 
t'l\·o ba:ffle~. One at the end of 
}JUCCIJ pavement second at down-

.9 
stream end were provided. 

<:::~me as experiment 8 exrept line 
of observation shifted 32 feet 

0 2·10 2·56 2·10 2·68 2·51 ' 1·80 2·6~ 1·95 

a\'l!a,v from downstream or 7 feet 
from 1st crO'Is BE'ction. 

lO Sam~ as experiment 4 exc<>JJ•; t.l!e 0 1·57 2·27 1·31 2·31 1·73 2•31 1·70 
line of obsE>r>ation ha~ b-en 

1.1 
changed a<~ for experiment 9. 

1·73 2·Gi 2·31 1·54 !·31 2·15 1·92 2·64 2·09 Same as experiment 4 also groynE's 
were introduced to get regulllr 

J.4 
section. 

Same as Experiment 4 exeept 0·66 2·56 2·60 1·32 1•73 2·04 1·qs 2·50 1·84 
doWB atream Water Level was 
!'&i!\eJ to p,et a cut off of 5· 8' 

0'409' 
Water Level upstream 202·5 

196·7G 101·016 ; down atrea.m 100. 675 I 
:20 The existing deflector removed 1·85 1·32 0·66 0·66 0·66 O·G6 1·32 1·85 ! l·C2 

and the carta.in wall raised bv I 9 inches in a width of one foot 
six inchea to ac• ae deOector 
with cut-off of 5 · 5' and di•-
charge 290 cuseGs. i 

21 Same as experiment 20 with a cut- 1·56 1·32 0·66 0·66 1·56 1·85 1·85 1·85 jl·M 
f'ff 5· 5 feet and di~l'rarge 250 

Experime·nt No. 1 
The model was run with full supply discharge of 2381 cusecs, (prototype) 

.corresponding to a model discharge of two cusecs, under original conditions with 
the one foot high baffie provided at the end of the pucca pavement. The 
velocity distribution was taken 25 feet (prototype) below the end of the down
stream pitching. The maximum and minimum (prototype) bed velocitiea were 
3 ·2 feet per second and 2 ·57 feet per second respectively. 
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xperiment No. 3 
The baffie was raised to I· 31 feet and. the velocitieR obseryed. The 

maximum and mean velocities were 3 ·05 fe+.:-t per second and 2.28 feet per 
second respectively. 

Experiment No. 4. 
The model was then run ,with the baffie wall one foot high just at ~he 

downstream end of the ease waters in addition to the existing 1·31 feet high 
baffie wall at the end of pucca pavement, and the distribution taken, the maxi· 
mum and minimum velocities being 2 ·93 feet per second and 2 ·06 feet 
per Eecond respectively~ · 

Experiment No. 8 . 
Both ba:ffies were then raised to 17 inches height and the. distribution~ 

taken. The maximum and mean velocities were found to be 3· 6 feet per second 
and 2 ·45 feet per second respectively. 

Experiment No. 9 
'Vith the conditions as in experiment No. 8, the ve~ocity distribution was· 

taken 32 feet away (prototype) from the endofthepitching. The maximum and,.· 
mean velocities were 2 ·68 feet per second and11· 95 feet per second respectively. 

Experiment No. 10 .. 
Under conditions as per experiment No. 4, the velocity distribution was 

taken at the cross section as per experiment No.9. · The· maximum and mean 
velocities were 2 ·31 feet per second and 1·7 feet per second respectively. 

Experiment No. 11 
. Groynes were then introduced in the bellies and the model rnn as for ex

perime~t No.4. There was no. ~everse flow and the velocity distribution gave 
a maximum and mean veloCities of 2 ·64 feet per second and 2 ·09 feet pet 
second respectively. 

Experiment No.14 
·-

. From theoretical considerations it was seen that the regulator was safe ·for 
a maximum cut off of 5 ·5 feet only. 

The model was run with a cut .off of 5 ·8 feet (prototype) with a discharge 
of 250 cusecs as actu~lly obtained in the fie~d, the other conditions I>eing 
th" same as for e:xperrment No. 4. The maXIID.um and mean velocities were 
2 ·60 feet per second and 1·84 feet per second respectively. 

E:rperiment& No. 20 and 21 

In. these e~r!ments both the baffles were removed and the end curtain 
wall ra1 ed by rune mches to serve as a deflector, the groyneR being retained and 
the model run with a discharge of 290 cusecs and a cut off of 5 ·5 feet In this 
experiment the silted bed below the scour hole was also cleared. • 
Ml)lCBI 
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In experiment No. 21 a discharge of 250 cusecs was run with a cut off o! 
~ ·5 feet other conditions being as per experiment No. 20. The' yelocity diB
tnoutions for these are shown in Table 9 C. 8. Though the vefocities are low 
th" distribution is not good. ' ' 

It was suggested that the upstream approach channel be eased, and the 
downstream channel Fplayed 1 in 10 from the downstream and of the pitching 
t~ meet the normal channel, t~e junction points being rounded off, a· nine inches' 
de~ector at the end of the pavement be provided and groynes be provided in 
t~e ref!'ches ~ found necessary to bring c~~nne~ to proper sect~on. · · 

RECO~ATION 
As a result of the exJeriments the f~llo~i~g recommendations were made. 

Upstream side · · · · · · 

'Ibe chaDJJel upstr£ am to be eased and groynes provided, the spacing of 
~ Hoynes being three times the average length. The earth obtained from the 
~~ting 9n the rig)lt side to 'te ut:ed in filling the scour hole and in between the 
groynes on the downstream. 
D(fWnstream side 

'Ihe channel to be splayed from the exit to 1 in 10 to join the channel further 
dowru. trearri and the junction points rounded off as shown ; groynes to be 
spaced I i times the a vei:age lengt~. · ' 

A de.fiector at the end of the pavement to be provided. 

(5) MODEL F:XPFR:ME~"'TS IN CONNECTOIN WITH SILTING OF 
. SA.DttAN. n:~TI\lBl TARf EX. l1YDEBAB~ BRANCH{7j 

• ,,_ • t 1 • I • •• \, . , t • . , .., , • , , , • , 1 ·• 

I:S'l~OVllC'riOlf 

Eaidkhan distributary takes off from Hyderabad Brancl~ E~. Rohri Ca~l 
at :Mile 11. It has lHn giving silting trouble since long. A silt survey perfOr
JDed at th~ )lead of the dll. tributary in the abkaUini. of 1944 showed that it was 
cairying ~ large excess of harmful £ilt, 'V'l.de column 11 of Table 9 C. 9, whic~ 
appears t9 b~ tesporu ible in a great mearure for the silting tr~uble experienced. 
The hydrrulic g: adiEnt is aho dtficient being 1 in 8700 fOJ; a discharge of 86 
CULecB. The diEtril.ution of the f.ilt charge and grade across the channel along 
three verticals upE-tream of the head regula~or ~~er Sai~an distri~~t&rf 
~ ~ho.wn in Figure 9 C. 6. It will be seen th~ coars~ ~n-~. h~~vier silt charge 11 
in the lower I vf JS. '· 

!" J~'iatiol\ ~~~lll>iV,iaion, Sind. Annual B,eport 1946; pag«S 25 tQ 21. 
!, Flood se&IOD. · · • 

""~ .. .~..,-..-~ .... 



TABLEt C. 9 
Sluwi1.19 tne result8 of analysis of st1t data in connection with the silt surveys of Saidkhan Distributary194l 

.. 

Discharge Total Percent- Percent- Harm- Total Harm- Percent- Percent- Percent- Average Average Percent-in silt age of age of fulsilt silt load ful silt age of age of age of weighted weighted age of 
~- cusecs charge fine silt harmful charge in lbJ load in discharge harmful .Total mean mean harmful observed in GmsJ charge silt in Gmsf sec. lb/Sec. as com- silt load silt load diameter diameter bed silt 
"; Channel Litre i.e. upto charge Litre paising passing pared to as com- as com- of sus- of bed i.e. with 

! .. 0·075 i.e.above the X- the X- the dis- par«'d to pared to pended silt diameter mmdia- 0·075 Section Section charge the harm- silt load silt of ail~ meter mm dia- of item ful silt of item 1 above 
meter 1 in each load 0·075 

case ofitem 1 mm 

1 J 3 ' 5 6 7 8 ·9 10 11 12 13 14 us --
. 

l Upstream Hydera. 214·3 
))ad Branch 

2·782 98·62 1·38 0·0384 37·20 0•5134 100·00 100·00 100·00 0·0187 0·0438 12·70 

J. Downstream Hy<lera- 143·5 2·U3 98·85 1·15 0·0315 -24·57 0·2826 ,66.·99 55·04: 66·05 0·0193 0•0534. 21•05 ,.;had Branch 

3 8aidkhan .Distribu- 62·56 
.ta.ry 

3·036 97·02 2·98 ,0·0905 11·85 0·3531 29·20 88·77 31·85 0•0201 0·0572 24•15 

' li..-Minor .. 9•434 2·988 .99·09 0·.914 0·0271 1·" 0·0159 4·40 3·10 4·68 0•0172 0·0373 2·10 

I ... . . . . 
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On account of the silting trouble in the distributary, certain ~odi:fic,lticn~ 
to the head regulator were propo~ed with the idea of keeping u:ff morA 'Jft1e 
bad water and taking in more of the top water. The modifications corurci~ed 
removal of the up~:tream right &ide winding pitching of the hend rcguktor from 
where it is vertical to where it i:-; 1 : 1 ~lope, and ::,ubbtitutjon of 1 : 1 pitc,hm5 all 
through except where it is vertical, where a circular winding pitching for the 
.entry was provided. A cut water at the down~tream end of the upstream 
curtain wall of the Head Regulator waa abo provided. 

~igure 9 C. 6: Cross section of Hyderabad Branch at R. D. 53 upstream 
_of Saidkhan Distributary showing distribution of silt. 

- MOD:EL 

.-A geomttrically similar model tth the full size was constructed w:ith 
-~ydraulic data as given in Table 9 C. 10. Figure 9 C. 7 show a the upstream view 
-<>f the head regula~or ov-er Saidkhan Di~:>tributary under original conditions • 

. :. EXPERIMENTS - . . 
The model was run und(·r w~rking full mpply level conditions, the dia

.-eharge in the model being 1 ~96 cusecs. · In all13 experiments were performed 
A>efore final conclmions were dr_awn. The Ealient features of the principal 
.experiment~ are give~ beJow. _ 

Experiment !I o. 1 ·: · ., _ _ . 
In this ~xperiment the-model was I"!J.n without any upstream curtain wall. 

It was found that l;ed filaments upto l/4th the btd width were all entering the 
cfftake. · - -



Figure 9C. 7 : Showing upstream view of Head Regulator over Saidkha,, 
Distrib-utary under original conditions. 

Figure 9C. 8 : Showing upstream view of Head Regulator over S3idkhan 
Distributary after final modifications. 

738(a) 



TABLE 9 0.10 
Hydraulic Data Shut 

----------------------------------------------------------------------------
Hydera.ba.d Branch Upstream Hydera.bad Bra.noh Downs\ream 

Designed Working Designed 

Sa.idkhe.n Distributary 
Downstream 

Ma&ll Min~r Downs~ream 

-----·-----
1 Working Designed Working Designed I Wo~king 

Seri· Particulars l-------r------·1---·l----:------1 ______ ------- ------:---

N~.. Pro. Model Pro. I Model Pro. Model ~~ Model Pro. Model Pro. Model Pro. I Model Pro. Model 

---1----------------------·l-------l-----!-----i----l-----l------l ----1·----1---- ---1------
254·5 1·963 161·52 1·246 1f.6·0 1·203 92·46 0·713 86·0 0·063 13·78 ! 0·106 

• 

1 Full Supply Discharge 

2 Full Supply Level •• 

a Bed Level •• 

4. F. S. Depth in feet .• 

I Bed width in feet. 

I Side slopes •• 

'I :S:ydra.ulio gradient 
parts por thousand 

I Knn velocity in feet 
per second 

8 Crea\ Level 

10 Width of :Meter Flume 
.in inches 

11 Length of:Metet Flume 
in inches . 

11 C.L. of meter Flume 

11 Length of Glacis 
1 in o in inches 

I& Badiu1 of curvature 
. in inches 

267·76 2·065 

75·54 100·877 75·54: 100·877 

70·64 100•163 70·64: 100·177 

6·0 0·714: 4·9 0·700 

27•5 3·93 31 4:·43 

j:l 

0•107 0·091 

. . . . . 

12·50 0·0564 

75·44 100·863 75·10 100·814 75·44 100·863 75·44 100·863 75·44 100·863 75·44 IOO·Re3 
"~ 

71•24 100·263 70•50 100•157 72·24 100·406 72·24 100·4D6 73·84 

0·122 

.. 
70·94: 

100·220 

. . . . 

. . . . 

. . . . 

.. .. 

j: 1 

0•109 

0·&7 

100·223 

3·98 

11•78 

0·116 

0·4:57 

2·79 

72·17 

100·396 

.. . . 

3·2 

19·5 

i: 1 

0·116 

0·457 

2·64 

12·33 

10•07 

100·452 

2·76 

1·6 

8 

0·166 

100·.634:_174·14 

0·229 1·3 r r1:N. 
'1· 4 8 

i:l 

0•166 

100·664 

100·677 

8·186 

1•14 

IOO·G96 

1•14: 

1•93 
I 
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•zpmment No. 3 
Modifications as suggested by the Superintending Engineer Southern Sind 

Circle were introduced, except that a narrow upstream c·utain wall wa'! put in 
as against a wide curtain wall actually existing. By thece modifications the. 
bed filaments were practically cut off. 

•zperiment1 Nos. 4 and 5 
Conditions for these experiments were the 8ame as for Experiment No. 3 

except that the upstream curtain wall wa9 raiced by six inch6'1 e~ch time in two 
atages. The results were nearly the 8ame Min Experiment No.3 

M~erimenta Nos. 6 & 7 
The conditions for these experiments were the same as for Experimeni 

No.5, except in the matter of the length of cut water which was ext~nded by 
21 inches (prototype} in Experiment No.6 and~ horteiied by 21 inches (prototype) 
.n case of Experiment No.7. The latter gave better results than the former: 
1 
Experiment. No. 8 

The conditions were kept the same as in Experiment No. 1 except that a 
wide curtain wall as existing at site wa9 provided. It wa'! ob: crved that upto 
1/6 of the bed width the bed filaments were enterin.g the offtake. 

Experiment No. 10 
The conditions were the same as in Experiment No. 3, except that the 

curtain wall was wide and a short cut ~ater as in Exp''r:m(·nt No. 7, was 
provided. The effect of the cut water, it was observed, was to introduce a 
roller near the nose which drew the bed filaments into the offtake at times. 

Experiment No. 11 ~ 

The conditions were the same as in Experiment No.IO, except that there 
'Was no cut water provided. This showed an improvemen~ over Experiment 
No. 10 in that there was no suction effect due to ab~ence of the eut-water . 

.Experiment No. 12 . 
- The conditions were the same as i:rt ExperinieJ?.t No. 11, except that a narrow 
-curtain wall 1·5 feet wide (prototype) was provided. Its behaviour in re~pect 
(){bed filament3 was erratic, and on the whole not as good as the wide curtain 
-wall. 

Experiment No. 13 
In this experiment the conditioru were the f'ame as in E±periment No. 12 

.except th~t a shdrt cut water was introduced. This did not show any benefit 
from a short cut water. 

COllCLUSiONS 

. As a result of model experiments, the results, of Ex:Peririient No. I I Wtle 

foimd tope ~atisfacioty i.nd were recommended for ~doption. The modifica
tion8 :rec~mniended have been shown in Figures ~C.8 and 9C.9. 
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(6) 1\IODEL EXPERil\iENTS L~ CONNECTION WITH SILTING OF. 
DALORE AND PATJI DISTRIBUTARIES EX. JAMRAO CANAL (8). 

INTRODUCTION . . ' 
Dalore and Patoi distributaries take off from a common approach clianrtel • 

from Jamrao Canal at its 48th Mile. Both these channels silted very badly 
in their head reache~. The channels take off from~ c6mmoiiitpproach cli~nne1 
from a group of regulators. · 

To bring a bout better distribution of silt a~ d. preve~ entry of heary eilt 
from Jamr~o canal a divide wall iii front of these regulators and a rl:l.ised 
curtain wall at the entry of the approach channel were constructed in December 
1938. These modifications did not give any relief. 

Before model experiments were taken in hand in_19~6, the curtain wall of 
the approach channel had been raised from R. L. 71 ;2d to R. L. 72 ~88 as a 
silt excluding mea')ure. 

Prior to model experiments a ~ilt slirvey at the head of Da.lore a:hd Patoi 
Distributaries wa-s carried out in the abkalani of 1943. The silt stitvey showed 
that the ~ntry of th~ approach, channel appeareq to be iiefective in that, both~~~ . 
o:fftaking channels carried a disproportionate share of the heavier . ..i~t, th~:mgb 

(') Irdgation Research Divi110n Sind, Annual Report 1946, pages 33 to 35. 
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the total silt load carried was their fair share. The silt survey also showed that 
the nature of silt throughout the section in Jamrao canal was ma.iniy fine, 
showing the limitations under which any silt excluding device would have to 
work. 

MODEL 

A geometrically similar model 1/16th the full s:ze was constructed. The 
working cross sectjons of the parent, approach and offtaking channels are 
given in Figure 90.10. · Figure 90.11 shows the empty view of the approach 
chB.nnel at its entry ude.r original conditions. 

EXPERIMENT 

17 Experiments were performed, the principal ones of which are described 
below. The filament distribution for each of the experiments deacribed has 
been shown in Table 90.12 and Figure 90.12. , 

Ezperiment No. 1 

The model was run under original conditions, the top of the curtain wall 
being at R. L. 71 ·20 (prototype) and the filament distribution taken. The 
observations showed that filaments upto 1/4 depth were entering the approach 
channel. Back flow was also observed in the pocket formed by the projecting 
nose .. 

Ezperiment No. 2 

In this experiment, the conditions of working were the same as for Experi
ment No. 1, except that the top of the curtain wall was raised to R. L. 72 •88. 
as ex~sting at present. The observations showed for this case that 1/4 depth 
filaments were cut off: but the back flow. was f>till there. 

Ezperiment No. 4 

. In order to stop the back flow caused by the projecting nose, the nose 
was removed and entry taken straight. The silt deposit between the curtain . 
w:alls of the approach channel was also removed.· The filament distribution 
for this condition has been shown. The observations showed that the dis
tribution was more or less the same as for Experiment No. 2 and at the same 
time the flow was regular. 
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D£stributaries Ex-Jamrao Canal 

Figure 90.11 : Showing entry to approach cl~annel under 
~riginal condition~ 
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TABLB 90. 11 

ll'!J·drauZic ddafor Dalore aM Patoi Distribtdaries. Model scale ratio= I B.L. 65·21 on Prototype = 100·0 on Model 

Jamrao Canal Dalore Distributa-ry 

8lda1 
lJe. Particulars Designed I Working I Designed W or kin& Designed I Working 

Upstream Upstream Downstream Downstream \ 

_ _ 
1
-Pr-o-. -,-Modd 1-P-ro-. -, Model j Pro. j Model I Pro. Model. Pro. Model \_P_r_o ___ \_ -~-Io-d-el-

1 I-F-uU-S-up-p-ly_J)_i~-c-ha-t"cr-0P.-•. ·I--23-.-9-6-I-2-·-34-.0-51 24·96 2·43851 21·53 -2·1025,22·79 2·2255 = 0·1602.14,1,.0 \0·14065 

2 FullSupplyLevel .. 73·20 100·499 75·38 100·6361 70·30 100·318 71·00 100·362 74·96 100·60975·21 \100·625 
I 

Patoi Distributary 

Designed Working 

Pro_. _
1
_M_od_e_1_

1
_P_r_o._, M~-

79·0 0·07715 73·0 0·0713 

74·91 100·606 75j,l 100·625 

3 Bed Level .. 64·40 99·949 66·88 101H04 I 61·5 99·768 62·50: 99·831 71·26 100·37872·31 100·444 71·98 100·432 72·91 100·481 

' Fun Supply Depth 
in feet 

8·8 0·55o 8·5 0·531 8·8 0·550 8·5 0·531 3·71 0·231 2·9 0·181 2·93 0·183 2·3 0·144 

5 Bed width in feet. . . 

6 Side slopes .. • • I 

'1 Hydra11lic Gradient .. 

I Mea.n Velocity in feet 
per seconrl 

9 Cre11t Level 

10 Width of Meter Flume 
in inches 

11 Length of Meter Flume 
in inches 

12 Crest level of Meter 
Flume 

18 Length of Glacis 1 in 5 
in inches 

Radius of cutvature 
in inches 

93·5 5·845 

l :1 

1 in 13,706 

2·781 0·6953 

100 6·25 76 4·75 ~ 5·625 25·51 
I 

1•594 26•0 I 1·625 17·2· 1•075 20•0 1•25 

t: 1 1 : } 

1 in 20,000 , 1 in 11,377 

2·8171 0·7043 \ 3·~42. 0·7605 
63·78 

99·911 
24·14 

14·85 

99·823 
It· 

3·30 

10 

i i: 1 i-:1 ! : 1 

1 in 16,000 1 in ~,560 i 1 in 8,400 

2·84-4 0·7110 1·620 0·4050 1 ·809 0·4523 
69·16 

24·14 

15·42 

99·848 

1·02 

10 

100·247 
8·57 

fi·31 

100·432 

3·24 

3 

8·57 

4·89 

100·462 

1·08 

3 

-!:1 ! : 1 

1 in 6,860 1 in 6,800 

1·444 \0·3610 1·501 
69·86 

---
100·291 

.. 6·06 .. 

!Of 469 

2·76 

2 

0·3753 

3·90 

100·490 

0·84 

2 



TABLE 90. 12 
Statement iJtowittg Pila~nt Distributicxn betwun Approach Channel and Jamrao Canal 

......... - ···-----
Expt. 
No. Bed 

Particulan 

---
1 Original working conditions as per plan with top of curtain ·wall at R. L. 

71•20 i.e. tapping 4·18 depth of water . • .. .. .. 

~, 1 Original conditions as ew:ist.ing noW\ i.e.· with top of curtain wall at R. L. 
72·R8 so as to tap 2·5 depth of water 

4. Same as per Exp. 2 except that the entry to approach channel was carried 
stlaight and the epace in between two curtain wallll wae cleared of all silt 

5 Same lUI pel' Ex pt. 4 except that the. widtJh of curtain wall . at entry· was · 
increased from 20 to 6 · 25 and then allowed to meet 2nd curtain wall in 
a slope 

6 .SDme as per Exp. 5, except that the actual X -sections were replaced ' by 
designed &e!'tion upt.o Dalore anJ Patoi Head Regulators 

12 Smooth curved entry of R. 65 along centre line of approach channel was 
provided, other conditions rt'IIlaining samt as in Expt. 6 

11 Smooth curved entry of R. 65 along C.L. of approach channel curtain wall 
with top at :R.L. 72·88 aM 6·~6 wide the curtain wall was shifted out 
and the UJ&tream edge kept vertically above the left side bed edge of 
J amrac Canal 

16 Do. Do. Do. Except R. 78 along centre line 

lT · flame aa per Expt.l, except the winding pitching Upstream of entry was re· 
moved &Dd ourrt.&io. waU wit.h.its t.op at .R.L. 72 ·o provided u•hoW'Il in plate 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Percentage of Filaments entering Approach Channel 

I 
i 

Depth· 
! f Sur. Ave. Dis-

Depth Depth face rage charge 

1·28 9·10 ll·70 15·03 7·42 8·68 

0 '1·88 11·70 12·71 6·46 8·68 

0 ,. 8·49 ll·l2 12·71 6·46 8·68 

0 6·46 11·70 13·30 G·09 8<8 

0 7·88 12·29 13·30 6·69 8·68 

3·2 7·9 11·1 12·7 6·98 8·68 
! 

1·28 5·26 9·94 12·14 5·72 8·68-

1·92 5·26 9·94 12·14 5·85 8·68 

2·56 5•26' 8•77. 9·" 5•29 8·68· 

• 

Remarks 
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Experiment No. 5 . . . 
In this experiment the width of the curtain wall was Increased from 

two feet to 6 ·25 feet i.e. 25 times the depth of water over it at full supply leyel 
(working). The obEervations showed that the wide curtain wall was effective 
in bringing down the 1/2 depth filaments entering the approach channel from 
:percentage 8 ·49 to 5 ·46. The flow was regular. 
Experiment No. 6 . . . . 

The approach channel was at this stage cleared pf all silt b.~d designed 
section provided to see how it worked after clearance. The observations s~owed 
that the filament distribution was more or less the sam~ as in Experiments 
Nos .'3 to 5, but reverse flow was observed on left side in the approach channel 
hi a length of 150 feet (prototype) starting from the entry. 
Experiment No. 12 . 

In this experiment the model was riui after providing a curved entry to the 
approach channel of radius 65 feet (prototype), the other conditions remaining 
the same as in Experiment No. 6. The observations showed that 1/4 dept~ 
filaments were also entering the approach channel, and the reverse flew decrea.s• 
t'd considerably. 
Experiment No. 13 . · . . 

The curtain wall was then shifted out and the upstream edge kept verti
cally above the left side bed edge of the Jamrao Canal as shown in FigUre 
90.10. The observations Ehowed that the percentage of filaments 1/4th dept~ 
~nd 1/2 depth entering the approach channel were reduced from 3 ·2 an~ 7:9 
to 1·28 and 5 ·26, respectively. The nature of the flow was the same as m 
Experiment No. 12. 
Experiment No. 16 

Here again the curved entry was made easier, tbe radius of crirvatur~ 
lieing 78 feet along centre line, all other conditions remaining the same as in 
Experiment No. 1 ~. The filament distribution for this condition ·was practically 
the same. The flow for this case was also regular except for a little b~ck flow 
along the side slofe. 
Experiment No. 17 · 
. lt- was suggested that the original winding pitching on the 'upst!ea¢ a~ 

lne entry should be removed and the 1 : 1 pitchirig continued, meeting the 
left side pitc~ing with a small circular entry, the top of the curtail?- :WaJl b~in$ 
at t~e. workt~g bed level (R. L. 72) of the approach channel and the othe:t 
conditiOns bemg as for original conditions. This was tried, giving results ~hich 
were nearly the same as for Experiment No. 16 and it was tnore economical. · 

As the original conditions so far as bed filament exclusion were already 
good, it was felt that much further benefit could not be given by changin~ 
~ntrance conditions. 

In looking into the design of the channels it was seen that l>Oth the channels 
we~e functioning with 15 per ceut. defjcient _slopes and redesign was necessary 
to Improve the performance of the channel. · · 

· . CONCLUSIONS . 
..As a result of the model experiments, the following suggestionS were made,=~ 

1. Removal of the winding pitching upstream to be replaced by 1 : ~1 
sloped pitchinsto join the a.pproach cbaiinel iri a small r8.diui of 

'.:five feet, at top. ' . 
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2. The existing curtain wall to be widened to 6 · 25 feet with its top at 
R. L. 72 · 00 (prototype) and its junction with the sloped pitohin: 
to be made as shown in Figure 9C.12. Figure 9C.l3 shows the final 
modifications proposed. 

3. The channels to be redesigned for de:ffi.cient slopes on the modified 
Reid-Ijacey Formuloo. 

!. From a study of the existing widtbs of the ch[1nnel it was seen that 
there was res~riction at several placeR which appeared to be a 
contributory factor in silting, which were recommended to be 
rellioved. 

{7) r40DEL EXPEPJ:I.m!~TS IN CO:NNECT!CN \'VITH SILTING CF lAMRAO 
CANl'...L (9). 

INTRODUCTION 
Jamrao canal is an old canal taking {Iii from the Eastern Nara Canal at 

Mile 116. This canal was completed in 1889-1900 and was designed as & • 

perennial canaL It was remodelled to the Barrage duties and intensities, 
tbe designed discharge being 3,400 cusecs at the head as against 3,200 cusecs 
under pre-barrage conditions. In remodelling it a considerable amount of 
raising of full supply level was done to convert lift land under pre-barrage 
conditions into flow under Barrage conditions. 

It appears that in pre-barrage times between 1900-1920, there wu 
considerable rise in water level for the same discharge in J amrao, and the fall 
at mile 7 of Jamrao canal got obliterated. Between 1920-1932, Jamrao had 
attained some stability and the rise in gauge for the working full supply dis
charge was one foot in khar1j, which went down in rabi. There was no 
residual rise left in the head reach. · 

Mter the functioning of the Barrage, the rise in gauge came to notice 
butnottill1934, when the head bad risen by about 0·85 foot. The normal 
residual rate of rise of gauge under post-barrage conditions was of the order 
of 0·3 foot per year. 

There was excessive silting in 1940, and t:bis after special measures were 
~aken to reduce draw-off of bed silt during the year 1939, as a result of model 
experiments. The special measures comprised of the extension of the nose by 
about 400 feet at the bifurcation. Notwithstanding these measures the silting 
still continued. 
· In the model experiments carried out in 1939, it was seen that a new 
approach channel taking off much above the present approach channel showed 
promising results, but the proposal was not adopted as the then Superintending 
Engineer was of the opinion that it might result in silting of the lower offtakes. 

MODEL 
A distorted model with an exaggeration about 1·5 foot (actually 31/21) 

was constructed at the Hydrodynamic Research Station, Karachi, from a 
survey, plans and cross sections of the structures and channels involved. The 
total length of the model corresponded to one mile on the prototype, of ":hich 
2,000 feet was upstream of the bifurcation and 3,000 feet downstream. Figure 
9C.14. shows the general lay out of the model. The hydraulic data sheet for 

. the model is shown, in Table 9C.13. 

(9) lrriga.tion.Raearch Diviaion Sind, .AnLu&l Report, l,N6, pap 30 to 12. 
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TABLE 90.13 

Hydraulic data for Jamrao 06tnal E~. N«ra 

1J1 odel scale ratio{H_?: • 1~T 
Ver. 21 

R. L. 93·50 on proto type= 100·00 vttJ.llodel. 

~---------------------------------------------------------------------~---
Nara. Upstream 

~•rial Particular. 
Wo. 

I Designed! 
1 
_________ w __ or_k_in_g ____________ _ 

I Kh.J.rif 

Pro. Model 

-------------------------1 
1 J.Full Supply DU.ehar.~e 
I 

2 Full Supply Depth in f0et 

11,301) 3·786 

3 Full Supply Level 
"' "0 () ,Scoa 
<ll·:!i .... 
~<>! ... 

4 Bed level 1 "'a 
"0 0 e_.e..::: 
<t!A o..e a 
~ ,.., 0 CD 

~ Bed Width in ft~et Ill• ... § 
l=l.. ""' ·=;.a:.. 
..P~r:lo 
0 g .... 

' ~=~-...... 
6 Side Slope . ·j .... .. r:l 

~C). 

.~~ 0 
!~-., Hydra.ulio Gra.d.ieAt 

•• j A 

Rabi 

Pro. 1 Model I Pro. I Model 

10,000 ! 3. 352 17,000 2. 346 

110·5 100·810 l10·5 100·~10 

.. 

- I 
1 in 7,500 Na.ra 
1 in 8 600 J amrao 
Approach Channel 

Designed 

Pro. Model 

~1::-
1 

"' ~ ~-ass 
"' '1) ..... 

~·~""' 
I "'s 
-o~8 
f c..""., 
c:d s c a 
~ ..... C•,.... 
2"':$"" 
l=l..S..'"' 0 .... "t:: .a 

... e; Q . 
oli:o 
IC o 

""'..-e, oil '3 
."""' ...... 
~j~ 

Na.ra. Downstream Jamrao Canal 

Working Deaigned ----·-----------
KhJ.rif R<!bj 

Working 

Pro. I Model Pro .• )I\Iodol 
:------.:------1----

Pro. Model Pro. Model 

71· 00 2. 380 4.100 1· 37 4: 3,4,0(1 1·140 2,900 0·972 

7·7 0·37 6·0 0·29 

106·0 100·595 103·0 100·~2 109·2 100·748 109·2 100·648 

101·5 100·381 103·2 100·462 

138 4·45 160 5·16 

... 1: 1 Irreiula.r 

l 
1 in lS,GOO 1 ia 4,400 

-1 
~ 
-l 
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EXPERIMENTS 

ln all4l experiments were performed before final ~onclusions were drawn. 
'fbe principal ones have been described below and tabulated in Table 9C.14:. 
In all these experiments tbe dividing line for the bed load going into Jamrao 
approach channel to .Nara was d·Jtermined from a base line upstrear11 of the 
qifurcation, the bed width at which place was 114 inclws on th'3 model, by 
i:p.jectiQn or a coloured liquid slightly heavier than water which developed 
a stream of globules, the path along the bed, whic~ could be traced. 

