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FOREWORD 

The scope of the work carried ·out by the Research Station has 
materially increased during the year and with addib.onal equipment for 
which orders have been placed, a further substantial increase is 
anticipated .. 

New area has been acquired -for expanding the activities in respect of 
River and Canal Hydraulics and Navigation. The work on leading and 
return channels, supply chambers, etc., is ill progress in this area. In the 
new set up, it is proposed to circulate water up to a maximum of roo cusecs 
during dry months of March to June when the water level ill the lake gets 
low. For this purpose a high level tank, a low level tank and a pump 
house have been constructed. Four umts of pumps out of five have been 
received and are being fitted in the pump house between the low level tank 
and the high level tank. The rating tank soo ft. long, 12 ft. wide and 7 ft. 
deep has been completed and an electrically operated carriage will be 
obtained shortly. It will then be possible to calibrate current meters. pilot 
tubes and also carry out tests with models of small ships. 

It is proposed to set up a fully equipped concrete laboratory, also a 
large Froude (Navigation) tank 850 ft. long, 30 ft. wide and 15 ft. deep. 
These proposals have been framed and are being forwarded to Government 
for approval. Modern improvements in the designs of ships have been made 
possible through the experunental technique evolved in testing models of 
ships in Froude tanks in various countries of the world. It is time that 
India makes a determined start in this direction. 

Two Experts from UNESCO have been associated with the work at 
this Station, namely, Dr. R. V. Baud for Photoelasticity, and Mr. A. F. 
Mogensen for Navigation, harbour problems, wave studies, break­
water designs, etc. These experts are also imparting training to members 
of staff of the Research Station. Dr. Baud has assisted in the fitting up of 
the photoelastic laboratory. A Case Polariscope has now been obtained. 
This will enable us to carry out tests with large-scale models where body 
load is the main considerab.on for earth dams. Also, Seismic Refraction 
and Resistivity Equipments have been obtained during the year. Both these 
instruments will be useful for carrying out foundation investigation by 
geophysical methods. S1milarly, Oscillographs have been obtained for 
recording wave characteristics in harbour models. It is now proposed to 
obtain a high-speed camera (giving pictures up to 14,000 frames per second), 
which will be very useful in high-speed variation phenomena such as 
cavitation, air entrainment, etc., In certain problems like fluctuating pres­
sures in models of siphons and deep-seated sluices, it is very essential to 
record instantaneous pressures. For this, electrical cells are very suitable. 
Attempts are being made to obtain these from abroad and also getting them 
made locally. 

As usual ihe River and Canal Hydraulics and Navigation Sections were 
the most busy Sections. The problem of training the Narbada River at 
Broach (to check the deep scour near the pier of the Railway Bridge) ·was 
successfully solved and the problem of the Watrak river at Kaira (to arrest 
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. n and the right bank and 

erosion of the left bank upstream. of Kdaira ttrow am of the town) is under 
right embankment of the road bndge owns e · 
investigation. 

. . . .. bilit . otherwise of the different 
Experiments to determine the srnta Y or h and at Patna ~ere 

sit~~ for 1road-cum-rail .brid&e ac:o~s Ganga at :ak~~ the model technique 
compl!<hod. . In this connection: It IS recommen e . . a measures, should be 
followed, by this,.Research. S_tation, naJ?ely, that tr

1 
amrn~ nditions ·of the 

tested not only under eXIsting conditions but a so un er co tial art 
worst possible attack expected from the river, should form an essen P 
of any further experiments of this nature. . 

. . . 
Importaht model e~perirnents .were cqnducted to test the designs df 

retaining walls of l:fuakud Dam Left Channel·. Spillwa_f, and to_ study the 
alternative' 'aligruUents of Kakrapar weir on River Tap1_. _A senes of tests 
were also made for the discharge characteristics and diSSipation of energy 
o£ :-·-

H~ak~d Dam conventi~nal and upturned d~ep-seated sluices, 

I I ' ' 

Subsidiary Dam Spillway oi Hirakud Dam Project, and 

Proposed Kotah 'Barrage. 

, 'o,. ~ 1 ~ I > 

These 'tests were carried out by Dr. S. ·:({ .. Roy,. Chief Research Officer, 
assisted' by Shn P. M. Dainle, Research Assistant for which they deserve 
credit 

Useful results were obtained for increa~g the co-efficient of discharge 
of ,Weir Regulators of Ghataprabha Left Bank Ca~al. by means of providing 
belb:nouth. entry anQ. ·smooth expansion downstream. The co-efficient was 
thus increased from o 64 to r3. 

' . - ~ ' . ' 

. , An economic design· for Falls for Hirak~Jd Project was evolved for 
different discharges and different drops both for Flumed and Unfiumed con­
ditions. Further basic research on the design'of Falls is in hand. 

On. th~ Na~iiation side, experim~nts. wer~ continued to ~volve training 
mea~ures for the lffiprovement of navigabil~ty ill .some .of the difficult reaches 
of the Hooghly lJke Fulta, James and Mary, Sankrail and Howrah. 

~ t ~ ' ' 

' ,,, \ • • 1 ' ' ' \ I ' 

·,:J'h~ problem .?f Hea4 Water ,Supply of, the Hooghly and its effect •on 
Navigation are bemg studied closely and. all relevant data is. being analysed 
Fin,al proposals were made to arrest ·silting ·in the Harbour Channel at 
Cochin by means of blocking the Mattancherry Channel. Exper1ments to 
redu~e the " Ran&e " in Madras Ha:bour ~ere complet~ in a model with 
vertical exaggeration of 2 o. Expenments ill a geometncal!y-similar model 
will now be taken in hand. 
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Geophysical investigations for Foundations were made at alternative 
dam sites at Ukai on River Tapi-Kakrapar Project. Advantage was taken 
during the working of S1phon No. 7 and the undersluices at Hirebhasgar 
during the last mo:osoon season to carry out vibration studies. 

In the Physics Section, the study of stress analysis of Engineering Struc­
tures by means of photoelastic method was the main feature. The assist­
ance of Dr. Baud, the UNESCO Expert in this subject is acknowledged. 

The most notable and interesting investigation carried out by the 
Physics Section is in connection with vibration characteristics of the 
Hirebhasgar Dam due to working of siphon No. 7 under cavitation 
conditions and due to working of undersluices. This is probably. the first 
kind of investigation of this type carried out in India. Special mention is 
made of Dr. Gurdas Ram, Chief Research Officer and Shri S. K. Guha, 
Assistant Research Officer (Physics) for this original work. 

; 
This Sorl Section was busy with the study of Shear Characteristics of 

Soils by triaxial compression tests, and with study of physical properties 
of black cotton soil. Soil analyses were also continued for exploration of 
suitable materials for the earth dam across the River Tapi. , 

Peak runoff in the Mahanadi Basin was analysed by thfl Unit­
Hydrograph method in the Statistical Section. Statistical analysis was also 
made of the tidal data in connection with Head Water Supply of the river 
Hooghly. 

Of late there has been a very great demand for carrying out muues 
experiments at Central Water and Power Research Station. With the 
reorganisation of the Station into various sections which have now come into 
being, it has been possible to carry out intensive basic as well as applied 
research with good results. The programme for the next year will be still 
more intensive and of special importance. 

A high standard of research has been maintained at the Research 
Station. Shri D. V. Joglekar, Director, Dr. R. C. Hoon, Deputy Director 
and other officers and members of the staff have contributed .to the successful 
operation of the Section and deserve full credit for the efficient operation of 
the Research Station for the year. 

Sd. (A. N. KHOSLA) 

Chairman, Central Water & Power Commission, 

and 

Additional Secretary to Govt. of India, 

Ministry of Irrigation and Power. 
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INTRODUCTION 

1. With the amalgamation of Central Waterpower, Irrigation and Navigation 
CommissiOn and the Central Electricity Commission, the name of this station was 
also changed from Central Waterpower, Irngation and Navigation Research Station 
to Central Water and Power Research Statron. Dunng the year under report 
further expansion of the Station under the Reorgamzation Scheme was rather slow, 
both due to non-availability of suitable personnel and financial strmgency. 

Among the gazetted staff no more recrmtment could be made except that of 
Shn S. S. Awatramani and Shri S. L. Ranganathan who jomed as A. R. 0. (Admims­
tratwn). The former however resigned on lOth September 1951. Shri B. Pant, 
Assistant Research Officer (Physics) was awarded scholarship under the Technical 
Co-operatic;m Scheme for South East Asia, for higher study particularly in photo­
elastiCity m Canada and he left the StatiOn on 4th August 1951. 

Eleven new Research .t>ssistants were recrmted for various sections smce 
November 1950. However 4 of them (3 engmeers and one scientist) resigned later. 
It has been seen that the engmeering graduates with first class degrees do not 
stick as Research Assistants due to their lower initial pay. In order to make the 
posts attractive, steps have been taken and Government has been moved to consider 
the question of raismg their imtial pay. ' 

2. At Khadakwasla Hydraulic Field Station, the workshop was fitted up and it 
started functioning. Durmg dry months of March to June wheA the water level 
of the lake (from which supply· is obtained by gravity at present) falls down, and 
gravity supply is not obtamable, the models in the new area have to be worked 
Wlth circulated supply. For this purpose High Level Tank,' Low Level Tank and 
Pump House have been constructed; and the Leading and Return channels are 
under construction. Four umts of pumps have been received and are being fitted 
up between the Low Level Tank and the High Level Tank. 

The Rating Tank has also been constructed. Unfortunately the buildmg 
estimate have still not been sanctioned and the work of constructing the field office 
at Khadakwasla has been postponed for another year. This work is to be done by 
the Central P. W. D. 

\ 

Agreement has been made to get the electric energy for the Station through the 
National Defence Academy, and this work will start next year. 

It has been finally decided now, not to shift the Soil Section Laboratory from 
the Station, which was origmally proposed to be sent to Kakrapar. It is bemg 
fitted up at present in the office. 

3. Mr. A. F. Mogensen, UNESCO Adviser in Navigation, joined the Station on 
~nd December 1951 for a period of 8 months ; and Dr. R. V. Baud, UNESCO Adviser 
m Photo-elasticity, also jomed at the close of January 1952. · 

Their expert adv1ce is being usefully utihsed for study in their respective 
subjects, and they are also trainmg the members of the staff. 

4. The following important eqiDpments were received for the StatiOn during 
the year:- . 

(I) Case Polariscope. 
(Ji) Siesmic Refraction Equipment 
(in) Resistivity (Geophysical) Eq-gipment. 
(iv) Aneamograph. ' 
(v) Spekker Absorptionmeter. 

(vi) Oscillograph. 
( xiii ) 
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5 As usual the RlVer and Canal Hydraulics and Navigation SectiOns were the 
most ·busy Sections. The problem of trammg the Narmada river at Broach (to 
check the deep scour near the pier of the Railway Bndge) was successfully solved 
and the problem of the Watrak nver at Kaira (to arrest erosion of the left ~ank 
u/s of Krura town and the right bank and right eq1bankment of the road bndge 
d/s of the town) is under investigation. 

Experrments to determine the suitability or otherwise of the different sites for­
road-cum-rail bndge across Ganga at Mokameh and at Patna were completed. 

Important model expenments were conducted to test the designs of retainmg 
walls of Hirakud Dam Left Channel Spillway, and to test the alternative alignments 
of Kakrapar Weir on nver Tapi. A series of tests were also made for the discharge 
charactenstics and dissipation of energy of- • 

(i) Hirakud Dam conventional and upturned deep-seated sluices, 

(n) Subsidiary Dam Spillway of Hirakud Dam Project, and 

(m) Proposed Kotah Barrage. 

Further studies were made of the performance of Volute Siphon No. 7 at Hire­
bhasgar. Very useful results were obtained for mcreasing the coefficient of discharge 
of Weir Regulators of Ghataprabha Left Bank Canal, by means of providmg bell­
mouth entry and smooth expansion downstream. The coefficient was thus increased 
from 0 64 to 1 3. 

I 

An economic design for Falls for Hirakud Project was evolved for different 
discharges and different drops, both for Flumed and Unfiumed conditions. Further 
basic research on the design of Falls is in hand. 

In the Navigation field, experiments were continued to evolve training measures 
for the rmprovement of navigability m· some of the difficult reaches of the Hooghly 
like Fulta, James and Mary, Sankrail and Howrah. 

The problem of Head Water Supply of the Hooghly and Its effect on navigation 
are bemg studied closely and all relevant data is being analysed. Fmal proposals 
were made to arrest siltmg in the Harbour Channel at Cochin by means of blockmg 
the Mattanchari Channel ; expenments to reduce the "Range" in Madras Harbour 
were completed m a model w1th vertical exaggeration of 2 0. Experiment~ m a 
geometrically-similar model will now be taken in hand. 

The Stat10n gave suitable advice for the improvement of water supply for Tata 
Iron and Steel Works, Jamshedpur and for Nagpur town. 

Geophysical investigatiOns for Foundations were made at altJrnative dam sites 
at Ukai on nver Tap1-Kakrapar ProJect. Advantage was taken dunng the 
working of Siphon No. 7 and the underslmces at Hirebhasgar during the last monsoon 
season for the vibration smdies. 

In the Physics Section of this Statwn, the study of stress analysis of the 
Engineering Structures by means of photo-elastic method was the main feature. 
These studies were very much helped by the presence of Dr. Baud, the UNESCO 
Expert in this subject. The Soil Section was busy with the study of Shear 
Characteristics of Soils by triaXIal compression tests, and with smdy of physical 
propert1es of black cotton sml. Soil analysis WPre also contmued for exploration 
of suitable matenals for the earth dam across the river Tapi. 

Peak runoff m the Mahanadi Basm was analysed by the Unit Hydrograph 
method in the Statistical Section. Statistical analyses were also made of the tidal 
data in connection with Head Water Supply of the river Hooghly. 

6. During the year the Director and the Staff visited a large number of places 
"Fis I. in connection with experiments m progress in the Station. '(See Figure 1.) In many 
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cases advl(:e was giVen after inspectwn of sites only, w1thout carrymg out actual 
model expenments. The mspectwn of Volute Siphons at H1rebhasgar (Mysore) 
and the Hooghly river at Calcutta lasted for a number of days at a stretch. 

7. The Station contributed the followmg papers to d1fferent Journals durmg 
the year-

(A) C. B. I. & P. Journal 

1. Some Aspects of break up of hqmd Jets as applicable to the behavwur of 
bucket-type-splitters used as energy d1ssipators. 

2. Earthquake forces on earth dam. 
3. D1stnbution of horizontal acceleration along the he1ght of a dam during 

earthquake. 
4. The use of a transformation of the Laplace equation in the relaxational 

approach to potential flow m curved conduits. 
5. The development of three-dimensional relaxation processes. 
6. Parabolic liquid jets. 
7. Umt hydrograph method applied to Mahanadi catchment above Sambalpur. 
8. Is rainfall increasmg in Tapti Basin? 
9. Preliminary v1bration experiment on the Khadakwasla Dam (Poona). 

10. Use of frequency method for estimating ramfall intensities of rare 
occurrence. 

11. The standard1sation of relaxation treatment of systematic pressure compo­
sitions for overflow spillway discharge. 

12. Design of Canal Falls. 
by Shri B. S. Talwani, D. D. S. T. Gholankar, R. 0. 

(B) C. W. & P. Commission Journal 

1. Dams and earthquakes. 
2. Model studies for sand exclusion from the Ye-U Canal (Burma). 
3. Trainmg of Narmada river at Broach. 
4. A refraction seismic eqmpment used in C. W. and P. R. Stabon, Poona. 

(C) Indian Journal of Power and River Valley Development 

During the year 24 spectfic notes and 2 baste notes were published.-

8. As usual Khadakwasla Fteld Hydraulic Statwn was vis1ted by a number of 
emment and distmgmshed engmeers, scientists, educatwnahsts, pubhc men, members. 
of parliament, and the honourable mmisters. 

The notable among them are-

(i) Hon'ble ~ri Prakasa, Minister of Natural Resources and Scientific 
Researclii Govt. of In<ha. 

(h) Hon'ble Jivraj Mehta, Minister for P. W. D., Govt. of Bombay. 
(iii} Mr. G. P. Alexander, Chairma'e Madras Port Trust. 
(IV) Shri M. R. Venkataraman, Ch1ef Engmeer, Western Railways. 
(v) Shri H. P. Mathrani, Consulting Engineer, Govt. of India. 

(vi) Shn B. L. Gulati, Director, Geodetic Branch, Survey of India. 
(VIi) Mr. J. R. D. Tata, Chairman, Tata Industries. 
(viii) Shri A. K. Chanda, Fmance Commissioner of Railways. 

(IX) Shn P. C. Battacharya. Jomt Secretary, Fman~e Ministry, Govt. of India. 
(x) Shii M L. Behl; Ch1ef Engmeer, P. W. D., Bihar. 

(x1) Shri C. V. Venkateswaran, Chief Engineer, Cochm Harbour. 

Members of the Bntish Commonwealth University's Delegates also visited the 
Station and were much Impressed by the work done here. 
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RESEARCH PUBLICATIONS* 

of 
· r R earch Station Central Waterpower, Irrigation and Navtga ton es . 

Publications• 
Tltle 

Jls. As. p. 
Number 

1 Annual Report for 1937-38 • 
'I 8 0 

2 Annual Report for 1938-39 • 
'1 8 0 

3 Note on "G1bb Modules, 1941 
3 0 0 

4 Annual Report for 1939-40 . 'l 8 0 

• 
5 Annual Report (Technical) for 1940-41 with Index for 1937-41 7 8 0 

6 Annual Report (Techmca!) for 1941-42 'I 8 0 

7 Aonual Report (Technical) for 1942-43 • '1 8 9 

8 Annual Report (Technical) for 1943 • 7 8 II 

9 Aonual Report (Technical) for 1944 wtth Index for 1940-41 . 7 8 0 

10 Annual Report (Technical) for 1945 Wtth Index for 1937-45 • 25 0 0 

• 

11 Annual Report (Technteal) for 1946 • '1 8 II 

12 Annual Report (Technical) for 1947 WLih Index for 1943-47 • 25 0 0 

13 The Behaviour and Control of Rivers and Canals (Parts I and II), 
1949, by Sir Claude C. Inghs • 16 8 0 

14 Annual Report (Technical) for 1948 wt!h Index for 1944-48 10 0 0 

15 Annual Report (Technical) for 1949 w1th Index for 1945-49 21 4 0 

16 Annual Report (TechniCal) for 1950 With Index for 1946-50 

• Avatlable from the Manager of Publicatwns, Delh> or agents and the High Commisswner 
for Indta, Indm House, Aldwych, London, W.C. Z. 
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SECTION A-THEORY AND PRACTICE OF MODEL EXPERIMENTS 

2. PRACTICE 

(i) COLLECTION OF DATA FOR MODELS 

1. ANALYSIS OF MADRAS HARBOUR DATA TO DETERMINE THE PRESENCE OR OTHERWISE or 
SEICHES (t.e., LONG PERIOD SURGES) 

1. Introduction A.R.T. 1gs1. 

THE disturbance experienced in the Madras Harbour during cyclonic storms is 
described as 'range'. Such range m the harbour causes ships to move in longi­
tudinal and transverse directwns which makes loading and unloading operations 
pretty difficult and sometimes Impossible .• A closer exammation of the trouble and 
the operating forces IS essential for the proper appreciation of the problem. 

2. Prototype Data 

2.1. Knowledge of conditwns in the harbour and outside, during a cyclonic 
storm, was essential when model expenments were undertaken. Some data was 
collected in the 1948 and 1949 storms by float type gauges ; but, unfortunately, this 
was of httle use due to location of gauges in shallow depths. In 1950, eight gauges 
were fixed at carefully selected pomts in deep water. Their locations are shown in 
Figure 1 The gauges consist of 9 inches diameter pipes immersed 6 0 feet below Elg. 1• 
I. S. L. W. A float works m the pipe and the wave heights are observed on a 
graduated scale. 

2.2. A cyclonic storm occurred in the Bay of Bengal on 3rd December 1950 and 
affected the Madras Harbour. The followm,g IS the record of the conditions at 
Madras:-

(i) Wmd blowing from N.N.E. direction. 

(Ii) Waves. 

(a) North of Aga Light-Length 200 feet; Height 2'-8"; Period 8! seconds; 
Direction E.S.E. 

(b) West of Aga Ltght-Len'gth 100-150 feet; Height 1 to 3'-6"; Penod 
12 seconds ; Direction N.E. 

(r) Outside Harbour (2,000 feet east of Aga Light)-Length 125 feet; Height 
8-10 feet ; Penod 8·6 seconds ; Direction E.S.E. 

Waves were wheeling round the Aga Light in a radius of 400 feet and 
makmg towards the harbour entrance. 

(d) Inside Harbour-Waves generally fanned out towards the East, South 
and West Quays. Approximate values of waves at South Quay were­
length 20 feet, height 2·4 feet, period 7 seconds. Waves were not 
well defined. 



2 CWPRES ANNUAL REPORT (TECHNICAL), 1951 

(e) Rangmg of Shtps-Movement of sh1p at ~outh Quay S. S. RaJula, of 
10,2.00 tons had berthed. Draft Stern 19 0 feet, Bow 17 0 feet. 

Rangmg 
r v erbcal 1' -6". 
~L Long1tudmal 12'. 