I ·• 

~zperiment No. 1 

Under original conditions (the discharge on the model being 3 · 28 cusecs 
corresponding to 94 75 cusecs on proto) it was seen that the normal distribution 
of the bed load in proportion to the discharges drawn by J arurao and Eastern • 
Nara for the khanf discharge, should have been 33 inches on the base line, but 
the actual dividing lir..e was 60 ipches, indicating that an excessive bed load was 
qrawn by J amrao canal. 

~xperiments Nos. 2a to 5d 

An extended nose at the bifurcation of lengths, 233 feet, 295 feet, 200 feet 
and 186 feet (prototype) was tried in various positions under Harif conditions 
of discharge. The best rcsP.lt was given by Experimeni No. 2a with the 
extended nose of length 233 feet with tbfJ nose 171 feet from the left side 
berm from a selected c:r;css sectional base line. The dividing point was 
36 inches as agaip.st 60 inches obtained for original conditions, showing the 
iinm~nse improveiUent given by ~11e extended 11ose. 

~zperiments Nos. 6 and 7 

In these experiments the model was run under rabi conditions of discharge 
without a nose and with an e~tended nose as in Experiment No. 2a above. 
'fhe dividing p~int for. rabi discharge with. an exte~de.d n~se was 5~ inches on 
l)~p line as agamst 78 mches for a proportionate d1str1bution. '.fhis shows the 
~fticacy 'of the ext~nqeq ~ose under rabi conditions of working. 

'zperirnenttt Nos. 8 ana 9 

TlH'SC were same as Expe~ments Nos: 6 and 7 except tha~ the discharge 
"f'as boosteq by 25 per cent. in Nara, the dfscharge in Jamrao be~ng full supply 
discharge. ·The dividing point on base line was 27 inches as againSt the value of 
SO inches fo:f propo.rtionate distribution, showing the efficacy of th~ modifications 
'fnder ·boosted co,ilditio~~ of ~rki!lg. 
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TABLE 9C. 14 

E~penments in connet"lion 1.oith ~ilting (f Jamrao Canal 

Statement shrJwing bed Jilamerd distribution between Jamrao approach- Channel 
and Nara. 

Item 
No. 

• 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

}4, 

Expt. 
No. 

1 

6 

7 

Conditions of working 

Original conditions without extended nose and carrying 
full supJ I.v d s h rge both in Nara and Jamrao-Kharif 
Discharge. · · · ·· · 

Original conditions with extended nose 233 feet long and 171 
feet from a fixed point in left side J erm < dge. 

6ame a9 in Expt. No. 2a i.e. 233 fe~t long extended nose at 
171 feet from Jpft side l erm edge but run under rabi con· 
ditions of discharge. 

E ame as in Expt. No. 6 except the extended rose was totally 
removed. 

8 f arne as in Ex pt. No. 2a i.e. 233 feet long extendeq nose c~.t 171· 
feeL from l· ft. s·dP l erm ed6e but run with boos!ed discha
rge of (1625 + 6475) cusecs in Nara, ~he gauges were 
also maintained accordingly. 

9 

lib 

12b 

12c 

Same as in Expt. No. 8 < xcept the extended nose was to-
tally removed. . . 

Right. side 1 erm cut as J er S.E.D.C"s. instructions 156 feJt long 
extended nose kept at 213 feet from kft s.de lerm edge 
and rr odel run with boosted discharge. 

Right side berm cut as pyr S.E.D.C s. i~structions. 156 feet 
long extend< d nose kept J 97 fe'"lt from lt-ft side berm and 
:p:todel run with l hartj dis,charge. · 

Same as E :\pt. No. I~ b except extended nose kept at 205 feet 
from I ft side berm edge. 

15 Expt. 12c repeated i.e. 156 feet long extended nose at .l05 feet 
from l• ft side berm after putting in the . groynes. along 
left bank. · · ' · · 

17b 

Point 
from 

where 
it just 
enters 
Nara 

60 

36 

54 

78 

27 

57 

18 

33 

36 

33 

51 
. 

18tJ 

Expt. No. 12b tepeated with groynes put along left lank 
and model run with Rabi discharge. 

Model run with boosted discharge, right side berm cut and I 
- groynes prov~ded along le_ft ba:r;tk as per EJ:pt. ::hfo. 15~ 

156 fee~ long extended nose kep~ at 205 feet f~:om left 
B d,· berni edg~'". · ·. ' · ' · · · 

21 

186 

19 

20 

21 , I 

Do. · ··- Do. ~t 1~7 f~t from left side berm e~e. ~. 

156 feet long extended nose kept at ~01 feet from left side 
berm edge, right side berm cut as per S.E.D.C's instruc
tions and~ roynes put along left lank mod~ll'\lll ui:td.er 
l harj f conditions. 

Expt. No. 19 repeated with rabi conditions •• 
~ • f' - • • ' • , ,. 

Do. Do. Do. 
l. ..• 

1$ 

30 

Proiior4 
tionate 
dividirig 
point 

33 



150 THE CENTRAL BOARD 01!' IRRIGATION ANNUAL REPORT 1947 

Exp'!l'iments Nos. lOa to llb 

In these and subsequent experiments a change was made in the shape of 
the berm on the right side, giving a reverse curve roughly opposite the extend
ed n:lse as shown in Figure 9C.l5. The sbape of the right s:de berm before 
and after cutting is shown in Figures 90.16 and 9C.l7 respectively. 

The model under experiments lOa to llb was run with an extended nose of 
lengths 233 feet and 156 f· et (prototype) in various positions under boosted 
cond.itions of discharge. The bEst nsults among these expf'riments were given 
by the extended nose 156 feet long and at 213 feet from left side bHm edge. 
The dividing point for this was 18 inches on the base line, as against a value of 
30 inches for proportionate distribution. 

Experiments Nos. 12a to 12c 

. The model was. then switched on to knanf conditions of disrhnrge and 
extended nose 156 feet long was tried ~ut i:r various po:-:itions. The rc!'ulti'! for a11d 
all the positions of nose from 192 feet to 205 fef't .from lrft side herm edgr were 
satisfaatory, the dividing line being 33 inches to 36 i.1f'l1eS on t},e base line. 

E+periments Nos. 13 and 14 

In these experimentd Experiments 1 2a and 1 2c were rf'peatetl with thP- nose 
ext:mded to 200 feet and 233 feet lengtt> respertively, which gave no improve
ment, and showed that a length of 146 feet was sufficient. 

' 

8xperiment No. 15 

Tne extended nose of 156 feet length at a distance of 205 feet (prototype) 
fr.om left side berm edge was further repeated after intrcducing groynfs on tbe 
left side berm in a regular curve. The dividing point for this was 33 inches on 
the base hne . 

. E~periments Nos. 16a to 17b 

In these experiments the extended nose of 156 feet length was tri"d in VRri

ous positions under rabi. conditions of discharge, both wit}. ar.td witlt(•Ut groynes 
on the left bank. The presence of groynes gave improved distribution. The 
dividing point was 51 inches and 60 inches for with ~nd without gr(\ynes res
p~ctively, the value for proportionate distribution being 54 inches. 

Pzperiments Nos. 18a to 18b 

Th~se experiments were under boostf'd conditjons of disc·bar9'f>, the oth~r 
.ConditionS being as for Experiment No. 17 abcve. Tbe results ~ 1\re sa tisf&.Ctory 
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Figure 9C. I 5 :- Showing Proposed Modifications at the Site of Bifurcation 

[ Silting of Jamrao Cana} ] 
Ret. No. 315 HE' (CJ'49-1:Z60(H.L.O.) 



Figure 90.16: Showing the site at Mjurcation under 

original conditions. 

Figure 9C.l7 : Showing the site at bifurcation after J··nal 

modifications. 
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Thp dividing fo~nt varying fro.m, ~1 ~c~es t~ lq if1chea. ag~~P ~~ ~n~hes for 
propo~ionate ¥rl,bution. 

fi~perirpe'(tt$ N I!· l~ ~ 21 
From the previous exP.er~ments, it was oq~ep~d tbat an: e~e,nde~ ~~~e of 

length 156 !eet at 197 feet ~nd ~95 feet ~espec~Ively f?:qlllleft ~~~e 1>e~ ~~ve 
~be b~s~ re_sults a;nd ~ot ~pvremably dlff~rent fn>Il} each ptper. r:t;h~ !¥Jal 
positioD selected was With th~ nos~ at 291 fe~t (~~ap va;lpe~ f;orp.\eft ~!<!-e ~eJIIl 
from . considerations of alignmeJtt of ~he nose~ and ~~~r~~e:qt ~«_?~. ~~ 1v.as 
for tbe l'harij ~onditiQ.D.!J of dis~h~rge.. The ~xperjmen~ )v,a~ al~o te:p~ate4 ~or 
rabi conditions (~xperiment No. 20) and boosted c?nditwn~ (E~~~ent !Jo-
21) of disoharge and satisf~ctory re~~lts '\Ver~ ,obtit}!leq. The. HJ'14mg pomts 
for the kharif, rabi ap.d bopste~ co:p.~1tw~ of q.is.~}large )V~~~ ~0 Ipg~~~' 9.* tnc4ea 
~nd 21 i~c~es a,s agai~st 33 ~n~h~s, ~4 ~;nche~ ~nq ~0 lP'lh,~§ fp~ Pt<?B~rt~£ijf~e 
;,is~riq~~wn~ , . 

CO.BCLUSIONS _. ..... . . '. 

¥ a res•~!t of tbe ~~e:riments, the following modifications were suggested 
~ll~ .,.ere e~~c~te4 jp t.b~ D~cemb.~r ~losure of 1946. · · , ·· 

(1) ExteDded nose 156 feet long at 201 f~et from the left side b~:rm; tb.e 
position of which was defired by offsets of 324 feet and 332 feet from the 
survey poi~t~ ~ ~nd I, Tab~~ ~.C.14 cutting ~I? {tgh~ ~i4e l>e~m ~s P.ex T~ble 
~.14 gro~mg of left bank~~ per +~:t~J~ ~O~~i~ , ~JJ ~~~ fi~~ fD0.4~~f~<?na 
.suggested a!e visible ~~ Figu.re ~C. l7 ~ · . . · · . 

~~~S~I01f ~ ~ ~~~~~C~ pq~~1'1~~ 
M:a. D.' !BREQ introduced items (1) and (3) to (7). Referring t~ item (1) 

h~ saip t~~t th~s~ were b3sic ~xperiments to find out the effect of angle ol off· 
take" and discharge on silt entry. H~ ~fPlained that no actual self irijection 
!as done but tp~ ~.l~:rn~nt ~J~t!~~l!~i~~ .w~~ ?h.~~i~e~ py tn.e ~~ui~ iyjection 
met-~od. TPe angles of o~ta~e '!e!e y~r:~e.<:I fr~~ ~qo t~ lfQ0

' ¥-}1.~-~~~ ~c~ge 
in the offtake fr?~. t~~ p~:r ~e~~- ~~ P.~ p~t p~~~ P.f ~~~ v~rept <:~a:~el~ 'p~, 
t~e ~~ar un~er reJ?o~ e~erpl?.e~~s. m~~ ~9 P~! P,~Il.t~ <¥s.~~~~~~.}~P~!f~ ?.:~re 
~~ne a~d fu.rtper e~e.~u.y.~nt~ ~e!~ !~ ~:.;~~~~ Th~ ~~C?.~E:~.I<?~ .{~f ~2 ~· 
een~. ~IS9~r~e were t~at ~~o 9!f~a~~ g~y~ ~4e l!~r~~ ~~; ~~H~e~~ ~HY ~~~}D
~;e!lse. WI~n tn~ verpeJjlt~~~ ~~~~!1!~~-B! ~fi~~~~.t'pRp~,. ~~t !~ $\~;r:~~~ Ff~~r-
~00. . . ~ 

.. ' 
Regarding item (3) Basic experiments for determining coefficient for radial 

_g~tfS, h¢ said tbat tbe~e experiments were ·carried out to find the c.oe:ffioicnta 
to be adopted in tbe formulae for radial gates for both standing wave and drown
ed conditions as tJ:te preyiq~s co~~ievts d;eAy~g fr~r.n e:q>er~~~t~ done i~ 1930-
32 did not give correot discharges when checked with <'bserved discharges aa 
complained by Irrigation Division. There were' defects in the original experi
ments in the matter of technique and the fact that only one scale and one span 
:tnodd experiments 'Yere tried out. +h~ new experi:rnents sbow~d that the co
~fficients were ~igher than~ho~epreyi9uslyo,~~aineda:uq these ~ere tded o_ut to 
~hree scale.~ ~n(! one, ~'Y? SP.~~~, t~~~ spat;~i ~~qe~ ~f~e in :p~ogre~~ ~r:\ ~~4:7 
~~d e:q>erll;n~~t.~ ~av~ 1u,st peen ~~11?-plet~d.· , 

lislCRI . 
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Referring to item ( 4) Model Experiments in connection with scour below 
crest regulator over Sind Canal MR. D' AEREO said that this was a specific ex
periment for dealing with side and bed scour downstream of Rustom Regulator 
on Sind Canal. Ba:flles were tried in the :first instance. It was seen that the 

· 'regulator had been worked for greater rut off than it was safe. It was there
fore restrioted to 5·5 feet. On the suggestion of the Superintending Engineer~ 
Drainage and Research Cirole the recommendations made to the Executive 
EngiDeer Shikarpur Canals Division were that the upstream channel should be 
atraightened and the downstream channel will be splayed I in 10 with groynes, 

, provided in the bellies and a defiecter nine inches at the end ofth~ pavement. 

Continuing Mr. D' ABREO introduced item (5) Model experiments in con· 
nection with silting of Saidkhan distributary ex Hyderabad branch and said 

-ihat this was a specific experiment dealing with the silting of Saidkhan dis
tributary ex Hyderabad branch. The Superintending Engineer, S.S. Circle 
suggested certain modifications wnic.b were to be tried out on a model to see tne 
effect. These consisted ot removing the upstream winding pitching on the rigJ:.t 
aide of the parent channel, provision of a out water on the downstream end of 
the upstream curtain wall. These were tried out and found effective excep~ 
~nat tbe cut water was not found beneficial and was therefore omitted. 

\ 

Furtb 3r he said that item (6) Model experiments in connection wit}1 silting 
of Dalore and Patoi distributaries ex J~tn.rao Canal, was a specific experiment 
in whicb silting of Dalore and Patoi distributaries was dealt with. These tw·o 
channels take off from a common app-:-oacn channel. After various experiments 
tried as shown in the report the reoommendation made was that the upstream 
binding pit<lhing should be removed and 1 to I slope pitching provided and the 
width of curtain wall at Reduced Level of the working bed Jevel to be 2! times 
the depth of flow over it at full supply level. 

· As regards item (7) Mode] experiments in connection with silting of J amrao 
Canal he said that this was a specj:fic experiments for dealing with the silting of 
Jamrao Canal. Experiments had been done in I939 and certain measures sug
gested,· which though adopted the canal stilJ ~ersisted in silting. Further 
experinients were therefore done as a result of which an extended nose was pro
Yided at the bifurcation cutting done on right side to a curve such that pro
l)Orlion distribution would result, groynes were provided on the left side of the 
parent oanal. 

MR. CHATURVEDI introduced item (2) and briefly described the experi
ments carried out. 

MR. BLENCH asked Mr. Chaturvedi how the scour was affected. 

MR. CHATURVEDI replied that the scour was very severe. The blocks creat
ed the standing wave and reduoed the scour. 

MR. FRAMJI referred to item (I) and said that the experiments were carried 
out in I/12 scale geomatricalJy-similar model. Geomatrically-similar models 

· were not correct for this type of enquiry, as the whole problem depended on tbe 
curvature of fiow, and on the ratio of the discharge of parent channel. Tb~ 
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distribution of bed water and surface water drawn by o:fitak';3 could only be 
obtained with correct bed configuration of the parent cbannel. These could 
only be obtained in vertically-exaggerated models. It was also not clear whether 
there was silt in the bed, as there should be, or the model. was rigid. 

1 

Regarding items (5) and (6) he said that a geometrically-similar rigid model: 
had been used, whereas a vertically-exaggerated mobile model was required 
for simulating correct curvature of :flow. 

~fu. FRAMJI also enquired what was the modified Reid-Lacey formula. 

MR. D' ABREO said that the modified Reid-Lacey formula was given in Sii 
Claude Inglis' paper published in l 942-43. 

:M&. DILDAR HussAIN asked Mr. D' Abreo if he had tested scour on tbe 
model of radial gates. 

MR. D' AnREO replied tnat the radial gates model was rigid and there the 
sqour could not be tested. It was only t}le coeffiCient of discharge that was 
studied on this model. · 

CONSIDERATION BY THE BOARD 
• THE SECRETARY described the work done at the Research Committee Meet~ 
1ng. 

It was decided to keep the subject on the Agenda. 



~ 0 G-E~cl~ders ~n·d Ejec~o~s 
PREI.TMINARY NOTE 

~ ~ I I f' • 

~ subje~t .h~s ,hee~ ~. ~~e- agen~a since ~938, and papers have bee' 
•o~t!tb~~ ~escr1.hu~g t~e design and results of excluders and 'ejectors in the 
Pun~ab, dealm~ w1th v~10us ~spects of desi~n and giving experi:r;neJ;ltal ,rE:s_ults. 

At tbe 1945 meeting of the Board it was resolved that a Central Board of 
lrrigltion publication should be issued oii tb~ subject'sliininarising the position 
upto 194:5-46, a.nd that the Punjab Irrigation Research Institute be l~qv.~sted 
t~ ,draft fh.-e p,J;op?~ed p~b~c~ti?.~· " 

The Chief Engineer, Punjab l.rriga.tinn, issued instl'lJctions to the Director, 
lpiga_?9~ ~ll~he~rch Ptp!j~edQ ~o pr~Par.e a,dra,ft of the proposed publication. 'The 
draft JS st1 emg await • · · ' ' 

'fhe ~c;>ll_o,-ing jtems ~ere disc~sed ~t ~he 1946 ~ese~~h Co~tte• 
J.f~etipg:- . 

(1) Design of the Lower Sind Barrage : Experiments .to test th~ .design !er 
scour and sand exclusion from canals · · · · 

(2) Flume experiments on silt extraction 
F.3l (3) Excluding tr~sh -~nd silt from the feeder channel of the Renala Power 
House 

(4) Determining a suitable design of silt extractor on a model of the Upper 
Bari Doab canal 

(5) Exclusion of detritus from Upper Bari Doab canal 

(6) Model Experiments on exclusion of shingle and silt from the Westera 
Jumna Canal. 

Recent Literature 
(1) Sand traps designed for streams with heavy bed-loads, by H.J... 

Burt, Civil Engineering, August 1946, vol. 16, No.8, page 357. 
------

The year' • work 
The following items were presented for discussion at the 194:7 Researela 

Committee Meeting : -
(1) Model experiments for exclusion of silt from Damodar Canal 
(2) Analysis of observations on silt exclusion at the beadworks ofDamoda.t 

Canal at Rhondia 

(3) Silt exclusion works at Lloyd Barrage at Sukkur by T.R. Sethna. 
(4:) Design of Lower Sind Barrage at Kotri for effective sand exclusion from 

eana1s 
(5) Optimum sbape of the nose of Keti Island at Kotri for the Lower Sind 

Barrage 
(6) Model experiments on tbe exclusion of sand from a feeder channel tak~ 

iDg o:f£ from Pennar river 
(7) Sediment investigation-river Sutlej at Hussainiwala Headworks 
(8) Sediment investigation-river Jumna at Tajewala Headiw~rks 
(9) Sediment investigation~river Ban at Dhanna Weir. 

'1M 
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Figure toO~ i: Plild ot Uie Damo<iH tiver at Anaerson Weir~ut~by &otter 19U ii()o<tSeuoA, 
(1) River Research Institute, Bengal, Annual Reporl, 1946, pages 81 to 85. 
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within this portion. This being a rain-fed flashy river, the whole discharge dur
ing the winter season comes along this deep channel, and, if undersluices 
are fully open, flows through the undersluices. This channel along the left bank 
has, therefore, been maintained without any difficulty. The flow in the under
sluice portion is practically normal to the weir line. In the flood season the 
major portion of the discharge flows over the left 1,000 feet of the weir, which 
has, therefore, been specially protected by construction of friction blocks on the 
downstream floor. ~here is no shingle on the river bed here and the mean 
diameter of bed sand of this reach would be about 0·8 mm. It has also been 
experienced at the head regulator that unless the water level in the undersluice 
pocket is maintained above 164·80 feet (R. L.), the designed maximum dis
charge of,2,000 cusecs cannot be fed into the canal. The crest level of the weir 
being 164· 0 feet (R. L.) and there being no crest shutters it is evident, therefore, 
that a part of the river discharge must be allowed to flow over the weir crest in 
order to push the full supply discharge into the canal. It has been found that 
if the river discharge is below 6,000 cusecs, the canal cannot be fed with.its 
full supply and difficulty is experienced sometimes during the latter part of the 
irrigation season to feed the canal with· full supply for want of required discharge 
in the river. It has been mentioned before that almost all the silt enters 
the canal drops in the first five miles of the head reach. This is due to the fact 
that the canal in this reach runs through deep cutting and high spoil banks are 
on both sides. During rains these spoil banks slide down and obstruct the pass
age of water in the canal. This heads up supply and the head available at the 
head regulator is considerably reduced. 

There are some well known methods of dealing with this problem. They 
are:-

(1) silt exclusion at the head by silt excluder 

(2) silt exclusion by silt ejector and 

· ·· ·. (3) silt exclusion by judicious gate manipulation. 

Method (2) is not suitable for this canal as during the flood season there is prac
tically no stretch of the river where this can be done. Method (1) is expensive 
and will be taken up as the last resort. Method (3) was, there· 
fore, tried in the model. A similar series of experiments were designed for 
the prototype also but due to paucity of data no final conclusion could be ob
tained. 

The problem as tackled in the model is described here. 

AVAILABLE DATA 

The river bed a~d banks upto high flood level were surveyed from eight 
miles above to two miles below the Anderson Weir at Rhondia after the flood 
season of 1944. This survey was repeated also after the flood season of 1945, 
but this time cross-sections were not continued beyond the two banks. The 
eross-sections of a small channel called Bodai N alAJ which takes off the right bank 



Figure lOC. 2: Earnular R:ver lrlcdcl-Shott·?·ng the u:dr, umlerduice, etc., 
looking upstrea'?'/,. 
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of the Damodar at Rangamati, about 3! miles above the weir andjoinsthepre• 
sent river again at the upstream nose of the right guide bank at the weir;. 
were also left out in this survey. The model was, therefore, prepared on the· 
survey done after 1944 flood season. · 

Gauge readings observed during the flood seasons of 1945 and 1946 at 
t'1e following gauge sites were available for reference. They are as follows:-: 

(I) Right and left banks, upstream and downstream of the weir at the· 
head works 

(2) Saldanga on the left bank of the river, one mile above the weir 

(3) B~ratpur on the left hank of the river about three miles above the 
weir 

(4) Ra~gamati on the right hank of the river about 3! miles above the 
weir. 

It was alf;o pointed out that the Bodai Nala mentioned above, had made • 
a big embayment behind the upstream end of the right guide bank of the weir, 
and was attacking its nose heavily. Emerging from this nose it has made 
not !ler encroachment into the river forming a big char in front of the right 
guide bank. This char is about 600 feet wide and extends f~om this upstrea~ 
nose up to the weir crest. This attack on the upstream nose of the right guid~ 
bank and the char formation in its front have become another problem to be: 
tackled immediately. This is increasing the concentration of the river flow 
on the left portion of the weir. It was also intended to study this problem in thia 
model, but the latest data have not yet been received. 

It will be proper here to mention that the head regulator gates are fully~ 
closed to stop the entry of river water into the canal when the water levet 
in the pond goes above 170.0 feet (R. L.). The river discharge,at this stage 
is about 200,000 cusecs and the river water is highly charged with silt. The 
divide-wall extends up to 153 feet above the weir line and its top level is 169·0 
feet (R. L.), so that when the water level goes above 169·0 feet (R. L.) the river. 
spills over the divide-wall. · · 

THE MODEL AND THE EXPERIMENTS 

The portion of the river from 7! miles above to two miles below the Ander-t 
son.Weir at Rhondia was incorporated in the model, Figure 10 C. 2~ ·The·' mode 
was laid according to the data of the survey made after 1944 flood season~\ 
The banks were contoured up to high flood level as s~veyed. Horizonta:, 
and vertical scale ratios were chosen to be 1/200 and 1/80, respectively, and 
sand having a mean diameter of 0 · 33 mm. was used in the river bed. The 
model of the weir, undersluice and head regulators was constructed in the 
same scale as above and put in proper position in the, ino~el.. 1 

· • 
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Expetiments were started.from Jitne 1946 when water-supply, to the 
models was avail~ble from the Dafnbdar Canal a~ Galsi after a period of closure 
for the annua1silt clearance in the canal bed; The cariai water w-as turbid with 
.fine suspended silt which was found to settle on the model river bed after & 

day'iJ ri1h and jirevent further silt nibveinent orl the bed. Moreover due to tur
bidity ofwil.ter bed movement coUld not be seen from above. It s~~n; however7 

became clear that very little bed movement occurred in the model within one 
mil~ above the weir ... un.le~s the disch!-1-rge passed in the model was, more than 
t:hat equivalent to 200,000 cusecs in the prototype, a stage at which the head
regulator gates in the prototype are completely closed to prevent excessive silt
entryJ into the canal. The. prospect of studying bed-movement and silt entry 
into the canal iri this model ior discharges below 200,000 crisecs was not 
enco~aging, tP.<;mgh it was decided ttJ try a.lighte:t: bed material for. the purpose. 
Small coloured balls made of wax and chalk powder mixed i:ri. such proportiolll 
as to make the balls just heavier than water, were prepared and dropped on the • 
Djl~eJ river bed at differen~ point~ to see how _they; ~ove along the bed and whe
ther they enter the canal through the head-regulator opening. it was found 
that in such a small model of a flashy river, small balls of even one mm. dia
meter would not enter .the c~nal through t~e head-regulator opening when the 
proper discharge ;was alloweq into the canal. It was anticipated that i,t .may be 
necessary to study the problem in a bigger ,model wher~ there would be sand 
m~~ement ~:ven at a lower stage. it was, therefore, decided to study the flo~ 
pattern in. the reaGh withln one :p1ile above th~ weir, in this model and simulate 
t~E}se co,riditions in a bigger model (a part-model, if necessary) made for studjring 
ihe problem of bed-movement and silt-entry into the canal. 

F'oui addititniai gauges were fixed at distances j, 34 6f and b{ 
feet from the left bank at the cross-section l irli1e above the weir 1ine and read_. 
ings were observed a.t these gauges for different stages of flow. These readings 
wowd eriabie only. this i iriile reach to be incorporated iri a bigger part model 
:bid flow patterl} sii:riuiated properly. CUrren~ d:i:feciiori~ :Were ob~erved within 
thiS! mile reach by dropping s:iruill p'aper fioats above this cross-section at dis7 ' .. - :t j i 1 "'1 t '•l ~ 1 1 b i i 1 ~. ·t. l . ' . i· .• }'~ 
tanc~s,. o' ~'' _ 2"5', ?o' 40 , _ 5~, v5 , 7 0 , o:r; . ana_ 9-p ; 1e~11,_ ro~ __ t~e ... e.1t 
b~~. ~_<?_ting . ~he. p~mt~ a_t _ w~c_h ~her_ ~ro~s . the . w~u line .. __ T~es~ ; ~~~~~t 
lliies were then drawn in plan for difl"erent stages o£.flow. Current. directiOn~ 
were observed and drawn in the following cases [see FigureJ lOC-3, IOC-4, 100-5. 
and IOC-6] :-\ 

- . . -
(1) With discharge8 0:35 cusec m the model (equivalent to 50,000 

euaecs in the prbto'type) and undersluice gate opening equal to 0 inch, 1 inc~ 
i inch. ! inch and l . 0 incli, respectively. 

'" 't , • '- ' , • ;. •• '• ' ' ·. • ' ., r- • " ""' - . 

. • (2) W:it~ discharge 0·70 .clJsecs in the model (equivalent ~o 100,000 CU!eps 
in ~he prototype) a.n9 u,ndersluice gate opeiing equal to 0 inch, 1 inch, ! incli, 
f inch, 1·0 iach and 11 inch, repsedively. 
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(3) "Tith ruscharge i .()5 ~u.~~c~ ~-th~ ~?~~t (~qm!~ie~~ ~~ i5~~o~o ~':' 
in the prototype l aii<l u.naer sluice gat~ ?P_enmg equal to. o mch, l mch; t mcli,· •. 
finch, 1•0 inch and I! inches, respectively. . . 

(4) With Jischarge i·4.o cusecs _m_i~~ _m~del ,(~o~~spo~~g ~o ~co!~o 
ctisec8 in {he prototype) arid tiiide!~lll!~~- g~~~ OP.ening equai to b irlch, 1 incli, 
l inch, t mch, 1·0 inch, ll incheP, respectively. I . 

At the beginning of November 1946 the canal ~atet bemljlle bfeat ~tia tvheii 
t~s wat~r was p~ssed ove_f the tno~_ell it ~as possible ~~_see ~le~~Iy ly~~~h~ 'be~~ 
mo~ement occ11tred br not~ It was fotirid that bed f,rlt di"d not move tn the· 
reach within one mile above the left undersluice when the river diScnafge wd.s· 
equivalent to JOO,OOO cusecs in the prototype. Practica~y. no ~~t '!~s- found 
to eilter mto the canal through t:he head-re6ufator. A nner sand. of mean aia.
meter 0. 23 iirin. was dropped at the i iiiile cross-section upstream of tlie iiiider-. 
iliiice in the maiD. river chaimel hut everi: this sarid was riot found t~, ~ove aloii~ 
the bed when a steaay diSQharge ot 0·7 clf8ecs (eqUivalent tQ 100,000 clis~cs 

::e~: :~:~~ c:tj~ti\i!t~::m~~i1an±:~:J~l:J.~~~ ~tt~ 
43 ~o~s ili the pro~~trl>? ~~~~ne~ ~-asse~ -~ve~-~.he_ inbaM~~B. .. a. _t~~~~§'c~l~e 
rabd of i/22 {whole eycle talfiiig about thfee hours :iB. the mOdel) agaftt hn<I 
again for four times, but this also cdri.ld not proaiice ariy saiid mo~eiiie£.t; 8aha 
entering the canal during this period being practically negligibl~. 

N~it idea was to see ih this inodel at wliat '"tage or' s!ead"' discharge &And 
(mean diameter o · 33 irim.1 Eegiris to move iii tlie tea of the modeL Wlie'h a dis
charge eqttifalent td 250,000 cusecs in tile prototype was pltssed ovet the trloaei, 
th~ bed mt>veineni withltt ihig reaclt -&ras fohhd tti start With discharge eqtti.; 
valent td 300,000 tusecs itt the prbtt>typ~ ~pprebiab1e be<l movement lfai 
observed withlrl this teacli~ The surfAce velocity b'bse:t-9'ed at this stage 1Vitliitt 
this reach was 1· 25 feet per sectirid. ' . 

. . Tra~iive iorc_eJo~ i~.~~~- tw~, s~~ges of flo* Wittin this reach oi this modei 
was ca1cula ted an Is g~ven below :- , . , 

Tractive force=Depth of waterxSurface slopexWeight ofon~ eutiic ! 

foot of water. · 
' . 

For discharge equivAlent td 250,fOO cU:secs Tractiv-e force=o:cc72 · 1b 

For discharge equivalent to 3oo,bbd cusec's Ttactiie force=O·C098 1'8 . 
, .. jt ,seemed_, therefore; t:ii~i. unie~s the v-~iue of ~he tractive force went abOje 

6·~07 lb .. b,ed movement within thi~ rea~h wqul.~ not s~art.in this mode\ ~or 
t.his particular type. of saqd. (:p1e3:n d~am~ter ·.0·33 mnt.). It was" therefore, 
decided to distort the model further by changing the verpi~al , sc~le. ratio f-4 
1 : 50 .. With .. verti~~I scale ratio 1 : 50, and assuming similat tlow 
irl ilie chang~.d ~moaet alsd (that)s, kurface siop~ and Heptt of W,athr in the 
Bibde1 proportioriate1y increased), tlle trdctH·e fofce works out a~ follows :·-

,._ ·-

For discharge equivalent to 100,000 dtfecs, Tractive force=0·007 Ib· 
For discharge equi'Val~nt to 200,00o cusecs; Tractive force=O·OJ.Ib• 
For difchatge ~qhl~s1en! to ~oo,bbo ciis~M, Trrttivii f8ice>=:.;o·tJ2h1o:~ 



760 TEE CENTBAL BOARD OF IRRIGATION .ANNUAL BEFORT 194:7 

It was expected, therefore, that with the vertical scale ratio changed io 
1·: 50, bed movement within this reach would start with a discharge even lower 
than 100,000 cusecs in the prototype. 

The model was reconstructed with horizontal and vertical scale ratios 
1/200 and 1/50, respectively. The models of the weir, undersluice and head 
regulator, etc. were prepared in the same scale and inserted properly. The 
whole work took about a month and the reconstructed model was ready for 
run on December 21, 1946. ·The water-supply from the Damodar Canal was 
again stopped on December 24, 1946 and was resumed on January 22, 1947. 
It has not yet been possible to do much work on the changed model and the work 
is in progress. 

It has been found in this model that movement within this reach starts 
at discharges corresponding to 50,000 cusecs in the prototype and tle tractive 
force for this stage of :flow within this reach works out to 0·0076 lb. This has 
been calculated from the gauge readings observed in the model. It is known 
from observations on the river at Rhondia that sand movement on the bed starts 
for discharges between 30 to 50,000 cusecs (see Table 10C.1). 

Work on this model is now in progress and it is hoped that some indication 
will be available from the results, as to the best means of reducing silt entry 
into the Damodar Canal at Rhondia Headworks. 

(2) ANALYSIS OF OESERVA~IONS CN SllT EXCltSICN AT ~BEHEAD ... 
WORKS OF DAMODAR CANAL AT RHONDJA(2) 

There had been a report of excessive silting in the head reaches of the 
Damodar Canal. This canal takes off the Damodar river at Rhondia upstream 
of the Anderson 'Veir. Figure lOC.l shows the river, the weir, the undersluice 
and the canal. There are three gates of the undersluice each 60 feet wide and 
five gates of the canal regulator. The gates of the undersluice close from 
above and sit on the floor of the pocket while the gates of the canal regulator 
rise from the sill-there being a breast wall at a height of 4·5 feet above the 
sill. At present the practice is to operate both the canal and undersluice gate 
uniformly. -

These experiments were designed to study the effect of varying the open
ings of different undersluice and head regulator gates on the suspended silt in 
the canal. Observations of silt contents in the river and in the canal were taken 
along with discharge in the canal, first with uniform gate openings and then by 
varying the openings. The silt intensity in the river water was observed just . 
upstream of the weir and the observation in the canal was taken near about the 
first mile from the headworks. A consolidated statement of the silt data is 

given in Table lOC.l. 

In these observations the gates were (1) uniformly openedandsiltsamples 
collected in the pocket and the canal, (2) the undersluice gate openings were 
increased from the left to the right hand bays and the canal regulator gates 
were raised more and more from the upstream end. 

(~) Biver Research Institute Bengal, Annual Report,l946 pages 85 and 86 •. 
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TABLE IOC.l 
Statement of suspended silt content and discharge in the Damodar River 

and Damodar Canal 

Canal Silt 
Canal silt River silt E~pected River Silt 
contents contents river S& 

n.te Rivet' f'ana.l Upstream ga.tG in grams in grams silt in o· 
1946 discharge disct.arge opening per litre per litre v.ram~J per -=-s· litre . " B 

. 
Aegust 

53,587 1,709 Uniform 0•7475 0·4275 0·3056 2·46 19 . . .. 
20 . . 35,382 1,6~6 Do. .. 0•4:680 0·2630 0·1732 2·64 

' 
.21 . . 27,743 1,896 Do. .. 0·3855 0·1130 0·1239 3·11 

22 .. !1,706 1,890 Do. .. 0·2210 0·0965 0·0885 2•50 

23 . . 23,652 1,917 Do. .. 0·2110 0·1455 0·0994 2•12 

26 . . 40,746 1,800 Do. .. 0·3660 0·3775 0·2095 1·75 

27 .. 26,184 1,802 Do. .. 0·1920 0·1210 0·1144: 1·i8 

28 .. 18,835 1,800 Do. .. 0·1505 0•4:200 0·0734 2·05 
·! 

2! .. 57,368 1,800 Do. .. 0·5715 0·4245 0·2885 1·98 

30 .. 76,903 1,803 'Do. .. . 0·7070 0·7290 0·5009 1·U. 
' 

31 . . 63,176 1,807 Do. .. 0·5240 0·4025 0·3918 1•34, 
September 

I . . 141,119 1,501 Do. ' .. 0·8795 1·2480 . 1·1503 0·76 
2 . . 149,963 1,808 Do. .. 0·5140 0·4310 1·2486 0•41 
3 . . 92,663 1,811 Do. .. 0·4695 0·4340 0·6466 0·'72 
4 . . 63,547 1,503 Do. • .. 0·3085 0·2735 0·3858 0·79 
5 .. 46,997 1,504 Do. . . 0·2725 0·1545 0·2554 1·06 
6 . . 40,670 1,551 Do. .. 0·2425 0·1220 0·2096 1•15 
7 .. 54,934 1,505 Do. .. 0·4260 0·1935 0·3lfl2 1•34: 
9 .. 40,661 1,699 Dilfere,...t .. 0·3380 0·1585 0·2101 1•60 
10 .. 26,744 1,692 Do. . . 0·3125 0·1135 0·1182 2•64 
11 .. 21,312 1,712 Do. .. 0·2200 0·1125 0·0866 2•54: 
12 .. 21,724 1,712 Do. .. 0·2855 0·1010 0·0873 3·91 
13 .. 31,288 1,699 Do. .. 0·3835 0·2080 0·1467 2·61 
14 .. 34:,321 1,704 Do. .. 0·4980 0·2525 0·0943 5•28 
16 .. 18,M6 1,700 Do. . . 0·2640 0·0875 o·0706 3•74, 
17 .. 105,675 393 Uniform . . 0·6435 0·8040 0·7736 ., 0•83 
21 .. 57,339 499 Do. .. 0•4280 0·1560 0·3352 1•28 
23 .. 29,804 1,504 Different .. 0·3450 0.0765 0·1370 2·52 
24 .. 23,819 1,505 Do. . . 0·2850 0·0685 0·1009 2·S2 
26 .. 17,450 1,505 TTniform . . 0•1105 0·0290 0·0706 1·57 
27 .. 13,549 1,497 Do. .. 0·0740 0·0220 0·0470 1·57 
28 .. 11,809 1,517 Do. .. 0·0835 0·0155 0·0385 2•11 
30 .. 8,510 1,461 Do. .. 0·0510 0·0590 0·0247 2·06 

Oetober 
1 .. '7,045 1,461 Do. .. 0·0815 0·0240 0·0191 4•27 
7 .. 13,571 1,519 Do, .. 0·1195 0·0380 0·0467 2·561 

s .. 22,251 1,856 Different .. 0·2200 0·0915 0·0019 2·39 
9 .. 15,796 1,856 Uniform . . 0·1085 0·0255 0·0575 1•89 10 .. 11,811 1,519 Do. . . 0·0835 0·0320 0·03R6 2·16 12 •• 29,604 1,856 Different. .. 0·4655 0·2555 0·1361 3·42 u .. 15,796 1,856 Uniform .. 0·0965 0·0325 0·0575 1•68 15 .. 11,811 1,519 Do. . . 0·0635 0·0190 0·0386 1•65 16 .. 8,500 1,457 Do. . . 0·0600 . 0·1700 0·0246 2·44 17 .. 6,939 1,417 Do. . . 0·0540 0·0105 0·01~7 2·89 18 .. 6,939 1,417 Do. .. 0·0475 ' 0·0050 0·0187 2·54 19 .. 11,800 1,519 Do. .. 0·0940 0·0335 0·0386 2·46 21 .. 111,134 1,785 Different ·•. 0·9985 0·7395 0·8285 1•21 22 .. 62,189 1,809 Do. . . o·5870 0·3350 0·3746 1·57 23 .. 39,555 1,997 Do. .. 0•3945 0·1340 0·2018 .1•95. 
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It is seen from the Table 1ttc~ 1 that t11e river silt content is almost 
inWtiabl:t les~ tllatt the cmtal silt content which iS contrar:t to expectation. 
This is most probably due tb defective wa.ter Sa-mpling in the river in as much as. 
the smnpling had to be done at a point where the flow if\ obstructed and ~on· 
~equ~n~lY. ~~~- ~-?~r~~~,.s?-~pe~d~~ particles drop down.. It wa.s not possible. to
!e~ ftiore representatr~,.e ~~p1es ft?m .any other place ~ lh~ nver: Ass~g 
that the ertbr in. th~ rt~er silt content IS a constant tnultiplymg factor the ratio 
ofthe canal silt !o river si1t ta~ been siibjeCted H! inaly8i~ for hnifoml ind 
vaiying gate opehings. · 

The obs,ervations ve~e t~ ken irhen the canai discharges were roughiy of tb• 
same order,_but as would "be found from tlie Table 1dC.1 U:ie river· dischargft 
varied Withih a Wide :binge for different obsefVa.tioiis. .AS th~ river discharge 
directly a:frects the suspended silt content, the Mfect ot these varying J:iver 
discharges has been taken into accoupt by m.akmg the river sil~ content to be a 
function of .the .:t:iver discharge. The two factors have heeh corretated 
Iogarithinically. The correlation coefficient iS S5 per cent~ ~hd the logaritlimic u 

iegressidri tilie is.:..:: 
. . . " 

SiR= 1·o4x1o-7 xQ~1·38 

where SiR is the silt content and (J~ the diSc!iatge m cusecs m tlie' liver. The 
eipected river silt content has been worked o'ut from this f'oiinula and iii the 
si:ibsequ~rit arihlysH instead of takibg the actnal riv-er silt content the expected 
va.ltle of the river silt content ha~ been used. 

Th~ ta.tid bet-«reerl tlie observed canal silt cbntent and the etpeded Hfer 
siii.as given oy the abbve to:Hiiula. h:ts been smelled. Of eo~, the constan\ 
rliitltiplymg factor teirrliins 41- this ratio also but this factor, being.il. con8tant 
quantity,_has been oiiritied iii. tlie followifig ~natjsis -Mthbnt -affecting th& 
r~~Its. , '.r~e yalu~.~ .. o! tlii~ ~~~io (c?,_n~I ~~Yr!~~r .. ~ilt > h~v:e ~-~~n diVi~ed into 
~o samp!~s,.~~cor¥g ~s t~? _g~te-?Rerungs we~e ~o~ o~ ;a~mg. ~tIs ~un~ 
t)iai on an a.verag~ the ratlb ts ,higher for va.rymg gate-openirtgs ~han fot wu-
forfh operi:hi~s. The nteahs of the ratio in tlie two samples are (the ~ 1 ref
ers to Uhitcirili openihgs a:ricl tHe ~uffix 2 refers to different openings): 

Xf-1· 91 ana Xz=2; 69. 

The sigl)ifiearlce of the difThrerice between them has beeit tested l>y Fliit.er's 
c:.\e81;. Tile va.Iue of i is . . 

t = t~~ -:·-J~'i.~+__L =2·S7t 
v<ni..:.::.l)sl1+(n,-l)&z* 'h "• 

tl1fn~2 _ . · 
aiiJ the humber ot d~gree~ of freedom iS " . : nx-fJii-2 ~ !5; 

Th~ probabiJity of thiS vaiue of. t being exbeeded irl a .random sampling 
a less than one per cent~ - The difference m thefe!dre hig"hl:f sighificant~ 

. The ~bove leads to tlie teliel that itiB~eaa of more silt beihg e~Clded 
~r ~he t~!Jirig *g~~i>eriirlgs. ~ore .silt ~:uapr ~~rs ~h.~. ~~a.l_throu~ t~ 
heaaworks by this operation and probably thiS method a not SUitable for ailt 
eicltwiOJl. . . 
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An interesting feature to be noted ~ that. the ratio wo~k~d pu~ .'l>~Ttt 
(Sio jSiB) is a decreasing function o~ t~~ river discharge, that _18, the ratio ~ec· 
.reasea as the discharge increases. ¥I~~ 1~9· 7 shows the ratio plotted agamBt 
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0 0 0 0 0 0 0 0 0 0 0 -'! 0 o'. o- cS. g C) .. _ 0:. 0- 0 o· d' o' o' 

~ Ct - C"t ,... -~ ~ .... 
--

,. 0 - ,... - ..,. 
-~ - - - - -~-~ 1lfd!a!~ ~ ~-it ..... , I ... ·' · • • 

~ .. - -

~e tiv~:r; ~cl?:a,rge. ~~ l>o.~t~ ma,r~4 ~y pr~.~ J:e~e~ ~ ya~g ~~-~~~~~ · 
and ~hose mar~ed b>:" ~rr~le~ lefe~ ~?- ~?~m O.f~D;lll~· . Th~ ~~g~!I~~Jj\jo c:o~
ftlation coeffiCient 18 negative and of the order of 66 per cent. an<l tlle 
lo~arithmic regression line "iS givei:illy · --

Sio 
--124·5 x Q--:0 • n_ 
SiR 

'This has been shown in the figure. 

These observatioll3 will be continued ne~ year abo. 
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(3) IULT EXCLUSION WORKS AT LLOYD BARRAGE AT SUKKVIt 

by 

T. R. Sethna 

Executive Engineer, lrdgation and Research Division, Sind. 

BRIEF HISTORY 

The construction of the Lloyd Barrage, the head regulator3 of the canalS 
ancl the greater part of the canal systems was completed by the end of 1931. 

Canals were opened for wetting and testing of t.he banks short]v after-
wards and irrigation from the canals commenced in May 1932. -

GE:RERAL LAYOUT 

The generalla.y out of the Barrage and the canals and the relative position 
of the BLrrage canals, head regulators, Sadhbelo Island, Bukkur Island, the 
gorge etc. will readily be seen from Figure 100.8. 

CUBVAT11RE OF FLOW 

It will be noticed, from Figure lOC.S, that the river from the gorge to the 
Barrage is slightly curved in plan and that the concave side of the curve is on 
ilte left Bank. The effect of this curvature is that surface water tends to flow 
towards the left bank and bed water, from the lower stratum of the river which 
contains much more heavy silt, flowd over toward& the right bank and it is for 
this reason that the right bank canals have given considerable trouble since 
t1te commencement of irrigation by drawing an excessive silt charge. 

METHOD OF REGULATION • OPEN FLOW • 

Figure 10C.8 shows that there are two divide-walls which shut off a. portion 
of the river adjacent to the canal head regula tors on each bank. The spaces so 
shut off are called ' pockets ' and the discharge passing through these pockets 
can be controlled by the Barrage gates situated within them. In the original 
project for the Barrage it was laid down that the system of control of the water 
a~ the Barrage should be what is called ' open flow ' i.e. the Barrage gates 
situated within the pockets were intended to be kept opened as far as possible 
aud as big a discharge as would be available from the river was to be run througa 
elWa of the pockets, from which the canals would be fed. · , 

CHANGES IB DESIGII 

'Sh"U Pond '.-During)he construction of the project, it was realized tlia.t 
it was not right to design for one system of regulation only and steps were 
accordingly taken to modify certain features of the design in such a way as 
tCt permit of the operation of the pockets on the 'still :pOnd 'Elystem. In the 
'still pond 'system of control the water taken into the pocket is only sufficient 
for the requirementd of_ the canals plus a very small quantity allowed to pass 
under the undersluice or pocket gates to prevent the gates becoming stuck by 
silt being deposited against them. 

It is, of course possible to regulate at the Barrage by any method lyiD~ 
'between the extremes of ' still pond ' and ' open flow ' by varying the openia: 
f the Barrage gates in the respective pock~ts. 
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HEAVY SILT DRA Wlf IN 1932 

During the first irrigation season in 1_932 the Right. Bank Pocket. '!'as 
worked semi-open flow and silt ~as drawn mto the canals m large quantities. 
This silt draw became apparent to~ards t~e end of July 19~2, ~nd the ,syste~ 
of regulation on the right bank was Imm.ed~at.ely changed to still pond con~I-
tions. 

· Any scouring operation which is now carried out to free t~e po~ket of .~he 
deposited silt is done with the right bank canals closed. 

EXPEJUENCE WITII WORKING OF BARRAGE 

Silting in right bank canals.-Exp~rience in the working of the Barrage has 
shown th&t the working of the left bank Pocket by ' still pond ' or ' semi-open 

' flow ' makes little difference to the conditioJJ.s as regards silt entry into the 
canals. On the right bank however, it has.been found from the beginning tha~ 
silt has entered the North Western and Rice Canals during the abko,lani months 
inspite of the fact th&t the right, bank pocket has alwa.ys been worked ' still 
pond ' since July 1932. · 

In the North Western Canal the silt drawn in to the canal was deposited 
. in the head reach in the earlier years and during the successive rabi seasons, 
when clean wat~r is taken into the canal~, the silt deposit has been moved' on 
and spread out, each successive intake of silt thus resulting in a longer length 
of the canal being covered with silt and a rise in the general depth of the silt~ 

I 

In 1937 abkalani it was found that the full supply discharge of the North 
Western canal could not he taken into the channel at the proper full supply 
gauge and in order to get full supply in canal it was necessary to raise the pond 
level in the river above the Barrag~. The 1·e.ason for this reduction in discharge 
was that the silt drawn into the canal had reached the Ruk Cross Regulator 
and had accumulated to such a depth that the gradient from Ruk to Sukkur 
had become flattened with a consequent reduction in the diwharge which could 
pass down the channel. . " · · ,, · . ··· 

. ' . .' .. ~ 
At Ruk Cross Regulator there are two offtaking channels-the Warah 

Branch which is designed to draw 1951 cusecs, and a small minor. The silt 
draw of the 'Varah Branch was entirely disproportionate and in 1937, it was 
folllld to have silted badly. · · · c 

- . . ' . 1 

In 1938 abkalani very great difficulty was experienced with the Warah 
Branch and it was necessary to help irrigation on this system extensively from 
the Rice Canal. 

' 
The same process had occurred in the Rice Canal but the movement of silt 

down the channel had not occurred to the same extent as was the case in the 
North Western because the Rice Canal waJ being closed for the Rabi season. 
Howeyer, it was found d~ring the 1939 abkalani season that for lower discharges, 
the discharge of the R1ee Canal for a given gauge was about 800 cusecs less 
than it was in 1938 showing it was obvious that, if the silt draw of the Rice 
Canal was allowed to go on, it would be necessary to remove silt from the bed 
of t~e Rice Canal since .a r~du~ti~n in discharge would h.e a very serious matter. 
4 discharge of 800 cusecs 1s eqmvalent to Eome 35,000 acres of rice. 
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The Dadu Cana1~ ~~~~~ i~ ~i~~~ed ~~r~st the Barrage, draws relatively 
less silt than tOO other two canals, and the first 16 miles of the channel made 
use of the old Sukkur Canal which. was much ·deeper than the prese;t Dadu 
Canal ~ designed to ~~· · · · · ~ · · ' 

Troul::tle was not experienced in regard to reduction in discharge in tM 
Dadu Canal because, presumably, the silt which was going intQ this channel 
~~;:ael~e~ P:il~g ¥f ~~e ~~1~ s~ct~on ~ th~ £114 ~u,~ c~~~l below 

UPEIWIDTS O:R C:OJITROL OJ: SlL~ 

It bas already been stated tlu~t it was early realized that the ~~ght B~nk 
~nals would silt and experiments were carried out at the HydrOdynamic 
Research Station in Poona by Sir c. c. Inglis in order to evolve measures I for 
ih~ conU:ol ~f.su~h si~t. s~ c. c. Inglis propose4 ~ ~Ur-y~d yap.e situate<I:'~pove 
the present right ba~ poc~et ~hich was to operate by deflect,ing bed, water 
from the entrance 9f the pocket. Sir· C. C. Inglis ad~oca,te~ the coi\Btt"uction 
of a similar vane on the left bank of the river also because he considered that 
~~~ e~~~ of the right b,ank vane only ~gh~ adv~~~y ~ffect the collditions 
!J~ th,e left ~~- Fi~e IOC.8 shows t~e ~ppro~~~ pos~tion of t'~.ese ~o 
~~ ~ ~~~ r~y~r. 

ln ~he :f1.~a:r1f of 1933 conditions reg~rding silt entry into the canals on 
the nght hank apparent1y imp!oved an~ ~t was decided by the Chief Engineer 
that the&1 vanes should tot be constructed and that the canals should be run 
fo~ a time ~ ~e what conditK>~· wo~d develop: · · 

. By ~~~7, i~ h~d ~cc:>m~ ~b¥Jl~n~ly cl~~f ~¥~ Pw ~~¥tg of ~~e rig~t l>~ 
~al was se:rio~ and wo~d be~ome s~~~ mp~e ~e~ous, 'fi~~ the p~sag~ ~~ ~e 
and ~ Dir~tor, Cel\t!~l lrr1gatip~ ~.nd ~y~odJD;a~E R.e~~r4 ~~t,on 
Poona, was accordingly requested to carry out m~l ~~~ptf ~n~ suggrat 

,.·~r· . 
Tli~. :p~~~ ~~ ~h~:r ~xpe~ts ~t~ ~~e r~~ ~ellti~ned ~ the 

previous puagraph.s but decided that condition:s. ~ ~geq .~~ ~-qcl\ ~ \he 
river that the vanes would not be effective. · 

Other methods for the control of the silt were, therefore, trieq tn4 ~he 
experiments were cont~ued in ~937 ~nd ~938. ~e :eroposals made ar~. shown 
in Figure 100.9. They consist very brie~y of a stone ~4e bank ~bout _5,()00 
feet long built from pier No. 23 towa.rds the upstream, the b,ank bemg smtaply 
ew:ved in plan. The remainder of the work consis~s in extending the Jight. 
bank pocket in art upstream direction and curving ~way fr?m the !iver ba.~. 
ne whole object of this lay out is to produce correct curv~ture of flow so t)i.at 
eurface water will be directed into the J?-~W approach cha~nel ~nd po~ket a.nd 

· conditions thereby set up which will exclude· bed water from the ap:r~~acb 
.. thall1lel and {rom the new ent.Dnoe- U!. t~e ~~ket. . . & ' • •• 
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The proposals involved entirely putting out of use nine of the .Barrage 
gateR (Nos. 6 to 14) and the uEe of ~ates (Nos. 15. to 23) as undersluice gates 
for the new approa(jh channel. It will ~ot be pos~1ble to pass more than 65,00~ 
cusecs into the new approach c~nnel w1thout set~mg up ?angerous scour condi
tions in the approach channel1teelf and the closmg of eJghteen of the Barrage 
gates in this way might be a serious matter if. it should ever happen t~~t the 
maximum flood of I! million cusec~, for wh1eh the Barrage was or1gmally 
designed, should ev~r occur. 

It fs-seen from the past records that the maximum recorded discharge at 
Sukkur is less than 7! lak'ts cusecs and a provision for a discharge of nine lakAs 
cusecs as the maximum to be passed h~ s now been comidered reasonable. 

The discharge per foot width of the river opening with nine lalcl,s cusecs _ 
as maximum discharge works out to 348 cusecs. 

lt was fortunate that one of the Dredgers m:ed for the construction of the 
Barrage had been retained at Sukkur together with certain pile driving plant, 
a tug, barges etc. The methods of construction proposed for the various parts . 
of the new work had to be based chiefly on the possibilities of carrying out the 
work with the exi:::ting plant. 

COST OF WORK 

J.'igure 100.9 shows the lay out as originally proposed in the dotted line 
and in full line the final lay out, to which the works were constructed. In the 
original lay-out portions were to be done with vertical faces using steel piling 
a.nd portion FG was to be of loose concrete blocks. The remaining portion 
was to be of stone pitched banks covering dredged material inside. The cost 
of the work was nearly 21 lakhs of rupees. . ' 

In addition to the heavy cost there was difficulty of getting sheet piling to 
provide the vertical faces. 

The Director, Indian Waterways Experiment Station was again requeded 
to see if he could make further experiments with pitched banks similar to thO!e 
suggested for the outer bank as that would decrease the cost. He was also 
requested whether the dredging and constructing the apron to the slope to 
which the scour was expected to develop could be done away with and aprons 
constructed on the existing bed. of the river and allowed to launch theiDBeh'es· 
as the scour developed. 

The Director made necessary experiments and suggested a lay--()ut as 
shown in full lines in Figure 10C.9. The cost of the work according to re'rised 
lay-out worked out to roughly 10! lakks of rupees. In this only the raiMd 
ail1 was to be of vertical sheet piling. 

PROGRESS OF WORK 

Work was started in the beginning of January 1940. As all the work 
could not be completed in one season, portion HJ i.e. first 1,700 feet of the outer 
bank was completed before 1\iay 1940. The remaining outer bank, whole of 
inner bank, middle bank, the raised crest downstream deflector, side walls 
between piers No. 14 to 23 and the baffie were all started iD October 1940 and 
completed by May 1941. 
X51CBI · ··-· 
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Table 100.2 gives the year and page No. of the Central Board of Irrigation 
Annual Report (Techdcal) with brief details of experiments done by the Direc
tor Indian "\Va.terways Experiment Station, Poona, which may be referred to 
for ·further details. · 

The work has been completed at less than 8 ·25 lakl~s of rupees. 

TABLE 10C.2 

Statement giving reference to publicatim where results of experiments are given~ 

Central Board .of Irr'igation Publication-Annual Reports (Technical) 

Pub-
lica- Year :Pages 
tion 
No. 

22 1938-39 37-38 

.. ' . 

24 1939-40 10--13 

.. 

'. 

.. 
27: '· 1941 11-i2 

29 J • 1942 .; :· ~io 
; .·.: :. ~ d:nd:46 

'I J .. 

'•) ; I 

83 ' 1944' ·. 8-~ 

l 

.8rief details of experiments 

• 

~t gives the history of the silting of Right Bank canals since tbe 
Sukkur Barrage first came in operation in 1931 and describes 
.the conclusions drawn from experiments carried out with. 
vertically exaggerated models during 1930-33. 

Specific experiments on silt control in Right Bank approach 
channel were carried out for :- . 

(a) Probable scour along the banks of the approach channel • 
(b) Optimum design of approach channel and of offtake to tlae 

Right pocket for silt exclusion. 
(c) Scour round the nose of outer bank under various condi

tions of flow. 
(d) Protection of Apron dQwnstream of approach channel 

sluices. 
(e) DischargeS' available for scouring the Right Bank approaclr · 

channel at Sukkur. · . . • 
(f) .Alternatives for constructing the approach in two working 

seasons. With the note are shown various· alternative · 
designs fot: Right ;Bank Approach channel to exclude sil~. 

: from Right Bank canals. . · .. · : 

· Ii deals with the Specific experiments carried out for;--,. . 
· (a) Scour at nose of outer bank of the new approach-channel 
· :. • at Sukkur in prototype and mo?el. _ 

(b) Alignment of inner bank of the tail channel and the ]Unc~ 
tion of the outer bank with the Barrage h1v and -..'u verti·. 

; cally exaggerated model). · · · · 
(c) Tail channel scouring and regulation. : 
(d) Protection of Island nose by laying a stone apron along. 

its face. · 

Gi~es the final note'o~ experiments'· on .new _approach ch:nnel · 
· ' at. Sukkur to control sand entering the R~ght Bank . Canals · 

describing the various alternatives designed to redu~e th~ 
quantity of sand as also improving curvature of flow m the 
approach channel along inner right bank and the tests made 
there for on page 46. Figure 2 shows plan of Ind~s above 
Sukkur Barrage with the new approach channel designed to 
control the quantity of silt entering Right Bank Canals. 

Describes the improvements of the Rice Canal due t? R~ht 
Bank approach channel by illustrating on a. long1tudi~ 
section the condition of silt before and after the consturet10o 
of approach channel. 
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METHOD OF WORKilfG THE Al>I':ROACB CJIADEL 

For working the new appro~ch channel efficiently, the Dir~c0r had 
. said that a ratio of discharge of tail channel to pocket, should be a mnnmum of 
ll: 1 and if it was increased,.i~ could work better for silt exclusi.on. The ~ire?• 
tor however when he v1s1ted Sukkur after the abkalan~ of· 1943 saH1-
tht the rati~ should b~ kept as 1 ·5 to 1: ~o and not increased as it was nofr. 
advisable to bring in more silt and then redistribute it between the pocket and: 
the tail channel. The designed discharge of the canals on the right ba:nk isi 
18,000 cusecs. Taking 1l times the discharge through tai] channel (i.e. 271000 
cu-:ecs) and total discharge that should enter the approach· channel works, out; .. 
to 45,000 cusecs. · · · 

· ·The Director also suggested that the discharge entering the approach 
channel; should not be increased quickly or fluctuated as that would disturb~. 
the bed and bring up more silt in suspension. If the canal discharge ·was less ' 
than 18,000 the remainirg discharge should be bye-passed first •through. span 
·No~ 5. · If the di:~charge be more, then span No.4 could be opened and if still 

further discharge had to be passed, then span No. 3 could. !' lso be opened, but 
spans 1 and 2 should always be kept closed. 

During cold weather when the river discharge go~s doWn. below 1,35,000, 
only lj3rd the river di&charge is taken through the approach channel and re
di&tributed in the ratio of 1 ·5 to 1 ·0 so long as enough discharge is available 
but when the discharge goes down considerably, the ratio cannot be stuck to. 
When tht discharge is less there is very little silt in movement and need for 
silt exclusion does not exist. ' ' · . 

. . . The instructions of the Director are being caref'W.ly followed and so far 
as the working of the canals is concerned, tp.e new approach cha~el has bee• 
found very useful. · · 

., ,. ,Lpngitudirial sect,ions -~~o~ng '·the ·bed levels of thJ -right bank canal& 
observed immediately after the abkalani se&son of 1939, ·1941, 1943, 1945~and 
1946 revealed that considerable amount of silt has been scolired out fr6h1 the1 

canals a,nd the working of canal~? ~as con...iderably improved. · ' 
• ' ,, ' 1 ' ' • 

· ·. ·Howeyer, when ~he river is low and~the_ Barrage· fully .ponded up, the 
f!radiep.t·between the extr_eme nose of the outer '·bank and the Barrage is 
fiatti:'r on: the riv·er side, than on. the approach. channel and pocket side 
with 'the Thsult that higher pond level has to be maintained at such time&. ' 

Also when the river is in floods, the disGha~ge .. passing per foot .. wiuth i 
from spans No. 24 to 59 i8 much more_ than ·Whitt passes from spans No. 15 
to 22 with the result th~t heavy s~lt bars are. formed downstream. of piers 
No .. ~5 t<? 22 an~ the ta1l channel !s Uhable to carry t~e require~ di:~clia.rge. 
To enab1e the ta1l channel to functiOn properly, the mam Barrage gates from 
spans. No. 24 to 59 have. to. be kept slightly submerged in water so as tO' 
artificially create a cut off (alfflux) of from O· 2 to 0· 5 of a foot. 

The above drawbacks are not much when compared to the improve~ 
mtnt caused to the working of the canals. 
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(4) DESIGN OF LOWER SIND BARRAGE AT KOTRIFOR EFFECTIVE SAND 
EXCLUSION FROM CANALS (3) 

w•Y WAS 1T CONSIDERED NECESSARY TO SHIIT THE :BABBAGE VPSTREAM OF • 
KOTRI t 

· As the question of heading up water above the natural river levels-the 
aain factor responsible for accretion upstream of a barrage-transcends in 
importance all other considerations in the selection of the optimum site for the 
Barrage in Sind, it was strongly pressed that the Lower Sind Barrage should be 
sited upstream of Koti1 town instead of at Hajipur site B, 23 miles downstream 
of it, the site which had been previously selected. After due consideration 
ilais recommendation has been at last accepted. 

i . Figure 100.10 shows the site of the barrage, tentatively proposed by the 
:P:roject Division, l mile below the head of the existing Fuleli Canal ai 
Jamshoro. 

The following advantages have been claimed for this site :-
(a) Concave curvature, favourable to sand exclusion by natural means~ 

exists on both banks of the river with a natural island in between, 
which will enable and ensure, when armoured, complete control 
over the barrage. 

(b) The course of the river, upstream and downstream of the site, has 
been stable for all the period for which surveys are available. 

(c) The existing head ofthe FuleJi Head Regulator can be possibly used 
with a little remodelling. 

(d) The river downstream does not fan out, as in the case of the Sukkur 
Barrage, but, on the contrary, narrows considerably ; hence there 
would be less tendency for accretion downstream ; and so less 
tendency for accretion upstream. 