Transverse 2.' -6". 

The period of rangz.ng of the ship was not observed. 

Simultaneous observatwns of wave he1ghts were made at eight gauge pomtil 
for a period of 15 mmutes. 

/ 

3. Analysis of Results 

3.1. Frequency d1stnbutwn of wave he1ghts and penods was done to get the 
s1gmficant wave he1ght, average penod, etc. The results are presented m tables 1 
and 2. Wave heights at gauge No. 7 on East Quay are exaggerated on account of' 
shallow depth and are, therefore, not comparable The max1mum wave height in 
the harbour at South Quay II was 3 75 feet, the sigmficant wave he1ght being 
2 8 feet. The sigmficant wave he1ght lies between 70 to 80 ppr cent of the maximum 
wave he1ght observed at all gauge points. The wave penods lie in a wide band. 
from 4 5 seconds to 20 0 seconds though 80 0 per cent of the wave periods are below 
10 5 seconds. Waves of period longer than 20 seconds were too infrequent for a. 
satisfactory analysis. • 

3.2. The ranging of sh1ps in a cyclonic storm may be due to either of two 
different conditions in the harbour-

Senal 
No. 

l 

I 

2 

3 

4 

5 

(a) Reflection of waves from vertical surfaces. 

(b) Generation of long period surges known as ' seiches ' due to resonant· 
motion of ms1de mass of water. 

TABLE 1 

Analysis of observed wave heights m the Madras Harbour during 
the storm on 3rd December 1950. 

Gauge No, 
r--

l 2 3 4 5 6 7 8 

2 3 4 5 6 7 8 9 10 

Maximum wave height ob~erved at 3 7.; 30 2·0 20 60 40 55 4 25 
the pomt, (ft ) 

Stg:n:rlicant wave he1ght a.t the pomt 28 2 19 1·6 162 4•66 295 43 3 18 
(ft.) 

Significant hi 
X100 745 730 800 81·0 77 7 71•5 816 

Max. ht. 
75 0 

80 per cent of waves observed below 212 162 162 087 4•37 2•12 3·0 2·3 
hc1ght (ft.) 

80 per cent of wavrs obgerved below 10 5 85 10·5 10•5 125 10 5 12 5 85 
penod (seconds). 

REMA.Ditt:z~ 

li 

Dejimt1on. 

Sign,ficont wave hev.iht -It 18 the a.vera.ge of all wave heights greater than 2}3 of the ma:z1mum observed 
heJI<ht. 
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Setta.l 
No. 

1 

1 

2 

3 

4 

;; 

6 
7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

ANALYSIS OF MADRAS HARBOUR DATA 

l'ABLE 2 

Percentage frequency dtstnbutwn of wave pertods at three typtcal 
gauge points. 

Wa.ve penod 
(Seconds) 

2 

~ 25 
25 ~ 4•5 

45 :,. 65 

6•5 - 8•5 
"' 85 ::; 10·5 

10 5 .;;,:; 12·5 

12 5 ~ 14•5 
14 5 ti; 16 5 

16·5 ==:; 18·5 

18·5 ~ 20•5 

20 5 ~ 225 

22 5 t:; 24:5 
24 5 ~ 26·5 
265 ::S 28 5 

285 ~ 30•5 

305 ~ 325 

32'5 ~ 345 

1 
(%) 

3 

0 69 

26 9 

2345 

IS 62 

5 52 

7 59 

483 

414 

2 76 

2·07 

0 69 

1 38 

0•69 

0 69 

Gauge No 

5 
(%) 

4 

40 

12 0 

12·0 

2267 

17 33 

10 67 

533 

2 67 

40 

133 

40 

133 

1 33 

8 
(%) 

5 

164 
3169 

ao·oa 
14•75 

10•93 

546 
1•(\4 

164 
164 

0 55 

REMARKS. 

- 6 

3.3. Surges o£ penods between 20 seconds and 60 seconds particularly affect 
slups of 6,000 to 30,000 tons clisplacement. In this connection mterestmg observa· 
tions were made and important conclusiOns drawn by Wilson m his paper "Slup 
Response to Range Actwn in Harbour Basms "-Proceedmgs of Amencan Society 
of Civil Engineers, Volume 76, Separate No. 41 of November 1950. The followmg 
is the extract from th1s paper. 
"These se>ches whtch have a permdicity of about 2 mmutes and less are capable of causmg 

ser1ous resonant mobon 1n ships as normally moored In particular, for most shtps of 
commercial siZes (from 5,000 to 30,000 tons dlsplacement) tpe dangerous perlOdlcttles would 
seem to be m the range from 1 mmute to 20 seconds." 
It is, therefore, VItal to know if such se1ches are generated m the harbour. A 

fuller knowledge of the characteristics of waves, such as penod, amplitude, etc., 
is necessary for evolVIng proper remedial measures in order to combat the menace 
of ship ranging. The gauges with submerged ends open are not well sUited for 
detectiOn of surges as the observations m these are obscured by waves of compara· 
hvely larger amplitude-see Figure 2 An attempt was, however, made to detect F1g. 2. 
their presence by penodogram analysiS. 

A 1/ T. 1951.11 EM H.q I 

SHORT PERIOD WAVES 

FIG.Z. 

He 14/J llf' FEB I,.U 
£ W <f P. lr f I'OOHA 

3.4. The wave data for gauge No. 6 was selected for analysrs as the presence 
of long period surges was apparent The short term periods range from 5 to 
20 seconds. To examme the presence of any supenmposed long term penodJcrty, 
the short term penodiclties were ironed out, m the first mstance, by a h1gh low 
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mid-points average Ime drawn through. The very small periods haVIng been 
evened out by the method, larger penods in the neighbourhood of abo~t _20 seconds­
appeared more conspicuous in the new p1cture. Considerable :va~at10ns were, 
nevertheless, present and the rigid mathematical search for a penod!Clty fa1led to 
y1eld one in the neighbourhood of 20 seconds. 

/ 

The new waves were all, therefore, again evened out by yet a~other high l~w 
m1d-pomts average line passed through. The new line J:>rought out mto prommence 
waves of larger period duration. Mathematical analys1s was once more employed 

Fts. 3. when penods rangmg over 58 seconds, 65 seconds, 70 seconds, 75 seconds, etc., stood 
out. 

E1ghty per cent of the waves, as observed, were of penods less than 10 5 seconds. 
The statistical analys1s, however, shows that surges of longer perwd do exist and 
the1r penods are of the order of 60 seconds 

' 
4. Gauges for Observation of Long Period Surges 

4.1. The present gauges installed in the harbour, with submerged ends open, 
respond to all frequencies and are, therefore, unsuitable for observatwn of seiches. 
For th1s a simple dev1ce was evolved. To record long penod surges, fruthfully, the 
gauge should not respond to short period waves. It was found that th1s could, 
effectively, be done by closmg the bottom end pf the gauge p1pe leavmg only a 
small operung. 

In the Madras Harbour, 80 per cent of the waves, as observed in the recent 
storm, were of penods less than 10 5 seconds. Maximum amplitude was 5 0 feet. 
The penod of seiche (1f at all present m the harbour) se-ems to be of the order 
of 60 seconds as shown above. The maximum amplitude can be roughly estimated 
as 1 5 feet from the vertical movement of the ship S. S. Rajula at the South Quay.· 

4.2. The gauge for observation of seiches should have, therefore, the following 
characteristics :-

D1ameter of gauge p1pe and of aperture should be so proportioned that 
50 feet waves of 10 0 seconds penod and below should cause very 
little vanatwn m the gauge readmg while seiches of 40 seconds perwd 
and above and 15 feet amplitude should be recorded fa1thfully.: 

Experiments were made in a wave flume, where gauge tubes w1th different 
apertures were tested. These showed that the above conditions would approxi­
mately be met by making the aperture diameter 20 pet cent of that of the gauge 
pipe. 

4.3. In the Madras Harbour, additwnal gauges With p1pe diameter 9 inches and 
aperture diameter 1 75 inches have been set up, now, at all gauge points. These 
are expected to yield useful information about the presence or otherwise of long 
period surges. 

5. Conclusions 

5.1. (1) The data of maximum and s1gnificant wave heights is very useful 
for verification of model. 

(il) The analysis of wave data at gauge No. 6 indicated that the probable 
period of surge, if present, would be in the neighbourhood of 
60 seconds. 

Further Studies 

Behaviour of gauges with apertures at bottom for recording seiches is being 
studied in greater detail. 
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EFFECT OF INTERFERENCE ON DISCHARGE IN VOLUTE SIPHONS 

(iv) LIMITATION OF MODEL EXPERIMENTS AND COMPARISON OF MODELS 
AND PROTOTYPE RESULTS 

li 

2. EFFECT OF lNTI:RFERENCE ON DISCHARGE IN VOLUTE SIPHONS, A.R T. 196!!. 

Introductory 

INTERFERENCE is unavoidable when siphons are arranged side by side m a battery. 
Economics and hydraulic efficiency of a project demand that they should be arranged 
as close to one another as possible, as also as close to the dam. Otherwise, the dis­
charge per foot run of the dam decreases ; It also means greater area of platform 
upstream of the dam on which the siphons are constructed, thus making the "Project 
costly. Too close a spacmg, on the other hand, may cause considerable reduction 
in the discharge which is also an undesirable feature. 

Results of interference expenments with regard to the Marconahalh siphons 
are mdicative of the magmtude of the possible mterference for the spacing there 

/ 
(5' clear spacmg between dome and dome). About one per cent mterferenre was 
indicated when the rim depth of the dome was one foot, and negligible when it was 
6 5 feet•. Thus, the increase in the drum height would decrease the interference 
effect. This is obviously due to prevention of air entry from outside by a deeper 
drum. 

One interference aspect which cannot be explained by the mere theory of 
interference is the development of vortices. It is observed that when siphons are 
very close, the vortices are to some extent suppressed and when they are far apart, 
they are aggravated. These confiictmg factors can be solved by expenmental 
investigation alone 

Accordmgly experiments were initiated to determine exactly how the vanous 
factors contnbuted to the loss of discharge by interference. The factors considered 
were-

(1) distance from siphon to dam, x 1 , 

(2) distance between twt' siphons, x2 ; 
• 

(3) the height (rather, the depth) of the drum x, ; and 

( 4) the opening below the drum, x,. 

Experimental Set-up 

The experimental unit set-up was as shown m Figure 1 and photographs 6674. Flg. 1 and 
323 and 6313 and the explanations of x., x 2 , etc., are given in Figure L Photos Nos. 

6674, 323 
. ~~ 

It can be seen that the Unit contains three siphons, 6" diameter each, with side 
plates at 6" distances from the end siphons. This is equal to the diameter of the 
siphon and it was presumed that this space was sufficiently great as compared to 
values of x,, x., etc., and thus would not cause any side effect. 

The individual siphons had their bends with rectangular bases, so that all the 
three siphons cou}d be supported on a machined girder supported on either side by 
wooden blocks and adjustable up or down by means of jacks. The platform for 
the siphons was made of properly arranged plain iron sheets reinforced at the bottom 
by wooden battens. A number of intermediate sheet pieces of various dimensions 
were got ready so that the distance between siphons could be easily changed at 
Will by rep~acing some of the sheets and pushing the Siphons on the girder towards 
or away from one another, thus varying the value of x2 • A movable plank was 
used to represent the dam and the adjustment of the value of x, was thus quite 
easy. • 

The domes were made of 16-gauge galvamzed iron sheeting and collars of 
any depth could be added by a simple expedient (see photograph 324). This enabled 
the vanation of the drum height x,. The piers in prototype were represented by Photo 324• 

' Annual Report Techmcal 1945, page 76 
5A 
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a cage of 3/8" rods and the depth of the cage, l.e, the length of the rods, could be 
easil adJusted by pushing the cage up or down on the drum a~cordmg to the 

Y ded The openmg x could be marupulated by ra1Slng or lowenng openmg prOVi . , •' . 
the siphons by the method ment10ned aoove. 

1 For all expenments, the annular Width and the shortest distance between the 
Siphon hp and the dome were kept the same. 

Thus the set-up permitted the vanat10n of all the four factors at will and the 
followmg was the order of expenments conducted. 

E~eriments-First, the effect of the values of x, and x2 on .Cd was determmed 
for the followmg combmat!On-

x1 (ms ) 7 75, 8 75, 9 75, 10 75, 11 75 and 12 75. 

x
2 

(ms) 14 5, 15 5, 16 5, 17 5, 18 5 and 19 5. 

Now, the values ot x, and x, were changed as follows-

For any particular platform level With respect to the hp, x,+x.=constant. · 
When, say, oite-mch collar was added to the drum x, would be mcreased by 1" and. 
x

4 
reduced by the same amount. When the opemng was reduced to a minimum, 

the platform level was changed and other combmat10ns were obtained as follows, 
the value of x, m all the cases bemg kept at 16 5 mches. 

Operung (ms ) 1, 2, 3, 4, 5 and 6. 

Height of Drum (ms.) 3~, 4~, 5!, 6!, 71! and 8!. 

Siphon height (ft) 160, 2 10 and 2 60 

In the above expenments a hberal use of plastlcme had to be adopted to 
prevent any leakage of water. A comb1natlon of a standard hump and a cahbrated 
V-notch was used for measurmg discharge, thP. vanat10n due to mterferenCP bemg 
generally measured on the notch only and a constant discharge bemg mamtamed on 
the'S. W. Flume. 

All the experiments were repeated for three different heights of Siphons viZ., 
1 604', 2 104' and 2 604'. ' 

I 

Each observation of discharge made was repeated twenty times, so that in all, 
1,800 observatiOns were made for the above expenments. 

Results of Experiments 

(1) x, and x,-The data obtained are tabulated in Table 1. 

TABLE 1 

Du~tance between Dome to Dome Centres, by d1v1ded d18meter = ~ 
D 

242 2 ;;8 2 75 292 308 3 25 Average 

129 668 696 ·687 669 ·699 ·666 ·681 
e~~ 1'46 ·674 697 •686 ~~- 672 •704 •695 A..SH •688 

~ 

c~~ 1·63 ·682 I 701 686 679 701 690 ·690 I)Q ~ 

]-g~ 179 684 ·707 690 Gqo 704 693 ·694 
d"' 196 •684 700 ~ e~ 677 ,·686 ·702 692 

8~"1:1 
·690 

d <5 ~ 2}3 ·676 ·700 675 674 
"!;! "' 

•703 •696 
r:S 

·687 

Average •678 700 684 •678 ·702 '689 
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Photo 667 4: Experi·nental unit-Domes remo\'ed. 

Photo 6313 : Interference Unit-working. 



Photo 323 : Arrangement for interference 
experiments. 

Ph oto 324 : The Siphon Dome, Cage and additional 
collars used in the interference experiments. 
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EFFECT OF INTERFERENCE ON DISCHARGE IN VOLUTE SIPHONS 7 

Figure 2 gives a plot of the coefficient of discharge agamst ~ or, what may be F•g. J. 
D 

termed the relative Dome to Dome distance, for vanous values of x, or the relative 
D ' 

Dome to Dam distance. InteractiOn seems to be promment m the regiOn 2 75 < x, 
D 

<2 92. It IS difficult to say whether the coefficient of discharge IS increasmg or 
decreasmg With an increase m X 2 in this region. Out of six distances from dome 
to Dam, on three occasiOns It IS decreasmg, twlCe It IS nearly constant and once It 
is increasmg. A superficial exammat10n of the marked portion m Table 1 will 
bring out the sigmficance of the mteract10n. • 

If the promment regron of disturbance is removed from the analysis and the 
-exammation is restncted to the rest only, the results are very consistent. 

The variation of the coefficient of discharge With x, is on the other hand 
unimodal, attainmg a consistently optimum value of 1 79, while that of x 2 bimodal, 
reachmg two peaks-see Figure 3. 

While the analysis mdicates that a more thorough investigation is necessary in 
the regron of disturbance, the following pertment points may be noted:-

(a) The mterference studied IS a combined effect of the mterference of 
sb·eamlmes and the formatiOn of vortices. 

(b) Interference in flow causes, in effect, a suppressiOn of vortex formation; 
but as vortices contribute to admissiOn of air and hence reduction in 
discharge much more than the interference among the streamlines, 
suppressiOn of vortices Will help considerably m mamtammg v h!gh 
coefficient of discharge. 

(c) Where the values of x 1 and X 2 are high, there is greater scope for vortex 
formatiOn and hence the reduction of discharge. 

(d) The above points show why the optimum values of x, and X 2 a-re not 
obtamed when they are maximum, as would be normally expected. 

(e) If the mterference effect among streamlines alone IS to be mvestigated, 
it is necessary that vortex formation is artificially suppressed by cover· 
ing the water surface-with gnds or planks. This calls for the repeti­
tiOn of the whole experiment, but it will not be of much practical 
value . 

.(f) It is also significant to note that the vanahon of coefficient of discharge 
is from 0 666 to 0 707, i e., a difference of only 0 041 which meant about 
6 per cent of the optimum value. 

Fig. 3. 
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f fi d ng the statistical mean 
2. x, and x,-The data obtained are tabulated a ter n I 

for each height of siphon-See Table 2. 

TABLE 2 

Drum height 
open;ng}Dlameter 

67 ·83 10 
Dmmeter r--

·33 ·SO· •16 

&703 &612 0 689 0·717 

616 •604 •621 ·629 

·615 lt02 ·588 ·~32 
-58 

645 ·606 631 ·659 

0682 0·623 0·686 0 713 

·567 ·625 v97 ·600 

•75 ·522 ·603 6H 632 

590 617 ·634 648 

&579 0602 &661 ()-7(}6 

•513 558 ·577 •625 

92 •509 •569 588 625 

·t;34 ·5?6 607 •651 

522 ·643 0 673 

1-08 515 568 614 

·000 559 ·609 

•512 •588 632 

0511 &658 

1-25 •510 ·593 

•496 •586 

·49Z ·61Z 

0573 

1•41 ·525 

48G 

·529 

The three figures in each cell indzcate the values obtained respectively for the 
three dzfferent Siphon hezghts 1·60, 2·10 and 2·60 ft respectively. The figures itall­
CtSed at the bottom are pooled averages computed for the three heights of siphons. 

For all drum heights, the coeffic1ent of dzscharge generally increases with the 
opening ; but the same does not appear to hold good when the variation is con­
sidered for any particular opening. However, it is apparent that the optzmum 
result is obtained when the relatzve opemng X.JD = 0·5 and the relatzve drum 

F1r. 4. hezght X,/D = 1 08, both the factors being considered together. F1gure 4 1s a plot 
of the data obtazned. ' 
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~ECTION B-HYDRAULIC WORKS 

1. RIVER CONTROL 

(ii) RIVER TRAINING WORKS 

3. TRAINING THE NARMADA RtVER AT BROACH (WESTERN RAILWAY) 

~.History 

The first railway bridge on the Narmada River at Broach, consisting 
-of 67 spans of 60 ft. each was constructed m 1860. At that tu:n.e the nver was 
flowing in two channels, the deeper and larger channel being along the northern 
bank (i.e., Broach Side) and the smallt>r one along the southern bank with an 
island between the two channels. However, between 1867 and 1888, due to some 
maJor changes in the nver upstream, the main stream swung towards the south 
bank and contmues to do so even today. The bndge was considerably damaged 
m the floods of 1864 and 1868 while m 1876, a still h1gher flood caused complete 
·OOllapse of the bridge due to undermmmg of pier foundations by heavy scour. 
A new bridge of 25 spans of 187·5 feet located a little further upstream of the 
'Origmal bndge was completed in 1881. 

1.2. The southward trend of the deep water channel, which began m 1867, 
.contmued so much so that the channel enbayed upstream of the south abutment 
and caused heavy erosiOn of the south "bank upstream and downstream of the 
abutinent. Durmg the high floods of 25th August 1898 pier No. 23 (3rd from 
south) canted 7 ft. downstream but when the flood subsided was pulled back by 
the eccentrically loaded superstructure of the bndge. As a result of this calamity 
the following protectiOn works were earned out m successive stages:-

(I) A pile groyne was constructed on south bank 2! miles upstream. 

(n) A small 'Z' groyne was later added between the pile groyne and the F.g. 1 (o). 

bridge. 

(Iii) A slopmg bund called 'south abutment groyne' pomtmg upstream Photo usa. 
from the south abutment was constructed m 1898. This IS above the 
H. F. L. for a length of 550 ft. and is above H. W. 0. S. T. for a further 
distance of 850 ft. and then slopes down to the nver bed having a 
total length of 2,000 feet. 

1.3. In 1934, a new, second railway bridge was constructed and the old bndge 
was converted into a road bridge for hghter traffic. However the danger of the 
pot-hole, originally formed in 1898, contmued to extend towards the bndges and 
the south abutment and at present constitutes a major threat to the safety of 
the bndges. Since 1940 onwards the pot-hole seems to have split up mto two 
-deep holes, one approaching the sloping head of the bund and the other movmg 
downstream towards the bridges. 

1.4. As it is very urgent to protect the south bank and the south abutments 
from heavy erosion and scour likely to occur m the near future, model experi­
ments were conducted to test suitable protection works at the request of the 
Chief Engineer, Bombay, Baroda and Central India Railway (now Western 
Railway). 

2. Hydraulic Data 

2.1. Rtver Dtscharge-It may be noted that Broach IS only 20 miles from the sea 
and the bridges are within tidal limits of the river. At the mouth of the river the 
tidal range is from 25 to 30 feet and it extends mland to 30 miles. The high tide 
has, however, no influence on the gauge reading at the railway bndge dunng high 
!floods and hence the model was laid as flowing m one way only. The Station 
estiiDate of highest flood discharge is 12,50,000 cusecs correspondmg to the gauge 

(9) 
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Flg. 3. readmg 76 86 at the railway bndge The discharge hydrograph of 1950 IS shown 
in Figure 3. 

})g. 3. 

Fig. 5. 
Photoes 
69gS & 
6996. 

2 2. River Slope-The nver slope m high floods is of the order of 18 ft. per mile. 

2 3. Rwer Be.d Material-The south bank near the bndges consists of alternate 
layen; of sand (m=O 27 mm.) and clay (m=O 042 mm.). Upstream of the bridges 
around shoals there are kunker and pebble formations having an average size of 
0 59 mm. diameter. 

' 
3. Model Scales 

Length Scale 1 : 330 

Depth Scale 1 :50 

·: V. E 6·6 

Discharge Scale 1.1,10,000 

Time Scale= 1 day m prototypc:41 minutes m modeL 

4. Experiments 

The followmg experiments were conducted :-
(1) Expertment No. 1-With existmg conditions of the river and the sloping 

gw.de bund-see (a) in Figure 4. 
(2) Experiment No. 2-Wlth the present length of the slopmg bund raised 

above H F. L. ( +76 86) and having a curved head of radms 600 ft. 
-(b) in Figure 4. 

(3) Experiment No. 3-With the gmde bund raised above H. F. L. and 
extended upstream along the curved high bank-(c) m_Figure 4. 

(4) Expenment No 4-With the guide bund raised above H. F. L. and 
extended upstream by 500 feet along the existmg alignment and having 
a curved head of 800ft. radms-(d) m Figure 4. 

(5) Expertment No. 5-With the guide bund raised and extended by 1,000 feet 
along the existmg alignment and havmg a curved head of radius 
800 feet-(e) in Figure 4. · 

(6) Expertment No 6-With the guide bund raised and extended upstream 
along a curved alignment midway between alignment (c) and the 
extended alignment (e) and With a curved head of radms 800 feet-m 
Figure 4. 

(7) Expertment No. 7-With the gUide bund of length 1,800 feet along align­
ment (f) and havmg a curved head of radius 600 feet-(g) in Figure 4. 

(8) Expenment No. 8-Same as expenment No. 2 with length of gmde bund 
shortened by 160 feet or totallength=1,640 feet-(h) m Figure 4(a). 

(9) Expertment No. 9-Same as expenment No. 7 w1th length of gmde bund 
shortened by 400 feet or totallength=l,400 feet-(t) m Figure 4(a). 

5. Experimental Results 

5.1. The discharge cycle run m the model corresponded to the discharge hydro­
graph of 1950 which was the only one available. It was felt that the deep pot­
holes formed near the slopmg gmde bund were mamly due to the severe eddy 
With a vertical aXIs formed dunng high floods when the cross flow from over the 
submerged part of the slopmg bund met the main high velocity flow of the nver. 
At high discharge stages the model reproduced this eddy and the resultmg deep 
scour, thus confirmmg the above diagnosis. 

52. In experiment No 1 With the existmg conditiOns of the nver and the 
sloping ~Ide bund the mam nver flow contmued to hug the south bank upstream 
of the bridges A severe eddy formed at the slopmg head of the bund and the 
subsidiary bolls and eddies contmued to travel downstream creatmg dangerous 
conditions for the bridges and the south bank downstream. 'l'he velocity distribu­
tion also confirmed that the high velocity. persistmg along the bund and the south 
bank IS the main cause of the bank embayment and erosiOn. 
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Narbada River at Broach, Western Railway. 

' · 1/330 : 1/50 scale vertically-exaggerated model of Narbada 
' River at 'Broach. 

Ph'>to No. 7488 to 7486-Loo­
king upstream showing the sloping 
head of the present bund .and the 
embayed high bank upstream. 

Photo No. 64-Looking down-stream showing.high 
flood! discharge with the guide bund aligned as per, 
drawing No. 11425 

24. F~ 
Experiment 6. 

Photo No. 6998- Looking downstream s_!Iowing 
high flood discharge running with sloping guide bund 
in position -Expe'riment 1. 
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Photo No. 6997-showing the piers of road and 
railway bridges in the model. 

Photo No. 6996 Looking downs tream sh ow in g 
scour and its con tour's round the sloping guide bund­
Experiment 1. 
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TRAINING THE NARJ\!ADA RIVER AT BROACH (WESTERN RAILWAY) 11 

raise5d3~~~v:x~eriFm~t N~. 2 wi~h Jhe present length (2,000 feet) of the gmde bund t·,~ 6 l'hoto 
the high bank the. edd an provi e With a curved head of 600 feet radius abuttmg 7014. 

. • Ies wluch were caused by the overflow from over the bund m 
expenment No. 1 were absent. The mam river flow still remamed along the 
south bank. As the major danger to the bndges and the south bank m Its VICiruty 
Is due to the fo~atwn and persistence of pot-holes which deepen and consequently 
approach the bndge piers and the abutments, rmsmg of the gmde bund above 
H F. L. would certamly mmimise that danger whiCh eXIsts at present. But a 
proper design of the guide bund appeared necessary for effective control of the 
nver at the bndges. 

54. Expenment No. 3, With the gmde bund aligned to follow the high bank for 
reasons of economy, showed no improvement over expenment No. 2 as the mam 
river flow contmued to attack the south bank upstream and downstream of the 
bndges, though It was smoothly gmded along the bund at the bndges. The inten­
tion in testmg this alignment was to shift the guide bund towards the high bank 
to avoid deep regiOn around the slopmg bumi. 

55. Expenment No. 4 was conducted With the guide bund extended upstream 
by 500 feet along the existmg alignment and provided w1th a curved head of radius 
800 feet. This length was found insufficient for effectmg a sufficient throw-off 
towards the middle of the bridge as the main flow still attacked the south bank 
upstream and downstream of the bndges with quiescent conditions along the bund 
only. 

5.6 In experiment No. 5 the guide bund was further extended upstream by 
500 ft. along the present abgnment total extenswn=1,000 feet and proVIded With a 
curved head of radius 800 feet. Th1s design gave very satisfactory results. The 
main river flow was gradually deflected away from the south bank far upstream of 
the gmde bund creatmg very quiescent regiOn along the south bank. The flow 
was further deflected to the centre of the bridges from the curved head of the gmde 
bund and contmued to flow down centrally. The scour conditiOns at the bndges 
had very much rmproved and the velocity distnbutwn tended to be umfonn at the 
bridges. The nver was thus controlled effectively at the bridges. 

• 

Fig. 7. 

57. The next expenment No. 6 was With a gmde bund aligned as per Drawing Fig.IO. 
No. CEN 111425/24-F, commumcated by the Chief Engmeer, Western Railway. Photo 64. 
This-alignment was a compromise between alignment in experrment Nos. 3 and 5. 
In this case the mam nver flow hugged the south bank upstream of the guide bund 
and was suddenly deflected to the middle of the nver by the curved head. It 
continued to flow pown centrally through and downstream of the bridges. 

58. Expenment Nos. 7, 8 and 9 were made with the gmde bund of length Fogs. 11, 12, 
shorter than 2,000 feet, raised above H. F. L. and havmg sm table curved head. & 13· • 
In all thes'l expenments the only advantage was the disappearance of eddies and 
part1al fillmg up of pot-holes They, however, were not effective m controllmg the 
nver. As the economic aspect overruled the long-tenn obJeCt of fully controlling 
the nver by a guide bund as in experiment No. 5, the- short-tenn objective of 
checkmg the pot-holes by removmg the eddies could very well be ach1eved by a 
gmde bund des1gn adopted in these tests. 

6. Recommendations 

The gmde bund as m experiment No. 5, 'vtz, extended by 1,000 feet upstream 
along the present alignment w1th a mole-head of radiUs 800 feet was very effective, 
in the model, in controlling the nver at the bndges. However, if consideratiOn of 
cost compels to adopt an economiC design, then the gmde bund as m experiment 
No. 8, viz, the existmg bund dised above H. F L., havmg a curved head of rad1us 
600 feet and length reduced· by 160 feet, t e., to 1,640 feet, would serve the purpose. 
By raiSing the gmde bund above H. F. L. and givmg 1t a sUitable mole-head, the 
cross-flow and subsequent eddy fonnatwn would be prevented and the pot-holes 
would silt up. 

34 CW&PC 
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' 4. TRAINING OF WATRAK AT KAIRA (BOMBAY STATE) 

1. History 

The Watrak Rrver flows in an alluvral bed of fine sand (m=O 15 mm.). The 
F•g. 1, river takes a very sharp-almost re-entrant-bend from about one mrle to 3 furlongs 

Photo, 421. upstream of Kaira Town. For many years m the past the left bank along the 
ben'd rs under erosron. The earlier erosion appears to have been slower and 
steadier on account of less sharp curvature than at present ; and also because the 
nver bank partially consisted of hard matenal of a rmxture of sand and stiff clay. 
During the past 20 years or so the rate of erosiOn has been alarmmg and the bank 
has receded 300 to 400 feet at places. 

Many attempts were made in the past to protect thrs bank. After the floods 
of 1927, four groynes of teak piles filled with sand bags and brushwood were 
constructed along the concave bank just above the town. Two of these were 
washed away m the floods of 1930 ; and the remammg two along with a substantial 
portron of brick prtching protecting the provmcral road, together With a part of 
the road itself were washed away precemeal subsequently . 

• 
In early 1938, a groyne 138 feet long consistmg of R. C. C. pries filled with sand 

bags was constructed along the left bank just upstr~am of the bend. This ' Baxter ' 
groyne afforded very little protectiOn and was subsequently drsmantled as it induced 
severe embayment downstream. 

As the situatiOn became serious and as there was a grave danger of the nver 
damagrng the north-west corner of the old Fort Wall, which it did later m July 1950, 
the case was referred to this Research StatiOn for adVICe ; model experiments were 
carried out' and three solutwns were suggested-

(!) A bridge--submer~ible or high level,-proJectmg from the north-west 
corner of the town wall pointmg 30' upstream, the bndge portion 
starting 500 feet from the town wall wrth a clear linear waterway of 
300 feet; 

(2) a groyne or spur 180 feet long slopmg down at 1 m 5 from the north­
west corner of the town wall pomting upstream at 35', and 

{3) to deepen and strengthen the north-west corner of the town wall by 
prtchmg. 

The third solution, being cheapest, was adopted. 

From 1940 onwards further trouble cropped up. Though the pitchmg protected 
the N W Corner of the Fort Wall, it pegged down the riVer permanently at this 
point while the erosion of left bank upstream contmued unabated In 1942 a maJor 
change occurred m the river course downstream. After le11vmg the N. _W Corner 
the nver swung over to the nght bank downstream due to the development of a 
very sharp curvature upstream At thrs time the constructiOn of a R. C. C. bow 

Pllotos 424 strmg girder bridge was in progress and the newly formed right bank cold weather 
to 427, channel had to be blocked by an embankment, wrth the Idea of forcmg the riVer 

through the bridge. Actually, this resulted m a breach of the approach bank and 
the bridge was almost outflanked The approach bank (m 1944) had then to be 
very strongly armoured With prtching on the slopes and a heavy apron at the toe 
had to be provided at a considerable cost. This approach bank distorted the riVer 
curvature consrderably with the result that the right bank along Hanala VIllage 
upstream was severely eroded and an avulsiOn of the river into the low lymg area 
of the VIllage was apprehended • 

Once again the Research Station was approached for advrce. In December 1946, 
in view of the urgen~y of the problem, a temporary solution for protectmg the 

Ph!:f rf9s3. Hariala Bank With a senes of permeable (timber) pile groynes or wrth tree groynes-
' which would not conflict with the final solution as indicated by future model eJqJeri­

ments-was recommended The three-tree groynes were subsequently constructed; 
induced siltmg along the Hariala Hank and thus saved the vrllage for the time bemg. 

'CHIR Annual Report for 1937-38 (p. 77) and 1938-39 (p. 16) 



Photo No. 7014 -Showing deep socur and its contours 
round the curved head of the guide 
bund raised above H. F. L. with its 
present length- Experiment 2 . 

Photo No. 563 -Looking downstream showing the full 
number of piers of road and railway 
bridge reproduced in the model. 
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THE W ATRAK RI VER AT K AIRA -Bombay State. 

fhotJ Nos. 420, 421 : Looking upstream sh owing the sha rp river bend 
upstream of Kaira T own. 

ITEM No. 4. 
A . R T, 1951 

Photo N .•. 422 T he left ba:-t lc al•mg the bend, under erosion with H anuman 
T emple on a h illock in the background. 

Photo No. 423 : The da maged part of pitching at the North West Corner of the forl wall. 
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THE \VATRAK RIVER AT KAIRA -:-Bombay State. 

Photo Nos: 424 427 Looking upstream of the Ro:1d Bridge showing Hariala Village, tree 
groynes and the river channel. along right bank; fort wall and Kaira Town on left bank. 

Note parallel flow of the river along approach embankment seen in foreground. 
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The watrak River at Kaira ( Bombay State) 

Photo No. 6847 :North - west Corner o f the Fort 
wall showing damage to the pitchin g. 

Photu No. 6983 - Looking downstream showing skew 
approach t•f the river to the Road Bridge. A tree groyne 

is visib le in the right foreground . 

1/125, 1. 30 Scale Model of watrak Ri ver at Kaira. 

Photo Nos. 395, 396 : The acute river bend upstream 
of Kaira T own as reproduced in the model. The town 

wall is seen in the right background . 

ITEM No. 4. 
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TRAINING THE WATRAK AT KAIRA 

The situation today, more or less remains the same. The nver attack on the 
left bank upstream of Kaira Town and at theN. W. Comer as also on the nght bank 
along Hanala VIllage and the approa¢ embankment contmues unabated. It has, 
therefore, been decided to conduct model experiments for evolvmg long term trainmg 
measures for protectiOn of Kaira Town, Hariala VIllage and the Road Bndge. 

Z. Hydraulic nata 

2 1 Rwer Dtscharge-No flood data IS available except for the yearly highest 
flood levels recorded at Ka1ra Town ; mformation m respect of flood hydrographs 
also is not available. 

The Station Estimate of the h1ghest flood discharge based on the Lacey Formula 
W=2 67 vQ worked out to 1,00,000 cusecs. 

2 2 Rtver Slope-River slopes durmg h1gh floods were worked out from yearly 
high flood levels recorded on the Ra1lway Bndge at Mehmedabad and the Ka1ra Road 
Bndge, at a distance of 10 7 m1les along the nver. 

W.L. at W.L. at Ka1ra 

Year Mehmedabad Bndge S1!e Slope 
1927 107 81 87 04 193 ft./mile 

1941 101 01 83 50 1 73 " 
1942• 95 56 8100 136 

" 
i944 101 81 81 50 1 89 

" 
1950 108 81 88 50 2 07 

" 

Between the two bridges the Meshwa River joins the Watrak. Assummg that 
1t 1s also simultaneously m floods and the backwater reaches the Ratlway Bndge at 
Mehmedabad Slope of 1 73 ft /rrule has been adopted m the model for the dommant 
discharge. 

2 3. Rtver Bed Material-The Watrak flows m fine mcoherent alluv1al sand of 
average size 0 15 mm. diameter. 

3. Model Scales -

Length Scale - 1: 12& 

Depth Scale - 1:30 

.. v. E . - 4-17 

Imhally S. E. - V. E. 

Time Scale=1 day m proto=2 1 min. in model. 

D1scharge Scale = 1:20,550 

4. Experiments 

The following experiments were conducted-

Expenment No. 1-With ex1stmg conditiOns of the river for ascertaining the 
extent of attack on the left bank along the bend and the right bank near Hariala 
VIllage and at the bndge. 

Expenment No. 2-W1th Bell's Bund located at the nght abutment, length of 
the bund bemg 900 and 600 feet, tested m two d1fferent expenments. 

Expenment No. 3-With a repellmg spur on the nght •bunk near Hariala 
Village, the optimum length and alignment to be determined expenmentally. 

• Road Biidge at Ka1ra was bullt m 1942 

13 
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th N w Corner of the town 
Expenment No. 4-Expenments wrth a spur at ~ · e.nt to be determrned 

wall-lenP,th of the spur 250, 150 and 100 feet, rts a rg:~t vanous points near 
expenmentally. (Prehmmary expenments wrth a spu showed that only a 
N. W. Corner and along the left concave bank upstream w The rellmmary 
spur at N. W. Corner would be effective m repellmg the flr~ ~on · tge bend on 
exr.>enments also showed that-a senes of repelling spu dg "d bly - • ff t but cause cons! era the left concave bank were not only me ec rve, 
afflux) 

5. Experimental Results 
5.1. In the absence of discharge hydrographs, an arbrtrary discharge cycle was 

run m the model It was found that when the flood discharge was about 60,000 
cusecs, vtz., the dommant stage, the mam flow conformed to the exrstrng deep 
channel m the nver. Beyond thrs drscharge stage, downstream of the N. W. Corner, 
the tendency was to strarghten out leavmg the tortuous deep channel course. How­
ever the nver bend upstream of Karra Town IS so acute that at all stages of flood 
discharge the mam flow followed the deep chann~l on the outer srde of the bend. 
As the normal high flood range rs wrthm 60,000 and 70,000 cusecs the expenmental 
observations were recorded for th1s dommant discharge. 

52 Expenment No 1 was conducted wrth existmg condrtwns of the nver to 
test the extent of attack on the left bank along the bend upstream of Karra Town 
and on the nght bank along Hanala V1llage downstream. The lmes of flow mdrcate 
how correctly the nver behavrour was reproduced in the model. Along the upstream 
bend, the discharge concentration was along the left bank until all surface hnes 
converged closely at the N. W. Corner prtchmg and bed lines were pushed out on 
the opposite shoal. From thrs pornt downstream the mam flow suddenly swung to 
the nght bank attackmg the nght bank along Hanala Vrllage and then flowmg almost 
parallel to the right approach embankment passed through the bndge wrth almost 
70 per cent drscharge concentratmg in the first four spans of the bndge, creating 
heavy scour round the nght abutment Downstream of the bndge the flow agam 
swung to the nght bank The velocrty observatiOns also showed that hrgher 
velocrt1es occurred on the left bank along the bend as also on the right bank near 
Hanala Vrllage. It may be noted that the bnck p1tchmg at the N W. Corner and 
the nght approach embankment are actmg as attractmg spurs and have the nver 
pegged down to them. In the model, the scour-depth round the nght abutment of 
the bndge was about 2 25 D/Lacey m the model. The extent of scour hole was 
thus relatively very large due to natural angle of repose of the bed material-one 
of the model hmrtations. To offset th1s effect, the scour hole was restncted 
artificially to 1 5 D/Lacey in further expenments. 

hF•g 4 53. Expenment No. 2 was conducted w1th gmde bund located at the right 
P oto 

47c. abutment. The lengths of the bund tested were (a) 900 feet and (b) 600 feet from 
the abutment to the tangent along the curved head In both tests, the flow upstream 
of the_ N. W. Corner remamed unaltered mdicatmg that the gwde bund had no 
influence on rt'!ctlfymg the acute nver curvature so far upstream. Condltwns on 
the nght bank upstream of the mole-head rmproved as there was slack flow. The 
d1scharge concentratmg near the mole-head was smoothly gurded downstream along 
the gurde bund ; the discharge concentration still remamed heavy as before m the 
first four spans of the bridge. Tlus meant strong armour of boulded apron all along 
the length of the gmde bund. In case of the shorter guide bund ( 600 ft ) there was 
1>ome return flow behmd 1t. The gUide b,unds were effectiVe m affordmg local. 
protection to the nght bank near Hanala but d1d not have the nver under control 
at the bndge. There was also no reductwn of attack on the left bank along the 
bend upstream of Kaira. _ 

Ph!~~ ; 68. 54. Expenment. No. 3 wtth a repelling spur along the right bank near Harlala 
Village-Two expenments were conducted wrth the repelling spur (375 feet Iong) 
located at tree groyne No. ~ and ( 450 feet long) located at tree groyne No. 2. It 
was expected that by repelling the flow away from the right bank the river might 
swmg over to the shoal and distribute the discharge evenly through the bridge by 
reducing the existing concentration at the nght abutment ; bestdes a change in 
nver curvature downstream would ease the acut~ curvature upstream The results 
of these tests were, however. not satisfactory. The spur repelled tht> flow towards 
the shoal to a certain extent but again downstream there was a swing to the right 
abutment. There was no noticeable change m the flow around the upstream bend. 
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ITEl\1 No.4 . 
A. R. T. 1951. 

1/125, 1/30 Scale lVIodel of Watrak River at Kaira. 

Photo No. 470: The guide bund 600 feet long 
located at the right abutment. 

Photo No. 7 3 7 - The spur 150 ft. long located at the 
N. W . Corner. The Hanuman Temple is seen on 

the left bank upsteream of the spur. 

Photo No : 868 : A repelling spur near Hariala 
Bank seen parallel to the right side approach embankment. 