MODEL SCALE RATIOS 
SCALE RATIOS OF LOWER sum :BARBAGE MODEL 

Length scale.-It was decided to adopt a length scale of 1/250 for the mo.lel 
witll a view :-

(a) to accommodating_ the m~el in the area available.; . 
(b) to getting the maximum discharge of the prototype withm the ~n~e 

of seven to ten cusecs in the model-so far found, from expenenee, 
to be the ~t workable range, yielding optimum results in ~ 
model in respect of bed movement etc. within a reasonable period. 

Discharge scale.-As this is model of a barnge, with curvatme charae1«r
ia~ics as a predominant factor-

q scale=L1 ; as ML c( .YQ, 
where .~.llL=meander length . 

• •• One cusec in the model=62,500 cusecs in the river. 
The maximum discharge of the river Indus at Kotri for the year 1943 

was 5,30,000 cusecs. . 
. ·. The maximum discharge in the model worked out to 8 ·48 cusecs-

i.l. within the optimum range. . 
The bankful discharge is estimated to be 2,50,000 cusecs=4 ·0 cusecs Ill 

\he model. 
(') h4iaalhMI'wa:ya Experimen~ Station. Poona, Ann•al Report (Technical) 1946, pagea 

M te lH. 
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. It was observed that 1/62,500 discharge scale simulated condition$ satil-
. fact<Jrily ; hence this scale '_Vas adopted: , · . · . . 
· · Deptl~t scale.-( a) Accordmg to :Manmng s formula for regime cond.itions-

D=L'=250~=63, i.e~ V. E.=4·0 (where £=Horizontal scale a.at 
D=Depth scale). 

(b) Lacey's formula (for no difference in sand)-
D=£1=2501=40 ; . ·. V. E.=6 ·25. · · 

The model was initially laid in the Sangarri sand with m=O ·18m m.,i.l. 
same aa the prototype grade. It has been now observed that finel' pa.rticles 
have been washed out a.nd coarser sand with m=O ·30 mm. has remain~ in 
the model. . 

Hence allowing for difference in sand we have according ~ Lacey.:-<-,· 
L11/Lm=(m.p/mm)l (d11fdm)t 
• •• Lp/Lm=(O ·18/0 ·30) • (dpfdm)~ • 

. ·. d
11
fdm=45 against 40 with same grade of material • 

. . V. E.=250/45=5 ·5 against 6 ·25 with same grade of material. 
Slope scale.-According to Lacey :-

(a) S r:J:.fljQ!. 
, S E _ (mm/m11)U. (L11/Lm)-.'a, 

· · · ·-(v. E.)l. 
=6 ·33, with V. E.=6 ·25 a~d mm=m,=O·I8 mm. 

(b) S E = (250)!.. (0 ·30/0 ·18):! 
. ' (V. E.)!. . 

=6 ·33, with V. E.=5·5; mm=0·30 mm. and m,=O·l~·mm. 
Thus due, to coarsening of bed material, while the V. E. (ca.lc:ula.tei 

decreases from 6 ·25 to 5 ·5, the S. E. (slope exaggeration) increases from i ·33 
to 8 ·30 ; that is, the tilt has to be increased, which is as must be expected witk 
coarser material. . · · · 

'\'ben the Kotri barrage model was run without barrage, it was observed 
that the slope exaggeration varied from 7 ·5 to 8 ·5 for low discharge of 3 ·2 
cusecs;::-::2,00,000 cusecs to high discharge of 8 ·48 cusecs=:=5,30,000 cusecs, an~ 
the vertical exaggeration varied between 5 ·25 and 5 ·95. Thus, in this parti'
cular case, the actual scale ratios nearly agreed .with ~hose calculated by tke 
Lacey formulas. 

Ti,me scale far tlze Lower Sind Barrage model.-The time scale was worked 
out according to tractive force formula :-

T 11 = Lp ( d, )t ~ • 
T,,. Lm • dm • Sm 

For the Lower Sind Barrage
Lp/Lm=250 ; d17fdm=50 and SpfSm=l/5 
T11 = 250X(50)l = 350 
T,. 5 

i.e. one second in model=350 seconds in the· prototype 
i.e. four minutes in the mode1=one day in prototype 



This has been aEsumed for the· domina~t discharge of Q · 250,000 cllilecs ... :• 

As low river discharges have got to be run ,-eiy nmch knger than high 
ones due to the narrow range of model velocities and its limitations- · 

one day _8 minutes has been assumed forQ_:_l50,000 cusecs. 
one day=. one minute for Q.:...:_500,000 cllilecs. -· 

and a smooth asymptotic curve Figure 100._11, is drawn through these three 
points. for the time scale of other discharges. 

· s~lt charge scale.~Data of silt charge of the river Indus at Kotri, for -the 
·year 1943, according to which a rising and a falling cycle, Figure 10C.l2, is 1'\Ul 

in the model, have been analysed and show charge in parts per 1,000 for Tariou.s 
iiechages in the river as given· in Table 100.3. · ·-

TABLE 100.3 , . .. 
' ' 

Discharge ( ousecs) Charge in parts per 1,000 in. 
the river 

200,000 2·30 

250,000 2·90 

300,000 4·80 

350,000 3·00 

400,000 4·30 

... -450,000 4·75 

600,000 4·75 I ... 
I 
I 

- I 
Charge in parts per 1,000 • 

injected in the model 

-<>·115 
~.· . 

0·145 

0·190 

0·200 

0·21S 

0·238 

0·238 

!' •• Jt is assumed that 90 per Cent. of the charge in the river is in Sllilpension 
and only ten per cent. moves along the bed. _ · · · 

-_ ·As bed sand injected in the model ia coarser and there is relatively less bed 
movement in the model due ,to narrow range of velocities, only half of tlJ..e 
»atural beu charge of the river was injected in the model as shown above. The 
mode1 proved that thh chargG was satisfactory. 
. . ·. . - - . EXPEium:Jrrs WITHOUT THE BABBAGE 

· . Four complete rising and falling cycles were run till the mo9-el was stabi· 
lised. The model showed consider~ble erosion along the right bank bet~eep. 
Cross Section No.5· 5 to 7 which indicated either incorrect survey in this reach 
or the existence of hard, inerodible banks, which ~ould 'need to be· ~imulated 
em the model for correct reproduction of prototyp~ con~t~ons. , .... 

On inspecting the site it was obsen:ed that the .right bank iri this reach is 
made up of inerodible clay which practically precludes erosion-as the model 
had shown. In view of this, the experimentJ had to· be repeated after 
ho1ding the banks in the model. · 

The following data· were observed during the ·experiments :-
li) I.Jnes of flo~ were .observed for·Q=2, 3,- 4 and 5 lakhs cusecs, of 
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whu:h Firnres lOC.lO and .lOC.l3 show. the- lines··of: ,flow for 0 . ·.. . . . . 

Q=:,2,00,000 2-.nd 4,00,000 cusecs. . . 

(ii) Figures 100.14 (~, b, .c and d) sh~w isovels for 2, .3, .. 4 ~nd 5lakh 
cusecs at the proposed barrage site. .- · .. , _ .. 

{iii) Fiaure 10C.l5 i~ r. grr.ph showing thepercentage of the total river 
ili~chr.rge cr,rried by the right channel, as obs~rved in the model and 
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These data indicate the following :-

(a) The lines of flow showed that the proposed barrage line was some 
what upstream of the reach where the curvature effect has become 
fully established. 

(b) Bed seeds-used in the model as one way of tracing the bed flow
dropped at Cross-section No. 7 did not enter the Fuleli can&l for 
any of the discharges between 2 to 5lakh cusecs with Fuleli draw-off 
alternatively at (i) 12,000 cuaecs-i.e. the present maximum die
charge-, and (ii) 19,500 cusecs, the maximum discharge under the 
post-barrage conditions :but some seeds dropped at Cross-section No. 
5 · 5 entered the canal for low river discharges (2lakhs cusecs and less) 

· under the conditions of (i) and (ii) above, thus showing the unsuita
bility of the Fuleli offtake from point of its position along the curve. 
The entry of bed sand into the Fuleli appreciably increased, at 
low river discharges, when 19,500 cusecs wa<J pa~sed down the 
Fuleli, showing that the difficulties of e:ffici~nt exclusion would be 
c:onsiderable with increased post-barrage draw-off. 

(c) There was a tendency of shoaling along the right bank. 

(d) water did not follow the right bank, but struck against the nose of 
the island for discharges above, 2,00,000 cusecs, and then bifurcated, 
thus cominl! round the island . ..... 

(e) The agreement in the discharge drawn by the right bank 'channel 
in the model and prototype-under existing conditions without 
Barrage-was good. · 

EXPERIMENTS WITH BARRAGE AT THE PROPOSED SITE 

When the first rising z.nd f&lling cycle was run, it was observed that the 
flow at the barrage was too oblique, resulting in tevere attack downstream of 
the barrage~ indicating the necesfity for very heavy protection all n!on,g 
the bank. 

'Vhen the di:ch~rge-:=200,000 cusecs ·(the minimum discharge at which 
bed movement occurs in the river) wa'3 run in the model-with upstream pond 
level at R. L. 68 ·0 (maximum} the downstream water level 61·80 (maixmum)
i.e. the worst conditions for testing sand exclusion from the canals-80 per cent. 
qfbed seeds dropped at Cross-section No.7 entered the Fuleli Canal. Considera
ble bed sand was drawn by the Fuleli Canal, even at higher discharges, i.e. 
even under more favourable conditions when the ratio of draw-off to river dis· 
charge was small. 

While there wa~ little difficulty ot~xcluding Eand fro~ the Pinyari Feeder~ 
-i>fftaking from the pocket at the Barrage, exclusion from the Fuleli head ai; 

Jamshoro gave trouble evidently for the following reasons:- · 

(a) The Fuleli ·offtake at Jamshoro is not within the reach where the 
·curvature is sufficiently established ; and being the upperm~t . 

...... _.offtake draws practiCally aU the bed-Eand entering the pocket-j~ 

(b) this insufficient curvature effect is further reduced by the barrage ; 
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(c) the relatively ~xcessive draw-()ff of the ief1i bank ~na~ at. low riv~r 
discharges is accentuated by 75 : 25 per cent. diStribution of dis-
charges in the left and right arms respectively ; and · 

(d) attraction of flow by the if land results in reduced flow along the left 
bank, ' • I ' 

IIEASURES TESTED FOR IMPROVING SAND EXCLUSION OUT OF FtJLELI . . . 

In order to restore and increase the curvature reduced by the barra.ge,.. 
a suitably aligned guide bank appeared· the first· necessity. 

In order to get sufficient curvature ~stablished upstream of the offtak~ a. 
concave followed by convex curvature was imposed on the left bank by a gmde 
bank so shaped upstream of the canal-see Figure 100.16 in which lines of flow 
with this guide bank are shown. Though apparently promising, this measure 
was completely unfruitful : while its upper concave portion helped to quicke~ 
to a slight extent, the slack and feeble flow along the left bank and keep the 
bed-sand away from the bank, the ~and was pulled back into the canal, partly 
by the convex curvature at ~he entry at Jamshoro, but mainly bythe consider-
able draw-off of the Fuleh. · · · · · · · 

It was then considered that a wholly concave alignment of the guide bank,. 
in line with the curvature of th~ barrage, so that the whole made one curve 
Figure 100.17 would eliminate at least the avoidable of the two drawbacks. 
Though partialJy successful, and better than ]figure 100.16 exclusion was still 
unsatisfactory, indicating that an artificial' increase .of local curvature would 
not in it£ elf be sufficient .. · , · : .. , . · . · /, 

A raised crer:t at the entrance of the approach channel to the Fuleli;F.igure 
100.18, with its top at 2/3rd below .the pond level, was next tested in the'hope 
that only mid-depth and top water would be taken into the canal, thus excluding 
hed-8and. · :.1 

The bed inr.terial, however, rolled up the sill into the canal, being thrown 
into suspension by the turbulence created by the raised crest. 

The raised crest appeared to do more harm than good. 

As the effect of the existing curvature, even when assisted by
1 th~ addi

tional curvature imposed by the guide .. bank, was still insufficient for exclu
sion of sand from the Fuleli offtake at Jamsho,o, the effects of different sh.~es 
and sizes of the central island on curvature were tested :- . . · 

(a) The splay of the island in the left arm was changed from l·in ( t;o. 
1 i~ 10 with a view to making it symmetrical and pulling the 
mam flow towards the left bank, thus boosting up velocities along 
that bank. But this did not remove the trouble from the Fuleli .. 

(b) The left arm of the island was still further brought in (towards the 
left bank), this time by imposing convex curvature on it, [see Figure 
100.18 island (b)] ; but this also failed to bring about any appreci
able improvement in the Fuleli. 

(c) In order to set back the " pull " of the island till after the Fuleli 
takes off, the length of the island was reduced by about 500 feet 
[see Figure 100.18 island (c)]. But this had results contrary to 
expectations •. A larger island would not materially, improve, ex-
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clnsion but would c~us.e greater.difierence of r)ver level~ in ,the two 
arms and besides be JilO,re expensive ; and s·o was not trie'd. 

~s showed_ that modification of the shape or size of the central island 
.!lad bttle beneficial effect on the ~and exclu~ion~· · · , . .. · ·. 

A long divide wall at right angles to the barrage and extending right up 
-to th~ .up~tream abutment of the Fl,l}_eli Canal: at JaiQ.shoro was; also tested. 
It w~s found ineffective because- · . . · 

. . <9 the ratio V river/V pocket is very small, e~p~cjally at J a~sh~ro ~here 
. the width of the river is excessive · . 

' ' . I -· 

(ii) _the. divide-wall was too l~ng to ca~se ,a sufficiently strong .twi~t of 
· · bed flow away frolll the pocket in~o the river, by regulation at the 

barrage; . . . . r 

{iii) As .the rate of scour is, theoreticl.lly, proportional to the (length 
· of pocket, Ll) and the time required for scour the pocket to L'
. while actual experiments (4) have shown the theoretical approxima
tion of proportionality to L' to be on the low side-it would be 
quite impracticable to scour such an enormous pocket within the 
period available for scouring operations ; and (iv) not only it did 
not help the Fnleli but also worse~ed the exclusion from Pinyari, 

.. -~which had been .free from sand-dr~w in the previous tests . 
.In order to improve the Yr/V . ratio, a divide-wall splayed at 1 in 10 was 

\HiOO but was also unsuccessful. · . . · . · 
.As the costs of such a long pocket would be prohibitive,· even if it was 

~dvantageous, which it is not, this idea was summarily dropped after testing 
ats effects. ' 
· · At this stage, the possibility of constructing a groyne tO attract a fair 
-share of top water towards the left bank was considered. But the unpro
mising prospects of the groyne for varying river discharges in the post-banage 
period; the in:ability of a model to indicate the effectiveness of such a groyne 
for many years ahead ; the possible deteriorBtion of the right bank canal which 
was so far working quite satisfactorily ; ·and the experience that the more you 
train a river upstream of the barrage by groynes and pitched islands, the morf'! 
iikely it is that you will lose control upon the barrage in time, resulting in 
difficulties and conditions much more adverse than before ;-all these consider
ations ruled out the advis2.bility of depending on such expedients as groyne3 
and pitched islands. as an all-time measure. . 

. ' - It has been observed that the most severe conditions for exclusion were 
.obh~ined _with low rlver discharges running UD;der ' still, pond '-the lowest 
river discharge at which appreciable bed movement occurs at Kotri is known 
-to be' 2()0,000 cusecs-and that at higher discharges even tP,e Fuleli did not 
show signs of excessive sand-draw. It remained .to see, therefore, whether by 
suitable regulation at th_e Barrage for the low diseharges-200,000 and 250,000 
-cusecs-sand exclusion from Fulel.i was possible. The following four types of 
.regulation were~ therefore, tested with results as indicated :-

(i) '\Vedge shaped operung cf the river gates with maXImum openirg 
of gates adjacent to the divide wall (i.e . .the openings of the gahs 

• · • (4) " Silt exclusion 'from canals, still pond versua. open·_ flow •• · Bombay· ·-public Works 
Department. Technical paper ~o. 45 p-tge 2, para !1. 
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·progressively decreased from the divide-wall outwards) did nQt yield· 
sufficiently satisfactory results; · 

{ii) nine spans just outsid3 the divide wall witb=four· more .gate opening 
tha.n tne ren:aining river gates .equally opened, bad.l1tle effect. 

(i1"i) The central nine sp.;.~s kept wi~h lar~~r gat~. op~nings than tile 
rest gave worse excJuswn than either .<~J or (n). 

Uv) The end nine spans (i.e. nine spans adjacent to tne island) opened 
· more than the rest gave the worst results of the four types of regu-

lation tested. 
Of all the above regulation tests, (i) gave.the best results but was yet not 

. Jflicient1y satisfactory. 
Tbe effects of a concave, submerged vane pointing downstream, located at 

different roints, upstream of tne Fuleli canal, with t}le top of the vane at 2f3rd 
the depth witn ultimate pond level (R. L. 68), Figure 100.18, were also tested. 

. It was observed tnat, as the position of tne vane waCJ sbifted upstream, 
tne length of the vanE.' had to be increased .to get satisfactory sand exclusion 

~ out.of Fuleli. Tbe most promising position for the vane was in the. g~Jrge~ at 
. 'At, Figure 100.18, sufficiently upstream to ensure that all the bed sand thrown 
up.into suspension would return to the river bed at a point well above the 

· Fu1e1i offtake. Its optimum aligDment is shown in Figure 100.18, its length 
. being 1,250 feet, and radius 2,687 feet . 

. A vane has the following obvious merits :

. (a) it would be easy to construct ; . 

(b) it would be easy to· maintain ; and 

(c) there would be very little obstruction to the natural waterway of 
the river. 

A submerged vane is, therefore, in the cor~ect place and at tne proper 
·time, very useful excluding device. But, though to all appearanc~ effeotive 
for sztnd exclusio~, it may not be desirable in certain cases; as in the present one, 
where in the balance it is disadvantageous; for t~s purpose it is wise to weigh 
carefully all its not-so-obvious demerits against its obvious merits. The possible 
demerits are, therefore, listed in extenso :-

~ i) The effec~ of a vane imposing curvature and e.xclud.ing efficiently 
rlepends t;tpon a de~n cna:nnel Of'ChrriPg at high river discharO'es and 
hei11g maintait~ecl thr~:mgb.th.e· s~ason, -along.or·in th~ proxfuuty of 
the ~)ank. ·If I?.ye~rs of~oor sup.ply~specj~lly.wnen the Panjab 
ProJect3 come mto operatwn-this deep channel does not iorn·· or 
may POt be maintained as a result of tbis vane, the Vane WOUld be 
·suhstartiallv ineffective; · ' · · · · ~ . . ' 

(ii) A single vane on the left b~nk is liabl~ t.o.draw a~·un.fair spare of the 
top water to faed the canal an'd, ·under certain favolira ble circum
stances, it may even pull the w:hole ·river ~cross to .it, necessitating 

· subsequent measures to counteract the ad v-erse conditions it would 
thus create on the right bank. : · · ·· . 
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(iii) Unless constructed sufficiently upstream, to preclude the possibility 
of the bed sediment thrown up in suspension finding its way into the 
oanals, sand may enter the canal because some suspended and sa.ltat
ing sand travels further than theoretically expected. Silt in sus
pension cannot be satisfactorily simulated in a model ; nor, when 
simulated, does it act identically as suspended silt doe~ in the pro
totype. Hence, we are forced back to using our judgment and 
experience. 

(iv) Experiments have shown that there is a possibility d the van~ 
going completely Ol" partially out of action when accretion starts 
taking place in the river downstream of it. Such acr.retion is likely 
to take place rapidly in certain cases, such as in the present casu~ 
downstream of the vane between the vane and the Fuleli offtake, 
due to the persistent slack and feeble flow along the bank. Such 
accretion-as shown by the model-causes hurdling of tbe b~d 
sand over the vane instead of tne sand following it to mid-stream, 
and ultimately results in decrease of the efficiency of exclusion 
caused by the vane. 

When accretion was reproduced in the model-to a slightly exaggerated 
scale, because s.iiting in, a model is relatively slower tban in the 
prototype-the fi:10del revealed unpromisivg ultimate results from 
a vane because most of the bed seeds lmrdlivg over t]iA vane found 
their ~ay into the canal, instead of being deflected away from the 
left bank towards midstream, f(\llowing tne back <'f the vane, as 
they did in the experiments without accretion reproduced in tn~ 
model. 'Ttus, though a vane may salutarily accentuate curvature, 
the effect may be purely temporary and is undependable as a 
·permanent measure in such a case as t.~·is. 

( ~> The river stage for which the vane should be designed is another 
uncertain and difficult factor: a design highly effective for 2,00,000 
cusecs is less efficient than another suited to QS 500,000 cusecs ; and 
neither of these designs is the op6mum for discharges in bet weeD 
the two. Moreover, experiments conducted with a vane sbowed 
that it was less e:ffactive at high stages. 

( l'i) On the downstream side of the vane, an apron protection is required 
to prevent scour occurring as a result of rotary flow and to allow 
the bed flow to follow the downstream face of tbe va:ve towards 
n.J.dstream. To save cost, a. sharp slope is desirable ; but a sloping 
apron not steeper than 1 in 5, with a flat apron extending to a 
distance oT 125 feet all along parallel to the vane, appeared desirable, 
for preventing scour as well as deflecting bed sand away from the 
approar h_ channel. This tendency of deflecting sand towards 
midstream, bowever, disappeared-

(,,) w:hen the apron level was chaJlged from R. L. 42 · 0 to R. L. 4 7 · 6, 
. due to the fact that the lower the apron is laid, the less is the 
turb~lence responsible for throwing the bed material into sus
pensJon; 
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(b) when the width of apron was extended from 125 feet to 175 feet 

ar.d {c) accretion downstream of the vane up to the barrage was repro.;. 
duced in the model. 

No appreciable scour is observed to occur along the upstream fare of the 
vane ; hence a 20 feet apron would he sufficient there. 

·Thus, in this particular case, a vane could not be regarded as an all-time 
satisfactory solution. 

WHY IT BECAME NECESSARY '10 BECONSlDEB TJIE ALIGJMEJT OF THE 
BABBAGE LI:NE 'l 

While the experiments were in full swing, a discrepancy in the plotting of 
the ,Muhlm area (Burial ground) was reported .. As encroachment on Mukam 
areas bas to be avoided, a change in the alignment of the barrage line was 
necessary. Accordingly, the Project Division suggested that the Barrage line 
might b~ shifted 200 feet upstream, parallel to the previous alignment, and the 
Abutment be moved 600 feet inwards (riverwards)-instead of 300 feet as 
contemplated in the previous alignment. · 

The Director, however, proposed an investigation on the site of the feasibi· . 
lity of an alignment between BC and BD, Figure 10C.l9, where B, the left abut· 
ment, would be taken 500 feet riverwards from the pucca erlge .to obviate tbe 
r;ecessity of crossing the jJukam area and D about 1,125 feet from the original 
portion of the right bank abutment. Tbis change was suggested with a view 
to (a) making the barrage normal to the general direction of :flow; and (b) reduq
iJ)g the length of the island with a consequent reduction~'in ( i) the difference 
between the pond levels in the left and right arms and (ii) the cost of the island· 

The investigations on site showed no obstacles to either of these two align .. 
ments or, thus, to any intermediate alignment. . · · 

The model experiments were, therefore, repeated wit.b the alignment showa 
in Figure 100.20. 

RES11LTS OF TilE EXPERJME!iTS WITH TilE JEW ALIGJUJT Y IDE liG11U tcc-.t 
' When the different measures were retested with this changed alignment of 

the barrage, there was no perceptible improvement in the sand e.xclusion iro.rn 
the Fuleli offtake. · 

An interesting feature in regard to positioning of the Barrage abutment is 
worthy of note. The model showed that. shifting of the abutment inside the 
river channel tended to reduoe the ourvature effect and consequentlv adversely 
1tffeot~ exclusion, probab~y because it increased ~he still water area bounded by 
t.he d1v1de wall and the b1gb ban~. It was possible to counteract this in th• 
{@llowing ways:-

(a) by shifting the guide bank riverwards to restore curvature ; 
(b) by rotating the barrage centre line in a clockwise direction about 

tre left abutment to the full extent possible witbout affecting the 
curvature on the right bank, while keeping the direction of current;. 
normal to the barrage ; and 

tc) by giving a 1 in 10 splay to t~e £.ace of the left bank regulators· 



~80 1 • TBE CENTRAL JIO.ARD OF UUUGATION, ANNUAL REPORT 947 

· W neD the worst discnarge for exclusion, of 2,00,000 cusecs was run in the 
model, it was observed that tbe exclusion11t Fuleli cfft~ke showed no improve
ment; but there was an appreriable reduction in t!:le watPr levels betwf"en the. 
two arms with equal gate openings. 
· The perrePtage of river discoatges naturally drawr by tne right cnannel,. 

as observed at various stages, witn and without barrage, and Witn downstream· 
levels at the mean level roresponding to tbe·discnatge and at a 1eveLshowin(7 
four feet accretion above toe mean level, are given in Table IOC. 4. · 

0 

· TABLE lOC. 4 .. 

I Percentage in the right arm 

Serial Total discharge 
No. in the river Without With barrage With barrage Remarks 

(cusecs) barrage (mean level (four feet- accre-1 
downstream) tion down· 

stream) 

1 200,000 7·35 • 23·0 19·50 l With no ditrerenc I of levels in th 
two arms 

2 300,000 .. 10·80 21·0 ' 16·0 
3 400,000 ll·20 18·50 14·0 
4 500,000 13·00 17 13·50 

[Note.-Sand exclusion was satisfactory from Pinyari and Right Bank Feeder in all cases]. 

It will be observed trat, With0ut forcmg flow by regulation, tr;e percentage 
discharges in tne right arm decreased with accreted downstream water level, or 
with increase in tn~ river discharge ; under natural ronditons there was no 
c:li:fference of levels in the two arms ; and sand exclusion was satisfactory except 
from the Fuleli canal. · 

, However, forcing the same discharge under accreted conditions as obtained 
with n..ean level downstream, i.e. at 200,000 cusecs forcing 23 per c~nt. ~c, 
resulted in six inch.~s ilif:T~rence in. water .level~ betwe~n ~be t:wo .arm~ .. ~t aU 
th~ discharge stages. 'It,- fuoteovei; improved exClusion 'in: tne. tight '·arrli·: 

NECESSITY OF SHIFTING THE FULELI BEAD INTO THE POCKET . 

· Alltheobsprvatio'nssofa~~a·ilehadsno~tbat the FuL'li H~ad at Jam-: 
sboro, lo~ate"d remote from tne immfldiate contn 1 of the barrage and at a l'oint 
along tbe curve whe,re the curye had not suffirieutly estab1isl1ed it"lelf; was 
unsatisfa·ctory for- sand:exclusicn. . . . . 

· · According!~;, ~he design was modified to bring the'Fuleli Head R.egulator 
into the pocket alongside the Pinyati Head Regulator Figure 1 OC.20 ; at the 
aine time the arrangement of. spans as well as tnell:crest levels were altered 
to simplify the design. Table lOC.5 sets out t}le ss.lient features of the proposed: 
a.nd the revised desigllS, tbc latter as suggested. 1 

A few quick test were ~a de witn this revised design before recommending 
it. 

MERITS OF THE SIMPLIFIED DESIGN 

Tre following are the maiP advantages arising out of the pre, posed cbanges 
in design:-

(a) the design· is uniform and simple with consequeilt advantag€s in 
eonstruction, maintenance and operation : 
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'fABLE 100.5. 
0 Project Division design of Double Barraf;e Proposed revised des1gn of Doub!e Bar~- I 
'"' i Item ·. B~d ~Depth J Slo~ FuU C.B.L. Velocity Bed Depth j Slope I Full C.B.L., Velocitv; 
~ width ~(feet) · Supply foot per width (feet) · ::;upply feet per' l 
00 !-------------:-:-~·(-fe_e_t> __ l 1 Level second (feet) _. ----- Level __ second I,-----
1 Design of Feeders- ·1 1:---1• .-

. :Vuleli-cum-Guni 25! ! J9·7 1 0·67 0·0537 65·7 46·0 3·7 280 18·0 

t f I .'I 

Discharge l' I Full ~upply 
(cusecs) 

Crest Level Up-
Offtake Spans ,level ·L.H. stream __ Offtake 

. : · _ · Down stream 
--- ·- ·--·-__ .------- ---· -

2 Design of Hsad Regulator~ 66·6 
Fuleli-cum-Guni Jainshoro 19,215 Existing ~6·0 0·9. 65·7 Barrage 

Pinyari Barrage 16,?00 l0x24' 52·0 0·6 
66·5 

Barrage 64=5 

Kal ri-Baghar 12,415 Sx24' 52·0 0·5 66·5 Barrage 
" 66·0 

0·67 0·0537 66·0 

I 
I 

Span~ Crest level L.H. 

IOx24' 49·0 0·5 

Sx24' 49·0 0·5 

8x24' 52·0 0·5 

3·7 Not absol11 ~iv es
sential to .tie re· 
vised design. 

Full Supply 
Level Up· 

· stream 
---
Down s~ream 

66·5 
66:o 
66·5 
64·5 

66·5 
66-'0' 

Remarks· 

l'wo spans 
saved. 

~=======-~====~==~c==~========~========~================== ~ :~ 

Leftpocket Left River - Right River Right pocket Left pocket. Left River Right Ri~r River pocket 
--~--------1'--~---~--~--1 

Remarks 

3 Number of spans 

4 Left Pocket spans 

Left River spans 
6 Right River spans 

·Nos. 

: 6 

22 
7 

·6 22. 

Upstream 
pavement Crllst level 
· level 

46·0 
49·o 

• "-=--

52·0 

52·0 
55·0 

'1 . Right Pocket spans "' .. -· $~ : :' , 5.~·0 5G·O, 
. I 

'2 8 

·Cistern level Nos: 

37·0 8 

37·0 22 
40·0 5 

4:0·0 5 

22 5 

Upstream 
Crest level Cistern level pavement 

level 

46·0 52·0 37·0 

46·.0 52·0 37·0 
46·0 52•0 37•0 

f6·0 52•0 3'7•0 

5 Total number same; spallll 
redistributed to accord 
more closely with exist· 
ing river conditions. 

Remarks 

---
Raised crest instead of flat regu. 
Ia tor crest six feet higher than 
upstream pavement. 

All spans have same upstream 
crest and downstream cistern 
levels in proposed design. 

Raised crest of normal profile and 
regulator crestsix feet higher 
than upstream pavement level. Q!· 

em 
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(b) there will be two more spans in the left pocket without addin~ 
to the total r1umber of r1ver and pocket spans • so that the ' still 
pord ' limit will be increased, assurin~ a longer' period of ttnQated 
flow with cor!'!equent diminution in, and po~tponement of accretion. 

(c) the total linea~ ~aterway in ea.ch arm of the ri~er will .more closely 
follow tle ex1stmg channel widths, thus least mterferm(7 with the 

, . n~tural rondi~ions wit}l least risk of serious river chang~s ; 
(d) It IS thus possible to curtail the length of the pitched island with 

resulting decrease in (i) cost of pitching and apron, and(ii) tfle differ
~nce of porCilev~ls in tne left. and right arms with equal gate open
mgs (actually, wit.o the short Island, tile mo&~l showed no difference 
in water levels in the two arms) ; 

(e) affiux over natural river levels cause<l by the barra(7e will be reduced· 
~~cause the r.aised crf'st in the pocket will have.

0

a correspondingly 
JUgaer roefliment than the flat crests of tne origmal d~sign ; 

(j) it is thus possible to reduce two spans of Pin}'ari Head Regulator 
by lowering its ('rest level, the lo\\er crest level helping to maintaa 
low pond levels ; 

(g) the regulator crests are at a higher level than the upstream barrage 
pavement level ; tbe design thus allows a margin of three feet on 
the left and six feet <'n the rignt baJlk for bed sand and silt to settle 
in the pockets without passing into the canals. (This poirt is not 
considered as a material advantage by the Station, although 1ocn1 
officers put a value on it, berause tbe hign regulatc.r crest does not 
by itself prevent the bed silt from rolling up ann into the canals.) 

<EBTRAL ISLAND FOR CONTROL AND EFFICIENT EXCLUSION OR BOTH THE BANKS 
The Central Island of the Kotri Barrage design must be di.~tinguished from 

-the pitched" attracting island "used to centre a river, ag at Suleimanki because 
·it is €ssent1ally different in principle and artion. While the success d al' 
·" attracting island " depends wholly on its capacity to attract ftow to Itself 
:and this, in tum, depends on its correct positioning in respeot of the m8arder 
.characteristics, tne Central Isla:o{l, at Kotri is not to attract flow-in fact a 
-series or experiments is done with a view to evolve the best design of tl'e island 
wbich will not unduly attTact ftow.(5) but to distribute it b~tween the twe 
river arms as desired and to crt>ate favourable curvature on both banks ; so 
-that while an " attracting island " may cease to be efficient in coUJ'Se of time 
.With cllanges in tlle rivt>r course higher upstream, thf're is little likelihood of 
-the Central Island beaoming ever less· effident in its desi~ed functions. 

The model has substantiated the e)ast!city of the control -."J'hich the CentrtJ 
'island nelps to achieve ; evel.l when snoaling ot the right am• of the river wu 
.greatly exaggerated to cc.unteract model limitation, the island enabled thai 
..ehann~l to be kept alive, and the exclusion from the Right Bank Canal did noi 
-dewnorate. In fact, it~ to this Central Island, artificiaHy enforcing favoura
l>le curvature under all conditions, that the Right Bank Feeder, although other
·wise unfavourably disposed in respect of river curvature, owes its property of 
-consistently excluding bed sand ; it is this island which helps to maintain a 
..deep channel near the right pocket which swings into the river spans by the 
-favourable twist. created by the divide wan action. 

On the left bank, too, in spite of the very high relative draw-off of the left 
'Bank Canals-i.e. a high Q,/Qrratio at tre worst stage ofQ b 200,000 cusecs
~hen the Fuleli Canal was snifted into the pocket, and rougbt witbin t~e 

{') lee item (5) of Uil ehaptu. 
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· ft ence of the isla11d the desigu gave fully satisfactory results even without 
~~g~lation at t~e Barra~e. The Isla"?d, however~ affor~'!l addi~ion~l c?ntrol 

d assistance m excluswn, because 1t enables any desued red1str1butiOn of 
~~scharge in tl•e two arms so as t.o adjust Qp/Qr a'!l necessary _for efficient exclu-
sion on both banks. 

Because there has existed at this site a natural c~ntra.l island for over forty 
vears, ta.e introdution of the arn.o~red cen.tral isJ~nd in its place i~ not likely 
to cause anv adverse disturban~e m ~he nv.·r regiiDe ; tile attractiOn by tne 
pitching mo;·e than offsets any tendency of the Barrage to cause de~erior~tion 
of th~ rigat arm channel-see Table .lfC.-4. But, even should this unli~ely 
eventuality ~ver come to pass, tbe Right Bank Canal can be extended, at httle 
uost, to have a favourable mouth fron· tne concave bend upstr..:-a.m. 

FACTORS AFFECnNG THE EXCLUSION OF SAND FROM THE CANALS 
~Iodel experiments, made for the Kotri and Hajipur Barrage sites, have 

fucu:-;~ed attention on the following factors as affecting tbe exclusion of sand 
• from the offtalring r.anals of a properly aligned and well designed Barrage : -

(a) The Barrage should be located at a placd where tbe d3sired curvaturP 
of flow is sufficiently establi.,bed avd will persist, evel\ after tbe 
co:1.structicn and Pperf!,tion of the Barrage -because a Barrage 
tends t.o diminish to some extent the existing curvature of flow at 
a site. 

(h) The proper position.irg ot tre <:'fftak<:'s of the canals in relation to 
the ct1rve; e.g. tne Fuleli Canal offtaking at Jamsnoro away from the 
direct control exercised by tlte Kotri Barrage and at a point where 
the curvature effect is not sufficiently established, gave serious 
trouble in regard to sand-exclusion at its b-ead. 

(c) The position of the abutment relative to the pacca edge of the river· 
if the abutment is moved considerably inwards into the river channei 
tlle area bounded by the pacca bavk 3nd the divide wall increase.s 
resulting in an increase in tbe area of dead water a.nd slack' flow along 
the bank, which is responsible for silting along the bank and. there-
fore, easier entry of bed sand into the canals. ' · 

(d) Orientation of the barrage line with respeot to tbe main How · a 
re-c.ri~n~ati~n i~ the right direction will help to restore parti;lly 
the ~rmnuhon In ~n? rurvature effect caused by tbe Barr&£e anti 
the river .vard shiftmg of tne abutment, 1Yide (a) and (~). 

(f) Tne re~ative- Poc~et draw-off Q • with respeot to Q;., t.tlQ d_iifhaJtge 
at wh1ch appreciable bed sand moveruent begins in tlle river i.e 
the ratio Q,jQ,. The ~1igher this ratio is, tne greater the diffi~ul~ 
o~ exclusion at tl1e ~orst sta.~e,_Q, i benoe, ~here Q11 fQ. is already 
hgh, excluders and eJectors w1lhncrease t.oe difficulties of .e.xdo.sion. 

(j} The ' still pond ' limit of the barrage. T.a.is. affects accfeUon iS the 
lower the ' still pond ' limit~ the earlie:r the gates are out of .&teJ' 
and the less accretion ther~ would be ;. and th.o less tiM} a('e.rttiGri" 
thQ less the ultimate draw cf sand intG <i~als~ · ·. · ' 

ll51CBI · 
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(g) The number cf pocket spans relative to the barrage spans. In the 
original design of the KLtri barragE', tl-e pocket spans were designed 
with flat crests-necessitatinr a larger number of these spans ; so 
tbe • still pond ' limit was reduced-an advantage-while the area 
bmmd by the divide wall and the bank was increased, leading to 
greater draw into the offta.ke. Therl3 should be a compromise 
between these two conflicting considerations. 

(h) Suitable r;;;gulation of the barrage assists in creating a favourable 
twist of bed :flow away from Ue pockets, particularly at lower dis
• barges ;-wedge snaped openings with least opening away from 
the pocket ard greatest openings adjacent to the Divide '\Vall gave 
the best results, b11t was not enough to correct fully for defective 
curvature. 

(i) Splay to the head regulator faces gives an upstream orientation to 
the canals, enabling water to flow smoothly into the canal without 
creating turbulence in the pocket, which may otherwise throw sa11d 
into suspension under semi-open :flow conditions. 

(j) Division of the discharge into two arm by a Double Barrage reduce 
the Qr/Q ratio in each arm, and admittedly, at low river discharges 
this is a draw back as it increases difficulties of sand exclusion from 
the canals ; but the othP-r advantages more ·than offset tris one 
djsadvantage. -

(k) The length of the divide wall; when the pocket draw is considerable 
relative to the river dischargf', 1:.e. Qp/Qr is high, and the draw of the 

-first offtake is high, it was observed that the divide wall sbould ex
. extend at least to the upstream abutment of the canal, otherwige 
the first (uppermost) canal drew most of the bed sand ; where QP Q,. 
and the discbarge of the uppermost canal are relatively small a 

-dividewall of two-thirds this length is generally sufficient. 
(l) The relative difference between pocket pavement level and tbe crest 

of the head regulators has little or no effect on exclusior, any bed 
material entering the pockets rolling up into the canals. 

(m) Intelligent regulation of the Pocket for all discharges -especially 
under semi-open :flow _conrlitions. It was observed that the !'ocket 
gates nearer the face of tn.e J1e~:!. regulator should be opened less 
tbaP those away from the face to cbeck the sand entry into canals. 

(5) OPTIMUM SHAPE OF THE NOSE OF KETI ISLAND AT KOTRI 
. . FOR THE LOWER SIND BARRAGE(6) . 

ABSTRACT 

It is proposed to construct the Kotri Barrage in two parts, roughly one-
lhild on the right and two-thirds. on the left bank, correS].londing approximatdy 

· to the present right and left channei sizes reS].lectively, with the existing" Keti" 
: •.otural island) permanently left in between as a pitched, dividing island. Thus 
.;; both tbe right and left bank canals would have the desired takeoff from the out 
~ide (concave side) of that curve provided by nature· without the necessity 

,., lnd.iaa Waterwar• E.xperiment Station Poona, Annual Report(Technica.l) 194.6 page II. 
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elaborate sand exclusion devices. The natural conditions at the site, .for the 'last 
40 years or perhaps even longer, are that two channels exist with the ~termed~
ate ' Keti ' in practically the same position except that the Keti appears to hav~ 
grown a little in size with age •. Thus, the proposed construction· is liketY,tp 
interfere as little as possible with the stable, natural river conditions. . · , · · ..... , 

With the utilisation of the existing natural island, the natural ··meander 
length is not disturbed and an unnatural distorted curvature .is not imposed at 
the very point where it is essential to have sweet natmal.curvatUre for easy 
exclusion. . 

A possible objection is that if the nose is held by pitching, the island may 
act as an " attracting " spur by virtue of the scour-hole around ·It, changing 
the favourable curvature on the two banks to an unfavourable one on one of 
them. A deep scour on the right side, as a consequence of intense turbulence. 
is also objectionable in that it may throw the bed material ilito slispensi()D: to be 
drawn in by the right bank canal-· the Kalri Baghar Feeder. · . , · .... 

So, model experiments were undertaken to evolve the best shape of the, Central 
Island which would give the minimum depth and extent of scour, particUlarly 
in the right arm and would thus cause less concentration of flow and turbulence 
at the nose. . . .· ' 

• 'MODEL 
A 1/500 : 1/83·3 scale mod~l of the pitched island was constructed in the 

16 feet. parallel-sided Left Bank Channel, the 'island being centarl1y ~~ated, 
: . - , .· . .. ..... ; r 

f I /I 
_ _, L/ 4 --. , ,....-- I 

/ . . 7'. .. . I 
/ ·. 

/ lu 
""'/ .. II! 

,,' ~ . - . 1_3 
, 1-

/ 0 

.. 
./' / . .. . 

Experiment channel ;r 10 
I ( wtde ,.~~ 'Ked' fsland J-: _ 

_,./'"' ~ ---:--
// I 

-~~~ « ~~ 

Figure IOC.z! : Plan showing the.t:iver_Indm.a"iuLtke lOcation of the ' Ket) 
l•land 

Nete: ((1
2
)) The channel in which the ialand was located has been ehown in full lines. 

Proposed Kotri Barrage is shown in dotted lines. · 
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Figure IOC.21. The intensity of discharge in the right and left arms in the 
model wal! = 346 cusecs, whereas actually in the river the intensities in the 
two arms are 250 _and 333 cusecs respectively. So far as the Righ~ Bank 
Canal is concerned-which is the crux of the problem-the model conditions 
of equal intensity were thus clearly more severe than would occur in the 
prototype. The curvature of flow upstream was not reproduced, because 
it being favourable to the Right Bank Canal in the prototype the straight 
model would give results erring on the safe sidt>. 

The model was laid in Londha sand {0·3 mm.) and the top of the island 
was maintained at R. L. 84 · 00 

SCALES 

(a) The length scale was tentatively fixed at 1/500 and, though as little 
yertical exaggeration as possible was desirable, a vertical exaggeration of 6 · 0, 
had to be adopted, (a) owing to the very small depth of island over the river 

·bed as compared with its length and width, and {b) because 1 : 3 side slope11 in 
the prototype could be conveniently simulat~d by (1/2: I) slopes in the model. 
"The vertical scale was thus fixed as 1/83 · 3. 

(b) Time scale.-. The time scale was worked out from the traotive force 
fonnula as follows :-

·Time scale 

Now, W oo D.S. 

Tractive force in prototype 
Tractive force in model 

where W = work done 

D =depth 

S =slope 

.:,. W =-= L. D. S • 

.Also W =T.V. wh~~e T ==Tractive force 

V = Velocity in feet per second. 
/~ W s:::: L. D. S. = T. V. 
-.:.. T _ L. D. S. . . v 
~ Time scale= T.p{T,. = L 11fL11l, Dp/D,, S'JS,a (D"'fD .'t 

ai\8 V cC. IY- (approx). P 
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Now !:_ . 500 
Lm 

. D, = 83·3 
Dm 

and SP_ = 116 
S,. 

, . 
• • 

00 X .y'83·3 
Time scale = 6 

= 760 

787 

i.e. one day in prot~type = 1·9 minutes (approx). · · . 
This time scale applies to the dominant dischar~e but has t? ~ adJU8ted 

for other discharges, bJ: trial a!ld. er!or, the higher d1schar~es be~g fun f~r a 
corresponding smaller irme and discharges lower than dommant diScnarge.:~ for 
a longer time . 

(c) Discharge in model ,. 
L = 1/500 v· = 1/S3·3' 

• . Dfucharge scale === LD v' D 

500 X 16 X 34,6 
380,000 

= 7. 22 cusecs 

= 500 X 500/6 y 83;3-= 380,000 

wh~re 16 feet= width of flume. in the m6d.el :346 . intensity in cusecs in 
prototype (::_-=750,000 cusecs) 

PROCEDURE 
' 

it waR first nP~essa.ry to design an approximately sound and economical 
sha.po of the island. This being ascertained, the side slopes of the island were 
a.lt.ered in the variom~ tests and the resulting scour-hole observed. A constant 
superflood discharge of 346 cusecs = 750,000 cusecs (approximately), with 
upstre.a.m water level at R. I.J: 74, was run in each tase, and the scour·hole was 
alhnvP-d to stal1ilize. The final stable scour-hole was compared in respect of 
depth, extent and shape. Stable conditions were generally reached aft~~ about 
25 honrs of constant :run in all cases. Same eiperiments were ftnally repeated 
tmde.t rising and falling Hood conditions. .. · : 

EXPERI.MEJn'S AXD DISCUSSION OF BES\JLTS 

(a) Profiles I, II and III.-A constant side slope of 1/2 : 1 was maintain• 
e~ in all these three cases {s~ FigQ.re 100.22) and Figti.rea 100.23 to IOC.25 
show t.be configuration of the stable scour-hole obtained in each case. . 

From Table 100.6, it is seen that profile III gave more uniform. and less 
extensive scour at the nose as well as at the sides. Profile III, howeve~, indi
cated higher depth of scour. But in view of less a:ffi.ux and the large economy 
possible in the case of~ short island (shorter by about 300 teet) it was decided to 
adopt it and modify it suitably by correcting the side slopes so that the depth 
of scour is well within the permissible limits. - · · 



TABLE 100.6 

. Sh,owing comparative merits of variou8.profiles in &~a : ia·r Scale Model of " Central " Island (Kotri Barrage). 

Scour in feet a.nd 
I Scour w feet and Scour in feet and Extent of scour Extent of scour Extent of scour 

P.-ofile. corresponding R. L. of corresponding Lowest. Corresponding Lo11est. at the nose on the Left on the Right 
seour at Nose R. L. of scour on the R. L. of Ecour on the · (feet) -Flank (foot) Flank (feet) tJp in OU18CI 

Left Flank Right Flank 

-----
Elliptical and 1·22~ R.L.-17·5 1·17:::3 R.L.-13·5 1· 20:::! R.l .. -15 · 96 1·8$900 3·331,650 3·6= 1,800 346 
ll)n~ ·· -I 

Pointed nosl) 1·20S!R.L;_;J5·96 1· %5S R.L,:._20· 0 
andlon~ 

. ·-n 1·20SR.L.-l5·96 1·8S9oo 2·831,40:1 3·8$ 1,900 Do. 

I II EUi,,t.jca4 and 1· 2US R. L.-~0· 0 l·203R.J~.-20·0 ' t·aoaR.L.-24·0 1·8519oo 3•5S 1,750 3·3:5 1,650 no. 
short ( • . 

,~ Short jl·O:l.::R.L.-1~0 1·17SIR.L . ..:.-13·5 1•183 R.L.-14· 4 1·69800 3·IS1,550 2·11::1 1,-130 Do • I 
.. 

. , 0·95SR.L. +fi•O 
. .. 

.. Do.· 1·1:2=; H..L.-i3: 4 • · 1 ·ar;s_H .. L.-24·0 , . 2·4;:! 1,21!0 3•431,700 2'931.450 Do. v . ·, ~ . 
'l · ... Do. 1· os;: R.L.--6:' o ' 1· goa R.L . ...--4~ · 0 · lo·90SR.L.+9·03· 2·431,200 3·IS 1,550 "'~a 1,soo De. . ! . 

v 
.. . 

Vl Tt<!i!t.(A) Do. 0·52;:: ltL. +~0· 7 U·163 R.L.+20· 7 O·tl~aR.L.+32·4 O·:IS 150 2·s::: 1.•oo 1·8::1900 Flood u~cle 
.. 

VI Tf'st {H) Dl'· No scour .. Xo sconr .... . . . . 

' 

. ... . ... Dominant. diij· 
charg" 

\1.1 Do. · l:OOSR.I,.tu·0'7 1·07::3 R.L.~.S·l3 l·Oi;;l R.L.-2·6·~ H!Eir.'iO I 3·0=: 1,500 3·2:3 1,600 346 

-

I 
\'III IJo.- l·I63 .R.L.-12· ca 1·3'79 R.L.-30·1!! !·12;3 R. L.-9 · 3 :Hi;;l 1,%110 . ~ .. 3·0= 1,1100 :!46 

~ 
: . -
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Prollles are thoee tested to ucarta1t1 tiM best ProfMe 

.B.I 

·58 ·6) ·64 ., .. 

., .. 

Noce:-
Polnt ~ths are those observed In Model 

Profile II 

Reg. No. 816 HE (C) '4&-1260(H.L..O,> 

•• "·64 II 61~U <9 .. 'I ·56 ·55 " •s ·SO <l « <4 '' 41 
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L ·BS .7/H _8/L \. 1 fq,-l46Cusecsperfoot•7SO.OOOCusecs·~~-~~ 1.0i 8 .9~9 .6~~-64 

\ 
\ 

I.JtKtrMfft Water level ll. l. 74·00 . · i \ 
Top of Island ll. l. 84-00 

·H -&4\·98 . Point Depths are those observed In Model '
9 

·ll '
86 

.
8 

I .i '\ 
·80 As /81 -69 ·40 ·44 -47 -46 ·45 -46 ·49 ·50 ·75 -85 ·79/),_ ·84 ·80 ·79 ·70 ·66 

( .\ I I I \ I I \ \ 

Profile I 

Fiqurlli0C.23=- Showin9 Kotri 8orra9els/ond { s!Jo: 8JJ Scale Modfltj 
C.B.I 

·62 -64 -64 -61 -61 -61 ·59 ·U -63 -60 -6~ -59 ·57 ·5) -97 ·57 ·60 -60 -59 ·55 ·57 

................ ~~ ........... ., 
...Q ''t.':{,IIS~Q"~~~ lt.';f_';,_(~( ~< ~( 

....... ~ffl ~\~)(::: 
J
/o ( tos t·to q,-J46 Cusecs per foot • 750,000 Cusecs t·to I ls ·IS L . '61\S ·57 

Upscream Water Level ll. l. 74·00 · 

-IS ; 5 1.08 1. Top of Island ll. L.84·00 t· 5 -91 ·82 0 -6 

l 
=:·Depths are thole observed In Model { I 

Profile Ill 

F'iqur!li0C.25:- Showin9 Kotri8arro9f11sland [ scio:sf.J Scalfl Model_] 



Fiqurc IOC.2 S:· Slt<:TNinrJ Kotn"Borra~ Island Profile~~ Scoltt Modtt_j Flqurc 10 C.29:.- Sflowin9 Kotri Barrayt~lsland ProlfR ~:siJ Sco le U:x~tj 

ll ~ 
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Fiqurc 10 C.3Q=· Showin9 Keti Island P rofil<~ V jk:d:J Scale Modflj Fiqurc 10 C.31=· Showifl9 Kotn· Bar~ Island Profile vtfo-8f.Jsco~ Mod~ 
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Profile I 

Figure 100.26 : Looking sideways upstream--showing the shape of the scour 
hole obtained 

Profilem 

Figure 100.27 : Looking sideways downstream-showing tke shape of tke 8<:0'14T 
kole obtained 



ll 12 II 10 6 5 ] 

l .! i ', ! i .; l f_ l 

C.l.l 
18 17 16 IS 14 IJ 12 1110 t I 7 6 5 4 J 2 

1.1 

q, -346 Cusea per foot 

Profile VI 

Figu~ IOC32l-,51,owilg 8«1 Flow~ :a& Scak Mode/of K«i Island} Figurf! IOC.33 >Showing Striae~ Flow£-&,:$ ScalrMOdelof Kfti Island} 
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Figurf!IOC.35 .. Shown(j&d Liles of Flow { : afy ScalrModel ofl<eti Is/end. 
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Figure IOC.36 :-Showing Ketllsland Proli/fl VII { ~: dJ. Sea~ M~!} 
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Figures 100.26 and 100. '>.7 show the shape of the scour hole obtained With 

profiles I and III. 
(b) Profile IV.-The natural slope ~f the island at th~ nose_in nature a~ 

proximates to 1 : 6 (i.e. 1 vertical : 6 horiZontal) and hence 1~ was t~ought feas.1· 
ble to retain this slope in the dividing island as far as posSlble, ~1~e 100.28. 
The side slopes were, however, gradually steepen~, b~t were mamtamed. at aU: 
points flatter than those at the corresponding pomts m profile. III. . This was 
accomplished by providing transition reaches in two stages, viz. from 1 : 6_ to , 
1 : S and from 1 : 3 to 1 : 2. The flatter slope had the desired effect of reducmg · 
scour on account of the increased effective surface area, thus reducing the in .. 
tensity of attack all around. But this island would ;not be so effective~ ex
cluding sand from the right bank due to the symmetrical scour-hole on e1th~r · 
side. · · ' · · · · · 

' (c) Profile v.-· T~ offset as far as possible the inherent d~fe~t of profile. rv I~ 
differential scour-i.e. more scour in the left arm than in the right-had to be : 
induced by providing suitable different slopes to the sides Figure 100.29. .As 
further flattening of slopes on the right side was not feasible-due to possibl~ 
gulletting --di:fferential scour was proposed to· be obtained by keep:ing_the same 
side slo~s on the right side as in profile IV and altering only the left side slopes 
and the.lengths of transition reaches on that side. · · · · · 

i ~·~d. 

The steeper slope of profile V increased the severity of attack on the left 
flank and accentuated scour to as low a depth as R. L.-24, while the depth of 
scour on the right flank was only up to R. L. + · 5 · 0. · 

Figure 100.30 illustrates the bed lines of flow and indicates the probable ex•· 
elusion. The sand exclusion was· judged by the extent and the number of cen-t 
tral bed seeds that wer~ pulle~ to one side or t~e other, as the case may be .. , . , 

(d) Profile VI.-The effective slope on the left side was made still steeper· 
by :redu,cing the length of the transition reach,. Figure 100.31. This resulted in 
the largest depth of ~cour obtained in the series, viz. to R.L.-41, Figure 100.32. · 
This was obviously too deep a scour-hole and consequently this profile was·: 
given up in spite of satisfactory exclusion. . .. : . . . . .. -~ 

It was decided to adopt a pro:filo which limits the scour' on the left side to· 
L. R. = 13·5, obtained with profiles I and IV;., Figure 100.33 shows 'the sur~-: 
face lines of :How with profile VI. . · ' · ~ · ·. ·. .. · · · 

(e) Profile Vll.-To meet the ab'ove objection, profile VII was e\ ol~ed · 
Two stage transitions 'Were provided for the left side, viz. from 1 ': 6 to 1 : 3 and.' 
from 1 : 3 to 1 : 2, Figure 100.34. The maxinium depth of scour was limited to' 
R_. L. -5·13 and owing to the differential scour, the exclusion was sat:isfacto:ri·, 
F1gures 100.35 and 100.36 show bed and surface lines of flow. -The exclud-
ing action at the nose by twisting the bed lines is clearly visible. This was the 
profile finally adopted. . . . . ' ' ' . ' . . 

{/) Profile V i1~.-This was tried to. ~e~ ~ the len~hs of the tr~nsition) 
reach~ on t~e left rnde could be cu,rtailed_ .still :fqrt~er, but proved Un.succe~s~' 
ful as 1t agam developed a ~eep scour-hole, as deep as R. L. -,30·12, Fig#!~ 
100.38. . The pr.o~e of the ISland ~as clearly not improved' by· .. the shortet 
1engths of irans1t10n reaches. · · · 
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(g) Profile VI (Test A).-As a matter of interest, a flood cycle was run; 
but ':<>th t~ dept~ and extent of scour were smaller as compared with the depth 
ohtamed by runnmg a constant superflood d.Uioharge, Figure 10C.39 . 

... . Test B. ~o see ~hether scour consequent on a cycle is nearer that obtained 
With the dommant d18charge than the maximum discharge, a dominant dis .. 
charge of 2.50,000 cusecs was run ; scour ?.ith the dominant discharsre was neg· ·. 
ligible. 0 

· 

CONCLUSIONS 

. ~file ,VII gave the best results and hence, it was recommended. Thl~ 
pro.file IS adopted in the full-width model of the Kotri Barra<1e and is be in & 

tested under the curvature inherent in the site. Owing to the ~any disturbing 
factors, no absolute numerical accuracy is claimed for the values of depth and. 
extent of scour given in Table 10.C6. The relative values are however useful 
for assessing the best shape. ' 

(6} MODEL EXPEIUMENTS ON TBE EXCLUSION 0:5' SAND FROM A 
FEEDER CHANNEL TAXING OFF FROM PENNAR lUVER(7) 

A project has be~n prepared for taking of! a channel with full su.pply le, .. el 
ane foot below the bed of the Pennar river. The rivet at the point of offtake 
is 115 foot in width. It has an average fall of about 12 feet per mile and the 
bed is all sand overlying rock. The channel proposed to be taken off f.rom it · 
has a carrying capacity of 100 cusecs and is 12 feet wide at bed with side slo.pes 
of 1 to 1.· 

The problem wa.s both to draw off as much water as possible from the river 
and to prevent entry of sand into the channel. . Due to other reasons, the full 
supply level of the channel had to be kept one foot below the ~ed oft.he river. 

In order to draw o:fi water~ it was considered desirable to have a pitched 
island to attract the llow to the channel. Incidentally the river by-pass bet
ween the pitched island and the offtake weir of the channel would get scoured 
out, thus rising the offtake weir above river bed level. This would automat!
cally prevent sand from overflowing into the channel, To exclude 8and further 
the offtake weir was made concave in shape. The side of the pitched island 
facing the offtake weir was to be convex in shape.-When the flow carrying 
sand passes in the river between the weir and the island, 'the water of the river 
would hug the weir canca.ve in shape and the sand would get deposited at the 
convex side of the pitched island. The entry to th~ draft ia made smooth by 
giving a bell mouth shape to it • 
. · The solution suggested above was tried on a model of the rivet project put 

to 1/12th scale. All the dimensions oi both the channel and the rivet were made 
scalar except the width which was restricted to only ~ix feet. Further ~- · 
creasing the width of the river would not have had any consequence as only 
such pc>rtion of the !!and which is de1lected by the pitched island was all that 
could get into the channel. Band simila:r to that obtained in the river was 
laid on the model. 

(7) Hydraulic Research Station, Kriahnarajassgar Mysore Annual Report 1946, pagt11 62 ,o 64. 
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. 
The model was first laid without any pitched island or giving any cutvatur&· 

to the offtake weir. \Vhen water was allowed into the riv~r, the channel got 
chokod up with sand very quickly. A pitched island was next put- up. Its . 
position in the river in relation to the offtake. weir, i~s shape, length. width a~d. 
l1eight were determined by a. series of experiments. It was fot;md with a velo
city of flow of two feet per second that out of the total quantity of ~and getting·
into the riv·er by-pass, 25 per cent. of it got into the channel. 

To minimise this further, the ·bank of the river which was straight at this 
reach was cut into a concave ~shape and the offtake weir rebuilt to follow iihe 

· curve of the bank. A bell mouth entry was also given (vide Figure 100.40). 
Only 12~- per cent. of the sand getting into the river by pass enteted the .channel. 
Most of the sand used to enter at the end of the offtake weir left side where the 
flow gets bifurcated finally, a portion entering the channel and thtt.remammg--
getting hack to the river. ·. .. 

. Pennar rivet' ' -- .. 

Offtake 

Figure 10 0.40 Experiments for sand exclus1.'on 

. To prevent entry of the sand-at the e~d -a_ 'no_t·h·· u· ·. . _, ... . ... 
, er sma vane was construc-

ted. fA ~oyne wall was also built in continuation of the 'offtak~ Weir.· The 
resn.lr,s ~.ere very successful. ~ly 8·3 per cent. of the sand entering_ the by 
pass entered the channel. As a silt trap has also been given in the charui.el ; 



192. THE CENTRAl~ BOARD Olf IRRIGA1'ION ANNUAL REPORT, 1947 

·before the head works, so that any sand that passed over the weir got deposited 
in. it and the channel was: practically free from sand. 

. ' 
· In this connection a basic experiment was made to find out wheth~r ,tll.e 

rate of exclusion of sand depends on the amount of sand carried by the ~iver •.. 
For this purpose sand was added to the flow at a uniform rate of six cubic feet 
per hour, eight cubic feet per hour, and 12 cubic feet per hour, the depth of flow 
in .the river being maintained constant at three inches and velooity of flow uni-' 

. form at two feet per second. The results are given in Table IOC.7. · · 
. ' 

. TABLE 100.7 

; Rate of sanding 
' 

I 
t. 

6 cubic feet per 
· hour 

t .' r 'j' ._: ' • • ~ : • : 'I • • i 

Percentage of exclusion I 92.5 per cent. 

8 cubic feet per 
hour 

91• 7 per ~ent. 

12 cu hie feet per 
hour 

91·3 per cent; 

{7) iSEDIMEN~ . INVESTIGATION--lUVER SUTLEJ· AT HUSSAINIW ALA 
! . ··. · .. . .: . . . ·BEAD'ftT.QnTT~(8) · . 1 · · ··• ., . n• ~ . . . 

J Excessive sediment enters the · Di~~pur Canal at Head. To reduce it 
different designs of sediment excluders were examined. A design which gives 

l 

an efficiency of 60 per cent. has been evolved. . Work is being continued to se-
-curk-}ligher ·efficiency. 

(8) SEDIMENT INVESTIGATION--RIVER roMNA AT TAJEWALAHEAD
WORKS(8) .. 

The sediment excluder of two tunnels developed at the ~Ialil7ur Statio:a 
-an<J, constructed at the head regulator of 'Xajewala Headworks in 1942, worked 
·veo/ . efficiently for the given conditions. . It was now desired to run the canal 
wit~ higher' river discharges than previously, and, therefore, to increase excluder. 
'Capacity. 

•. / - ... ! 
; Three tu~~Is' .were examined. ·:The ··efficiency over that of two tunne11! . ' .~ ~ 

mc:reased only b) ·a small percentage. In fact the efficiency of the two tunnels! 
design under original conditions is 95 per cent. · Work is being continued wit1l7 
high discharges in the pocket. 

' 
I •----- N •' o 

(9) SED~ INVESTIGATION-RIVER RAVI AT DBANNA )VElR (s) 
. ,. . . 

.. Heavy detritus· i& brought down by. the river Ravi into the Upper Bari· 

· · (8) The. Punjab ·Irrigation·· _RestJarch Institute,. Lahore, Annual Report 1946, · pag! · 
4: ~Ild [j, . .. . . ' . ., ' ..... 
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Doab Canal. It was desired to control the sediment flow in the rive~ up·stream 
(){ the upper training works at the Dhanna Weir four miles upstream of the 
liadhopur Headworks. At this site the river divides into two channe~ 
one leading to the Madhopur pocket and. the other to the was~ weir. . A .seriea 

·of shingle deflectors was constructed on the mo~el a~ theDhannaWeir such t~t 
comparatively sediment free water went to. th~ Madhopur pocket. chann~1. 
Fu.rther work is in progress to improve the design. 

't 

DISCUSSION BY THE RESEARCH COMMITTEE . ' 

l\IR. PRAMANIK in introducing item {1~ said· that these experinient~·were 

undertaken to find out a device by which exclusion. of silt from the existing . . . 

canal from the Rho~dia Headworks· ·on the Damo~ar~ could .be ~effected •. 'Io 
•incorporate the reach from 7! miles above tO' two miles below the canal head
works, the modelscale was chosen as 1/200 'horizontal. 'The vertical.scale ~as 

I taken as 1/80; . But it was found in this modefthat 'bed mo~em~rit Within. one 
mile aboYe tlie canal head works. did not start unie~s the d.isch~rge' pass~d, ill the 
model was equivalent 'to 250,000 cusecs in'the prototype. A~_ the c~nal .supply 
was stopped when the river discharge went· above 2000,000 c~ecs it was. n~t 
})OBBib1e in this model to try silt-entry conditions; as in the prototype.. . This 

. model was, therefore, utilised to study ~he ~a~e of flow within on~ mile above 
tho canal headworks, so that a bigger part model might be built for studying 
silt-exclusion problems, if necessary. · . . · · · · · · 

' 

The vertical scale was later increased to 1/50 and bed-movement in this 

model had been fmmd to s~t corresponding to 25,000 c~ecs in the prototype. 
· .. ' 

This model was now being run for studying silt-exclusion problems .. 