The fort wall is seen in the foreground. 
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TRAINING THE WATRAK AT KAIRA (BOMBAY STATE) 

5.5. Expenment No. 4 wtth a spur near N. W. Corner of the Fort Wall, lengths­
.250, 150 and 100 feet. 

1~ 

Experiment No. 4(a) wtth 250 feet long spur located at the bnck pttching near Fog 6. 
the N. W. Corner, the flow along the left bank of the upstream bend was 
slack up to about 500 feet upstream. However, all the surface hnes con· 
verged at the nose of the spur and then swung downstream to the left 
flowmg across the shoal. The bed floats moved out to the nght bank 
indtcatmg that the deep channel might stlt up. The turbulence round the 
mole-head was very heavy and 1t was the scoured out matenal whtch was 
movmg towards the Hanala Rtght Bank Once the scour-hole was fully 
establfshed there might not occur bed movement towards the nght bank 
to the extent of stltmg up the deep channel There was constderable scour-
mg over the shoal near the fort wall However, the afflux was eqUivalent 
to 1'-4" and owing to the constnctton of waterway at the N. W. Corner 1he 
tendency to swing towards the nght bank m the imtlal stage was very great 
With the result that the Hanala bank was attacked and there was a danger of 
the village bemg encircled by water . 

.Expenment No. 4(b) wtth 150 feet long spur. The flow lines and the veloctty !tog 7. 
diStnbutwn indicated that the condttlons along the left bank upstream were 
slack to an extent of only about 400 feet from the spur The surface lines 
concentrated at the nose of the spur and swung to the left downstream to 
distnbute the flow umformly on the shoal There was even scouring on the 
shoal and the flow was centralised. The afflux was equivalent to 8 mches 
So far this was the only test gJVmg good results simultaneously for the left 
bank upstream of Kaira and the nght bank downstream although the extent 
to whtch the upstream left bank was protected was not enough. The spur 
was located in deep waters and there was heavy scour round 1t necessttat:ng 
a heavy armour of boulder apron. 

Expenment No. 4(c) 100 feet long spur. Thts spur was not effective m 
protectmg the left bank upstream of Kaira and hence the conditiOns down­
stream remamed unchanged. The previOus expenment showed that about 
150 feet was optimum length of the spur inducing the flow to swmg towards 
the left downstream. 

6. By the time the experiments descnbed above were completed, the Super­
:intendmg Engineer Gujarat Circle reported that the nver had spilled once m 1927 
and agam m 1950 along the outside of the bend, two mlles above Kaira. As ihts was 

·vitally linked With the present problem, the experiments were dtscontmued and the 
site inspected once again. 

The first flood occurred dunng the year 1927 when water level at the Kaira 
Bridge was 87·04. The next big flood occurred in 1950 and inundated ab'out 
2,000 acres of valuable cult!vated land as shown in Ftgure 9. It is now feared that 
the sptll channel may develop, m the course of tlme, mto a large nver stream. 

In spite of the water level m 1950 at the Mehmadabad railway bridge, b'emg 
higher by 1ft. than in 1927, the water level at the Katra bridge was lower by about 
1 5 ft. This shows that a large part of the dtscharge must have flowed through the 
spill at Kodtar Mata temple and that the spill dtscharge m 1950 was larger than m 
1927. The mspectton of the stte dtsclosed two dtstmct zones of bank scour mdtcatmg· 
the stages m wh1ch the sptlls enlarged, Vtde, Photo Nos 1139-41, that fo.c the year 
1950 bemg very much larger. As the spill took relatively sand-free surface water, 
the water which flowed through the Watrak must have been heaVIly sand-laden 
resultmg m enormous growth of shoals on the convex Side of the bend upstream 

. of Kaira and near the left bank downstream of Kaira. This-accentuated scour on the 
concave left bank above Katra and caused very extenstve bank erosion. It would 
be interestmg to note that all attempts to protect the left bank with groynes since 
1923 failed. The inspection dtsclosed that unless more water is sent down through 
the Watrak during heavy floods so as to scour away the shoals, the attack on left 

. bank upstream of Kaira and on nght bank downstream of Ka1ra would contmue. 
This can only be done by closing the spills At the same trme we have to be careful 

· to keep the afflux within permissible limits, otherwise there is a danger of the n.ver 
overflowmg the nght bank of Hanala Vtllage. The best way how this can be 

. achieved will be shown by the model. A spur m the north-west corner wtll of 
• course be necessary for dtvertmg the river along the fort wall so as to flow through 
-the bndge. 

Experiments will now be continued after incorporatmg the spill in tne model 

Photo 
1139-41. 
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CWPRES ANNUAL REPORT (TECHNICAL), 1951 

5. DISTRIBU:l'ION OF BHADAR RIVER WATERS 

Synopsis 
' Dhanduka Town m 1. River Bhadar IS very unstable at Its bifurcatiOn near . 

Ahmedabad District. The North Branch which was ongmally a small spill has now 
developed into the mam branch and carries about 90 per cent of the floode:a~~s, 
while the parent nver course (now called South Branch) has fast detenora_t · ~ 
discharges are now reqwred to be diVIded mto the two branches artificially m desire 
proportiOns. The expenments in a vertically-exaggerated model, wer~ conducted for 
evolvmg a suitable measure and workmg out Its details such that With the existmg 
configuration in this reach, the discharge allocatiOn made. would not alter appreciably 
m future. 

Introduction 

2 HtStory of the Problem-River Bhadar nses m the hills to the south of 
Chotila m Kathiawar and after runmng through the flat alluvial tracts of Saurashtra 
and GuJarat for a distance of about 80 miles falls m the Gulf of Cambay through 
Dholera Creek The river IS broad, shallow and steep and the flood water spills over 
the banks and cames with It the nch ferbhsmg silt m suspensiOn to the fields. The 
ramfall m this tract bemg low, the cultivation IS very much dependent on the nver 
waters. The land IS virgin and the nver IS so nch in water-borne Silt that the areas 
receiVmg spill waters produce the best crops of tobacco, wheat, mmze, etc Near -
Dhanduka Town in Ahmedabad Distnct, the nver bifurcates, the old course, now 
known as the South Channel meets Dholera Creek while the North Channel newly 
formed smce 1927 JOins the Bhagwo River which IS a tnbutary of the Sabarmati 
The North Branch was imtially only a spill channel but developed dunng the 
abnormal high floods of 1927 and havmg Its offtake favourably located on the outside 
of a sharp bend, It has opened out at such an alarmmg rate that about 90 per cent 
of the flood water is now camed by It, while most of the bed sand IS diverted mto 
the south channel, for partial removal of which a sum of about Rupees 12,000 IS 
annually spent Cuts have been tned m vam for mcreasmg the supply of flood 
waters to the South Channel, so also a temporary bund With a low level weir for 
forcmg more wmter discharge mto it. The accretion of the south channel and 
consequent detenoration has also affected the conditions at Its out-fall m Dholera 
Creek, which m absence of freshet discharge, has got silted up and thus IS not now 
navigable. The .bifurcation bemg on the State boundaries of Bombay and 
Saurashtra, these Governments ultimately fixed the proportiOns in which the 
discharges should be shared by the two branches-half and half, dunng monsoon 
and two to one during cold season for south and north branches respectively and 
consulted the Poona StatiOn for the design of smtable measures to Implement this 
award. 

On studying the problem and available data, it was found that a gated barrage 
though ideal for a ngid and efficient control, could not be adopted smce, ' 

(a) the. nver rises and falls suddenly during the monsoon, frequently m a 
smgle day b'y as much as 16,000 cusecs which may as well be the highest 
flood intensity for the whole season and therefore gates cannot be 
operated in time, and 

(b) the cost of a gated barrage would be prohibitive. 

A cheaper though less flexible solution for apportionmg the flood discharge 
equally was ultimately decided upon in the shape of a low level weir diVIded in two 
bays by a diVide wall. 

The flood hydrograph analysis presented in Table 1 below shows that a maximum 
discharge of 15,000 cusecs and above Is only a rare occurrence of a smgle day m the 
whole season, so also the discharges m excess of 1,000 cusecs are generally not 
obtained for more than a few days. 
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·- -----------
THE WATRAK RIVER AT KAIRA (Bombay State) 

Photos Nos: 1139- 1141 Laking upslream showing the 
low left bank C?_v£r which spills occur during high floods. 

No . • 
A. R. T. 1951. 



THE WATRAK RIVER AT KAIRA (Bombay State) 

Photo Nos. 6842, 6843 and 6644- showing deep scour round pier 
No. 16 { right bank ) and damage to brick pitching at the right 

abutment - looking downstream. 

ITEM No.4. 
A. R, T, 1951 
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DISTRIBUTION OF BHADAR RIVER WATERS 

-------------------------------------------------
TABLE 1 

Flood Hydrograph. Data 

Number of days on wh1oh 
these discharges were 

D1scharge mtens1ty of the nver m cusecs between obta.mOO m 

1949 ' 1950 

20,000 and 15,000 n•l l 

15,000 and 10,000 3 nal 

10,000 and 5,000 8 4 

5,000 and 1,000 23 s 

1,000 and 400 11 .. 
400 and 300 6 9 

300 and 100 26 9 

100 and 0 57 83 

liS IJ4 

Normal flow dunng the monsoon is below 400 cusecs, wlfile m October the nver 
hardly carries more than about 30 to 40 cusecs wh1ch also dwmdles down before 
the beginning of November. The range of flood discharges bemg great 1t IS neces­
sary that the device to· be proposed should, m addition to 1ts cheapness, be 
sufficiently elastic and fleXIble to work with equal efficiency at all nver stages. 
On the other hand the wmter discharge is so small and 1ts penod so short that a 
proVISIOn for distnbution of water m the desired proportion can be easily made by 
providing smtable cuts-depressed weirs-m the mam we1rs. 

To mirum1se the length of the div1de wall wh1ch is a costly item of the scheme, 
the weir should ~;eally be located near the bifurcation This reach, however, IS on 
an established curve and though the nver could be diVIded arbitranly, this distnbu­
twn is hkely to be altered m future unless the bed load IS also proportionately 
divided. Under the Circumstances it was difficult and hazardous to suggest a proper 
location, length and other details of the we1r w1th respect to present nver <!onfigura­
tion without model tests It was therefore proposed to undertake model expen­
ments to evolve a suitable design of necessary works. 

3. The River Model 

The following scales worked out by tnal and error were found to be satisfactory Photos 08!5. 
and were finally adopted. 

Honzontal Scale L 
V erbcal Scale D . 
Vertical ExaggeratiOn 
Slope Scale . 
Discharge Scale 

4. Model Experiments 

1/200 
1/35 
571 

20 
1/41,500 accordmg to Froud1an 

Law wh1ch approx1matelv 
tallies with that g1ven by 
Meander formula VIZ., L' or 
1/40,000. 

The problem was closely connected w1th bed load transportatiOn and nver 
d!sc>harges The model was therefore proposed to be tested for reproductiOn of these 
fa<'tors as closely as poss1ble The nver data available in these respects showed-

(a) at all flood stages excess bed load IS drawn by the south channel. This 
chokes and reduces Its sechon wh1le the north channel carnes much 
less sand and IS free from sand trouble ; on the contrary 1t has caused 
eroswn of the left bank, to the extent of about 60 ft ; • 

(b) m 1950, with the nver discharge of about 20,000 cusecs, the south branch 
camed approximately only 13 per cent., i.e, 2,600 cusecs with a surface 
slope of 5 56 ft./mile. 
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d 1 d scharge equivalent to 20,000 cusecs 
To verify these occurrences m the mo e' a 1 d" ted to obtam one of the 

was let m and the downstream w~ter levels w;re a ~~e discharge diV'ISIOn ancl 
known gauges equivalent to that m the proto ype, 

2 water surface slope observed m the model were as m Table · _ . - -

TABLE 2 

Model Observatwns wtth Dtscharge Equwalent to 20,000 cusecs 

In 

Discharges (cusecs) 

Prototype 
dJ.scharge 
calculated 

from actual 
observations 
m the nver. 

Model 
dJsch&rge 

converted to 
prototype 

scale. 

Prototype 
Slope as 
observed. 

;Model 
Slbpe con­
verted to 
prototype. 

Mrun TlVU above bifurcatJOn 

South Branch . 

20,000 

2,600 

,20,000 

2,560 
} 5•56 ft jrmle 5•46 ft./rmle 

Sand sufficiently fine to allow of rts movement wrth the available tractive force 
was subsequently mJected when rt was noticed that almost all the sand entered 
the south channel, whrle surface sand-free water mostly flowed into the north 

F•g•. 2 & a. branch. 

HaVIng thus proved the model further experiments were undertaken. 

Experiments for Distribution of Flood Discharge 

A cheap design is that of a we1r at the bifurcatwn point. The JK hne where 
the river is narrow and deep anfi IS nearer to the bifurcation pomt appeared to be a 
suitable site for a weir. The weir 315 feet long With rts sill at R. L. 96 00 was tested 
for h1ghest flood stage of 20,000-- cusecs discharge in the river The results were 

F 4 unsatisfactory, because for equal discharge distributwn m the two branches the weir 
Pho~~ 7212. lengths required were far too divergent, vtz., m the ratio of about 1:3 (i.e., 1 for the 

northern branch and three for the southern branch) Th1s was due to the ex1stmg 
bed slope of the North Branch bemg too steep as compared with that of South 
Branch. Tlus caused a large draw-down effect m the northern branch and this could 
be neutralised only by constricting the length of the weir m that branch as stated 
above. Besides the weir haVIng been located in a curved reach, the bed sand was 

Photo 7221. being drawn by the south channel The model mdicated that sand would deposit 
near the right bank upstream of the weir and mask the nght end portiOn of the weir 
(meant for the South Branch) and in the course of time, the share of water drawn 
by the southern branC'h would be adversely affected. Thus the experiments clearly 
indicated that mere distribution of drscharge m the ratio of 1:1 without equal 
distribution of bed load would not solve the problem. 

Other suitable positwns for the weir were subsequently tested upstream of JK 
line m the straight nver reach and ultrmately the weir between sections 1,500 feet 
and 1,600 feet upstream of JK and just above the mouth of the Kotda Cut was 
found to be most prom1smg. The design with the weir at this positiOn wrth s1ll 
at R. L. 99 00 and With weir lengths for South and North Branches m the ratio 
1 6: 1-which was next tested, was however defective in that, though the discharge 
diVisiOn was equal With peak discharge of 20,000 cusecs m the river, at lower stages 
the distribufton was affected. The variatiOn m discharge ratio was-due to varymg 
drownmg conditiOns at the weir which mdiCated that the weir crest would have 
to be sufficiently ra1sed so as not to permit the downstream water levels to affect the 
discharging capacity. At the same time 'raismg' must not be too great in order 
to keep down the afflux to the m1mmum. Data of the river water leve-ls ::~t different 
flood stages not being available, the optimum weir crest level could best be 
determmed by tnal and error m the modeL 

• 

It was realised that It was not possible to pass a maXImum of 10,000 cusecs 
through the present Kotda Channel, as Its mouth IS heavily accreted with sand and 
\he bed level IS as high as R L 103 00, as compared w1th river level at the offtake 
of 95 00. W1denmg of the Kotda Channel to a umform w1dth of 175 feet was 
indicated to be essential m the modeL The Widened Kotda Cut Without lowering 
the bed meant that the weir crest should be at R. L. 103 75; which Is obVIously 
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North Branch 

North Branch 

Weir on 
JK line. 

Model of the Bhadar River ( District Ahmedabad ). 

No. 6815. 
Showing general view of the Bhadar River Model. 

South Branch Kotda Cut. 

No. 7212. 
Bhadar River Model with weir on JK line. 

Photo Looking downstream shows the running model. 

ITEM NO. f\. 
A.A.T.1951. 

South Branch 

Main Bhadar River .. 

Main Bhadar River. 



North Branch South Branch 

Weir on Jkline 

Kotda Cut 
Remodelled. 

Photo No. 7221. 
Bhadar River Model with weir on JK line. Dry model 

after fine sand injection showing ripple pattern on 
coarse sand bed. Bed load is mostly rolling along right 
bank and has masked the right end of the weir while 
north branch is clear of it. 

Main Bhadar River 

Weir Line 

ITHI NO.5. 
A. R. T. 1951. 

Divide Bund 
between South 
& North 
Channels. 

North Branch. 

Photo No.8. 
Model running with Q = 10,000 cs. with the weir on 

the section 1500 ft upstream of JK line. Width of 
weir= 150 ft. for each branch. Looking upstream. 
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Impracticable. The only other alternative therefore is to lower watet: levels in the 
Kotda Cut deepening and regaxdmg the channel bed to a uruform slope joming the 
eXIsting bed of the Kotda Cut at the lower end With that of the river at the weir 
site. Most of this excavation work mainly consists of clearmg sand deposits from 
the mouth of the Kotda Cut. The excavated material can advantageously be used 
for constructmg the bund m continuation of the divide wall for separatmg the two 
branches. With the improved capacity of this cut, it was found in the model that 
the weir sill could be lowered to R. L. 100 25. 

19 

Different weir lengths were then tned keeping the weir crest at R. L. 100 25. Pholoa e, 8 
The position of the divide wall was fixed to comcide with the sectiOn of maximum and 

398
• 

velocity which happened to be almost at the centre of the weir. In all the succeed-
ing expenments, the position of the divide wall was unaltered. Model observations 
of these tests are summansed in Table ~- Table 3. 

With a total weir length of 400 feet, which IS about 85 per cent of the nver 
width, divided equally for the two branches, the afflux obtained was smaller than 
With shorter weir lengths. The velocity of approach, however, mfluenced the Flg. 6. 
discharge distribution and the proportiOn of the discharge in the North and South 
Branches varied between 1·11 and· 1 0 With flood stages corresponding to 
20,000 cusecs to 5,000 cusecs 

In general, it was seen that with a wider weir the discharge division was slightly 
affected with higher discharges though the afflux, on the other hand, was less. In 
studying Table 3 the following pomts were considered before selecting any of the 
three different widths. · 

(i) With any of the three alternatives, discharge distqbution for all floods 
below 5,000 cusecs would be equal, smce the water levels downstream 
of the weir will be lower than the sill level and approach velocity bemg 
small, the discharge distnbutwn will be governed by the weir lengths 
only. The discharges in excess of 5,00D cusecs occur for a very short 
period-9·35 per cent and 3 74 per cent of the total flow period in 1949 
and '1950 respectively. 

(ii) Eqmvalent water levels obtamed for three different lengths of weirs and 
for various river floods are shown in Table 3. The afflux for 
20,000 cusecs will be-

0 32 feet for a 400 feet long weir ; 

1·82 " , a 300 , 
" " 

; and 

3 38 , , a 218 , " " 

Assuming a permiSSible afflux of about 2 5 feet, It would appear that a 300 feet 
long weir Will be suitable. But in the course of time, the river bed upstream and 
downstream of the weir would accrete to a certam extent and then stabilise There 
is no data to determine the extent of accretion It IS however prudent to assume a 
lower coefficient of discharge under such conditiOns. Water levels were therefore 
worked out with a reduced discharge coefficient of 3 0 in Items (5) and (6) of 
Table 3. The afflux under accreted conditions for 20,000 cusecs is expected to be 

2 31 feet for a 400 feet long rweir ; 

388, , a300, " " 
5 53 , , a 218 , " "· 

Thus from the afflux pomt of VIew, it is safer to adopt a 400 feet long weir shown 
in Figure 6, though a 300 feet long weir would give a better d1stnbutwn of water P'>g. 6. 
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Total rtver dtiobarge 
(ouseC's) 

' 

1 

30,000 

2. 15,000 

3, 10,000 

4 6,000 

6. 40,000 

ll, 20,000 

TABLE 3 

Water levels and dtscharge rattos of the Branches as obs~.rved 1n the model. 

ExistJng conc.hhons 1n 
the prototype 200 ft. eaab {()r botb. 

branches. 
150ft each for both 

branches 
109 ft ea.ch for bot b 

branches 
,----'------, ,-----"-------. ,---·-"------, r------'----; 

QNB 
Q S B. 

2 

1 9•0 

not ob.!erved 

, . 

.. 

.. 
.. 

W. L at 
seohon 
1,500 ft 

U/9 of J'J{ 

3 

.. 

108·56 

10N7 

Q.N B. 
Q.S B. 

4 

1·11 

1•11 

100 

W. L. uf9 
of the we1r 

5 

10! 19 

103'07 

102•09 

Q.N. B. 
Q.S B. 

6 

109 

106 

104 

1•00 

• 

W L. uj9 
of the Well' 

7 

106 29 

104 85 

103•84 

102•40 

Water levels With wetr on section l,ri:OO ft. upstream 
100 26 and tv1th d sscharge coefficient of 3 00 

110•28 113·05 

106·78 108•35 

Q N.B W.L U/9 
-i'c-'i-""'- of the weir. Q S. B. 

8 

I 09 107•85 

1•06 106 52 

I 00 105 Qj 

1•00 103•18 

of JK llne, stll at R. L. 

116•76 

110'()0 

Remark&. 

10 

1 Water levels tn the r1ver w1th 40,000 ousecs, 20,000 cusecs at 
the well' Btte not be1ng observed they are lllt{'rpolated from 
a,vallo.ble data.. 