DR. BosE in introducing item (2) said t~t these. observations were started 
in conjunction with the model experiment 'on the silt exclusion from Damodar 
Canal whOBe results had been presented by Mr. Pramanik. 'Vhile startin'g the8e 
observations on the head works, it was found that the only place .from where a:ny 
sample of river water could be collected wa.S at a point immediately ·upstream 
of the canal head regulator from the abutment- wall: Xhis was done by. me~ns 
of bottle sampler lowered to the desired depth in the p~cket almost agai~st the 
abutment of the head regulator. During the progress of these observations 
it was found that the qtl.antity of silt in the sample obtained from th~ river wat~r 
~as always less than _that obtained £rom the canal. water.' Though the 

_,resUlt was,_ On the face of it, inconsistent, there.·w~ no <?ther_way of (}Ollectio~ 
the water ~ample~ from- the .river ari~ the p~e~e:p.t_ pwthod,' "~as. c?n~inue~. 
Efforts had been made whlle; ~nalysing -the data i;o r-ectify thi~ draw~c~. 
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This had been done in the following way. It WM well known that the silt 
intensity in the river vrater varied with the t·iver dhcharge. This had Leen pro· 
ved in many cases in other pa.xts of the c:mntry. The silt content as actually 
obtained from the river by the present method was correlated with the river 
discharge. It was found that the correlation was very hig:O. and significant. 
Regression curve was also drawn. In turthar analy!\is, instead of taking the 
'actual silt content of the river water the silt content as obtained from this te
gression curre for different river discharges was taken into consideration. · In 
the investigations it had been assumed that there was a multiplying factor to 
the ratio between the silt intensity in the river water and the canal water 
though this multiplying factor was not known. Proceeding on this basis, the 
analysis had shown that by operating the undersluice gates in such a we.y that 
there wa~ an increase in the opening from the canal regulator side away there 
was very much more silt entry into the canal as compared to the other method 

'of opening the head regulator less and less from the canal reguia.tor ~ide. The 
results appeared to be contrary to what had beeh obtolerved at other headwork!'!. 
The same sort of result was also obtained from the model. A<i the results from 
the model as well as from the prototype appeared to contradict the prel'len~ 
conception of silt exclusion thesf' observations were being continued. 

. MR. ]~RAMJI said that it was stated that the canal was drawmg P.xcef':-ive 
sand ; it was a1w Atated that the high spoil bank~-1 in t.he £rnt five miles . of the 
bead reach <;Jide down during rain and obstruct the free pasmge or water in 
canal. It was not clear, therefore, on what grounds it was believed that there 
wa-1 excn.sf'ive sand-draw from the river. MR. FRAMJI asked if the hydraulic 
al1aracteri.-~tics of the head reach, i.e. its slope, shape, section and divcr~ence 
from regime, had been studied to see whether the filting was not a consequence 
of a defective canal design being unable to carry forward the material which had 
slided down from the spoil banks. 

According to MR. FRAMJI the model must be such that there was correct 
curvature of flow and correct bed movement in all its reaches at the lowest dis· 
charge stage (30,000 cusecs) at which bed movement coinmenced in the river, 
because it was at this crucial stage that the ratio of q (offtake) : q (river) would 
be maximum and, therefore, at this stage exclusion would be most difficult. 

If thig experiment had to be done at Poona, even as a first trial scales 
with a vertical exaggeration greater tMn 2 ·5 would have been adopted, as the 
problem waH essentially one of studying bed movements which depend oh 
curvature ·of .tlow and required a higher e:xaggeration, say ofthe order of five 
or ~ix. . 'Vith the scales adopted, presuming the discharge !ca.le was taken &'-1 

· 1 = 1/1, 43,000, for the highest discharge of three lakha tested on the 
LDJD . 
model, the model discharge was of the order of 2 ·1 cusecs and the length of the 
-wrir being 3,750 feet the intensity q pet foot run would be 0 ·112 cmec pet foot~ 
giving a Reynold's Number of about 11,000 ; for a discharge of cme lakk cueecs 
in the ri\~er, the q r-er foot run in the model was only 0 ·037 giving Reynold's 
Number of 3. 7 40. Although theoretically Reynold's Number of 2,000 was suffi
. cient for giving turbulent :flow it was their experience that Reynold's Number
of 30,000 to 40,000 for the ma.x:imlim discharge conditions was eEsential. But 
n~re increase of the depth scale to the extent proposed-i.e. in ore ate in vertical 
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t>xarmeration from 2 ·5 to 4 ·0~ without giving a slope exa~eration ·would not 
prod~ce the necessary bed movements and a slope exaggeratiOn was also essen.,. 
tial for these tests. 

The riaid portion of the weir, under sluices and head regulators were con
structed to

0 

the same scale as the river portion. The discharge scale. for the 
river was probably 1/LD yi5. This would not hold for masonry_ ~truct~e!S 
when they were vertically exaggerated and so the depth scale for r1g1d portiOn 
would be different from that for the riv~r portion. Th~ sc~les of the ~igid po:· 
tion should be determined as described m the note on 1\l?del Tech?Jq~e 1n 
the 1945 Annual Report of the Indian Waterways Expenment StatiOn. (. · . 

MR. FRAMJI further asked if still pond regulation had been tried on the 
model. or the prototype and with what ~esults. The di~ide w~ll · sh~v.ld be 
raiPed to R. L. 171 in order to enable still pond at the h1gh~st nver discharge 
at which the canal was kept open. · 

With regard to the experiments on the prototype the observation.~ were 
•stated to have been done 

( 1) with gates uniformly opened ; ; , . . , 
(2) with the undersluice gate opening increasing from the left to the 

right and the canal head regulator gates raised more and more from 
the upstream end. 

Under (I) presumably both undersluice and regulator gates were equally 
opened so that the change made in (2) involved the simultaneous change of two 
Tariables. More conclusive results would be obtained by changing one vari
nble at a time, say, first keeping the head regulator gates uniformly opened and 
the undersluice gates with wedge opening, i.e. the gates nearest to the head r~
gulator having least opening ; and then raising the regulator gates more and 
more from the upstream and keeping uniform opening of the undersluice gates. 
\Vhy was it not possible, asked MR. FRAMJI, also to try " still pond " regulation 
on ~e proto~ype , alternatively with canal gates uniformly opened and with 
va.rymg operungs. . 

I>:a. Bos:s: referred Mr. Framji to his report. 

KH.AN B.A.HADUR KARIM said tha,t it was not clear at what stage the entry 
of silt into the canal was the maximum. . · 

DR. BosE suggested in reply to K, B. KBJ"im's qu.erry that the move:ntoot 
af sil~ depended not only on the discharge but also on the rise of dilichttrge in 
~n~ -

KHAN BAHADUR XARnr said that there must have been some closing Ievfl 
with the canal head regulators. . ·-

DB. BosE in reply to this invited attention to the Table IOC. 1. 
J?R: BosE: further went on to say that it was not the quantity Qf silt that. 

\Vas gtvmg the. trouble.~ The reason for the silting was that during the :r.u,ins 
the banks, which were rather very sloppy got dumped into t1te .cana.l and the 
Go~e~ment of Bengal had to spend something like Rs. 70,000 o:n thjs aoctJUnt. 
This kind of ha~ was for a length of five :rniles of the head JeLloch. Tlte soil 
there was poouhar. It cracked and during the :rains the water got into the 
cra:ks. The only solution, according to DR. Bose was the ren10va.l of theS(\ 
spml banks. 
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RAISAHIB GUHA asked as to whether the difficulty was due to the banks 
or the silt. He further asked where the dredged earth was disposed ofT. 

MR. GoVINDARAO introduced item (6) and invited attention to Figure 10C.40 
and added that sn:all scale model experiments had been done &ince then. 

1\IR. H. P. MATHRANI wanted to know that was the pavement level of the 
canal. 

MR. GoVJND.ARAO £:xplained t:bat tbe :pawmt:nt kvel ·was fix ft:et below 
the bed of the river. 

MR. H. P. MA'IBR.ANI Eaid t:hat in tbat caf.e tbe cr.nal would suck all the 
bed material. 

MR. GoVINDARAO Eaid tbat was the purpose of tbefe experiments. 
RAo BABADUR JoGLEKAR said that it had bEen Euggested in the paper that 

the model experiments were done in geometrically similar models. He con
tended that this experiment as explained could not be done in geometrically 
similar model. · • 

:MR. GoviNDAR.AO replied that bec~m: e of tbe peculiar featuus of the river 
it had been poD~ible to do the same. · 

DR. UPPAL described the double decantation method followed in Punjab. 
After V.·orking on these experiments for wme years he said they had been able 
to find out ~uitable sites on canals three to four miles upstream of the head· 
works, where there wa~ a bifurcation. A deflector was put at the ~ite. The 
deflector deflected most of the sand. The second decantation waq done at the 
head works. 

On r~ccount of this design there had been a c-bange from the old del'ignfl 
which were followed in the Punjab in the previous yean:. · · 

·. · 1\lR. FRAMJI referred to item (7) and stated that the design is claimed to 
give ·an e:ffieiency of exclusion of 60 per cent. from Dipalpur Canal. No detail~ 
of the design were furnished. It would be intere~ting to 1.-now how effi.eiency 
of exclusion waq measured ~ ; · · 

. . ·. 
Regarding item (8) he a<~1~ed, what was the preFent di::cl1arge. ofthe"·wesh·rn 

Jumnr. Canal and what was the proposed capacity 1 · · • . . .. 
What were the pre~ent and propo8ed excluder capacity anq :h.o~ wa3 it 

proposed to increase the excluder· cap~city ? , · ; 

·. Referring to item.(9) MR. FRAMJI stated that·n~ plan had been furni~heCl 
so one could only infer f~om the phot?grap~ the -~alient. features of the 
propo."al. In thi~ paragraph a curved vime (~r effe~tively a curved raised ~itJ 
in this case) had been mimamed ' deflector '. lt w.as st.ate.d that the com_para
tively sediment-free water went to the ·::Madheipui- P?~ket': '~ ;~ · ~ .· : .. ·1 

"nat wa"l the efficiency of exclusion shown by the modet he asked, nnd 
~hether the· same efficiency was expected in ~he prototw, ~.Such a raised' s~.ll 
eould only, be partly suc.cessful with it:::. favourable curvatur~· upstream of J.t 
as mod~l experiments have shown that it' createq turbulence and coarse bed 
ma.terial rolls over it. MR. FRAMJI asked what wa~_the ~eight above bed of the 
so-called deflector cpmpared to the normal_ dept4 9f the riv~r during medium 
flood 1 · · · - · • .. - ' 
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MR. GoLE asked Dr. Uppal what the height of the deflector was. · 

MR. CHATURVEDI asked Dr. Uppal what the distribution was. 

797' 

DR. UppAL replied that he preferred large scale models to distorted ones .. 
He s~id that the height of the deflector was d/4 where d was the depth of water-
at bankful stage. · · . _ 

Items.(3), (4) and (5) were left over for discussion at the next Board Meet-. 
ing. 

DISCUSSION BY THE BOARD 

THE SECRETARY said that there were nine items for discussion at theRe ... 
search Committee Meeting out of which items (3), (4) and (5) could not be taken 
up. He suggested that these might be discussed by the Board. · 

1riR. SETHNA introduced item (3) and said that at the time of the construe .. 
tion of the barrage it was proposed that it would be working on open flow con .. 
ditions. Afterwards it was found that free flow within the right ·bank canals. 
was not possible. Upto 1939 the right bank canals silted badly. The Director, 
Poona Research Station (Sir Claude Inglis) was requested to perform model 

·experiments to determine means for rectifying these errors. When the work 
was under construct~on, · th~ Director had per~ormed some experiments, and 
lle suggested two submerged vanes to p~event th~ silt enter~g the right canals 

·and to mak~ the flow more or le~s. centraL. This was not acted upon. Mter· 
wards the conditions grew worse and finally the Director suggested the cons .. 
truction of an islan4 in t~e ~igJ:tt ~alf of th~ weir a~ shown in Figure 100.91 • 

· ·After construction of the island,:the canal o_n t~e right bank started to scour 
out and so fa.r as the canals were cqncerned the ~:rangement ·was_ funq~i9ning 
al~ right. · · 

: '· ·.. .. ' 

,' lie said that the dis-advantages :vvere not so ~any as compared to. the ad· 
. vantages. · ·· 

.. . . ,.. 

. .~ .. In :r;eply to a. questio~ Mii.,-SETHNA s~id thq.t :18 spans .of the barrage_were 
. out 'of action on account of the island. · · 

. S~RDAR BAHADUR SARUP SI~~H 'said that t~t was an inefficien(~ay. of silt 
. oxclu~10n. · . . 

.. , . !n reply_it wa~ pointed out that tiie w~ir. had b;~n.designed. ror a. iiood.dis .. 
charge of 1 ~ 5 million cusecs but ';VaS not likely to get even a million cu&ecs 
The blocking of 18 spans was therefore, no real loss. , · . · . . . .. 
· ·: MR. FRA~IJI ~congratulated Mr; Sethna. on· a fair' an~ balanc~d nqte·. ~ In 
Table 10C.2 he had given brief details of experiments carried out at Poona. ,The 
results of these experiments had been confumed by actual observations on the 

' prototype w>t .only in resp~ct of ~he main purpose of the works-sand exclusion
. b~t .~lso .in ,resl?ect of other important fe.~tures: . For example, as had been pre
~Icated, eXJ?enen~e had _shown that whil~ 's~1ll-pond' <?r ~ se~-open 'regula
t~o~ .m~de l~ttle difference to sand exclusiOn from the· Left Bank Pocket on ac ... 

. . · ,iioJ?lit o~ the _existing favourable·cutvature, on-'th~' Right.Bank Pocket with its 
adverse cu:rvature, still-pond·regulatiori was-essentfu-1.: ':· · · ' 
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MR. FRAMJI continued to say that the immense good that the river works 
had done must not be lost sight of. Conditions in respect of silting had got so 
bad by the end of 1938 that a large expenditure had to be incurred on silt clear
ance of the Right Bank Canals and the Right Pocket. Not even the worst 
critic of these works now denied that so far as sand exclusion was concerned the 
new Approach Channel had been completely successful. The total cost of the 
works was B}lakhs of rupees which compared favourably with the heavy·re
curring cost of clearance of the Right Bank Canals and Pockets which had been 
saved, as judged by the cost incurred in one year 1938-39 with so little lasting 
good. 

MR. FRAMJI answered some of the criticisms made against the exclusion 
works--

Though this design had reduced active river spans from 54 to 36 and haJ. 
masked or particularly reduced a few others, there was still ample capacity 
left to pass the maximum discharge; the intensity required to pass the maxi
mum recorded discharge would be about 290 cusecs per foot, with C in the fo:r
mula q=CD1·5 only 2 · 7, which was much lower than that adopted in the latest 
barrage designs. 

Secondly, it was stated that when the ·river was low, on account of the 
flatter slope on the river side than on the Approach Channel side, a highet pond 
level had to be maintained. This was only necessary at river stages of the 
order of two laklt.s cusecs and under, when there was little or no bed movement 

- in the river and so no conceivable harm could come from higher ponding at su,ch 
·times . 

• Thirdly, it was stated that an afflux of 0·2 foot to 0·5 foot was nooesl'm.ry 
·during floods to clear away sand deposits downstream of the tail char,nel to en
:tble it to pass the required discharge. 

An afflux of 0·5 foot for only a few hours of flow waa sufficient to re:5tore 
the discharging capacity of the tail ehannel. t_rhere was no evidence that in 
these few hours any irreparable barm was done. But even this feature eould 
be substantially reduced, if not eliminated, by the provision of a downstream 
divide wall carried above high Flood Level with openings and a submerged cur
ved vane in extension thereof, as found efficient in experiments of the Kot:ci 
.Barrage. 

Fourthly, it had been stated that though the bed of the Rice Canal had 
·now scoured down to, or near the designed bed level, yet th& slope in this canal 
was still high. This was because coarse sand, the residue of several f~et of 
·scoured bed material, still remained exposed on the bed. This eon~entxation 
·cf cea.rse sand must be removed and the velocity :reduced before. the canal could 
be run with the new flatter slope now possible on account of the exclusion of 
the bed sand. 

:tastly, the Approach Channel had been charged with accelerating the 
-accretion. This waa a very controversial issue over which MB. FtU.MJI would 
rather reserve his opinion for the. proper occasion. 

lli. FRA.Wl introduced items(~) and (5) and said that as Executive En
gineer, iJl cha.rge of the Lowel' Sind Bal'Iage froject Division, he had strongly 
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pressed for .the shift in~ of the site from Hajipur to Kotri, 23 ~es ~pst:eam of t~e 
former whiCh suggestiOn had been accepted after much discussion and. ~ons1• 
deration. This item dealt with experiments with the Barrage at KotrJ m thtJ 
I/250 : I/50 yertic~lly-exa:ggerated model to. test various feature!f ·of~esign
particularly m their bearmg on sand exclUSion. , ' 

A lon(J' series of experiments were carried out first of all without a Barrage 
to prove the model and the stability of the site. These showed that the pro• 
posed Barrage line was somewhat upstream of the reach where the ~u,rV1l.ture 
effect became fully established and the existing offtake of the Ful~Ii at Jam
shero was unsuitable in respect of its position along the curve, part1cula~ly for. 
:high discharges of Fuleli at low· river stages. · · . · . · · .. ·· .. _, ~. :. 

Experiments carried out with a Barrage (at th~ . s'ite ~t. Kotri proposed in 
' , the Project) showed that- · .. · · ·. : ·. · . · ·: • ... 

t ••. ' .. • 

• (1) sand would be excluded from the Pinyari Feeder offtaking from the 
pocket at the Barrage ; but 

(2) exclusion from the Fuleli Head at Jamshero would be \"~~Y- un· 
l!!atisfactory because of-

(a) its unsuitable position along the curve ; 

(b) partial counter-action of natural clirvature by the Barrage; 

(e) high canal discharge in proportion to river discharge ; particularly 
at the low river stages (e.g. two lakhs cusecs, the lowest stage at which 
the bed movement occurs in the river ) ; and 

(d) attraction of flow by the island resulting in reduced flow along the 
left bank. 

In order to restore curvature and improve sand exclusion from the Fuleli, 
various measures were tested but none was sufficiently satisfactory as an all• 
time solution for exclusion of sand from Fuleli. 

It was only when the Fuleli Head Regulator was shifted along side of the 
Pinyari Head Regulator into the Left Pocket that there was sufficient promise 
of satisfactory sand exclusion from the canal. The Project design was accord
ingly modified and a similar design recommended to Sind which had been ac
cepted. 

The Central Island was a special feature of this design. This island-to be 
distinguished from the pitched ' attracting island ' for training a river such as at 
Suleimanki-was found eminently successful for its designed purposes of creat
ing favourable curvature on both banks, and securing the desired control and 
~s~ribution of flo:v in .the two ar~ of the river. It also _precluded the possi
bility of the deterwra twn of the right arm channel of the river ; as experiments 
with exaggerated shoaling of the right bank showed, the central island would 
~eep open the requisite channel even without artificial assistance bv regula
tion. 
'tH H I 
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Model experiments were undertaken to compare qualitatively, differen' 
shapes of this Central Island and it3 nose to give minimum depth and extent of 
scour and eause less " attraction " and turbulence at the nose. Profile VII 
was found to be the best. In this profile, two stage transitions were provided. 
.nz. from 6: 1 at the nose to 3 : 1 at an intermediate point and from 3 : 1 to 2 : 1 
near the abutment for the left side, and 6 : 1 constant for a longer length from 
the nose and then tnmsition from 2 : 1 at the abutment for the right side. 

This profile was adopte.d in the full-width model of the Kotri Barrage and 
~as being tested under the curvature inherent in the site. 

D& BosB wanted to know as to what would happen to the channel on the 
right of the island when a sudden flood occurred. 

IlL Plwui replied that the right hand channel opened out. The danger 
was only when the water .level went down. 
,. 

Dx.lloBK wanted to know the rate of rise of the river. 

' . MR. FlUIUI referred Dr. Bose to Figure 10C.12 where a cycle was g1ven. 

It was decided to .kee:p .the sul jact en tte ~ge:nda. 



11 C--Outlets o·:. Sluices _ 
PRELIMINARY NCTE 

This subject has been introduced on the agenda for the· first· time. 

The subject has been dealt wit~ compre~e~.ively in the Punjab Engineering 
Congress paper No. 264 by Messrs. Mahbub and Gulhati. It is understood that 

· the authors propose to re-publish this work in book form· after making-consi• 
derable additions and modifications to their Punjab Engineering Cotigresa 

: L , ' .';. 

paper. 

The Year's Work 
.I. 

DISCUSSION BY THE RESEARCH COMMITTEE 
MR. BLENCH stated that experiments on A. P.M. :flumes, their coefficient 

and their adaptibility for bigger heads,· were being carried out for the last two 
years, but there were at present no special features to report .. · 

' ' 
CONSIDERATION BY THE BOARD 

THE SECRETARY said that there was no contribution under this :;ubject 
head. . . , · · · · -

·' . . ' ., 

It was decided to keep the subject on the agenda. ·. 
! 



12 C-Other Works 
·· · PRELIMINARY NOTE 

This subject has been introduced on the agenda to facilitate discussion of 
the design of canal works other than those which are included on the agenda 
as separate items. 

The ·Year's Work 
The following items were discussed at the 1947 Research Committee Meet

ing:-

(1) Fluming the Tungabhadra Low Level Canal between miles 27./4 a~d 
28/(. . . • 

(2) Reduction of affiux at sluices, culverts and inverted siphons. 
(3) Siphoning of the Cum-bum T~nk sluice. 

(1) FLUMING THE . TUNGABHADRA LOW LEVEL CANAL'. BE '.r\VE~ 
.. MILES 27/4 AND 28/4(1) 

ABS'fBAC1! 
The Tungabhadra low level canal is proposed to be flumed ln the reach 

27 J 4 to 28/4 where it has to pass throngb a. cutting in soft rock. The hydraulic 
particulars for the fiumed section were obtained by analytical calculations. 

, These are furnished. In order to examine how far reliance could be placed on 
. such calculations model experiments were carried out on the model of the flumed 

canal to a natural scale of 1/20 with the difference that instead of having the full 
length of 5,308 feet reproduced ~ the model only 800 feet was reproduced. 

The procedure adopted was as follows :-
(a) Construct the model to the proper dimensions, allow the discharge coxus• 

ponding to the full supply of the canal and adjust the tail water to the correct 
level; (b) for this condition calculate theoretically the elevations of water 
surface and depths at the four critical positions, viz., (1) approach flume, (2) head 
of throat, (3) end of throat and (4) departure flume; (c1 observe the corresponding 
values actually obtaining in the model ; (d) compare the two sets of values and 
see how far the computed values tally with the observed ones. 

A series of experiment were carried out and in all these the flow was 
observed to be quite smooth and steady and the characteristic fall in level 
between (1) and (2) and between (2) and (3) and rise between (3) and (4) were 
noticed. Computed and observed values for one experiment are furnished. 
Close agreement was obtained between the two sets of values which showed that 
reliance could be placed on computed values in flum.ing long lengths of canals. 

DESIGN~FO&;TIIE[FLUMED SECTION 
Calculations for the flumed section of the prototype are furnished below : 

Data
n=0·020 
Discharge =1,512 cu.secs 
Depth of flow in normal channel=Sl feet 
Bed width=66 feet 

(l) Irrigation Research Station, Pon~ ~adru. AnnuaJ..Report 1946 Pagee 44 to 52. 

Q 
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The section is proposed to ~e rectangular at· the entrance to the approach. 
transition. . - - _ ., ; . _ __ , : -; 

Froude number.-· The main consideration in thiS design is to see that no 
standing wave will be formed. 

Hence, Fronde number should be less than 1 

~ should be < 1 
gL.:'I.,;:., __ · -- ·- ---- ·-· 
Let the ~hro~t 1>~ 2.1: feet and depth of flow 10 feet 

V = l,512 =6·302 feet per second 
24X10 

V2 (G·301)
2 

gL .. = 32X10 =0·1241 

· He~ce the proportion~ suggestd are .suitable. The approach transition 1S 
proposed to converge at 1 to 1 slope and departure transition diverge at 1 to 5 
ilope. · ' · 

Figure 12.0. 1 illustrates the plan and section of the flume. 
It is convenient to start the computations from the tail end of the flume and 

let us assume for convenience the level at section. (4) as 100·00. This value 
can finally be modified to. corresppnd td the reduced level at' the site. 

Bed level .. - 100·00 1 
:: 

Water surface level .. = 100·00 Bed level+depth 
-·, ; l 8.• 50 ·· ~ 1 

• ' ' r- : ' ' ,, ___ ,___ ',, -·· 
108·50 ,. ! 

c.a.t. 

T-le!l!rJl 

:w .. eraurloao .___::===========:::=~======::;:::= ' '"'~~~,.,~ ;• ; :: ·_ - ' ,. ' T k '.· ' . . ' ' ~\ .~; 
_,"">r t '" 1 llO t '- 1 ;;;;;;;;n~nnnn 
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" fo-41... --- ,. : a':/ _ _ .114-i ..,.. __ ---f•j j,' ---,~,--:~~~;§~~;;;;~;.~;;~n~·;;;;~;;~·~' ~t==·~~~====~t~ 
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Figure 12.0.1 : Fluming of Tungabhadra. Low-Level- Canal between 
J! 27-4-180 and M. ~8-~~460 _(Prototype). 

(Sketch not to scalet ' · . 
[N.B.-A.ctual dimensions of canal shown_ in_· ~l~n] 

·····-
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d 

Velocity at section (4) V, = ~'!~.5 =2·696 

r,s 
-=0·1136 
2g 

Elevation of total energy line at (4) :-108·5-f-0·1136 
' ==108·6136 

Losses in departure transitioo 

Loss of head due to impact and friction 

1,512 

where v m is the mean velocity, n 
is the length, 0,. is mean c~: 
efficient and R,. is the hydraulio
radius. 

. Here V1= == 6 • 301 :feet per second 
24x10 

The depth in the throat da=10 feet as assumed in the beginning 
r,=2·696 feet per second. . 

V8+ V, 6·301+2·696 
Vm= --- - -----

2 2 

= 4:·4:9S5 

Hydraulic mean radius at sec!{::: \~ 

~4x1o 240 60 
R8= = - = -· =5·4ffi 

24+~0 44 11 

66x8·5 
R4 = ·= 6·757 

66f-2x8·5 

Ra+R, 
Rna= = 6·106 

2 
-~ From Manning's-fo~ula: 

. . 1·486 ... ' . 
03 = 1"

486(-Ra)i == ~x(5·454)l 
n 0·020 .. · 

. =98·60 
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Similarly 
1·486 l 

;;4 = --x(6·754) 
0·020 .. 

·Cm = --- = 100•4 
2 

Loss in departure transition : 

i i 

sou 

0·25 (V-V) (¥2mL) ·. · 11 . 

------.+ Here L=lengthof deparlare transi4 
2g CmRm tion 210 feet·· ; 

0·25 (6·301)2-(2·696)2 (4·499)2x210 
---------------+ -----------

2g (100·4)2 x6·106 
=0·1958 or 0·20 foot 

Elevation of total energy line at (3) . 

Elevation at (4) +loss in transition (3) to (4)-
108·6136+0·20 . 
=108·81 

Sp~cific energy at (3)-

d-a+--
2g 

(6· 301)2 

= 10+ ---
2g 

·V2L' 
Friction loss in thro~t from Chezy's equation-

CSR 
Assuming uniform :flow V2 = V3 and d2 = d3 

Loss of head in t:hroat, i.e. from (2) to (3) . • Fa2L 
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(6·301)2 x5,308 
==-----

(98·6)~ x5·454 
= 3 974 

Hence the bed fall in throat should be 3·974 feet in 5,308 feet or asswD.ing 
5,308 

1 in 1320 as proposed in the original design the bed fall works out to-=4·02 
1,320 

feet against 3 · 97 4 required. Hence th~ .assumed bed fall of 1/1320 might be 
accepted. 

Elevation of total energy .line at (2) 
Elevation at (3)+losses in throat 

108·81+3·974 
=112·78 
Bed level at (2)=Bed level at (3)+Bed fall 98·19+4·02 
=102·21 
Specific energy at (2)=10·57 . 
Hence th~ depth at (2) has to_ be obtaip.ed by~r~al so t]J.at 

da+Y.a1 

2g 
Let d2=9 · 93 ·. 

10·57 

1,512 

24x9·93 

and V2
2 

-=0·63 
2g 

6·346 

Hence the depth d2 might be taken as 9·94 in which case 9·9!+0•63 
=10·57 as required. 

_ Elevation of water surface at {2) 
Bed level+depth of water= 112 ·15 

102·21 
9·94 

112·15 

Loss of head in the approach transition 

(Vaa_yla)l V maxL . 
0·25 x -{ >- -

·. · '-l : 2g .j Cm2 XRm 
· - · L=42 feet 

V1=V, 
Va -
____:=0•63 
2g 
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0·*069Gi;...:~ 

0•25[(0·63)-0·1136]+----
210 

=0·14 feet 
Elevation of total energy line at (1) 

Elevation at (2)+1oss of head in approach transition:, 
112·78+0·14 . 
=112·92 

807 

Specific energy at (1) =that at (4). {Since d1_ =d,_ and wid.th.S·-;,re 
same) 

=8·61 

Bed level at (1) ·-112·92-8·61 

=104·31 

· Water surface elevation at (1) , =104·31+8·5 
=112·81 . 

.-

' tJ.t the bed level at l\1. 27-4-180 or section (1) is given as B.L. 1368· 70 
against 104·31 obtained above. Hence the datum of all levels is to he raised by 
1,264·39. 

Table 120.1 shows the levels at various sections as calc;ulated and also the 
corrected reduced levels :- · ·· 

TABLE 120. 1 
~ r ... r 

' -......... \' ' ~ 

With datum of B.L. Settion (4) a'l 100·00 \ Reduced level~ corrected \ 

. Sections ~~~-----'-~-c·-.io-n-".------,---. \ n.n>a.ka 

(3) ( 1) (2) (4) (1) . I. (2) \ (3) (4) j 
i . 

' 104·31 102·21 98·19 i 100·00 1,36S·7Q 1,366· 60 1,362· 58 1,363·39 Bed levl'l 

11?·81 112·15 108·19 10S·5 1,377·20 1,376·54 1,372·58 1,372·89 Water :sur-
I face I 

I eleva-
tion. 

108·61 I 1.377·31 1,377 ·17 1,373·20 ] ,373·00 Total en-
ere;r 
line- el 
ntioo. 

~·-

112·92 112·78 108·81 

DESCRIPTION OF THE MODEL 

A model of the flumed canal to a scale of •/u was constructed as ·shown in 
the Figure 120.2 . But in the model the throat was only 49 feet Io.llg corres
P-onding to 800 feet in prototype whereas the actual length of throat in the pro
totype is 5,308 feet. It was neither convenient to provide the complete length 
in the model nor was it necessary for the present purpose which was mainly to 
find how far observed and computed values tallied in :fluming of this kind. 

-' • This value can be written down from the frictional losses in the departure transitior. as 
allqu~titiet are same except length. · . · · . · · . · · 
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Figure 120.2 : Model Experiments on Fluming of Tungabkadra . 