2 Enstiag bank Jovel on the left;, i e., Rangpur Stde 18 104 95 b.nd 
on hght1 t.t., Kotda 81de 18 107 .24. ~ 

*With the accreted river bed upstream a.nd downstream the dza. 
oharge coefficient of the wetr ma.y be reduced to a·O. 
Water levels s.re worked out mth this coeftlcumt 

r 



North Branch 

Main Bhadar River 
Photo No.6 

Same as Photo No 8 but looking downstream. 

Photo No. 398 
Bhadar Ri ver Model as laid showing proposed weirs 

ench 200 ft . long on section 1500 ft. upstream of JK 
line-Looking upstream. 

ITEM NO.5. 
A. R. T. 1951. 

Kotda Cut 
remodelled. 





• / 

C(IT 
PNPPoS~D Ll. VGt. 

.R£MOD£L.l£P 
64 11' 

j # - .. 
JIVCH7 ./JAIYI< Or /UMOD££L£.D K07A 

4:..t~O,DOOC.1'. IN I!J27 

N 

FIG.6 

NO ,103 Cll~ J;flt ,,SJ. 

C' W 4._ P R. S rN ~t1CINit 

• 
PLA.ty OF BHALJAR RIVER NEAR KOTADA 

c5"HOW/Nu 

PROPDSEO WEIRS WITH ANCILLARY WOI?KJ" 
" ., ,CAL£;/ :400FT; 



DISTRIBUTION OF B~AR RIVER WATERS (AHMEDABAD DISTRICT) 21 

over a wider range of discharges. The eXIsting bank level on Kotda S1de at the 
we1r IS at about R L. 107 24 and on Rangpur S1de at R L. 105·00. W1th 20,000 cusecs, 
the probable H. F. L. with 400 feet we1r would be 107 00 and hence would cause a 
spill on the left bank for a distance of about 1,000 feet only. The discharges m the 
North Branch are likely to be greater than in the South Branch by about 9 to 11 per 
cent at flood stages h1gher than 10,000 cusecs (vtde Table 3) It may, however, be 
~oted that the duratwn of discharges when equal proportiOn would not be obtained 
IS small ; cons1dermg all aspects the proposal of 200 feet long we1rs for each of the 
branches appears to be preferable. 

Besides the allocatiOn of water d1stnbutwn, the necessity of ensttrtng equal 
bed load divtsion has already been emphasised. Accordmgly careful observatiOns 
for studymg the bed movement at different flood stages were next made. The 

results are presented in Table 4. The ratio of ~~erage bVe~ocJty F 
1 

T•blo '· 
e oc1ty y acey ormu a 

in Column 2 is a measure of hkely sand movement. At the value of 1 and more, 
the movement m general should be expected to occur. Thus for discharges of 
5,000 cusets and below in post-weir penod, 1t is unlikely that appreciable movement 
will be obtained. In calculating these ratios the gram s1ze of sand used for workmg 
out 'f' value is 2 mm. giVmg f=2 5. Actually matenal on the nver bed IS still 
coarser and hence 1t IS safer to work on the value of f=2 5. For discharges of 
10,000 cusecs the model indicated about equal d1stnbut10n of sand load in the two 
branches. W1th 15,000 and 20,000 cusecs the sand drawn by the North Branch was a 
little more than in the South Branch-65 per cent m north and 35 per cent m the 
south branches. This is a desirable feature as m the imhal penod the south branch 
requires comparatively less bed charge so that rt shall be able to flush out the 
deposits formed already. Moreover th1s reduction of charge in the South Branch is 
likely to disappear after the North Branch accretes as the curvature caused by 
unequal water levels downstream of the two weirs w1ll then not ex1st. The reason 
for this is that due to the water level m the'North Channel downstream of the we1r 
being lower than m the South Channel due to steeper slope in the former, local 
curvature is induced at the nose of the divide wall, deflectmg more bed water mto 
the North Channel. This IS not obJeCtiOnable as the North Channel, the bed of wh1ch 
is already scoured and the slope steeper, can absorb more bed sand. In the course 
of t1me, however, as accretion occurs m that channel, the drfference of water levels 
on two sides of the divrde wall downstream of the we1r would reduce and then 
the division of bed material in the two branches would be more equal as in the case 
of water-vide columns 4 and 6 of Table 4. During this transition penod, the South 
Branch would be drawing less bed material. Th1s rs a desirable feature, as th1s 
would enable it to scour rts bed whrch has already accreted considerably. 

It will thus be seen that after stability is reached,' there IS no chance of excess 
bed load disproportiOnate to the d1scharges-bemg drawn by either of the two 
branches However, m the event of such a contmgency ansing m future, it will be 
easy to control sand by constructmg an upstream divide wall, about 100 feet long, 
in contmuation of the proposed div1de wall. 

5. Winter and Low Discharge Distribution 

Winter discharges dunng and after the month. of October are desired to be­
divided in the ratio of 2:1 for south and north branches respectively. Available­
flood data shows that the river discharge m October is generally less than 40 cusecs 
and that too for a very short period, the nver flow practically ceasmg by the end of 
October. The division of avarlable discharge under 'these conditions is not practical 
smce much of the water would be lost by percolatiOn. ProVIded however the 
distribution ratio of 2:1 is ensured dunng September as well, the suitable discharge 
stage for the allocation appears to be 400 cusecs which will flow over the 400 feet 
long weir wrth a depth of 6 mches. The distnbutwn of discharges rangmg between 
zero and 400 cusecs can be made in the desired ratio of 2 ·1 by prov1dmg cuts m the 
weirs with sills depressed to R. L. 97 00. One bay of 8 feet in the north branch• 
sect10n and two srmilar bays each 8 feet wide m the south branch sectwn, located! 
near the central diVIde wall, V{OUld suffice The cuts should be closed durtng floods 
by means of karnes but should be opened by remoVIng the kames when the depth 
of flow reduces to about 6 inches correspondmg to a drscharge of 400 cusecs. 

G. Recommendations 

(1) To allocate the nver waters and bed load equally to the two branches during 
the flood season, a weir 'should be constl')lcted at or within 100 feet upstream of 

7A 



Dzscharge Ratio 

I 2 

20,000 os. !·IG 

15,000 #I 1·00 

10,000 , 0•82 

TABLE 4 

Observation in the Mode! of Bed Load Dtstributwn 

Sand drawn by north 
branah (%) 

Wtthout 
accrt"hon 

3 

60 to 65 

50 to 65 

50 to 66 

W•th 
accretion 

4 

60 to 52 

50 to 60 

60 

Without With 
accretJon in accretion m 

N B. N.B. 

5 6 

40 to 35 40 to 38 

60 to 35 60 to 40 

60 to 46 50 

.. 

Rematb 

7 

For dJsohargcs of G,OOO and lcs!l, tho ratJo of VJV 1 wAS less 
than evc.<n !Y70 and hence no BJgmficant bed move· 
ment 11:1 b.kely to occur. espeoJaJly m po!it·W~lr period. 
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DISTRIBUTION OF BHADAR RIVER WATERS 

the section ~,500 feet upstream of JK line as shown in Figure 6. Of the alternative F 111• o. 
_proposals With different lengths, the one with 200 feet long of weir for each of 
-the branches ~p~ars to be swtable. The weir with its protective works as well 

23 

~s the bunds m lme of the weir on both the sides should be designed for a flood 
u~tens1ty of 40,000 cusecs as such an extraordinary flood was once recorded in 1927. 
Cistern below the we1r should be constructed to diSSipate the energy of water fallmg ~·.g. 7 

-over the we1r as suggested, vtde F1gure 7 and Appendix I. Append11 I. 

(2) It is for considerat}on whether the flank bunds to prevent sp1lls upstream 
of the weirs should be designed for 20,000 cusecs or 40,000 cusecs. Even a flood of 
20,000 cusecs IS not expenenced every year and then also 1t lasts for not more than 
a day. Provided, therefore, much damage is not apprehended w1th 40.000 cusecs it 
appears reasonable to try to restrict the overfloodmg up to the stage of 20,000 cusecs 
only. With 20,000 cusecs, H1gh Flood Level w1th 200 feet long we1rs IS expected to 
be 107·00 and hence a bund with top R. L. 109 00 will be reqwred on the left flank for 
a length of about 1,000 feet upstream of the weir. On the right bank the bank level 
being at about R. L. 107·00 no spill will occur. H1gh Flood Level with 200ft. we1rs 
and with the extraordmary flood of 40,000 cusecs wlll be much higher at R. L. 110·28 
and to prevent spills, much longer bunds will have to be bmlt on both the banks. 

(3) The suggested position of the weir IS expected to be optimwn for equal 
·distribution of bed load. In future, however, bed sand can be easily controlled by 
means of a divide wall splayed either on the s1de of North Branch or South Branch 
as necessary. This should not be constructed till Its necessity IS actually felt wh1ch 
appears, however, a remote possibility. 

(4) To separate the flow below the weir a divide wall should be constructed 
with a 2' to 3' free board. Owing to the flatter slope m the South Channel the water 
level downstream of the weir m that branch wrll be higher than in North Branch. 
In the model, water levels correspondmg to nver discharges of 40,000 cusecs and 

.20,000 cusecs were observed downstream of the weirs in the South Branch and were 
found to be eqmvalent to R. L. 108 00 and 10415 respectively, and higher by about 
.3 20 feet than those in North Branch. Thus the d1vide wall will have to be designed 
for this unbalanced water pressure. The top of the d1V1de wall may be kept at 
R. L. 108 or say at R. L. 110 to allow 2 feet free board At 40,000 cusecs water may 
be allowed to spill over the wall as hkehhood of such abnormal flood 1s very remote. 

' 

(5) The existing mouth of the South Channel at the bifurcation downstream of 
JK line, so also the Charodia Cut and any other spills and depressions joining the 
two branches, downstream of the weir should be closed. In view of this, a bund w1ll 
have to be constructed at the mouth of the existing South Channel to meet the divide 
wall for preventing spill from the North Branch into the South Branch after the 
nver waters are divided. The top of th1s bund may be kept at R. L. 110 00. The 
material for th1s bund will be avallab'le from the excavated matenal of the Kotda 
•Cut. Another bund may be put at the junction of eXIsting South Branch and Kotda 
Cut. - I 

(6) The ex1stmg Kotda Cut should be widened to a uniform width of 175 feet 
from its mouth down to its junction with the South Branch. Also its bed should be 
-dressed to a uniform slope as suggested under ' Expenments ' above. 

(7) The South Branch channel IS at present heavily sanded. · At several pomts 
its capacity having been reduced. spills have developed such as in the Khodol 
Reach and Rojka Cut. Undesirable flooding through depressions like Khasta Cart 
track, etc., is also at present expenenced. In order to Improve and mamtam the 
·south Channel to carry all the water passed over the weir down to the Dhalera 
Creek, it IS imperative that all unwanted spills are stopped by puttmg bunds and, 
the reaches where the South Channel has very badly accreted are cleared. 

' 
(8) Due to the South Branch gettmg relatively more sandfree water than h1therto 

with the new proposals, it is expected that the Dholera Creek can agam be put mto 
:commission With much less effort and expense. 

' 
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(9) The Gunjar Groyne, about which so much cntlcism has been made m the 
past, was not found to affect adversely the proposed dtstnbutzon of ~ater and bed 
load. On the contrary it was observed to have a stab1hsmg effect on the nver 
and also helped straightening 1t upstream of the proposed weir, which IS desirable. 
Hence it should be retazned. Th1s groyne was constructed m 1909, about one mile­
upstream of bifurcation of the two branches. , 

(10) For winter discharge distnbutwn, cuts should be provided with sills 
depressed to R. L. 97·00. The width for the North Branch Cut should be 8 feet 
and for the South Branch two such bays of 8 feet should be provided. These will 
have removable karnes whtch should be removed when depth over the w~ir IS 
reduced to 6 mches and the karries agam restored before- the next monsoon. 

APPENDIX I 

CISTERN DESIGN 

Deszgn Data 

Max. discharge mtensity=100 cusecs/ft. 

AssUirung 20 per cent concentratwn, Max. discharge=120 cusecs/ft. 

Velocity of approach=8 ft /sec. 

Retrogression assumed=! 5 ft. 

Velocity of= 8 ft.'/ sec. 
I 

Deszgn of the Czstern 

U/S T. E. L.=H. F. L. +Velocity head=llO 28+ :: =11028+1=111·28 

DIS T. E. L.=H. F. L. +Velocity head-retrogression==104 85+1-1·5=104·35 

Loss of head==U/S T. E. L.-D/S T. E. L.==11128-10435==6 93 

For q=120 cusec/ft. and H =6 93 Ef =15 6 
L 2, 

.·. D/S floor level=104·35-15 60=88·75 Say R. L. 89 00 

Length of cistern=5 (D
2
-D

1
) 

D2 =Depth of sub?ntical flow=Ef2 -velocity head=15 6-1=14 6 

D,=Depth of hypercritical flow (for Ef,=Ef
2
+H

2
=1560+693 ze .. 2253 d 

q=l20 cusec/ft.)==3 5 ft. ' an 

.·. Length=(14 6-3 5)X5=1llx5=55 5 feet 

Actually S. W. will occur upstream of the calculated position by a distance= 
d, -d ,. Hence length of cistern of 50 feet 1s considered adequate. 

This design was tested m a geometncally-similar 1/10 scale, part:width mod 1 
and was found to be satisfactory. e 



RAIL-CUM-ROAD BRIDGE ACROSS THE GANGA RIVER .AT MOKAMEH-BIHAR PROVINCE 

6. RAIL-cum-ROAD BRIDGE ACROSS" THE GANGA RIVER AT MOKAMEH-BiliAR PROVINCE 

Introduction 

1. As already stated in last year's annual report, the mam C'hannel has not in 
the past taken a course midway between the two banks of the river, but, when 
it has not selected one bank to the complete exclusion of the other, 1t has in general 
divided into two channels bifurcatmg around a fa1r!y extensive chur and this 
bifurcation pers1sts for a major length of the per10d. At the time of preparatiOn 

•Qf project for the railway bndge, in the year 1946, the Southern channel was 
the dommant stream, and there was very little flow in the Northern channel. 
Advantage was to have been taken of the configuratiOn of the nver at that time, 
by blockmg the North channel and then to construct a bridge on the South · 

-channel, only one gmde bund bemg then necessary on the left bank. 

1.1. However since 1946, the North channel is showmg definite s1gns of 
·development, and by the time the constructiOn of bndge 1s actually taken in hand 
(1f Railway Proposals are approved) the North channel Will have developed to an 

.appreciable extent. Under these circumstances, it IS considered desirable to find out 
means and ways to arrest this development of the North channel and to induce 
the river to silt it up, so as to facilitate the work of the Left Guide Bund and the 
.approach embankment as already proposed. 

12. W1th a v1ew to achieve the object as stated above, the followmg alternatives 
were tried: 

(1) A short attracting spur on the South Bank near Mokameh Ghat. 

(2) A repellmg spur near Madhurapur on the North Bank. 

(3) A repelling spur as above with an additional subsidiary bund below the 
bndge site. 

':2. Attracting Spur 

Some rough, qmck tests w1th an attractmg short spur, near Mokameh Ghat, 
were made. But these tests showed that the attractmg spur was not only ineffec­
tive in inducmg silting in the North channel, b1,1t was defimtely harmful, as the 

, velocities near the South Bank were found to increase considerably. Hence this 
measure was not mvestlgated m detail. 

'3. Repelling Spur 

Vanous locations from 2!' miles to 4 miles upstream of the bridge site, were 
tned for th1s spur. The best locat10n was found to be just below the outfall of the 
Baya Nadi, i.e., 2! miles upstream of the bndge Site At thls site different lengths 
were tried and 1t was found that the length of the spur required to be fully effective 
was 5,000 ft., at an angle of 60• pomtmg upstream, with the North Bank (see 

2li 

F1gure 1) Detailed expenments were carried out With th1s position of the spur. F'IJ. 1. 

3.1. Figure 1 shows the flow lines with the 5,000 ft. long spur m position The 
.slack water region created by this spur extended only up to about 1t miles below 
the ~spur and as sucb it did not appear to be as much effective for the bridge site 
under cons1derat10n as desired But at the same time It is not advisable to construct 
the spur very near the bndge site because after its removal, when the construction 
uf the bridge is over, its remnants below the low water level, would create turbulence 
which might be dangerous to the bridge. Hence this spur could only be located 
sufficiently upstream of the bridge As seen from the lines of flow, the effect of 
this spur at the br1dge site was only fairly pronounced. Photos 6855 and 6857 Phot01 8855 
show these flow lines and slack water r-egion formed by this spur. • 6867. 
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3.2. Figure 2 shows the velocity distnbution, across the cross-sectio~, 1 mile· 
upstream of the bndge site. Th1s shows that the North Channel was Siltmg up, 
though the process was rather slow ; but the high velocity flow was erodmg the-, 
central chur very rapidly. 

3.3. Velocities were also observed on the followmg cross-sections:-

(1) 1/2 mile upstream of bndge site, 

FJg. 3• (2} at the bndge site (Figure 3), 

(3) 1 75 miles downstream of the bndge. 

These showed that the velocities in the North channel had reduced With th~ 
spur, whereas they increased over the central chur. The velocities m the South 
Channel showed an increase, but those adJacent to the south bank were not much 
affected. 

F1g. •· 3 4. Figure 4 shows the contours of the scoured bed near the spur head. 
Pboto 6866. Photo 6866 shows the scour pattern lookmg upstream. 

/ 

3 5. Conclusion-The above observatiOns lead to the conclusion, that by means 
of a repelling spur, located 2! miles upstream of the bridge site, the North Channel 
was hkely to silt up, though slowly. The rate of silting in the model was very low. 
Tlus is due to the model containmg very little matenal m suspension (one of the 
model limitations). However when more matenal in suspension was introduced 
artificially, the slltmg of North Channel was accelerated, which confirmed the 
preVJous conclusions. 

But the effect of tlus spur in siltmg up the North Channel would be nulhfied. 
by the fact, that it would also cause scour of the central chur, which separates the 
two channels. The Left Guide Bund is to be located on this chur, and If the latter 
is washed away, it will mean construction of the Gwde Bund m deeper waters, at 
a much higher cost. This disadvantage outweighs the small advantages gamed, in 
facilities of construction m closmg the North Channel and reduction in the cost of 
North Approach Bank. Hence the proposal was not prom!Slng. 

4. Repelling Spur with a Subsidiary Bund below the Bridge 

F'&· 6. Figure 5 shows the position of this subsidiary bund. These expenments were 
earned out to see if the action of Silting the North Channel could be accelerated by 
constructmg a subsidiary bund below the bridge Sit~ee Figure 5, and also If 
some of the disadvantages shown by the repelling spur alone could be obviated. 

4 1 Figure 5 shows the flow lines in this case. This showed a definite improve­
ment over the previOus case, so far as the conditions in the North Channel In the 

Flgs 6 & 7. vicmity of the bndge site were concerned. Figures 6 and 7 show the velocity 
distribution on cross-section 1 mile upstream of the bridge site and at the bridge 
site respectively. The general nature of the velocity concentration was more or 
less the same, though the velocities m the North Channel were reduced still further. 
There was also a marked improvement near the South Bank where the velocities 
were almost the same as in the pre-spur conditions. This experiment thus showed 
that the stltmg of the North Channel would be achieved, but at the cost of the 
central chur, as no s1gns of improvement in the conditions on the central chur 
were viszble. 

4.2. Conclusions-Though the subsidiary bund would accelerate silting in the 
North Channel as compared With only one spur located 2! miles upstream, yet it 
would not improve the conditions over-the central chur and hence the additional 
expenditure involved would not be justified. 
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Ganga Ri~er Model for Rail- Cum-Road Bridge 
at Mokameh-Bihar Province. 

Photo No. 6855 
Flow lines, looking downstream with a repelling 

spur 5000 ft. long. 1948 River course. Q = 18,00,000 
cusecs. 

Photo No. 6857 
Flow lines, looking upstrEam with a repelling spur 

5000 ft. long. 1948 River course Q .= 18,00,000 
cusecs. 

Photo No. 6866 · 
Scour pattern near the spur head looking upstream 

with 5000 ft. long repeiling spur. 1948 River _course. 
Q = 18,00,000 cusecs. 
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7. MoDEL EXPERIMENTS FOR A RoAD-cum-RAIL BRIDGE ON GANGA AT PATNA 

Introduction 

The necessity for a bndge across the Ganga RlVer m B1har has been felt for a 
very long time, particularly because there IS no crossmg below Benares. The 
questwn of bwldmg a bndge m B1har was first taken up m 1907 but 1t lmgered on 
because the two ~a1lway Compames on the two s1des could not come to a common 
decisiOn. Fmally m 1945, the Railway Board directed the E. I. Railway to study 
the s1tes and prepare the proJect. Mr. Fenton, Dy. Ch1ef Engmeer, E. I. Ra1lway 
carried out mvesbgatwns for the s1te of a bndge both at Patna and Mokameh Ghat. 
He, however, as a result of h1s findmgs favoured the Mokameh s1te and prepared 
a detailed project for the same. 

1.1. The State Government of B1har, however, favour the Patna s1te, because 
they feel that a bndge at Patna would be a v1tal means of commumcatwn between 
the South and North Bihar. Hence the Bihar P W. D. carried out deta1led mvestiga· 
tions for the Patna s1te. 

1.2. The Rwer-The nver has a considerable meander belt w1thm the large F•g. 1. 
Width of the Khad1r between the Sone confluence and Digha. Figure 1 shows the 
two extreme courses of 1828 and 1949 Between Digha and Patna the w1dth of the 
Khadir IS about 5 m1les The effect of the main channel being pinned down to the 
South bank has given nse to a nodal region. Because of the presence of this nodal 
regwn above Patna the Sites have been selected m 1ts VICJmty. Mr. Fenton proposed 
a Site about 3/4th m1le upstream of Patna. Here the m1mmum wmter nver Width 
bemg about 9,000 ft. he proposed 9,000 ft. as the waterway though 1t was much m 
excess of the waterway reqmred for the highest flood discharge. In the B1har 
mvesbgatwns they proposed two sites: (1) about one mile and (2) 1! miles upstream 
of the Fenton's s1te. These Sites have the advantage of the waterway being reduced 
to the mmimum reqmred to pass the highest flood discharge. Moreover these sites 
bemg further away from the Patna Bank, It was considered that the turbulence of 
the water emerging out of the constncted bndge might get reduced before Its 
reachmg the Patna Bank anc;! hence the c1ty would remam safe. All these sites are 
shown m Figure 1 Fl£. I. 

2, The object of these expenments was to find out If any of the proposed sites 
in the VICimty of Patna were suitable. The mam cntenon kept m VIew for all 
upstream sites was that the nver attack on Patna Bank should not be allowed to 
worsen by the bndge. Also the safety of the bndge Itself and the protectiOn it 
afforded to the Kasmar bluff were also considered The Kasmar bluff needs some 
artificial protectiOn, because the bore-hole data shows that there IS clay only for 
the top 15 ft and below that, IS all sand. 

3. Survey Data Available 

The river reach between GoldengunJ and Futwah was surveyed by means of 
a number of cross-sectwns (1949 dry weather penod) connected together by a 
transverse so that the same could be plotted on ground to make up the model. 
However as the transverse survey was done long a'fter the cross-sections were 
observed, some differences were detected between the survey plan and the aenal 
photo. The model on stab1lizmg corrected these errors. 

4. The Model 

The model was la1d to the fo!lowmg scales and covered a reach from Goldengunj 
:.._21 miles upstream of Fenton's Bndge S1te, down to Futwah-14 5 miles below 
the bndge s1te. 

(1} Length scale-1/500. 

(2} Depth scale-l/67. 

(3} Discharge scale-1/2,50,000. 

(4} T1me scale-1/545, i.e., 1 day=2 64 mmutes. 

(5} Vertical exaggeration-? 5. 

(6} The bed was laid to a slope exaggeration of 7 5. 
34 cw&Pc 



Fig. 2. 
Fig. 3. 

Photos 383 
to 386. 

Photos 340 
to 342. 

Ftg. 1. 
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d f th odel of the Ganga nver 
The same scales were used as those adopte or e m .. 

for the proposed bridge site at Mokameh. 

5. Hydraulic Data 

M F t h h d collected certam data In the mveshgatwns earned out by r. en on, e a 
about the water levels and correspondmg discharges ; a stage d1sc;harge cur~e w~s 
prepared, whrch showed a maximum discharge of 30,00,000 cusecs correspon mg 0 

the hrghest high flood level of 169 3 observed m the year 1923. 

5.1. The Bihar P. W. D. took srmrlar observatwns in 1949 and 1950 and plotted 
the stage discharge curves which show a maximum flood discharge of 24,00,000 ~nd 
25,70,000 cusecs respectively extrapolated from 1949 and 1950 curves, correspondmg 
to the highest flood level of 169 3. 

5.2. All the model observatwns were made Wlth a drscharge of 18,50,000 cusecs 
for all sites upstream of Patna and 20,25,000 cusecs for Sites below Patna as 
this represents the bankful and henc;:e the dommant stage. 

5.3. The only data available for provmg the model was as follows:-

(1) Gauge values of the vanous gauges. 

(2) Hrgh flood cross-sechons at the Fenton's srte. 

(3) Visual observations showmg the river attack on the Patna Bank. 

6. Model Experiments 

After making the preliminary runs of the hydrograph cycle to stabilize, the 
model was proved by the reproduction of the known condrhons Afterwards the 
flow lmes, cross-sectrons and the bed contours were observed. Figure 2 shows the 
flow lmes under existmg condrhons and Frgure 3 shows the bed contours of the 
nver obtamed up to a flood discharge of 18,50,000 cusecs. Photos 383 to 386 show 
bed contours near the various bndge Sites and near the Patna bank and photos 340 
to 342 show the flow lines under eXIsting condrhons. 

The followmg bndge sites were then tested under the present (1949) river 
course:-

(1) Existmg condrtwns without a bridge. 

(2) Wrth a bridge upstream of Patna at Bihar P. W. D., Srte No. 2. 

(3) Bihar P. W. D., Site No. 1. 

(4) Fenton's site with the 1949 river course and with worst assumed river 
course. 

(5) Site proposed by the Director, C. W. & P. Research Station, Poona. 

(6) Wrth a bridge below Patna at Brhar P. W. D., Site No. 3. 

(7) Fenton's alternative site across Futwah channel. 

In all expenments the Guide Bund head was made up with a 3' curve up io 
90' sweep and a 5' curve from 90' to 120', which gave the best results in thP. 
Mokameh bndge experiments. The tail head had a radms of 800 ft. 

Table 1 below shows the bridge waterway and the Guide Bund length tested 
in each experiment along with the deepest scour obtained near the Patna Bank 
between the Mahendru Ghat and the Rani Ghat. 
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Road- Cum-Rail Rridgc on the Ganga at Patn a. 

Photo 383 

IT EM No.7. 
A. R. T. 1951 . 

Bed co:1tours under existin g co:1ditions, near Bihar 
P. W. D. site No 2. L11okin g d11wnstream 

Photo 384. 
Bed co:1tours under existing conditions near Bihar 

P. W . D Site No. 1 looking upstream. 



Road-Cum Rail Bridge on the Ganga at Patna. 

Photo 385. 

ITEM Nn. 7. 
lt.. R. T. 1951. 

Bed contours under existing conditinns near Fenton's site 
looking downstream. 

Photo 386 
Bed contours under the existing conditions 
near the Patna - Bank; sh()wing deep scour. 



Model of the Ganga a t Pa tna f~1 r a Road cum Rail Bridge 

Pho:o 7 4 7 A B. 
View of the two bridges ac ross Fatwah and Mehn ar 

channels. Lookin g downstream . 
Q = 2 0 , 2 5,000 cusecs 

Photo 340. 
Flow line riear Fe nton's S ite. Existing conditions 

Loooking downstream 
Q = 7 .4 cusecs = 18,50 ,000 cs 

ITEM Nn. 7. 
A. R. T . 1951 . 



Road-Cum Rail Bridge on the Ganga at Patna. 

Photo 341 
Flow lines near Bihar P. W. D. site No 2 
Existing conditions Looking downstream. 

Q. = 7 .4 cs. = 18,50,000 cs. 

Photo 342. 

ITEM~. 7. 
A. R, 41, 1,51 

.. 

Flow lines near the Patna Bank. Looking fr.Jm North Bank. 
Q = 7.4 cs = 18,50,000 cs. 



MODEL £XP£RIMENTS FOR A ROAD-CUM-RAIL BRIDGE ON GANGA AT PATNA :!9 

TABLE 1-Results of experiments on Sttes upstream of Patna 

Length of 
&our dt~ptb 

Ex peri· Lo' cl oi below 8.\'l,)f· 

ment Bndge mte. RlVCT Wnttrway. GUide dt:'opoot nge tlood 

No. 
Course. Bund. scourR. L. lovd nen.r 

Pu.tnu. Bunk. 
(Feet) (Foot) (~'l'Ol) 

1. E.:ustmg conditions 1949 83•50 8000 

2. Blbar P. W. D. S1te No.2 .. 6.000 5,000 56· SO 107 00 

3. Blba.r P. W. D. S1to No. 1 .. .. 6,000 5,000 66 50 07 00 

4. Fenton's S1te .. 9,240 5,000 86 50 77•00 

Do. .. 9,240 10,000 82 00 81•50 

5. CWINRES S1te .. 6,000 6,500 84'50 70•50 

' 
Do. " 

6,000 10,000 7000 93•50 

6. Fenton's 81te Worst 9,240 6,000 73•50 oo·oo 
assumed 
course. 

7. Sites Upstream of Patna 

Figures 4 to 10 show the flow lmes with the proposed bridge at different s1tes F1s'i0
4 to 

and the Figures 11 to 17 show bed contours near the Patna Bank With a flood of F1go 1'1 to 
18,50,000 cusecs. Under the present conditions there was strong dwmg flow near 17. 
the Patna Bank w1th the surface flow concentrated near the bank and the bed flow 
deflected away from the bank and the resultant scour had reached a bed level of 
R. L. 83 50 as can be seen from F1gure 3. With the bndge (waterway 6,000 ft.) at Fog. 3. 
Bihar P. W. D., S1te No. 2, the strength of the divmg flow mcreased further and 
consequently the bed scour reached a level of R. L. 56 50 as seen from Figure 11. Fig, 11. 
The expenment clearly showed that the water emerging out of the bndge had not 
enough space for expans10n below the bndge ; on the other hand 1t concentrated 
near the Patna Bank near Mahendra Ghat thereby endangermg the town. It was 
however, noted that this Site had one advantage, vtz., 1t had a tendency to stra1ghten 
the upstream current thus affordmg some natural protectwn•to the Kasmar bluff. 

7.1. A bndge at B1har P. W. D., S1te No 1 (waterway 6,000 ft.) slightly Improved 
the conditions near the Patna Bank, the lowest scour produced reachmg R. L. 66 50 
(F1gure 12), t.e , 10 ft. higher than With S1te No 2. But m th1s case the Gmde Bund 
head bemg further downstream as compared to B1har P. W. D., S1te No. 2, the 
attractmg influence under the present course was less and the Kasmar bluff would 
thus be liable to be attacked. 

7 2. The next site to be tried was the Fenton's site With the bndge waterway of 
9,240 ft. and left Gmde Bund 5,000 ft. long. A bndge at th1s site was found to 
mamtam the status quo m the river ; actually the model showed a slight improvement 
as the deepest scour near Patna Bank was only down to R. L. 86 50 (Figure 13). But 
the splayed Guide Bund was only 5,000 ft. long and hence was insuffic1ent for 
protectmg the North approach embankment ; the length was therefore increased 
to 10,000 ft. This mcrease m the length of the Gmde Bund slightly worsened the 
cond1t10ns near the Patna Bank, producmg the lowest scour down to R. L. 82 00 
(F1gure 14). As will be seen from the flow lines m Figures 6 and 7, there was a 
lesser diVergence between the surface and bed flow lines showmg a reductwn in the 
strength of the diVmg flow and hence reduced attack w1th 5,000 ft. long gmde bund. 

7.3 Next the Site proposed by the Dtrector, CWIN Research Statwn, Poona, 
whiCh was m1dway between B1har P. W. D., S1te No. 1 and Fenton's s1te was tested, 
With the Gmde Bunds 6,500 ft long In this case the locatwn and alignment of 
the left Gmde Bund was the same as m the prev1ous case (with 10,000 ft. length 
of Gu1de Bund of Fenton's des1gn) and the pos1t10n of the mole head was also kept 
the same It was expected to gwe results sim1lar to those with Fenton's s1tt- w1th 
the extended length of the left Guide Bund of 10,000 ft Th1s was well corroborated 
by the model, as the deepest scour reached a level of 84 50 (F1gure 15). The flow 
hnes (F1gure 8) also were qmte Similar to those under existmg conditions. But 
this Gmde Bund length of 6,500 ft. wa~ not expected to g1ve enough protectwn to 
the North approach embankment. Hen~e a length of 10,000 ft. was further tned. 
W1th the advance of the mole head, upstream, more water was deflected to the 
South bank thus mtensifying the dlVmg flow and the scour near the Patna Bank 
reached a value of R L. 70·00 (F1gure 16). 

SA 

Fig. 12 

Fig, 13. 

Fig. 15. 

Fig. 16. 



F.g. 1. 
Figs. 10 
& 17. 

Fig 1. 
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d t tus quo at the Patna Bank 
7.4. As the bndge at Fenton's site mamtame 8 at t It under a worst poss1ble 

under the present rrver course (1949), It was decid:~~~~ t:~t are shown m Figures 10 
nver course as shown m Figure 1. The resuiJs 0 d twn of the strong current 
and 17. In this case the mole head was ful Y ufo ~~ ac urface currents behmd the 
which embayed behmd It. As seen from Figure e s c to mcrease the embay­
Guide Bund head were very active and showed a tenden Y about 18 miles and 
ment still further. The radiUs of the embayment curve ~as Also because of the 
the embayment already touched the approach em~alm~:d·to the South bank and 
severe actiOn on the mole head, the roam flow wash e ec reaching a bed level 
the conditions at the Patna Bank worsened, t e scour 
of R. L. 73 00. 

7.5 Instead of extendmg the gmde bund, a groyne projectmg from the North 
approach embankment as suggested by Fenton was tested It was seen that the 
nose of this groyne was subJect to a very severe attack; the h1gh velocity flow 
.after leavmg the groyne attacked the head of the Gmde Bund, wh1ch m turn, swung 
the flow w1th large bmls and eddies towards the Patna Bank, thus mc;-easmg the 
.attack there As these conditions were decidedly bad, the experrment was 
,chscontmued . 

.8. Conclusion 
The present protectwn works of the Patna Bank consist of bnck pitch1_ng a~ove 

the low water level and this pitching IS anchored to vertical bulhes dnven mto 
the bank at that level. Even under the existmg conditions, the attack on the Patna 
bank IS very active and as the protection works are not very strong, 1t is doubtful if 
they can hold agamst a more severe attack of the nver 

- 8.1. A glance at Table 1 and Figure 1 will show that under the present river 
course, If the Guide Bund head IS advanced more and more upstream, it would be 
brought Into greater actwn and as a result thereof 1t would deflect the flow to the 
South bank endangermg its stability. On the other hand bearmg In mind the 
necessity of protecting the Kasmar bluff and also the North approach embankment 
of the bridge, a longer Guide Bund IS necessary. Providing special protection for 
the Kasmar bluff a compromise between these diverse reqUirements would be 
obtamed with a bridge at the Fenton's s1te ; but the bridge would be safe under 
the present river course only, because With the worst assumed nver course the 
embayment with a curve of 18 miles radius had touched the North approach 
·embankment and attack on Patna bank also mcreased. Thus with this length of the 
Guide Bund It would not be possible to protect the North approach bank agamst 
an embayment of one mile radms under the worst assumed conditiOns of the river. 
If the Guide Bund length were to be mcreased to remedy this defect, 1t would 
increase the attack on the Patna bank as already seen. 

8 2 With any proposal for a bndge site upstream of Patna, it IS necessary to 
protect the Patna bank downstream as well as the North approach embankment 
upstream Any proposal for a bndge site which gives better protect10n to the 
Patna bank reduces the safety of the approach bank which Is liable to be attacked 
causmg very heavy expenditure for maintenance every year ; and vtce versa Under 
ihe Circumstance no suitable site can be recommended upstream of Patna keeping 
in v1ew the safety of the town and the bndge. ' 

9. Sites below Patna 

Downstream of Patna there exists a large mara island some 16 miles long and 
? miles wide whiCh has f_ormed in the last 100 years or so, the river bifurcatmg 
mto two channels around rt. Up to 1944, the nver steamer services ever smce their 
inception 105 years ago, had used the South or Futwah Channel, but in 1944 the main 
channel of the nver established Itself along the North or Mehnar channel and 
subsequently the latter channel has further developed, the Futwah channel in the 
dry 'Wrather bemg now of meagre proportiOns. The past history shows that th 
Futwah channel IS the main nver course for a major period of the regime c c1 e 
Takmg thi~ i~to consideratiOn Fenton expected the nver to swing back to Fu!wa~ 
channel Withm a few years and hence proposed an alternat1ve bndge Sit h 

F . 1 e ass own m Igure . 

The ~~h~r P. W. D., taki~g into account the present configuration of the river 
and constdenng the long penods that elapse before a major change t k 1 · 
the river, proposed a site across the Mehnar ChanneL · a es P ace 10 
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. Both these srtes have some Inherent defects of therr own. They he in the 
rmmedrate vrcmrty of an upstream unstable confluence of the Ganga and the Gandak, 
A bndge across the Mehnar channel, would not be much favoured by the nver 
as rt would, to some extent perpetuate the awkward backward swmg of the Gandak: 
On the other hand a bndge across the Futwah channel rs unsurtable at the present 
time, as thrs rs no longer the mam nver channel. 

9 1. Takmg mto account the present nver configuratron, the following experi· 
ments were earned out-

(7) Exrsting condrtrons wrthout a bndge. 

(8) A bndge across the Mehnar channel-Brhar P. W. D., srte No. 3-under 
the present nver course (1949). 

(9) A bndge across the Mehnar channel-Brhar P. W. D., srte No. 3-wrth 
Futwah channel as the mam nver course. 

' 
(10) Two bndges--one across the Mehnar channel and one across the Futwah 

channel7 wrth Futwah channel as the main nver course. 

The Futwah channel site in thrs case is about 1/2 mrle downstream of the 
Fenton's alternatrve site. This shiftmg was necessary m order to desrgn 
the approach bank between the two bndges, w1th only one smooth curve. 

9.1.1. These bndge s1tes not being situated in a nodal region, the bridge will not 
be having a full control over the rrver course upstream and hence the bridge had 
to be tested under an alternate nver course as in expenment No. 9. 

9.12. When the nver splits mto two channels-the Mehnar and Futwah-the 
maximum drscharge earned by the mam channel IS about 80 per cent of the total­
as per verbal information received at s1te. Hence w1th two bndges, the waterway 
provided for each was 5,000 ft. as against a waterway of 6,000 ft. for a single bndge. 

9.2. Figure 18. shows the flow lmes under the existing conditions without a .,. 1s ~•g. . 
bndge. The model showed that about 70 per cent discharge was taken by the 
Mehnar channel. The maximum surface velocity in the North channel was 
equivalent to 9 8 ft./sec. and 10 1 ft./sec. and covered a region between 1,000 ft. 
to 3,500 ft. from the North bank. The maxrmum surface velocity in the Futwah 
channel also was of the same order, even though It earned only 30 per cent 
diScharge. 

9.3. Then a bndge at Bihar P. W. D. Site No 3 was tested. It had a waterway 
of 6,000 ft. and the Rrght Guide bund was 5,000 ft. long. The flow m the Futwah 
channel was now closed wth a bund and hence 1t started flowmg parallel to the 
approach bank (Frgure 19) and was deflected by the mole head to the North bank, Fig. 19. 
thus mcreasmg the mtensrty of flow there. The highest surface velocity was between 
13 5 ft./sec. to 14 0 ft./sec. and covered a reach between 400 ft. to 3,400 ft. from 
the North bank. The desrgn appears to work satrsfactonly as long as only a low 
diScharge runs m Futwah channel, except that the long approach bank wrll requ1re 
additiOnal protectiOn m the form of pitchmg and constant mamtenance agarnst 
erosiOn by the parallel flow. But if thrs parallel flow develops mto a well-defined 
channel then 1t wrll not be possrble to protect the approach bank agamst an 
embayment. 

9.4. Then the same bndge s1te was further tested with Futwah channel as the 
main nver course. In thrs case a very strong flow parallel to the approach bank 
was developed • (Figure 20) and the water was finally deflected by the mole head F.g. 20. 
towards the North bank. The h1ghest surface velocrty was as much as 15 25 ft /sec. 
and covered a regiOn between 1,100 ft. and 1,900 ft. from the North bank. The 
approach embankment at rts Southern end was subjected to a differential head of 
about 7 ft It will be very drfficult to hold the approach bank agamst this 
differential head combmed with embayment by the !ugh velocrty current tlowmg 
parallel to it. 

9.5. Fmally two bridges across the two channels were tested The Guide bund 
length as provided was 5,000 ft. Thrs desrgn seems to :vork ~mte satrsfactonly as 
seen in Figure 21. Photo No 747 shows the two bndges m posttlon. In the Futwah F•g %1 
channel the maxrmum surface velocity was about 13 ft./sec. and covered a very Photo 747. 
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f the South bank. In the Mehnar 
wide region between 1,900 ft. to 5,000 ft. r: highest surface velocity was only 
channel-which now earned less dischargroG fte and 1,9oo ft. from the North bank_ 
773ft /sec. and covered a reach between bank very little-only the spill from. 
In this case the flow past the approach! b wa:o protect 1t with some additiOnal 
one channel to other-and hence It w1l e easy 
light protective works. 

10. Conclusion 
. 1 that the only feasible site m the 

From the above expenments It IS qu~e c
3 
earth an additional bndge across the 

v1cimty of Patna is B1har _P. W. D, Stte o. w~ nnels each with a waterway of 
Futwah channel. Two bndges across the two c a ' ans of commumcatwn. 
5,000 ft. Will provide a sufficiently s~fe and de6end~le :~y protected with only 
across the Ganga. Each of these bndges can e su Cie . d 1 Th 

G d b d 5 000 ft long as both the natural banks consist of goo c ay. IS 
one UI e un , · b d t Fenton's site These proposal compares very favourably m cost with a n ge a · 
costs are compared below-

(1) Bndge at Fenton's site With 9,240 ft. waterway and 10,000 ft. long left 
Gutde bund w1th add1t1onal protection for the Kasmar bluff w1ll cost­
Rs. 16 38 crores. 