Low-Level Canal between M. 27-4-180 and 28-4-460 (model) 
(not to scale) 

N.B.-Actual dimensions of model shown in plan 

The flume was constructed in masonry plastered very smooth with cement 
mortar. 11:8 normal width was 3·3 feet which got reduced to 1·2 feet in the 
throat. The approach transition converged at 1 to 1 slope in plan and the 
departure transition diverged at 1 : 5 slope. The invert of the flume was 
constructed with a fall of five per cent. in the approach transition and a rise of 
I per cent. in the departure transition. ThBse approximately corresponded 
to the prototype values deduced above. The actual levels of the bed after cons
tmction of the model were finally measured and the exact values recorded. 
The supply to the flume was gauged over a measuring weir and there was a 
tail gate to adjust the necessary depths of :How for any discharge. In the final 
experiment discharge of 0 · 95 cusecs was passed corresponding to 5,373 cuseca 
in prototype and the tail water level was adjusted to 0·427 feet corresponding 
to 8·54 feet in prototype. The sections (1), (2), (3) and(4) were the critical 
sections for the study. In locating the piezometers in the side walls of the flu• 
me at the sections marked it was found advisable to locate the piezometem 
(1) and (3) one foot upstream and the piezometers (2) and ( 4) one foot down~ 
stream of the respective sections. This ensured steady conditions of :B.ovr 
at the points of observation. The piezometer points. were connected by pres~ 
sure rubber tubing and communicated the pressures to a set of brass cans all 
assembled in a central pit. A-single pointer gauge travelling on a level rail 
;frqm whi~h the rise and the drop of water surface between the respec.tiv& sec
tions were computed. The pointer gauge was also placed at the various sec
tions and the actual depths of water noted separately. 
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Computation of theoretical water surface elevations for the disc~ al-. 
)owed is given below :-

Let the bed level at section (4) be 10·00. 

The bed levels at other sections as obtaining in the model ~e showa ia 
Figure 12.0.2. 

Bed level section (3} 9·9004 

Do. (2) 9·9307 

Do. (1) 10·0315 

Discharge 0 · 95 cusec 
Depth at section (4) = 0·427 foot 

0·95 
Velocity at section ( 4) = V 4 = =0 • 67 42 foot per aeoolld 

3·3x0·427 

Specific energy at section (4)= 

v,s (0·6742)2 

a,+ - = 0·427 + ----
2g 2g 

= 0·427+0·007103 
= 0·4341 

Elevation of total energy line=10·4341 
Elevation of water surface of section ( 4)= 10 · 427 (bed level +depth.) 

=10·427 
Loss of head in the departure transition 

Loss of head due to impact and friction : 

(V2a_V24) V m2·L 
0·25 ------------+ ----

2g Om2 Rm 
Let us assume the depth d3=0·5 foot or (10 feet in prototype). 

tlepth obtaining in the model will be checked in the end. 

-0·95 
Va=---- = 1· 583 feet per second 

1·2x0·5 
V3+V4 1·583+0· 6742 

Vm=----
2 2 

= 1·1288 feet per secoad 
1·2x0·5 0·6 

R-a = ------ = - = 0· 2727 
1·2+2x0·5 2·2 
3·3+0·427 

R# = ------- = 0·3398 
.. 3·3+(2X0·427) 

Thee:me\ 
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0·6119 
R,. = = 0· 3059 

2 

1·486 
Oa = (Ra)t 

n 

1·486 
- --x(0·2727)l 

0·01 
=~119·7 

1·486 
O, = (R4)l 

1·486 . 
z: --X(0.·3392)\ 

0·01 
= 124·1 

243·8 
0,. = --- = 121·9 

2 

Let n = 0·01 for the cement plastered 
smooth surface 

Loss in departure transition : 

0·25 (1·1386)2 Xl0·5 
= -(1·5832 ...:..0·67422 >+------· 

:2g· (121·9)2 x0·3059 

= 0·008013+0·00301 
= 0·0110 feet 

Elevation of total energy at section (3) 
T.E. at section (4) +Loss of head 
10·4341+0·0110 . 

. = 10·4451 

Specific energy 10·4451-Elevation of bed (9·9004) 
= 0·5447 

lor th.e assumed depth of 0 · 5 foot the specific energy separately works out : 

Let depth be (0 · 5055) 

Va2 
da+-. 

'lg 

(1·583)2 

0·5+-- .. 
'2g 

0·5392 against 0·5447 aoo\·e 
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Specific energy 
(1·583)2 

0·5055+·---
2g 

=0·5447 

· It might be noted that due to ~h~ a:It~red .depth, viz., 0·5055 ins~~ OJ 
a· 5000 it is not necessary to compute the velocity separately as the var1at10ll 
will not be appreciable. 

Hence depth tl2=0 · 5055 foot 
Elevation of water line at (3) =Bed level+depth 

. 9·9004+' 
0·5055 

=10·4059 

Hence rlSe m water surface between sections (3) and {4) 
. 10·4270-10·4059 

=0·0211 feet 

against 0·026 feet as observed in the model 
Loss of head in the throat : 

,VaaL 
Frictional loss assuming uniform flow 

Ca·Ra · 
(1· 5,83)2 X 40 (L=38 feet between pressure ob"' 

servations points ; bu.t for caloula"' 
tion t>urposes the theoretical length 
between critical section, · viz., ' 4;0 

(119; 7)2 x (0 · 2727) 

=0 · 02565 feet · is .. taken). 

Elevation of total energy line at section '{2) 
t 10·4451+0·02565 

' =10·4708 

Specific energy at section (2) 10·4708-Bed level 
=10·4708--9·9307 
=0·5401 

v,:~. 
Depth at section (2) (specific energy) -

2g 

=0·5401-0·0392; {V2= V8 nearly) 
=0·5009. . 

Elevation ofwate: BUrface at (2) =9·9307+0·5009 (Bed ievel+d.ei)th\ 
. . •' . . ' =10·4316 __ ....,._ 
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-1..'1 - ' 

Fall in water surface between (2) and (3) 0·0257 against 
0·022 observed 

Loss of head in the approach trans1"tion 

(

0·25V2
2-V1

2 J V •' L 

J + ; L=2·1 
29 c,.• n. 

, . t-·00301 X2•1 ) l N.B-Thesevalueaaretakl"nfromthe 
0•008013+ calculations o! loss of head ia 

dt>pa.rture transition. 
10·5 . . 

0·008013+0·000602 
==0·008615 

"· 

Elevation of total energy lin~ at (1) : ·rloss +Elevation at (1) 
0·0086 

10·4794 

Specific energy at ( 1) 

~ 10·4708 

.l 10·4794 

10·4794-Bed level 
10·4794-10·0315 

= 0·4479 

Let depth at section (1) 0·4413 (This was of course obtained by previotl8 

yla 
~+-=0·4413+0•0066 

2g 

=0·4:4:79 
~~ce . depth d1=0·4413 

. 

trials.) 
( 
I 

~ 3·3x0·441:i l 0·6509 

'.' 

Elevation of water surface at (2) 10·0315+ W.L. at (1)=10·4728 
q·4413 do. at:(2}=10·4:311 

=10·4728. 
Sutau fall in (1)-(4) 0·0412 against · 

0·033 observed · 

TABLE 120 2 

Water surface elevations with bed level at (4) as+ 10·00 

Description 
Sections 

1 2 3 

JtedJe-yeJi .. 10·0315 9·9307 9·9004 

!"cMl eBerQ line elevation •• •• 10·.794 10·4708 10•4!51 

w ... .naoe elevation .. -.... • • '1~·4723 10•4311 10•4051J .. \. ... '"',.... 
... -

0·0412 

-
4 

10·00 

10•4U1 

lO•mt 
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The water au.rface elevations obta~ed by ca_lculation.are abstracte~ .. in 
Table 12.0.2 and a comparison of the differences m elevati?ns betw~eiJ.. critic~ 
points as obtained by calculations and as observed on model are furn!.shed m 
Table 12.0.3. The agreement between t~e computed and observed difference 
is close and is within the limits of expernnental error. · 

TABLE 12 ~ S. _ 
Differences in water surfac.e elevations 

Values in feet 

-
Sections Computed Observed Remarks 
.. 

' - -
(IH2) .. . . . . . . . . .. 6·412 0·033. Fall 

(2H3) ' 0·0257 0·022 Fall . . . . . . . . . . .. .. 
(3H•) . . . . . . . . . . .. 0·0211 0·026 Rise 

; 

The least count of the gauges used in the tests was 0·001 foot. If more 
precise instruments were uSed and the exact value of ' n , for the surface is deter
mined from preliminary experiments a closer agreement could be expected. It 
is important to note that the water surface had a drop in the approach transition 
and in the throat and had a rise in the departure transition. Both the computed 
and observed values denote this characteristic. It can, therefore, be concluded 
that reliance can be placed on the computed values in the fluming of canals 
involving long lengt~. · 

(2) REDUCTION OF AFFLUX AT SLUICES, CULVE~TS AND INVER'IED 
, . SIPHONS (1) 

ABSTR.Acr 
Possl"bilities of reducing afflux caused at culverts. siphcnis, aqueducts. 

sluices etc., wor]ting under pressure by simple devices sach as streamlining the 
entry and. exit were investigated on a modeL The device contemplated ·had to 
be simple and easily adaptable to existing structures without involviJlg radical 
mod.itlcations to their components. . . 

THE PROBLEJ[ 

When the normal waterway of a stream is restricted by any control, ~ffiux 
is caused in order to enable the coming discharge to pass through the structure 
with increased velocity. The a:ffiux noted consists of the loss of head (1) at 
~ntrance to the barrel, (2) at the outlet; and (3) frictional losses· through the 
barrel. Since no modification to the main structure was contemplated no at
tempt to minimize item (3) was made. A bell-mouthed sill may minimize the 
)osses at entrance due to sudden contraction and smooth diverging walls at the 
outlet may diminish the loss of head du,e to sudden expansion at the outlet. 
The reduction effected will of course be small ; but even this will have practieal 
application in many cases. ·In remodelling channels and drains to earry extra 
~~barges than originally contemplated we do come across existing· culverts 
. . (I) ~tion Research Station,~ 1-oondi,.Madras, Anuual Report, 1946, pagea '19 to so..; • 
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where a simple device for reducing a:ffiux ma considerable economy. 
In the case of long barrelled sluices these devibe adopted for increasing 
the discharge to a small extent. These are alsoy for increasing the 'V'elo~ 
city of flow in inverted siphons which may be des for several reasons . 

.IIODEL DESIGN AMD CONSTRUC'I'IO:I 

A model culvert with a rectangular opening 1· 0 foot X 0 ·55 foot and 
3·0 feet long was constructed in a masonry flume 2·0 feet wide having a level 
bed plastered over smooth with cement plaster. The. model was J~upposed tQ 
be of scale 1/10 of an hypothetical slab culvert having a rectangular barrel 10 
feet X 5 · 5 feet and 30 feet long. The water-supply to the flume was gauged 

. over a precalibrated, rectangular weir 2 · 0 feet wide before admission to · -the 
model. The water was stilled by screens on approach to the model and itfl 
levels downstream were adjusted by means of a tilting tail gate in the rear end 
of the ·aume. The water levels were read in gauge wells located 3} feet 
upstream and 3} feet downstream of the models by pointer gauges reading to r 

lfl,OOO foot. 

OPERATION OF THE MODEL 

Every time an experiment was taken up the tail gate was raised and water 
admitted to the model till the barrel was all submerged. The supply was then 
cut off and water allowed to find its level under hydrostatic conditions, leaks 
being sealed. A pointer gauge P was installed across the flume. The water 
surface elevation was read on the. upstream and downstream gauges and on 
the gauge P thus connecting the three gauge readings. The bed level of the 
flume was then read on gauge · P. 

Discharges vacymg from 1·2· to 2·.%. c~s~cs ~~rrespo~ding to 380 to 700 
cusecs in prototype were passed:a.J?:d fQJ_~ach discharge about half a dozen con· 
ditions of submersion co~espondmg to tajl wate:r levels va.tying from sixL feet 
. to ten feet·· :were · tried. ·· · · · . . . , 

~ "' . . .i - c \ ', ,. .. •• ('. - • • • "' , 

. '.[he first series of exi>e~ents was conducted on .the no~l. culvert 
Modifications were then introduced in stages to notice the individual efficienc;r. 
of the devices. Lastly their performance in combination was obse:rVed. .Aii 
abstract of the observations made tabulated for easy reference is flt.rnished in 
. :r'able 12.0.4. 

DISCUSSION 

:'in ~y experiment for a single discharge there were di:lierent conditions ol 
submergence tried. It was noticed that as long as the submerged condition 
was obtained the actual depths upstream and downstream had no marked effect 

. on the value of afllux. Hence a mean of the a.fllux values for any discharge 
was taken for purpose of comparison. These are tabulated in Table 12.0.4.. 
~.derring to this statement it may be noticed, that for any particular discharge 
the following was the order of efficiency- of the devices tried, viz., (I) bell mouth 

. on three sides and rear expansion of 1 Jn 5 downstream,. (2} bell-mouthed sill 
o~ three sides o:n (3) ~early, ~xpansion only and (4) bell mouthed sill on top only. 
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TABLE12.C 4 
Stat£ment sltcv.i'Yig affiv.xes at the culvert mcdel v.:ith various devices 'tried . 

I 
Plain vent Top Rear. Bell mouth on I Bell mouth on 

bell mouth only expansiofl three sides three sitlea ~itb 
1 : 5 rear ~xpailiJion 

it~cLIIrge -- -- "'. -~ -
Reduc· I Reduc- Reduc• Reduc· ReduC>-

(<·U~<"Ciil) Affiux tion Affiux tion Afflux ticn . 
Affiux tion Affiux tion 
(feet) percent- (feet) percent- (feet} ~ereent~ (feet) percent- (feet) percent· 

age age age age age , 
=--

-
- ----

700 2"9 2'75 5"1 2•6 10"2 2.4:5 ] l)•j) 2"35 19 .. 
c 

600 2"16 2•07 4•1 1•95 9•73 1•88 13 •1 '79 1!!. 5 ~ .. . . 

500 1"45 .. 1'4 3•4 1·3 10"3 1•27 12"4 j 1 2 ,17'2 
l 

_____ t_ _ _;_ __ ~-------------:-:----~.,.........,.~ 
Note: a.ll va.lues relate to prototype 

In adopting the devices however it should be no~ed that they are. not uni.:. 
formly applicable to all situations. In the case of smgle vent culverts all the 
devices above stated are adaptable. Where there are more than one span the 
rear expansion can be had only at the aputments. · The bell-mouthed sill on 
top is adaptable to all situations. But the bell-mouthed sill on three sides· is 
applicable only when there are single vents. The principle could however be 
applied where there are multiple spans by stream lining the cu.t watel'3 of piers. 
The firures given in the table enable us only to have a general idea of the p~r
forma~ce of each devic.e, but for any particular design the reduc~ion in afil.U.x 
wiJI be a function of discharge and other factors and generalization~ not pos
sible. The same discharge can be passed· with a lower upstream level by fit .. 
ting any of the above devices. But when the upstream water level rises to the 
old value the discharge does not proportionately increase because· with an in.~ 
crease in discharge on the downstream the tail water also rises and reduces the 
afflux obtaining at the structirre. Thus the discharge improvement, due. tQ 
the adoption of any device could be computed only b~ a process of su.pcess.ive 
approximations. . · , ... ;q' 

Bearing all these limitations in mind it may be as~umed that the reductio& 
in afflux possible by the devinM explained may be about 3 to 30 per cent. the 
actual value in each case being depenient on several_ factors influencing the 
g~. . 'j - _ __,,_ ___ _ .. 

(3) SIPHONING OF THE C'Ul»BlJM TANK, SLUICE(3) ' _: : . , 
. INTltODUCTION . . . . 

Tho N akhalagundi. Sluice of the ~mbum tank h_as a ba:rel 2 · 5 feet squ~~~ 
an~ 1,20 feet ,long: It IS nec~~sary ~o mcrease the d1schargmg c~pacity ?f the 
slmce under ordmary conditions of supply and _to enable the sltiiee ·to Q.raw 
supplies even when the water in the tank goes d~wn below .the sill by ·about 
f'ol¥ feet. Lowering the sill and increasing the vent way dimen8ions coq.ld not 
be approved as it was thought in~visable to cut open the huge hu.nd fori.ned of 
earth and shale which had got consolidated in the .course of centuries. ; , Model 
experiments were taken up to examine the ptisSibilities and ooneftts of convert
ing the sluice into a kind of siphon. The zea.t channel being about eight·-teet 
below the sill the head available was ~dered ·sufficient; · · · . -- · ·· ·- · ··. __ ,_.,._. ~ 

. . . ' ""' 

(')Irrigation Research Station, Poondi, Madratt, AlmualReport, 1946, pages 80to s1: · . < 
M51CBI • · · 
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THE MODEL 

A model made of teak wood could not be made air-tight and was discar
ded. Another model was then made in masonry and concrete to a scale 1/10 
geometrically similar. The barrel was three inches square and 12 feet long and 
took off from a tank 30 feet X 10 feet X 3 feet. .A.fter a few trial tests inlet 
and outlet limbs of the shape and dimensions shown in Figure 12.0.3 were added. 
At the outlet end a box was fitted up to ensure complete submersion of the out
let mouth when the model was to work as a siphon. Two brass cocks were 
fitted on top of the barrel as shown. Arrangements were also provided for 
measuring the water-supply let into the tank and the depth of water maintained 
in the tank. 

PRIMING 
Qualitative studies were first made for effecting the priming of the " siphon" 

under different conditions of water levels in the tank-

( a) With water level in the tank above the sluice barrel and with the tail 
limb submerged the sluice was made to run under pressure. ..VI air was remov
ed-by utilizing the cocks. The water level in the tank was then gradually low
ered below the sill of the sluice to see _if the siphon continued to function. Mter 
a good deal of touching up of the· model to eliminate possibilities of air entering 
the barrel the model got primed and continued to operate as a. siphon. 

(b) With water level in the tank initially at a level below sill priming was 
· attempted to be effected by exhausting the air inside the barrel. The following 
device obtained after a series of trials was found effective in priming the siphon : 
.An air tight chamber (vide Figure I2.0.3) I·25 feet X 1·25 feet X 3·0 feet inside 
was constructed near 1he sluice head and was provided with arrangements for 
{I) :filling it with water at top, (2) for connecting one of the nipples fitted on the 
sluice barrel with a similar nipple fitted on top of the box and (3) for draining 
away the water at the bottom by means of a pipe dipping into a pond. By 
connecting the barrel to the chamber when the inlet and outlet mouths were 
sealed by waters upstream and downstream respectively and draining away 
the water from the box a partial vacuum could be induced and air sucked out 
of the barrel graduaDy. This led to the priming of the lilluioe. 

DISCUSSION BY THE RESEARCH COMMI'ITEE 
lht. KuTl'IAMMU introducing item (I) said that the Tungabhadra Canal 

was proposed to be :fiumed where it passed through a. cutting in soft r0ck. 
The hydraulic particulars for the flumed section, as obtained by analytical 
calculations, were clteck:ed by means of model experiments and the results oa 
the model agreed with those obtained from theore~ical considerations. 

:RAo BAH.rnm J OGLEXAit referred to the considerable amount of wa.rk done 
at ihe l»diall Waterways Experiment Station on :B.uming of aqueducts witk 
tlte object of reducing head lost and the cost of construction, and specially 
invited reference to pagei22 of the annual report (I946) of his station, to Bombay 
technical paper No •. 2I(4) and to Bombay technical paper No. 29. 

lntroducing item (2), MB: KU'.l'TIAMMU remarked that the possibili~ee of 
redacing afliu caused at culverts, siphons, aqueducts, sluices elc. working unde~ 

(C) Reports of experiments carried out at the Karachi :rtiodel Te&ting Station on a model of 
umed regula till' by €.G. Hawea and A.S. Kahi with an intreductory note by W.A. :Eversbed
(192~. 
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pressure by simple devices such as streamlining the entry and exit, were in ves
tiaated on a model. The reduction in affiux possible by such devices might 
b; about three to 30 per cent., the actual value in each case depending on 
several factors. 

Referring to Bombay technical paper No. 54, 1935 RAI BAHADuR J OGLEKA.R 

stated that experiments of this type had already been carried out at the Indian 
'Vat..erways Experiment Station, for increasing discharge of the head 
regulator of the Nira Left Bank Canal by providing a bellmouth upstream 
and expansion downstream. The head regulator consisted of nine spans, each 
span four feet wide with upstream gates four feet X four feet. The sluices 
were nine feet long and had arched tops. Model experiments showed that 
the coefficient of the sluices could be increased from 0 · 83 to 1· 93 by adding 
a bellmouth upstream and expanding the barrels downstream. These recom· 
mendations were carried out and 720 cu,secs could now be passed with a loss 
of head of 0 ·17 foot as against the previous loss of head of 0 · 38 foot when only 
428 cusecs were flowing, i.e. hea~ required was reduced by 55 per cent. despite 
50 per cent. increase in discharge. The cost of remodelling was only Rs. 5,800 
as against Rs. 20,000 estimated for additional expansion had this been possible. 
The head regulators on the Godavari Right Bank and Left Bank Canals were 
similarly treated with satisfactory results (5). 

MR. KuTTIAMMU introduced item (3) and said that the Nakhalagundi sluice 
of the Cum bum tank had a barrel two feet six inches square and 120 feei long. 
Jtfodel experiments were taken up to examine the possibilities and benefits 
of converting the sluice into a kind of siphon, in order to increase the discharging 
capacity of the sluice. He said that th0 model studies were being continued. 

CONSIDERATION BY THE BOARD 

THE SECRETARY described the work done at the Research Ceamiltie 
Meeting. 

It was decided that the subject should continue on the agenda. 

( 
6

) C~ntral Irrigation and Hydrodynamic RQsearch Station Poona., Annual Report 1987.SS. 



13C- Staunching of Canals and 
Embankments* 

PRELI.MINARY NOTE 

In 1945 it was decided to issue a Board Publication on the subject and a 
request was made to various Research Organisations to review the work done 
to date at their institutions in their annual reports for the year 1945. 

In response to this r~quest the Irrigation Research Division Sind gave a 
summary of the work done by that Division on the subject. The Indian "\Vater 
ways Experiment Station, Poona and the River Research Institute Bengal 
reported that they had nothing to contribute. • 

A request was again made to the rest of the Research Organisations to 
include all the data available in their Institutes in their reports for the year 
1946. 

At its 1946 meeting the Board accepted the recommendations of the Research 
• Committee and changed the title of the subject from " Staunching of Canals" 

to "Seepage losses from canals and their prevention,, with the following sub~ 
heads. 

(i) Seepage losses from canals, 

(ii) Staunching of canals and, 

(iii) Economics of lining 
The following items were discussed at the 1946 Research Committee Meet· 

ing under the sub-head "Design and Construction":-

(1) Usar lining 
(2) Tests of lining materials 
(3} Tests on the joints of Thai type lining 
(4) Effect of compaction on absorption losses in water courses 
(5) Deterioration of compacted soils 
(6) Snrnrnacy of work done in Sind 
(7) A note on Staunching of Canals by J. ,V. Russell Esqr., I.S.E., 
(8) Losses from channels 
(9) Staunching of canals 
(10) Lime Surkhi Concrete Mortar as a staunching material 

•The subject" Seepage losses from canals and their prevention" has been divided into'' Sta. 
Ullehing uf canals and embankments with the two sub-heads {i) Materials and (ii) Econemica 
aa4 u Seepage los.sea which has been included under Sec$ion A-HYDROLOGY-item 5 
Beceneration and loaes ". , 

. 818 
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lttcent Liwrature. 

(1) Repair lining of Rora Irrigation Canal, Enginee~ing Newa Reeord, 
July 11, 1946, page 76. 

(2) Byrne, ,V. S. Canal lined with stabilised earth, Indian Concrete Jour .. 
nal October 15th, 1946, page 245. l 

(3) Tyldsley, Thomas B. Improvised method of grouting let.b m 
fouuda.tion of darns, Water Works Engineering January 23, l~e, 

(4) Sanford, Hollis. Asphalt lining_ Oregon Canal; Western Coutrile·. 
tion Newe, Aprilf 1945. -

(5) .Asbeck, W.F. Baron Von. The use oibitutrien in Hydraulic Worb, 
Central Board oi Irrig,tion Journal, April, 1940. 

(6) Tomlinson, George E. Leakage corrections at the Great FAlll 
Reser'Voir, Engineering March 14, 1947,, page!l 181-183. 

(7) Tyler, C.I. Concrete lining on the Yakima l'roject, (on. and Cona~ .. 
Engineer Vol. XIX, No. 12, December, 1940) •. 

The Year•s Work 

(i) )IATEitlALS 

The following item.1 were di$cussed at the 1947 Research Committe• 
}footing:-

(1) Staunching of canals (the ll,ie of usar soil). 

(2) Experiments on staunching of canals with surk'Ai mortar. 

(1) STAUNCBING OF CANALS-( THE USE OF tTSAR SOIL ) (1) 

To study the use of usar soil as canal lining material to reduce losse!, ex ... 
periments have been in progress since March 1943. A. six ·furl6ng re&<}h of 
B~stattli minor in the· Lncknow Division was divided intu tlVa portions~ .. one of 
which was lined with I! inches thick layer o:£ USM soil while the other was left 
un~lined to enable a comparison of the losses to be made.. Both the portions 
were sub~divided into comp~rtments aad losses observed in each periodically. 
Figure 130.1 shows the relation between ' reduction .in seepag~ ' and time. 

' ' .• , •" ! 

. . .. l 

(1) The United Provinoos, Publi~ Works Department, Ittig&tiOn !Useat<tlt Sution, AnnliAJ 
B-tJOrt OD Research ProgtUII, 1946, T~h.n~al Kemo:.:andum No.17. page z .. 
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It will b~ observed:-
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Figure 13 C. 1 : Showing relation between reduction in seepage and time. 
(1) That initially seepage reduced by 85 per cent. due to usar soil lining. 

The lined portion becomes less permeable because sodium makes the soil par
ticles swell. 

(2) That there was a continuous decrease of seepage reductiona up to the 
end of one year, when from 85 per cent. it came down to 55 per cent. The 
solium soil due to continuous leaching action of water gets hydrolised with the 
result that hydrogen soil, which is more permeable than sodium soil, forms 
gradually. . 

(3) Up to January 1947 the reduction in seepage is above 50 per cent. . 
Observationa of losses in the channel \viii be continued to ascertain its full life. 

(2) EXPERIMENTS ON STAUNCHING OF CANALS WITH 

. SURHHI MORT~~-· 
As a result of gaugings it was found that the transmission losses in t:B.e 

Irwin Canal worked out to ten cusecs per million square feet of we_tted area.. 
T arious methods of preventing the lo3ses were tried. 

. ~ . . . . . . . 
(') Hydraulio Research Station, Krishnarajasagar, Mysore, Annual Report, 1948, pages 

20 and. 21. 
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• I 

In. the l\Iaddur Branch of the canal, which is in cutting in gravell~ ~oil. 
puddle lining ~:~ix inches thick "·as done for a grade_ length. The puddle h?mg 
though it lessened the percolation at the start could not stand for more t~an two 
years. · · · · ·-

In the first mile of the Irwin Canal, a short length of 270 feet of ~he canal 
in partial cutting was selected and. its down. stream slope and .berm width was 
lined with cement concrete four mche~ thwk. The proporti?n ~sed f?r the 
concrete was one of cement two of sand and four of burnt stone Jelley, li·mches 
in ~;ize. The discharge jn the canal is 2,200 cusecs andflows with a full supply 
depth of 12 feet. The sides of the canal are of fissured rock. The seepage has 
practically stopped in these two years. . . . . . . . ·' 

The cost works out toRs. 40 per 100 square feet. A,s this ~s pro~b1t1vely_ 
co:-;tly, experjments are be:·ng conducted at the Resear~h. StatiOn .with Ju'r~.:k~t 
mortar concrete (two ofjelley to one of surkhi'mortar.) lmmg four mches th1ck 
subjected to a head of 16 feet clear water. The seepage losses through .the con--
crete lining is decreasing year after year as per Table 13 C. I. . . · · 

TABLE 13C.l 
. { 

Rate of seepage 
---------,~---------'-- . . 

Octoht'i' l 9·i5 . . ~· I · 03 cuseos per million square feet of weUed a~ea 
NovemL<•r l9,l.'l . . 1·09 · . De. 
DPt·<·mlH·r J 9.J.5 1·09 Do. 
1\farch 194(} . . 0 · 73 Do. 
J tlllf• HHG · . . 0 · 63 Do. 
Scpt.cm hl"r 1 !l-W 0 · 65 · Do . 
• TaJ11,a.ry H14-'i · 0· 59 Do. __ __:;_ _____ __.:._ _______ . __ . ___ ___; ____ _ 

'11 e ccst works l u', to RP. I 5 per 100 sqt· are ft et a a pu current rates. 

DISCUSSION EY ~HE BESFAECH C01\1Nl'l'IEE 
MR. CHATURVEDI introd1~ced item (1) and said that a six furlong reach oi 

Dastauli minor in the Lucknow division was divided into two portions, one of 
which 'iYas lir~ed with 1! inch thick layer of usar soil wile the other was l~ft un
lined to compare results with. He observed that the lining was successful to 
start with and the seepage was reduced by 85 per cent. but gradually this per
centage fell to 50. He hoped to continue the experiments to ascertain the full 
lifo of usar lining. · · · 

MR. GoviMD.A RAo introducing item (2}, presented a resume of the work 
done in this connection at his research station. He said that in the J\laddu.r 
branch of the Irwin Canal, a six inch thick puddle clay lining considerably re
duced the percolation, but could not stand for more,· than two years. H6 
obsocved further that a short length of 270 feet in the first mile of the Irwin 
Canal was lined with four inch thick cement concrete lining. Though the see
page in this reach had practically disappeared the cost ofRs. 40/- per 100 square 
feet proved prohibitive. Further experiments with surkhi mortar concrete 
( 2 aggregate: I su1·khi mortar) lining four inch thick subjected to a head of 16 
feet clear water, reduced the seepage losses to 1·03 cusecs per million square feet 
0f wetted surface. Mter a short period of 15 months, the seepage losses were 
reduced further to 0·59 cusec. The cost worked out toRs. 15/- per 100 square 
feet. 
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MB. BLENCB enquired how the seepage IOBBes were isolated and meaBured 
in auch a short length as 270 feet. 

lb. GovmD.a. R.to replied that the advantage of a drain crossing the canal 
was availed of and the difference of discharge in the drain before and after the 
Jilling, iuunediately below the point of crossing, gave the seepage losses. 

DK. S. P. RAJU l!tated the Nizamsagar Main Canal in Hyderabad waa peren· 
nial excepting fotabout 20 dayE~ in the year and enquired if any information waa 
available for staunching such eanals- without &topping :ftow. 

MR. Gun.& refened to the use of P.B.S. (Prebitumised sheets) in his pro-
vince (Bihar). · 

Kn.or BAlLlDlJB KAJUll said that such. linings (with P.B.S.) had already 
lleen triM in Bihar, but were found useless in some places. 

R.to BAB.AlJUB BtJ..lWAT aaid that hessian cloth sheets impregnated with 
bitumen, were also tried in gull• in the United Provinces a few years back but 
did not prove successlul at the cattle used to ero~ over such guh* and spoiled 
the lining. He said that theoretical considerations apart, practical difficultiea 
(as suggested above) also mad~ these linings mele!e. 

Mit. Bt.ENcx said that bitumenised hessian (P.B.S.) ueed on air-fields and 
roads during the war was durable because traffic kept the bitumen ' ironed
out'. Pieces ofP.B.S.Ieftabout his experiments station soon formed cracks and 
let the elements rot the cloth. For this reason PBS of present ~peci:ficatio11 
wou.Id hardly be suitable for canal lining ; a further defect was that the 
bitumen flowed through the fabric under prolonged water-pres8ure. 

(ii) J:COXOMICI 

There was no contr1 bution· under this head. 

CONSIDERATIO:tl BY THE :BOARD 
(i) MATERIALS 

The work done at the Rt:search Committee Meeting was noted by tlie Board. 

(ii) ECONOMICS. 

No discussion. . __________ ....... 
-------

•Field Watl'r Course 



14C-Grouting 
( i) Materials 
(ii) Of foundation 

(iii) For ataunchillg 

PREJ.n.tJNAnY NOTE 
A new subject recommended by the Research Committee for introdue .. 

tion. · · 
. . " 

CONSIDEBATIOH BY TBE BOARD 
Tu:& S:tCBJ:TAAY said that this wQa. a new sttbjeet head recommended by 

the Research Committee and that there was no. contribution on. the subject. 
It •u decided that the aubject ahould continue OD the Aaeacla~ 



15C-Tubewells* 
. ~RELIMINARY NOTE .. 

At the 1945 Research. Committee ~Ieeting it was decided that :Mr. Sanwal 
be requested to write up an appendix to his hand. book on tubewells 
incorporating the experience gained by h~m in America. Mr. Snnwal has. 
not been able to write up the appendix as yet as he intends to incorporate 
the results of experiments on rotary-rigs as well in the appendix. It will take 
some years for thefe experiments to be completed. 
Recent Literature. 

(1) Carlstan, C.W. Note on the Early History of 'Vater 'Veil Drilling in 
the United States. Reprinted from Economic Geology, 1\Iarch-
April 1943. .. . · · 

(2) Sanwal, K.D. Handbook on tube wells, 1945. Printing and Station-
ery, U .P., Allahabad. ~ · 

(3) 1\Iehta, B.C. Eccentricity in tube wells. :Magazine of the Baroda 
Engineering Association Vol. V, No. 3, July 1945. 