(2) Two bndges at Bihar P. w. D., Site No. 3, waterway of each 5,000 ft. w1th 
one Gu1de bund 5,000 ft. long for each will cost-Rs. 16 57 crores. 

These costs have been arnved at as shown in Table 2 along With the c~sts of 
the Rail-cum-Road bndge at other sites. These have been based on rates m the 
Fenton's report. 

The above costs are based on the rates in the Fenton's estimate, by adding 
40 per cent thereto to brmg the same to the present pnce level. 

Table 3 shows the costs of the Road bridge alone at the vanous Patna sites. 
These have been based on the rates given m Mr. Khan's report and 40 per cent 
added to allow for increased pnces. 

10.1. While making the above recommendations, the posstbtlity of stab11Izmg 
the Mehnar channel by means of either ordmary repellmg spurs or T spurs was 
considered. But cons1dermg the 1949 nver course (Figure 1) along with the rest 
of the river courses shown m Ftgure 22, it will be clear that the lengths of such 
spurs will be excessive as they w1ll have to be connected to a high bank, t e., the 
South bank or the bndge approach bank. As the top levels of the Raghopur D1ara 
upstream of the bridge site are between 10 to 12 ft. below the high flood level, 
short spurs will be of no avail as water can very well flow behind them. Because 
of this excessiVe length of these spurs, the cost-both lmtial and mamtenance-wlll 
be prohibitive. Hence the suggestion of constructmg only one bndge across the 
Mehnar channel by ·stabilizmg that channel had to be dropped m favour of the final 
recommendation of constructmg two bndges 

10 2 The next question to be considered was, whether the bridge across the 
Futwah channel could be put off till a future date-till that channel shows signs 
of developing. Unfortunately the answer has to be m the negative. In VIeW of the 
paucity of the data, It IS very drfficult and dangerous too, to pred1ct the future 
river courses In 1944, all of a sudden the Mehnar channel developed at the cost 
of the Futwah channel. Data for a complete regime cycle IS not available, but the 
part data about the nver courses ava1lable (Figure 22) unmistakably shows that the 
Futwah channel is the mam river course for a penod, considerably more than half 
the regime cycle. Hence it Is considered likely that the nver will swing back to 
the Futwah channel, Within a comparatively shorter penod and the Gandak w1!1 
also then resort to rts more natural South-Easterly course. If such a catastrophe 
is to ta~e place after bndgmg only the Mehnar channel, rt Will mean break in 
communiCatiOns for ~ penod of at least 5 years. Hence, to avOid such an occurrence, 
the only time-lag whiCh may be allowed between the construction of the two bndges 
should be limrted to the absolute minimum required to faCilitate the construct1on 
as the same equipment and personnel can be used at both the places. This penod 
may safely be between 2 and 3 _Years. It need not be emphasised that m allowmg 
this time-lag, the year of the highest h1gh flood, which is expected to occur every 
12 to 14 years, should be avoided. 
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TABLE No. 2-Statement showing cost of bridges (Rail-cum-Road) at various sites across the Ganga nver based on rates given m Fenton's Esttmate 

Ser1al 
No 

I 

I. 

2. 
3. 

4. 

Senal 
No 

I. 

2. 
3. 

'· 
fi. 

Gmde Bunda. Cost of Cost, Gener11l 
co~t of Present day 

Cost of Plant, Ofhce Cost approa. cost=cost m 
\V aterway r- Gmde Bund Br1dge Establish- ches, Llind other extra Total co'lt column No.lO 

Bndgo &It-e m Lacs. proper ment,quarter', acquuutlon works 1n m Lacs +40 percent 
No Length m Lacs etc m Lacs etc. m Lacs Lacs. m Lacs 

Rs Rs. Rs. Rs. Rs. Rs Ro. 

2 3 4 5 6 7 8 9 10 II 

Mokameh Ghat (South channel) 6,000 ft I 5,000 ft 123 5 291 130 08 220 05 764 63 1,070 482 

Mokameh Ghat (North channel) . • 
(14 spans) 

Do 2 5,000 ft. 247 291 130 08 22005 888 13 1,243 382 
Fenton•a a1to at Patna. mth tn.odlfiubona • 9,240 ft 1 10,000 ft 229 77 452 42 177 66 259 9 Kasmar 1,169 75 l,U37 G5 

(22 opano) protectwn 
50 

Bihar P. W. D , BJto No 3 across Mehnar channel and 5,000 It I 5,000 It 247 498 96 177 66 259 9 1.183 52 1,656 928 
another br1dge acros~ the Futwa.h channel & & 

5,000 ft. 1 5,000 It 

TABLE No 3-Statement of cost of Road Brtdges at Patna at vanous sttes 

Cost of Gutde Bund 
Spana & Total cost 

Position of Br1dge Nos ef Length of Approach Nos of Length of Total length Cost of Gmde in Lacs. 
Span We.terway Roadm Gu1deBund each Gwde of Gu1de Bundm Rs. 

mft. Lacs. Bund. Bund Lees (a+b)=c 
(a) in ft. 1D ft. (b) 

P. W~ D, Bite No~ 2 If 6,000 532 2 7,200 lt,400 275 807 

P W. D, oito No. I u 6,000 532 2 7,200 14,400 275 807 
Fenton•s SJte 22 9240 836 1 5.000 5,000 96 93l 
Fenton' a tnte (~od.Ui~) 22 9,240 836 1 10,000 10,000 192 1,028 

P. W. D, altO No. 3 Wllh 2 Bndgoo 2><12 2x5,000 910 2 5,000 10,000 192 1,102 
one on Futwah channel and the other =10,000 
on M.ebnar channel each of u 
opans of 420 It each. 

( Tho above coste have been c&lcul•ted accordlo.e to the Schedule gtven lD Mr. Khan'• Report. J 

Coat of 
Kcsmar Grand Total 

Total after 

ProtectiOn m Lacs addmg Remarks 
l1l Lacs. (c+d) 

40 per cent 
m Liles 

(d) 

Not requued. 807 )038 liu, Khnn'a 
repol'l pp 
92-[11 

Not required. 807 IOJS Do. 
50 982 H75 
50 1,070 1500 C'o~t Wllh 

Ktu~mar 
A pro. 

Not required. 1,102 1540 

Prep!U'ed by Shri Sudh~we.r N~~oth, 

..Au~lanl Engmur, Bthar, P. W. D. 
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(iii) SPILL 

8. PREVENTING FLOODING OF PADDY FIELDS IN VILLAGE KoNHALLI (DISTRICT NoRTH 
KANARA) 

1. The River Chandavar IS a hilly torrent carrymg about 6,000 cusecs maximum 
flood discharge. The history of this nver records that durmg the unprecedented 
floods m the year 1924 the nght bank of the nver gave way m 2 places-one along 

F1g. 1. ABC and the other along B1-B, as shown m the plan. These breaches were small 
m the begmning and have gradually become Wide enough to allow the flood water 
to flow over the whole low-lymg area of about 300 acres of nee fields rendenng 
most of the area unfit for cultivation The maJor problem IS, therefore, of arrestmg 
bank erosiOn and closmg of spills at ABC and B1-B5 on the nght bank A subsidiary 
problem IS to proVIde arrangements such as small bandharas for feeding the canals 
at pomts M and N and thus utilize the cold weather flow. At point M near the 

Photo 761. spill B,-B, the cold weather channel Is blocked by an earthen bund and water 
is diverted to a small canal takmg off from the right bank This bund before bemg 
washed away in the next monsoon freshets, creates considerable afflux which helps 
this overflood!ng. There IS also an addit10nal afflux due to the river negotiatmg 
an unnaturally sharp bend along ABC The local cultivators informed that this 
bend was not severe as It eXIsts today ; durmg the last 15 years or so the nver has 

Photo 758. eroded about 100 ft. of the right bank. With mcrease of curvature in this bend 
a huge sand shoal has formed along the inside of the bend on the left bank and a 

' new water channel N has formed on the right bank which flows through the low-
Photo 756. lymg fields causing submergence. The cultivators take advantage of this new 

channel by damnmg up the cold weather channel and divertmg water to this channel. 
The conditions leading to the sharpening of this nver bend and the consequent 
formatiOn of the sand bar could not be ascertamed but It is considered that a stone 
wall along ABC (Figure 1) guardmg the property along the left bank had some 
influence m shiftmg the nver course more towards the nght. The river banks 
consist of soft red sOil mixed With fine sand and are easily erodible. The bed 
material ranges from 1·0 mm. to 7 0 mm. diameter. 

F1gs.l & 2. 

The highest flood level of 1924 has been giVen as R. L. 509 52 while the normal 
floods nse up to R. L. 507 0. The frequency of submergence over the breached 
portion at N and M IS about 5 m a normal year. Seedling operatiOns even though 
repeated several times a year yield no crops as they are swept away whenever the 
floods mundate these lands. Only the nght bank from M to N is high and does 
not allow water to spill m a normal flood year. 

2. Recommendations 

The following measures are suggested to bring under cultivatiOn the l;mds 
damaged by floodmg. 

(I) An earthen embankment retired 10 feet behmd th,e damaged right bank 
marked as B., B2 , B3-B, with stone pitching on the nver side and a 
stone apron up to the present nver edge ~ rough sketch showmg the 
proposed constructiOn is enclosed The top level of this embankment 
may be fixed at R. L.- 511 0, i e., a foot, and a half higher than the 
H F. L. of 1924, mz, 509 52. The extremities of the embankment 
should be well abuttmg the high bank on the Sides so as to leave no 
weak Jomts likely to breach. The exact length of the embankment 
may be determmed on the field . 

It is observed that the nght bank at places between the pomts N and M 
is lower than the H. F. L. of 1924. It is, therefore, very essential to 
raise the entire nght bank, wherever low, in a similar manner. 

(Ii) Along the bend ABC it is proposed to close the gap from where the small 
canal takes off by a stone wall as an earthen bund may not stand the 
nver actiOn m floods It may be provided With regulated openings to 
allo;-r water m the canal if desired The stone wall should be of the 
retammg type. 

(hi) For stopping further erosiOn of the right bank along this bend, the river 
course has to be straightened by bypassmg th1s bend altogether. It IS, 
therefore, propesed to have a leadmg cut, 50 feet Wide and 10 feet deep 
With sides at ! : 1 slope, JOmmg the pomts X and Y. The nature of the 
river banks and the high velocity during floods indicate that th1s cut 
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RlVER CHANDAVAR AT VILLAGE KONHALLI 
near. Kumta ( North Kanara District) 
(Vide Drawing No. 10 of Jan. 1952) 

Photo 756-The crude structure of a bund of bamboo 
and matting which is enclosed in earth, a fte r 
the floods subside-near point N. 

Photo No. 7 58-The sand shoal along the inside of the 
bend on the left bank ( same as 7 56 ). 

Photo No. 761-The site for an earthen bund at M which 
is constructed across the cold weather ch­
annel to divert water to a small canal 

IT EM NO. 8. 
A . R. T. 1951 
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would soon deve!op into a parent channel. This would mean that there 
would be very httle discharge flowmg along the bend which area rna 
gradually be reclaimed for cultivatiOn. A!; th1s 15 a very sharp ben~ 
It would be almost Impossible ts> make the nver flow through the 
mound of sand by dredgmg as. it would surely sand up agam. 

(iv) The earthen bunds should be removed rmmedmtely before the monsoon 
begms so as to avoid h!gh afflux occurrmg before the bunds are totally 
washed away. In fact mstead of adoptmg such crude and temporary 
methods, the object of utihzmg cold weather flow could be better 
ach1eved by constructmg a bandhara w1th a pakka regulator at the 
offtake for controllmg the supply m the canal. Th1s bandhara should 
work only dunng wmter to head up the supply accordmg to requ1re­
ments and should be fitted wrth wooden karnes wh1ch may be 
removed when flood warmngs are rece1ved. 

3. DAMS AND WEIRS 

(li) Design 

9. HIRAKUD DAM LEFT CHANNEL SPILLWAY-

TESTING THE DESIGNS OF RETAINING AND TRAINING WALLS 

(A) PRELIMINARY TESTS WITH PART-WIDTH MODEL WITH SLUICES OF THE UPTURNED TYPE 
-G· s. SCALE 1·80. 

(B) FINAL TESTS OF FULL WIDTH MODEL OF LEFT CHANNEL SPILLWAY WITH SLUICES BOTH 
CONVENTIONAL AND OF UPTURNED TYPE AS IN THE FINAL LAY·OUT PLAN-G. S. SCALD 

1:100. 

(A) Part-wzdth model of left channel spzllway-This report refers to preli­
mmary tests on des1gns of retarmng and trammg walls m the left channel sprllway 
when 1t was proposed to have all sluices of the upturned type. Based on subsequent 
readjustment m some maJor desrgn features, the left channel spillway in the final 
lay-out now consists of sluiceways of both the upturned type as well as the conven­
ttOnal type with the outside bucket, tests of wh1ch are reported elsewhere here. 

The general elevation of the bed of site IS EL. 500. The maximum design flood 
level for the reservoir is EL. 630. The normal full supply level is EL. 625. The 
max1mum tail-water elevation is EL. 535. In the arrangement tested m the part 
model, the lay-out was on the basrs of 44 underslurces on the left spillway, and 28 
on the nght sp1llway so that the 60 per cent of the drscharge for the lower floods 
of a minimum of 7 lakh cusecs could be disposed of by the left and 40 p~r cent by 
the right spillways. ,For the h!gher floods of a max1mum of 12 lakh cusecs, addrtronal 
overflow drscharge was proVIded, with the spillway crest kept at EL. 616. The 
spillway blocks were of 50 ft. width. For the hydraulic model tests, a model to G. S. 
scale 1:80 was used cons1shng of 11 blocks of the left channel sprllway with a 
portion of the earth dam on the left. The mam terms of reference were the 
following-

{ a) To determine the tendency of the current which on 1ts way to the sp1llway 
may erode the top portw:ns of the earth dam and to take measures to 
keep the matenal safe ; and 

(b) to determme the su1table design of the downstream diVIde wall, 1 e., 
shape, height, and length wh!ch may afford adequate protection of the 
downstream portiOn of the earth dam. 

• 
The model lay-out in elevation and plan IS shown in Figure 1 and photo 6854, F•g. 1. 

1,400 ft of the left channel spillway was represented m the model Half the left Photo 6~54 
channel sprllway consisting of 22 undersluices and spillway crest at EL. 616 was 
constructed in a channel 17 5 ft. wide. The divide wall at the junction of concrete 
and earth dam both upstream and downstream were constructed as per C. D. 0. 
design. A 5-ft. parapet wall was provided on the upstream divrde wall The earth 
dam was made up of semi-pervious red silt properly rammed with a covering C1! 
granular matenal I! inc;h to i inch to represent nprap. 
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1 d t 0 tours in cement plaster. Down-

The bed upstream of the dam was ai 0 c n were fixed both upstream 
stream it was laid m ! inch to i mch gravel Gauge~ . a 2 ft standmg wave 
and downstream. The model discharge was measure m · 
flume. • 

· ·1 EL 630 made wtth combmed sluice Tests with maximum reservoir leve · were - d th 
and overflow crest discharges For pool R L. 625 and 590 tests were rna e Wl 
only sluices dischargmg The followmg were the test sequences. 

(I) (a) A 5-ft. high parapet wall on the upstream dlVI~e wall Wlth down­
stream divide wall No 1 as per Int. Eng Co s design. 

(b) The 5-ft. parapet wall removed. 

It was found that on the upstream side, the velocity of flow was quite small, 
and the parapet wall was unnecessary (Figure 2). On the downstream Side th~re 
was an eddy regwn m the pocket between the end sluice and downstream div1de 
wall causmg deep scour along the wall. There was considerable surgmg actiOn of 
the 'eddy when underslmce Jets were unaerated due ttJ the overflow discharge. 
Beyond the curved wall the water spilled over the 3 .1 sloping protection. wall to 
the earth dam, but the ~urrent ·was qmte feeble; and material here was uneroded 

The hetght of the downstream dtVIde wall up to EL. 560 as provided was more 
than appeared necessary 

(n) No parapet wall, upstream dtvtde wall as ongmally designed Down­
stream divtde wall No. 2 as per C. D. 0. design. The wall was taken 
straight up to 295 ft from the axis, t.e, where the earth dam cuts the 
nver bed at EL.~510, and then curved at 50 ft radius towards the 
earth dam. 

In this case the conditwns In the downstream pocket were vwlent for the com­
bined discharge The hetght of the wall (up to EL. 540) was found to be too small. 
Due to the sharp 50 ft R curvature, the eroded matenal from the bed downstream 
of the spillway got deposited towards toe of the earth dam to a level beyond EL. 
520, along With the formation of a clear cut channel between tlns deposited matenal 
and the earth dam, involving a serwus condition of a washmg away of downstream' 
portion of the earth dam. 

(m) Design 2 bemg found unsUitable, downstream divide wall No. 3 was 
tested. Tlns was a straight wall taken at EL. 545 up to 345 ft from 
the axis and then slopmg at 2 .1 downstream. 

F1gs. 3 & 4. In this case the conditions in the downstream pocket improved (Figures 3 and 4) 
due to the increased length of wall ; the return eddy was however still strong. 
The height of the divide wall before full scour took place appeared to be shghtly 
insufficient, but after the imtial stages of the scour, the height appeared sufficient. 
The scoured material from the nver bed deposited about 20 ft. away from the toe 
of the earth dam and the flow conditions between the toe and the deposited material 
were satisfactory. • 

(iv) Downstream divide wall No 4: This was curved away: from the earth 
dam With a radius of 150 ft from beyond a strrught length of 295 ft., 
the length of the wall however being the same as m diVIde wall No. 3. 

Wtth this design and with reservoir WL. 630, the conditions in the pocket due 
to constnction became very violent and the height of the wall was insufficient. 
The flow on the eprth dam side was however satisfactory. The results however 
were better with diVIde wall No. 3. The principal results -with this ;rehmmacy 
model were therefore-

(t) The current on the upstream portion of the earth dam was not strong 
enough to erode the top portwns of the earth dam and hence the para t 
wall on the upstream divide wall was not necessary pe 

(it) With the undersluices of the. upturned barrel type, the hetght of the 
downstream wall up to EL. 560 was more than sufficient b t t 
EL. 540 was qUite msufficient. The wall up to EL 545 v) s ~ u~ t 0 

be just sufficient. · a oun o 

(iii) put of all the divide walls tested, the long straight wall No 3 th 
most satisfactory. · was e 
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Hirakud Dam Le ft Spillway. 

P ho to 6854 

ITEM NO. f> 
A, R, T, 1951 

Flow with pre limin a ry Model- All l 1pturnccl ~luiccway!'. 
Dow.1stream divide wall No 1. Upstream VV. L. 6:30, downstream 

w. L. 535. 

Photo 7 ·159 
Flow near Rig ht Training wall downstream. final Layo ut 

Upstream W. L. 630, Downs tream¥./. L. 535. 

Photo 7460 
Flow near Le ft Tra ining wall downstrea m. Final layou t. U pstream 

W L. 630, Downs tream \V. L 5 3 5. 
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(B) Full wtdth model of left channel sptllway-In the lay-out tested for the 
full model to a G. S. scale 1:100, the arrangement IS on the bas1s of the final design 
proposals of 40 underslwces on the left spillway and 24 on the nght. The crest 
was now lowered to EL. 610 only, to provide for a larger overflow capacity. The 
undersluices on the left channel spillway cons1st of 12 of the upturned type m the 
central blocks, and the rest of them of conventional type provided with outside 
buckets. The spillway block width was mcreased from 50 ft. to 60 ft. 

The mam terms of reference for the tests were as follows-

(i) To determine the sufficiency or otherwise of the proposed training walls. 

(ii) To determme the relative scouring tendencies of the upturned sluice 
jets, and those from the buckets, and to finalise a- design for the 
upturned sluices whose dissipation efficiency would be equally satis­
factory as the conventional sluices. 

(m) To determme general flow conditions both upstream and downstream 
so as to correct for unsatisfactory findmgs, lf any 

(1v) To determme the necessity or otherwiSe of a bucket or a short apron at 
the toe of the spillway blocks which contam the upturned slmces when 
both overflow and underslmce discharges are present. 

The model la.y-out m plan and elevation IS shown in Figure 5 and Photo 7385. F•g. 5. 
3,200 ft. of the left spillway and 1,000 ft. of earth dam and transitions on either side Photo 

738~• 
were reproduced across a channel 32 ft. wide The tests were composed of three 
series-

(i) Sertes I-The central group of upturned slwces were given rectangular 
unflared outlets. The downstream bed was made up of erodible gravel 
throughout, and no attempts were made to reproduce the rock outcrops 
occurrmg m nature. 

(n) Sertes II-The upturned slmces were g1ven flared outlets The down· 
stream bed was kept erodible up to 1,000 ft. from the dam and beyond , 
that the rock outcrops were represented by larger s1ze stones and 
pebbles The tests showed that changes m the nature of the reproduc­
tion of the downstream bed beyond 1,000 ft. had little effect on the 
results. 