(4) 1\Iachis, A. Experimental observations on grouting sands ·and 
gravels. Proceedings of the American Society of Civil Engineers, 
Vol. 72, No. 9, November 1945, page 1203. 

(5) Johnston C. N. Irrigation wells and well drilling methods in Cali
fornia. University of California, Circular 361, l\Iarch 1945. 

(6) 'Yell drilEng (Tl\15-297) 1943. U.S. 'Yar Department. 
(7) Ground water supply for military operations (T.l\1.5--296) 1944 

U.S. "'War Department. 
(I) TYPES 

. The following items were discussed at the 1946 Research Committee Meet-
mg. 

( 1) 1Iodel experiments on radial, cavity and shrouded wells. 
(2) Electrical Analogy experiments to study the relative yields of a singl& 

well and of various systems of wells, with different strainer lengths, the source 
being a cylinderical boundary. 

(3) Electrical analogy experiments to study the relative yields of a group 
of wells placed parallel to. a canal as a line source. 

(ii) YIELD IN RELATION TO SUB-SOIL 
(iii) DESIGN 
(lv) QUALITY OF YIELD 
(v) CONSTRUCTION 
(vi) EXTP.ACTION OF TUBES 
(vii) OPERATING .MACHINERY AND THEIR TESTS 

There were no contributions and no discUSBions on the above at the 194-' 
Research Committee :Meeting. 

(viii) EFFECT OF 'IUBEWELL PUMPING ON SUBSOIL WATER LEVEL 

The following items were discussed at the 1946 Research Com.m..ittee-
1\Ieeting :-

*The subject of" Tubewells" bas been divided inte" S1i1b-terranean Waters" anti" Tulle
wells". The sub-heads falling under the former have been taken under Section A-Hydrology
iiem 7. 

824 
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(1) Field observations on the effect ·<?f tub.e-w~~l_pu~p~g on the subsoil ~ 
water table near the Upper Gugera ·Branch of the Lowe~ Ohenab 
Canal. · · · . . · . ~ · . 

(2) Electrical analogy exp9riments to study the .su1tab~ty of t~e tube
, well arrangements . proposed for unwatermg . the- Rasul Power . 

Station Site to certain specific depths. · · · · 
(3) vVell irrigation and its effect on the subsoil water level.··· · 

(ix) RECHARGING THE U~DERGROUND BASIN FOR FUTURE PUMPII!G 
The following items were d1scusssed at the 1946 Research Committee 

lieeting :-
. (1) Penetration of rain water to watsr table._. . . _ _ . _ . . 

·· · · (2) Investigation on possibilities of additional development· m the: 
Doab 'Vest of Ganges. 

(x) DISTRIBUTION OF SUPPLIES . , · 
There were no contributions and no discussions on this subject at ,the 1~46-

Research Committee Meeting. 
(xi) fd:ETHOD OF ASSESSMEI\T . . 

The following items was discussed at the 1946 Research Comrruttee.Meetmg : 
Tubewell method of assessment in Unit.ed Provinces by B. S.)\~athur~ 

· (xii) ORGANISATION ... 
(xiil) DEFINITION OF TERMS IN COMMON USE · . 

There were no contributions on the above at the 1946 Research Committee-
~~e~n~ · 

(xiv) TUBEWELLB-TliEIR CAUSES OF FAILURE A:h'D REMEDIES 
This subhead is introduced for the first time. 

The Year's Work 
· (I) TYPES - ... . -

The following item was discussed at the 1947 Research Co:inm.ittee Meet-
ing-:- ( 1) Radial Tube well · · · 

(1) RADIAL TUBEWELL (1} . 
~asic ~tudy of radial wells was taken up last year on a hydraulic model (2

) 

to scale 1/12. This year an attempt has been made to study the radial tube
well by electrical analogy method. A model of the radial well to sca1e 1 foot_. 
0 · 5 mm. was constructed. The radials were 200 feet long and the central · 
aump 16 feet in diameter. · 

The following problems have been tackled :-· · 
1. The effect of length and number of rl!.dials on discharge. 
2. The optimum position of radials with respect 'to strata. 
1. Effect of length and number of radials on discharge. 

Discharge for varying number and lengths of the radials were observed 
and plotted vide Figure 150.1. It will be noticed that as the number of the. 
radials increases the discharge does not proportionately increase. Similarly 
with increasing lengths of the radials the increase in discharge is not in propor
tion to the length of the radial. . . 

: . . CONCLUSION 
(a) A combination of three radials seems most efficient and it is not worth-

while putting more than six radials. · 
ct> The Unite~ Provinces, Public Works. Department, Irrigation Research Station, Annual 

Repe~ oo Res~rch Prog_ress, 1946, .Technical Memorandum No. 17, pages 97 and ~S. · 
( ) The Umted Provmces, Public Works Department, Irrigation Research Station Annual 

Report on Research Progress, 1945, Technical Memorandum No. 16, page 16. . ' 
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(b) The rate of ~crease of discharge with length is pronounced up to a 
length of SO feet. It 1a doubtful whether longer radials will be economical. 

2. The optimum f.O$itimt of radial1 fJJith respect to strata. 
In order to find the place where the radials shall be located in a stratum 

four dift'erent deptha 11i1., lSO teet, 100 feet, 100 feet, and 200 feet of strat~ 
w~re UBed- The radials \Yere kept at different placea a.nd the discharge observed 
and plotted as on Figures 15C.2 and 15C.3. Results are summarised below 
1Jide Table 150.1. · 

TABLE 15C.l· 

Strata Position for Ka:simum discharge froJU Figuro 150.4 
Percentage of th• 

No. dczth of radial to 
depth ::r.h of etrata 

( ixlOO) 

- 1 2 3 ' 
1 ao 2' feet. below the Sop " 
t 100 55 fee$_ , .. ., . 65 

3 100 90 feet. .. ,, ,, 10 

4 200 I 120feet. ., .. .. 60 

-
CONCL'OSIOllS 

The be~t place for the radials is at 60 P('r cent of the htrata depth 

DISCUSSION BY THE RESEARCH COMMitTEE 
Introducing the subject MR. CHATUBVEDI explained that in th. 

ease of a radial tube well the slotted tabes were placed horizontally instead 
of vertically and that discharge of the ordet of ten ~usecs from one well could 
be expected. The experiments were conducted in ordet to find the length of 
the slotted tube to be placed, the number of radials to be put in antl the position 
in the 111trata where the radials could be located. Proceeding he said, that 
-electrical analogy experiments indicated that about 80 feet of radial lengtll. 
was the maximum that could be placed economically and the maximum number 
was four. As regards the place it has been observed that the maximum dis
charge would be obtained by placing the radials at a depth equal to 60 per 
cent. of the strata depth. 

THE CHAIRMAN enquired how the radials were fixed and what type _of 
strainers were used. 

MR. CHATURVEDI replied that the radials were driven by means of jack1 
and that ordinary slotted pipes were used. · 

MR. BLENCH enquired the condition$ under which the radial a~semblage 
described became more eiieciive than a plain masonry well subjected to the 
~arne pumping effort. 

}fa. CB.&TUBVEDI 11aid that the aim was to incieMc.\ the infiltration into the 
well. 
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DR. V AIDHIANATHAN doubted if it was possible to get so much discharge 
from such a wel1. He also said that it would be very expensive and mechanical
ly difficult to place the radials to a length of 80 feet. He suggested that it 
would be more economical to make a well with a big cavity or a. well with a large 
shrouding. 

J\IR. CHATURVEDI replied that it was not possible to make a cavity well at 
all places and that unless a clay layer was there on top to support, a cavity well 
could not be made. He also said that so far cavity wells made in the United 
Provinces had not yielded more than a cusec and a half at the most. So far as 
the shrouding was concerned, there was a limit to the size of shrouding. He 
~lso said that the strata in which such wells could succeed were of a very coarse 
sand capable of yielding large quantities of water. Only one such site had S(} 

far been found in the United Provinces after considerable prospecting. 

THE SECRETARY reminded that the conditions in United Provinces and the 
Punjab (for tube-wells) were very diff~rent. 

KHAN BAHADUR KARIM said that ordinarily it appeared that radial wells. 
would give better results of yield. -

RAI BAHADUR BIJAWAT replied that there were two or three such wells 
in Bihar, where the discharge of each well with four to five radials, was of 
the order of two cusecs. 

KHAN BAHADUR KARIM replied that such wells (in Bihar) were referred 
to as ' in:filtra tion galleries '. 

In reply to Mr. Guha MR. SAXENA said that these radials were suited 
most for the particular strata of sand and shingle. 

R. S. GuHA enquired about the diameter of strainers. 
MR. CHATURVEDI replied that generally nine inches was the diameter. 
In reply to Khan Bahadur Karim, MR. SAXENA said that such radial wells. 

were undu construction near Pillibhit in the United Provinces. 

R. S. GuHA referring to the type of strainers {specially metalic) said that 
in Bihar during the last world war, the general scarcity of .metalic strainers~ 
necessitated the use of wooden strainers. Exhibiting a few wooden strainers 
in the meeting, he explained how these strainers had worked. 

In repl~ to a~ enquiry from Mr. Framji, he said that they had not tried 
· .cement stramers m Bihar so far. · . 

MR. CoCHRANE asked about the type of pu~ps used and what was the de
pression head. 

R. S. GuHA replied that electrically driven pumps were used and that the 
. depression head was about 14 feet. 

RAI BAHADUR B~JAWAT stated that radial tuJ;>ewells ~ere yet in an experi
mental stage and the:tr future could not be predicted With certainty. These 
wells are not suitable in all situations and under all circumstances. The success 
of. radial ~ells depends ?n the following two conditions :- _ 

(1) sufficiently thick permeable water bearing strata of corase sand; 
and 
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(2) the strata should not be very deep down below the ground surface 
otherwise the sump becomes a difficult and costly r.ffair. 

As it is, tbe construction costs of these wells are heavy and mechanical 
difficulties greater as compared witb vertical tubewells. The scope for 
such wel1s will therefore always be limited. In the United Provinces two ex
perimental radial wells have been sanctioned recently at a cost of about 
Rs. I! lacs eflch. The cost of water pumped up from ordinary tubewells 
amounts roughly to about Rs. J 0,000 per cusec. At this rate the radial wells 
should give a discharge of about 15 cusecs. It is doubtful wveth~r sueD a biO' 
discharge will b ~available from them. 

0 

Continuing, he said, that during the war period wooden strainers were 
used in Bihar becuase it was di:ffict1lt to procure metal strainers at reasonable 
cost. This was alright as a temporary measure but the wooden strainers had 
been tried in the Punjab and the United Provinces and had to be disrarded in 
favour of metal strainers. In the United Provinces after trying various types 
of strainers tbe agricultural type was standardized. Experience in Anwrica,. 
l1owever, sbows that gravel packed slotted tube typ~ strainer sucl1 as re• 
commended by 1\Ir. Roscoe :Moss an American Expert in tubewell drilling gave 
better results as regards yield of water. They were also cheaper in first cost 
Hnd required less depression head thus reducing pumping costs and maintenance. 
Such wells have been recently constructed in Bihar with tbe nelp of mechanical 
percussion rigs. They .a ave yielded a discharge of about 40 to 4 7 thousand 
gallons per hour at a depression l!ead of fo11r to six f~et. Evev in cheapness 

·and life wooden strainers will have no advantage over such gravel packed wells. 
He quoted figures of cost to prove that tne gravel packed type of strainer will 
be cheaper in initial cost, will yield greater supplies with lesser deprec;;siom 
heads and will also have longer life than that of the ordinary types of strainers. 

RAI BAHADUR BIJAWAT said that about 150 feet of slotted tnhes were used. 
THE CHAIRMAN (RAo BAHADUB VENX:ATACHARYA) enquired if wooden 

strainers had the advavtage over metal strainers when the underground water 
contained salts. 

RAI BAHADUR BIJAWAT replied that the over-all advantages of :metal 
strainers were ·very much greater as compared with the wooden strainer 
which could not he tecommended as a general rule. 

KHAN BAHADUR KARBI remarked that (ill any case) the life of D!letal 
strainers was rather limited. 

RAI BAHADUR BIJA.WAT replied tlat the advantages were greater in t:be 
ca~Q of metal strainers and that wooden strainers could not be recommended 
as a general ru1e. 

DR. V AIDHIN.A.THAN said that wooden strainers after being tried for 
three to four years in tbe Punjab had been finally di~carded. He believed 
that acidity bad more pronounced effects on wooden strainers tv an on metal 
strainers. He suggested the use of brass strainers. 

RAI SAHIB GuHA said that in Bihar, wooden strainers were yet in 4>.xperi
mental stage and had to be used when no metal strainers were easily procnxablc 
(durin~ last world war). He said that oo regaiJ'tLI tl e slotted pipes, tnese were 
being slotted instead of punching. 
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RAI BAHADUR BrJAWAT remarked that the cutting of sl~ts in situ ~as 
a difficult and labori9us process and therefore sl.ots were pm:ched In plat~s ~hiC.n 
were then rolled into pipes and soldered. Referrmg to the pomt of Dr. Y m~hiana
than tnat the slits should vary according to tne size of sand stra~a In d~ffer~nt 
layers, he stated that straining was done by ~ne grave] shroud1~g wmch has 
proved satisfactory in America, and there Is IlO reason wby It sl'ou]d not 
prove successful in India also. -----

(ii) DESIGN 

There was no contribution under this sub-head. 
' 

(iii) CONSTRUCTION 
The following item was discussed at the 194 7 Research Committee :Meeting:

( I) Tube well borings with IS inches un-reinforced cement concrete 
pipes by Rameshwar Saran. 

(1) TUBEWELL BORINGS WITH 18 INCHES UN-REINFORCED CEMENT 
' CONCRETE PIPES 

by 
Rameshwar Saran 

Executive Eng·ineer, Tubewell Divis£on, Aligarh. 
IITRODUCTION 

The construction of bore-hole-wells raised an important proble1n due to 
want of some suitable design such that almost any size here hole pump could be 
inserted without difficulty. '\Vrought iron pipes of large diameters, e.g., 
l 2 inches to 15 inches were either not available at all, or their prices were 
exhorbitant. Efforts were mad~ in the past to construct this part of tne well 
of cem~nt conc:tet pipes of l S inches diameter. These pi res could not be sunk 
properly upto the required depth as the pipes became dog-legged, and would 
twt g0 deeper. · 

A suitable design bas now been prepared for IS inches diameter unrein
forccJ cement concrete pipes. These pipes. are manufactured in four feet lengths. 
A trial boring was done with these pipes upto 80 feet below ground level (which 
is generally the depth required for inserting bore hole pamps for spring level 
111pto 35 feet). The experiment proved quite successful, inspite of the fact 
that the strata e•countered was exceptionally unfavourable, being bard ilticky 
~lay and kankar. T.be first attempt encouraged further ~ests and three 
more borings were tried in similar strata which were all successful. 11 has 
now been establis:hed •hat 18 inches diameter cement concrete pipes can be 
~sed with coc~ain~y for boring upto about SO to 100 feet below ground leve.l 
m all types of strata generally met with in the United Provinaes. 

DESCRIPTION OF THE PIPES 
~b.e pipes for this purpose should be strong enough to withstand rough 

h~nrlling_ during transit and boring. These &re unreinforced cement eoncrete 
p1pes 18 Inches inteTnal and 23 inches external diameter. One inch senu-circular 
t?ngue has been provided in tbe middle of the thiflkness at one. end, and se:mi
Clrc~lar groove at the other end. T.hesepipes also have 1! inches sem.i-ch·~ular 
veiilCal grooves along ihe whole length, at 120 degrees apa~t aD« 1 l inches 

i 
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semicircular grooves 2! inches in lengtn at both ends in hetween the above 
grooyes, as shown in Figure 15C.4. 

One pi~e out of every three is slightly different from the others in that it has 
a. notch ! mch deep and ! incb wide on the outer edge at one end, in addi
tiOn to the groove, as shown in the Figure 15C.4. The other end of this pipe 

_ Figure 15C.4. :Details of pipe. 
has a tongue similar to that in the other pipes. For boring upto about 80 feet 
fourteen pipes are required as shown· in Figure 15C.4 top and 7 pipes as 
shown in Figure 15C. 4 bottom. The cement concrete used in the · manufac
ture of these pipes is of the proportion I : 2 ; 2, i.e., one part of cement to 
two parts of sand (comprising ll part of coarse Najiba,bad or Badarpur sand 

. and ! part of clean local fine sand) and 2 parts peagravel of 1/8 inch to ! inch 
SIZe. 

The pipes are- manufactured with moulds (described in the next para.) 
working on a spinning :machine shown in Figure l5C.5. The moulded pipes 
are «;ured under water fol 15 days in order to allow them to attain full 

.. strength .• 
Petails of cost of the pipes per foot are given in Table 150.2 and 15C.3 
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TABLE 15C.2 

Details of cost of 8 feet length of 18 inches unre't"njMced cement COflM'~te piptl 

Qua:U1 Labour fRate Per Amount 

2 3 ' 5 

41 Not~. Labotlr employed in moulding pipe (vide 
0 Table 2) • • • • • • 0 8 0 Each 6 1 

Job Watering for curing t. s. Job 0 4 0 

Job Screws and bolts' L. S. .. 0 4 0 

Job Depr:-eia+ion of marhine and mc.uld L. S. 
" 0 8 0 

Job Local sand· l.. s. ,. 0 )I 0 

Job Digging o( tank etc. l.. s. 0 G 0 .. 
.Job Doellaneoua expenses and breakag~:~ t.s. .. 0 8 0 

7 1 0 
Total 

2lNoe. CeDient baga 2 8 0 . Eaoh lS 10 0 

5 eft. Peagi'awl Jo 80 0 o· %cit. ' 0 f) 

3 cit. N ajiWdad sand 67 0 0 %eft. 2 ()- 0 

Job Crud~ oil t.s. Job 0 6 0 

Total 12 0 0 

Total 19 1 0 

Say Re. Ninteen only 
Coet of manufacturing 8ft. ofpipe=Rit. 19 Rate' per foot=Rs. 2-6-0. 

2 ::Seldar!f 
1 .6elda.r· 
1 Beldar 
3 Beldars 

7 " 
4 " 

7 " 

TABLE 15C.3 

Details· of labour for making pipes of fottr feet length 

s~iatciUng mould for two hours •• 
Cleaning the mould one hour 
Oiling the mould one bOUt' 
Fitting the mould two .hours 
Manufacturing the pipe one hour 

4 ::Seldars hours 
1 Beldar hour 
1 Beldar hour 
6 Beldar3 hours 
7 , .. 

Opening and taking the pipe to the tank two 
hours 8 , , 

,; Taking out the pipe from the tank one hour. • 7 
" 

Total 34 ::Seldars for two pipes or 4l 
beldars @ 71 working homw 
per day. 
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The design of a mouldis showA,in FigtU"e 15_C.p. A~~ou)d JsJIW.de,s:li,or• 
dinary 1/16 inch thick ,iron .sJ:ieet, 8 :fe~t long, .with .cast ,.jrq1;1 fl~ng~s .~t ,b()th 
the ends, and one separator in the middle :which-~pabl~.s-~be,w.a:p.llffiotlll'e-o£,two 
four feetJong yipes with onermoul9, .. One.inqh s~Jlli.,.qirc:qla;r; groove$;-~r,e.~de 
in _the flanges in ordm· to ,mould the tQ:ngues ;llt,p:o,e .:e:p4._oi ~~h~ pipes. _l;ll 
order to manufacture pipe l:!-s ~ownin,FigJU'e.I50~4.to.p, Q~le ,inch ~qU-QirPP-l~ 
tongues ~tre _provided on eaGhJace of.t}le sep;1.rato.r. (.Figlll'~ 1PC.6), ;w;~cl:J. ·J:Q.o,ql(l 
the grooves at theot-Qer ~p~s of the pi--.P~s. ,lp,prdqr.to~Jl).o:ql!f,tl;le1pipe,p.~J3~P).v.:P. 
in Figure .160..4 bottom,, ,ardift'~rent BEip~:r,atw .is .nse.d.JJ.sc.shP\VP):{l F.f~eJ~C.~. 

. . 

ClJT'tiNG;SBOE 

A cast iron rut~ing 1sboe (Figute lfiC..S) ,is .attached ;at 1-the w-bottom oJ 
the first pipe ·(Figure :l5C .. 4).top to ihelpin.b®ing.ltiis;~l~inqhes·:to :4iinohel!blopg 
and has 18 inches.interiWL.and:24j-.ino.hes e~t~rnaLdia.meter. ~be:-cutting.tshoe 
provi<.les a clearance of 1 i:och on,eac~.:aid~, Qflt.o.e piM. The cu.ttjng,edg~~i~clf 
is about 3j8jnch t~ick.~nd is;bey~lJ~d()l,P,W~rds.~t.45 . .deg~ef$. ·:On.~th~ top_.pf 
the sboe a ona-inch J!emi~"circu.lar JUOP.v~ria :pxqv.jd~d,,.sp)th..~t·:Jtbc;to.pgue.m the 
first pipe may :fit jnto rth.is ;gropw~. <three .'l/l6 :inQ.h :hql~tA~ .. ddllt~sLa.i il20 
degrees1in the cuttin~ s}lp~JtS.,f;lbo~P::mlFignr~ )_50~. · 

-
·IMA.U 
~-_,.._,. 

Figure l5C. 6 : Detail gf.ca~t iron separator 

.. 
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METHOD OJ BORmG 
The boring is started from ground level. A pit 6 feet in diameter is dug 

ro· a depth of 8 feet from ground level. The cast iron cutting shoe i<:! placed 
in the centre of tbe pit. Three 3/8 inch diameter iron bars 121 feet in length, 
with bolt heads at one eiid and threads for 3 incres at tne other end, are passed 
ibrougb the holes i~ the cutting shoe with their bolt heads inside the cntting 
shoe, and the threads towards the top. Roth ends of a cement conrrPte pipe 
are cleaned thoroughly with a steel brush and given a coat of hot asphalt. A 
coat of hot asphalt is also given on the groove of the cast iron cutting shoe, and 
the pipe is then lowered into the pit with the tongue end to rest centrally on the 
cutting shoe. The three iron bars passing through the cutting shoe come into 
vertical grooves of the pipe. The ends of the second pipe are then treated 
similarly, and the pipe is then lowered with the tongue end resting on the 
groove end of the fust pipe. The third pipe, as shown in Figure 150.4 (bottom) 
is then.' lowered and rests on the second pipe. Care is taken that these three 
pipes are perfectly in plumb, and their long vertical grooves are all in one 
straight . line, so that the iron bars running from the cast iron shoe just 
fii into them. At the top of the third pipe a mild steel ring (Figure 150.9) 
linch thick and one inch wide, having six holes ·60 degrees apart, is placed in 
th!i notch at the edge of the pipe so that the three bolts coming from below 
pass into the three holes of this ring. In this position the mild steel ring is pro· 
jecting i inch outside the, pipe, but it does not cause any obstruction during the 
process of boring. The nuts of the bolts are then screwed tightly. This joins 
all the three piJ?eS firmly and they work as one length. (Figure 150.9). 

C.B.I. 

SECTION ON S C 

• u 

--........ 

Figure 150. 7 : Detai' of cast iron separator. 
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An iron clamp is then fitted on to the top pipe and the whole thing is loadtd 
with sand bags. The boring is the.n started with an eight inches sand pump pour
ing sli.fficient water from outside into the pipe. In order to enable the sand pump 
tQ work, when the third p~e is sunk upto four feet from ground level the 
fourth pipe is lowered exactly in the same way as described above with the ton
gue end resting in the groove of the third pipe, care being taken that the small 
vertical grooves come just over the ends of the bars coming from below. Three 
3/~ inch diameter iron bars 12} feet long are then passed into the three remain
ing holes of the mild steel ring, and they pass through the three long vertical 
grooves of the fourth pipe, .with their bolt heads resting inside the small grooves 
of the third pipe. The boring is then resumed and another pipe lowered as in 
the first case. Then the sixth pipe with the notch for mild steel ring is lowered 
and the process repeated as at the third pipe. By 1using one set of three holes 
in the mlld steel rmg to tie down one lot of three pipes together ; and the other 
three holes, i.e., the alternate holes, to .tie the next three pipes ; each set of three" 
pipes is tied to the next, so that the whole series from top to bottom r.re tied. 
together. During the process ofboring the 121 feet iron bars are kept in position 
Ly means of U clamps until th· y are tightened to th) miLd ste<Jl flj,t ring 
at every third pipe. 1'hey fit in the grooves provided for the purpose in the pipes 
and check them from going doglegged .because they wo.rk as one lengih . 

. 
E ~~--~------~--~~~-L~~----~----~H-f 

•• 
-~ 

~ . ... , . ' . 
.... ,___ t - 'i -ul.. 

SECT:ot~ a-1 E F 

Figure 150. 9 : D~tails of mild steel ring. 
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.Another method of loading these pipes for boring is to lower one length of 15 
inches casing pipe- into. them with. a wooden clamp· tightened at the top which 
will rest on the top of cement concrete pipe .. Sufficient weight can be loaded on 
this clamp. The boring is thus continued upto the desired depth, water being 
poured from outside until the spring level is reached, and tiien tlie boring pro
ceeds on easily. 

Details o:£ cost of accessories required for boring with these pipes is givw 
in Table I 5CA. 

COST OJ BORIXG 

The· three trial borings wer~ done from the ground level and' the atra.il& 
encountered was unfavourable. The cost of boring per foot was slightly higher. 
It is expected that it will be cheaper in ordinary cases. It worked toRs. 5/8/

. ,per foot but it has been assumed to be Rs. 6/'- per foot in working out the com
parative cost of bore hole weiJB:. 

COifCLVSIOJl 

The comparative cost of constructing bore hole wells with cement concrete 
pipes as compared with 12 inches wrought iron pipes for· inserting bore hole 
pumps has been worked oui in Table 15C.5. It shows a saTing of Ra~.l,31S/-
per well if cement concrete pipes are used. · · . 

Ther~ i8 no danger of pitting of the pipes due to co:rro1ion within tlle de
pressed level. There- is ample space for inserting big size bore hole pump 
if bigger discharges are required. 

DetaiT& of cost of acces1orie1 required for boring with 18 incke1 cemeftt ooncrete . 
. pipes· for 80' feet' 

~~~---~~,--------------------------------~----------~--.--.----,----------~0. Q_u_an_t_it_y_
1
· ____ n_ea_c_n_·p .... ti_on--of_i_te_m_. __ Ra.te Per Con 

I 100 lb. 
.2' 6 Nos . 
3 2l Nos·. 

4 1 No. 
5 Job 

i inchdia. iron base 21 Nos.xl2ix 17 o: 0', Maund. 
·368lb M. S~ Flat Rings eomplete . 7 8· 0 · Each 
with holes Labour charges for making 

· bolts (item!)· including nuts, threading 
etc. . . • .,. · 1 8 
Cutting a hoe . . . . 85- 0 

· Cost of asphalt steel brush etc. . • 1 L. S. 

Total ~ 

,. 

21 0 • 45· 0 0 

31 8' • 
85· 0 0 
6 0 e 

188 0 0 

Coot of accesaaries for boring with 18 inches cement conerete pipes for' 80 feet-Rs. 188 
:.coat per foot-sa.y Ra. 2/6. 
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TABLE 15C.5 

SA<m"iflg comparat_it:e cost ~~bore Jwle u·~lla tt•itk 12 inches wrought iron pipu 
and 18 tn.ches dtameter unret11jorced cement concret pipes 

Boring with 18inohes di•. Boring with 12 W. I. 

Parti~ulan Quantit1 t'ni~ 
cement eonorete pipes Yroaht iron pipes 

Remarb. 

B.t. Amoun~ Raw Amount - -
1 ~giBg pit 8 feet dia 

about I feet. deep Job .. L. S. 20 0 0 L. 8. 20 0 0 • t <Arriap of borina 
M and pipe 11e~ 

Job tiC. .. L.a. 1~ 0 0 L.S. 125 0 0 a ('o,t of pipe (SH 
Table I) 80fed. "R.n. 2 5 0 190 0 0 19 0 0 U,400 0 0 l!tCiflt ,. .. 

':If 1~ iia 
inohea W.t. 

4 Iron rings, euttilli 
Pipe P.. 

shoes ete. {See 
l81•• foot 

Table :l) 80 feet. .. 2 e 0 190 0 0 L.S. 80 0 0 
IJ llisf'. ex~neea C.f. 

bags, sutli aapbaJt 
oil, rte. Job L.S. .. 50 0 0 L.S. 40 0 0 

I Boring ehr.rges .. SOJeet. Rft. 6 0 0 680 0 0 5 0 0 400 0 0 
7 Expenditure in 

cutting and re-
threading four [eng. 

I ths of pit;e for 
ma~ them 10 
feet to 12 feet long 

F.aoll for u~e in boring 8 Not. .. .. ~11 0 0 S8 0 0 • Pro'riding extrll 
sockets .. 4No!1. Noa. .. .. 30 0 0 !00 0 0 

1,055 2,373 

Net difference-Rs. 1,318 p~r well 

DISCUSSION BY THE RESEARCH COMMI.TTEE 

MR. CHATUBVEDI introduced item (1) and said that the technique ofboring 
with 18 inches un-reinforced concrete pipes was actually developed by Mr. 
Hutchinson (Chief Engineert United Provinces Irrigation Department). This 
note had already appeared in the July 1947 issue of the Central Board of Irri-
gation Journal. · 

RAI BAHADUR BIJAWAT pointed out that a saving of Rs. 1,318/- per well 
has been worked out in Table 15C.5 by using 18 inches diameter unreinforced 
eoncrete pipes as compared with 12 inches diameter wrought iron pipes 
for housing the deepwell borehole pump. He stated that the rate for wrought 
iron pipes quoted in Table 15C.5 was probably correct during the war period 
but the rates have gone down considerably since the close of the war. He was 
getting 12 inches pipes at the rate of Rs. 7/8/- per foot length. The reduc
tion of cost on this item alone would wipe out the saving worked out in the 
comparative statement. In this case also unreinforced con<'.xete pipes were 

:tJn easerof Cf'J£8!lt concrete pif.e! the t-arriage of extra weight will b~ covered bv tile extra iisbu .. 
inTo!ved in eaniage of 12 inches wro~:6ht iron pi pee M the former woa1d be availabe at ea.t.h pipe eentre 
a11d tbe Ja\ter at C'ent.nl Store11, 
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used because of the difficulty and cost of obtaining wrought iron pipes. vVith 
the reduction in rate of wrought iron pipes there is no longer any advantage 
in using concrete pipes over wrought iron pipes. 

The other advantage claimed for the concrete pipes was the danger of 
pitting due to corrosion ·within the depression zone in the case of iron pipes. 
This advantage was very illusory a~ no such pitting is likely to take place during 
the life time of a tubewell which is estimated to be only about 15 years. 

:J1R. CHATURVEDI associated himself with Rai Bahadur Bijawat's remarks 
and said that conditions had now changed (as regards costs) and that with 

' bigger bore hole pumps there might be lesser trouble. 

:\lR. H. P.l\lATHRANI enquired what sort of couplings were used for these · 
p1pcs. 

HAI BAHADUR BrJAWAT replied that end of one pipewasinsertedinto the 
·other end then it was soldered at the site. 

tiv) EXTRACTION OF TUBES 

(v) OPERATING MACIDNERY AND THEIR TESTS 

(vi) ORGANISATION 

There was no contribution under the above sub-heads. 

DISCUSSION BY THE BOARD 

(i) TYPES 

THE SECRETARY reported that only one item was discussed by the Research 
Committee. 

(ii) CONSTRUCTION 

THE SECRETARY said that only one item:was discussed under this head. 

There was no contribution under other sub-heads . 

. MR. NARASIMHAIYA wanted t() know if there was any organisation to 
send round equipments to bore tubewells. 

THE PRESIDENT said that there was the~Central Ground Water Section 
but unfortunately their representative, was Eabsent that day • 

.MR. A. R. KHANNA wanted 1\lr. Chaturvedi to tell the house about the 
radial tube-wells. 

MR. CHATURV.EDI said that the construction of tube-wells in the fields had 
been taken up only recently and not much: of a h"adway had been made in this 
connection. 

:MR. BALBIR SINGH said that the work had just started. There was not 
much of progress made. Three tube-wells of this type, minimum diameter II 
ff\et, were being bored. 

- .. ------
MEi~ICBI 
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