(in) Sertes III-Different sk1-jump bucket shapes were tned for conventional 
sluices. Also the downstream divide wall on the left side and the 
approach road were rearranged 'accordmg to a ·later mod1ficatwn 
received from the C. D. 0. Tests were finahsed to obtain the optimum 
height and alignment of this divide wall. 

Test :Kesults 

( 1) Series I-The mam findings were that on the downstream s1de, nght 
training wall alignment was satisfactory but height (EL. 540) was insufficient Photo 7459• 
(Photo 7459), while the left trammg wall was satisfactory (Photo 7460) both Photo 7460, 
in ahgnment and height (E L. 560), except for the case of "hurdlmg" at maximum 
flood wrth combined underslmce and overflow discharges This could be avmded 
only by avoiding the operation either of the end slmces or the end crest bays. 

On the upstream s1de, the flow near nght retaming wall was satisfactory. 
However for the left wmg wall, the ahgnment of which follows the general upstream 
section of the earth dam (see Frgure 5a), there IS mtroduced a substantJal rotary F1g. Ga. 
motion to the flow coming from sideways to the end section of the sprllway. This 
resulted in the appearance of a strong eddy at the corner prominently visible under 
cond1t10ns of underslmce discharge only with crest gate closed. The· SIZe of the 
eddy was comparable to the overall size of the sluice cross-sections. It was formed, 
then " sucked in " m one of the end sluices and then formed agam, the cycle lasting 
for ·about a minute. This feature was a little undesirable, but could not be avoided 
with a wing wall of the type put in. It was not serious however, as putting trash 
racks for the end slmces would stop any tendency of floatmg logs from bemg sucked 
in, or alternatively, the 3 or 4 left sluices should not be operated when the upstream 
W. L. is in the neig~bourhood of EL. 590 to 610. 
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· f d th t in the absence of overflow In tests on the scourmg tendencies It was oun a f d t th 
discharge while the toe of the dam below the upturned slwces was sa e ue 0 e 

than m. the case of the con-atrong return roller the scour downstream was more h 
ventional slwces. I~ the case of oombmed slwce and crest discharge, however, t e 
maximum scour was about the same for both these types, bemg about 50 ft. at a 
distance of 350 ft. from the toe of the dam. 

For the central spillway blocks, the absence of. protection at the toe caused 
local scour of the order of 20 ft but with the proVISIOn of a bucket np such scour 

Photo 257. appeared (Photo 257). 

(ii) Series II-The tests of tills senes with flared outlets showed that the 
maXImum scour could be reduced from about 50 ft. to 25 ft. only by flaring the 
outlet. The upturned sluices with flared outlet were found no less efficient than 

J'•g 6. the conventional sluices with outside bucket, agamst scourmg tendencies (Figure 6). 

(iii) Series III-In this series four cases of the outside bucket II-V were tested 
(Figure 7) in addition to tests on bucket I as given in the design supplied. The 

l!'.g. 7. tests showed that the bucket as per supplied design was the most satisfactory under 
the present tailwater conditions. 

Water Profiles and Aeration 

The aeratwn for the central upturned slwces was found to be very satisfactory 
in the absence of overflow discharge. For the conventwnal slwces no extra aeration 
1s possible, except for the high velocity stream from the trajectory bucket n&mg 
very h1gh due to the end lip angle of 40•. 

On the downstream side, near the nght and the left traming-walls, the water 
1!'1gs. s & 9. profiles are shown m figures 8 and 9 under combined flow conditions both when the 

end sluices and the end crest bays were operatmg separately or jomtly. These 
show that maximum wall height of EL. 560 on the left and EL. 550 on the nght 
would be sufficient If the end sluices are not operated under the maximum d1scharge 
conditions. 

Recommendations 

(i) On the upstream side, the retaining wall and the flank walls are satis­
factory. On the downstream side, w1th the end sluices closed under 
maXImum discharge conditions, the height of the left trammg wall as 
designed (EL. 550) was sufficient. The elevation of the nght trammg 
wall however may be kept at EL. 550 as agamst 540 designed). It the 
end bays and sluicE:s were to be operated at maXImum flood, the walls 
would have to be raised to EL. 575 on the left and EL. 570 on the 
right. 

(ii) For the divide walls between spillway. blocks contaming the two types 
of sluiceways, a height up to EL. 530 is recommended, the walls bemg 
extended up to the end of the bucket. 

(iii) The 5~ ft. radius bucket wit~ 40• lip angle as per C. D. 0. design is 
sufficient from the pomt ~f VIew of a good 'throw' of the jet overlymg 
a strong return roller wh1ch would pile up scoured material at the toe 
of the dam thus rendering it safe against undermining. 

(iv)' The protective work at the toe of the central block which would be 
unnecessary in the absence of overflow discharge can consist of a 35 ft 
long apron with 40 ft. radius and an end sill with top at EL. 510 For 
umformity of construction, however, the 50 ft. radms bucket as in 
(m) can be accepted being on the safe side. 

(v) On the upstream side, near the left flank wall, the five end sluices can .be 
protected by trash racks to provide against sucking action of the eddy 
observed or they may be kept closed for upstream water elevations 
between 590 and 610. 
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Hirakud dam Left Spillway. 

Photo 7385 

ITDI NO. !l 

A. R . T , 1951 

Hirakud Dam - Left Channel Spillway. Final layout with central 
Upturned blocks. Model looking Upstream. 

Photo 257 
Control of scour below central blocks. 35 ft apron. Scour with 
combined rlischarge over crest and through sluices. Upstream 

W. L 630, Downstream W. L. 535. 
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KAKRAPAR WEIR PROJECT ON RIVER TAP!, ETC. 39 

10. KAKRAPAR WEIR PROJECT ON RIVER TAPI-TESTING OF ALTERNATIVE ALIGNMENTS OF 
WEIR, AND LOCATION OF SCOUIUNG SLUICES AND REGULATORS 

The Kakrapar weir hydraulic model tests were taken in hand in November 1951 
with the terms of reference as follows:-

1. Studies of Weir Sections and Aprons 

With discharges varying from 6 lakh to 12 lakh cusecs, the expenments are 
:required to be earned out to obtam mformat10n on the followmg-

(i) Freedom from subatmospheric pressures on the weir profile and the effect 
Of reducing the radius of the arc upstream of the top of the crest. 

(ii) Sufficiency or otherWise of the length and arrangements of the apron at 
the rear of the weir. 

(iii) The afflux and the elevations for different nver discharges. 

(lv) Necessity or otherwise of the end sill and pressures on the front face and 
the rear face of the sill. 

(v) General adequacy of the weir arrangements. 

(vi) Effective discharge for the diffe;ent lengths of weir, i.e., the inclmed and 
the straight reaches. ' 

·2. Studies tot Protection Measures for the River 8ank on the Right 

The nght bank is curved and has considerable overburden. StudieS are to be 
made for protection measures whiCh may be necessary to prevent further erosion on 
the right side of the weir . 

. 3. Studies on Regulators 

The left bank regulator is designed to carry 3,000 cusecs. It is located on sohd 
rock and the channel water is to be fiumed m the head reach. It IS to be exammed 
-whether any energy-dissipating arrangements are necessary. The afflux caused 
hy the regulator is to be examined, and it is to be determined whether the bottom 
of the breast wall could be made elliptical Without increasmg afflux 

For the right hank regulator, rock is met w1th at EL. 150 and the canal discharge 
is proposed to be 1,000 cusecs. The design is to be tested for general adequacy. 

f. Relative Location ()f Weir, Regulator and the Soouring Sluices 

The locatiOn of the scounng sluices in the weir With respect to the location and 
the angle of offtakes is to be studied, with a view to satisfactory freedom of canal 
-water from sand and silt. 

5. Scouring Sluices 
!Experiments for pressure dtstributiOn, discharge ooeffic1ents, and protection 

measures downstream are to be made 

' The model tests were planned over a composite model to G. S. scale 1.100, 
-the necessary sectional models of we1r sections generally of G. S. scale 1·40, and 
regulator and scounng sluice models to G. S scale 1:24. Herein is reported the scope 
of tests as made up to the middle of December 1951. Subsequent tests includmg 
those on different weir alignments will be reported later. 

The river at Kakrapar weir Site IS about 2,500 ft. Wide and the general con­
'figuratiOn IS shown m a copy of an aenal photograph (Photo 726) Upstream of the Photo 726. 
weir site, the river With its general flow westwards, has a very fiat slope and very 
little curvature and has a sandy bed with high stiff banks on both stdes. The axis 
10£ the werr is placed where the river L~ crossed by transverse dykes gomg down 
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h 0 osed we1r s1te for five miles or so, the bed 
the river bed. Downstream of t e pr P f 5 ft' · height There IS a very 

t · d k t ps of the order o . m · cons1s s o! expose roc ou era b 1 w turnmg the nver channel 
pronounced curvature of flow from about H m1les e o • . 
almost southward, followed by another bend turnmg the nver back to westward 

h th · t b th Moticher Nala, a small we1r across wh1ch Will form 
w ere e nver 1s me Y e h b d consists of exposed 
a balancing reservoir. The entrre portiOn of the s arp e~d f 11 f th ord f 
rock over a w1de area of the channel wh1ch has a very rap1 a o e er o 
6 ft. per mile. The nver, m this stretch, fonns rapids dunng w;nter. 

' 
Just below the axis of the weir, wh1le the exposed rock dyke extends from the 

left bank nght across the nver, 1t d1ps agam Just near the nght_ bank, not commg 
out until about 4,000 ft. northwards. On the nght Side, there IS a local enclave, 
which has been• caused by s1de erosiOn of the overburden of the nght s1de h1gh 
bank. This· has taken place durmg high floods. The deepest bed level of th1s. 
enclave is about R. L. 137 (as shown on contoured plan). The mam channel of the 
nver Tap1 is much deeper, about R. L. 125. Both upstream . and _downstream of 
th1s enclave the nver flows in straight reach. When the wetr IS bmlt to R. L. 155, 
the flow over the we1r during floods would be centrahsed as shown 15y model tests. 
and the tendency ·of the h1gh velocity flow to take a curve towards the right bank 
to attack the enclave would be much reduced. There is thus no danger to the nght 
bank. 

The alignment of the weir and the !ocat10n of the scouring sluices and the 
Fig. 1. canal head regulator as proposed 1s shown m Figure 1 The general bed rock level 

outside the deep sect10ns IS E L. 150 The we1r crest IS kept at E L 155. The 
sections of the we1r are of four types depending upon the bed rock level. The main 
central port10n of the weir 1s of type IV w1th its downstream apron level at R. L. 
125. The other three types have flatter sect10ns, type I bemg flattest wtth the crest 
at E L. 155 and bed at E L. 150, and constitutes the type for a large part of the 
proposed flank weirs. 

Composite Model 

The model lay-out IS shown m F1gure 2 representmg 3,000 ft. upstream and 
4,000 ft. downstream of the we1r. The discharge was measured by a 2 5 ft. S.W.F. 
wh1ch led the water mto the model through stillmg gnds and booms. 

The straight reaches of the we1r of different types, as well as the scouring slmces 
and canal regulators were constructed of wood. The curved transitions between 
the straight portions were cast m cement concrete and the whole we1r nxed m place 
With its crest at E.L. 155., • · 

The bed was laid to contours in 1/8 mch to 3/8 mch gravel.' The rock outcrops 
were represented by 1/2 inch stone pieces. For some of the final tests the area 
round the canal regulator was made of cement plaster, accordmg to rock levels. 

In view of the fact that the downstream bend ~f the nver IS sufficiently far 
downstr7am and the nver has little curvature upstream of the weir for some 
distance, the problem of silt exclusiOn is principally a problem of the weir alignment. 

Effective Length of the Inclined• Reaches of the Weir 

The total length of 4,213 ft of the Weir consists of a normal reach 1 006 ft 
long, and inclmed reaches 1,374 ft on the nght flank and 1,833 ft. on the l~ft. Of 
the normal reach of 1,006 ft , 900 ft. consists of weir of type IV .section with down­
stream apron at E L. 125, and the rest 106 ft. consists of we1r of type III sect10n with 
downstream apron at E L. 135 The discharges as measured m this model agamst 
different upstream water levels and correspondmg downstream tail water levels 

F 3 are shown in Figure 3. Ig, • 

The velocity heads in different locations of the weir are different To take 
a smtable mean velocity head, m order to be able to make use of the discharge 
coefficients obtamable from section models, the area of the nver cross-section at 
400 ft. upstream of the we1r, for 2,200 ft. of nver width, was obtamed for different 
water levels, and the mean velocity heads were obtamed on the basis of the observed 
discharge as shown in Table 1. 



Photo No 726. 
Aerial photograph of river Tapi at Kakrapar 

Weir Site. 

ITEM No. 10. 
A. R, T, 1951 
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TABLE 1 

Upstream R.L Area. Q v. Vm1J2g=hv 
(Sq. ft) (1akh cusccs) (ft.f••• ) (ft.): 

. 
182 1,06,700 H2 13 3 2•75 

180 '• 1,02,300 13 3 12 9 2 60 

175 91,300 95 10 ~ 160 

170 80,300 6~ 79 0•95 

165 69,600 36 52 0 ~0 

160 59,000 1•5 2·55 010 

The coefficients as obtamed from type IV we1r section (the deepest section) for 
different heads were obtamed from the sectwnal model. Smce the d1schargmg 
.capacxty of type IV would naturally be larger than the shallower types I, II and 
III, the effect1ve length of the mchned flanks of the we1r rs best expressed as a 
percentage P m term of a comparison between the following-

Compare-

(r) The central reach of 1,006 ft., and 

(u) the flanks totallmg 3,207 ft as placed actually m the straight reach, 

With 

(I) central reach of 1,006 ft. of type IV section, and 

(u) 3,207 ft. x P per cent of addrtwnal straxght reach assumed to be of the 
same drschargmg capacxty as type IV 

The percentage effective length is expressed as follows-

P per cent=100 x 
where Q=total discharge, 

Q- 0 X 1,006 X (D1 + h,)'l' 
C X (D1 + h,)'l' X 3,207 

C=drscharge coefficrent as obtamed from type IV. 

The percentages are grven m Table 2 and Frgure 4. 

TABLE 2 

Upstream R.L. Q C (Type IV) 
(Ia.kh ousccs} 

181 9 14 2 J•84 

181'5 13•8;) 3•89 

176 9 101 3 87 

17!•8 7'0 372 

165•2 40 3 40 

160 9 184 317 

b, p 
(per cent) 

2·72. 41 

27 J9 

1·8 39 

1 1 46 

0•5 74 

0 12 90 

It wrll be seen that the percentage effective length on the basrs explained is 
40 per cent for the higher floods, nsmg to h1gher values as the flood level goes 
down At small floods, the effective length rs much nearer umty, t e, as free flow 
{:Ond1trons are approached. The high angularity of approach and the very shallow 
flank weirs due to wh1ch the flow to a large extent was far from normal to the flank 
resulted m the great reductwn in the effectiveness at higher floods. 

As explamed above, the 40 per cent effective length at high floods IS on the 
basrs of a comparison of the flank we1rs wh1ch are on shallow foundations w1th the 
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Ltype IV section which 'is on the deep section of the nver. When the lesser­
coefficients of discharge over shallow weir sections are taken account of, the effective 
length would be slightly more than 40 per cent. From the_ pomt of view of overall 
efficiency of the werr, it is not of much mterest to go mto this pomt any further. 

Location of Undersluices-Right Flank 

Due to the very favourable curvature mduced by the already existmg small 
channel on the right flank, the location of the undersluice at the downstream end 

. of this channel and the canal offtake on the outer side of this bend was quite 
, satisfactory, as the bed matenal was deflected away from the regulator and flowed 

Flll\:
1
.<a) &into the nver through and near the underslUlces-vtde Figures 5 (a) and (b). 

Location of the Undersluices-Left Flank . 

On the left flank, there is a long approach channel to the regulator, runnmg 
parallel to the flank weir, and the undersluices are located near the entry to this 

F,g. 1 channel, and on the left flank bend (Figure 1) while the undersllllces are placed at 
a fanly favourable locatiOn for the bed flow, the flow at the end of the approach 
channel just upstream of the left regulator became rather slack. This was conducive 
to silting due to the settlement of the finer sediment, though bed sand was hkely 
to be excluded to some extent. This high angle for the flank weir was thus entirely 
incompatible with a satisfactory sand excius10n. Tests were therefore directed 
towards a straighter reach of the werr alignment II, keepmg in view that the 
upstream maximum afflux should not exceed the design R L. 182. Further tests on 
these lines are in progress, consequent on the subsequent proposed decision to take 
only one canal carrying 4,000 cusecs from the left bank. 

Studies on Different Weir Sections of the Composite Weir 

The discharge characteristics of the sectiOn of the composite weir of. different 
types (Figure 6) were obtained m sectional models bUilt to G. S. scale 1 . 40, under 
normal flow conditions. It was difficult to apply these results directly to the 
inclined flanks of the weir With any certainty smce m the actual composite model, 
the flow is at a very much acute angle to the flanks, and almost parallel to the weir 
for a long reach. Smce the effective length of the inclmed reaches was low partly 
due to too acute an angle and partly due to the shallow approach over the type I 
and type II sectiOns, these results from the sectional models were helpful in givmg a 
correct idea of the effective length of the inclined reaches of the weir, as well as the 
scouring tendencies. 

The tests were made with different upstream and downstream water levels, 
the maximum upstream water level R.L. 182 correspondmg to the maximum 
downstream R.L. 169. Due to the high afflux the discharge coefficients were 
sufficiently independent of the tail water. 

F1g 7. The pressure~ (Figure 7) were fairly satisfactory for type IV section, bemg 
nearly atmosphenc, and not more than about 2 ft. below atmospheric pressure. For 

F•g•. s & the shallower sections types I and III [Figures 8 and 8(a)] there existed a region 
8 (a). of negative pressure on the crest whiCh however would not exist in the actual 

composite weir due to the high angulanty of flow. This regiOn of negative pressure 
on the shallowest section however can be avOided by incorporatmg a flatter curvature 
on the crest. 

I'lg. 9. The discharge coefficients are shown in the Table 3 and Figure 9. From the 
point of VIew of designed afflux, the discharge coefficients as obtained were 
satisfactory. 

TABLE 3--Discharge coefficients 

Ujs W. L. Djs W. L. V'f2g Total HeM q c 
(ft.) (ft.) (cu.jft.) 

Type I 18204 169 0 880 35•85 762 365 
181•96 169•0 8·32 36·3 739 3•52 
175·00 160 0 6·05 26•05 494 3 70 
170 2 1M8 3•62 18·8 309 3 70 
165·0 U9·8 1-63 11•5 U8·6 3•81 

Type ill 182 2 169 2·39 29 55 625 389 
179·95 166 1·98 26 95 - 3•89 
175•1 159•8 1·33 21•40 400 4•04 
170 2 154·8 062 15 so 241 3·80 
165•1 1*9•8 0•20 10•30 1185 3•60 
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KAKRAPAR WEIR PROJECT ON RIVER TAPI, ETC. 43 

TABLE 3-Discharge coeffietents-contd. 

U}s W. L. D}s W. L. V'f2g Total Hoad q 0 
(ft.) (ft.) (co Jft.) 

Type IV 182·1 169 1-44 2855 58() 3 8() 
180 4li 166 3 132 26 75 537 3•87 
174•95 159 8 ()•72 20•70 358 3•51 
170·1 154•8 032 15•45 215 S•GQ 
165·0 155 007 10•1 104 3•22 

The 20 ft. apron length as designed was found rather short. B~tter results 
were obtained with 30 and 40 ft. long aprons (Figures 10 and 11). In the prototype Fogs. 10 & u. 
however because of the hard rock, 1t has been proposed that the construction of the 
end sill would be omitted at first keepmg the shorter length of apron, and the 
actual resistance of the bed rock under tlus condJ.tlon in the prototype could then 
be observed during the floods before making the final decision on puttmg the end 
sill. 
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Photos 823, 
824, 825 & 

828. 
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11. DISCHARGE CHARACTERISTICS OF THE DESIGN OF PROPOSED KOTAH BARRAGE ON THE 

CHAMBAL 

The Chambal valley development is enVIsaged in three stages, VtZ. :­

(1) Barrage on the Chambal nver near Kotah (RaJasthan), 

(2) Gandlusagar Dam (Madhya Bharat), and 

(3) a dam at Rawatbhata (Rajasthan). 

- - . -
Study of certam features on the 1st stage of the ProJect, viz., the barrage was 

referred to C. W and P.~ Research Station, Poona in 9ctober 1951. Thill note 
presents results o,btamed w1th the sectional model of the barrage built to 
1/40 geometrically-similar scale. 

J Site of Barrage 0 

The Kotali 
City {Figure 1.). 

Barrage site IS about 8 m1les downstream of the Kotah 

r 
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" 
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The L-profile of the bed of the nver shows that deep pools m the nver are 
mterspaced with barners wh1ch mamly consist~ ot exposed rock. The barrage s1te 
IS located at one such barner-vtde Photos 823, 824, 825 and 828 Between the barrage 
and the city, anothH barner exists whiCh IS about 3~ miles upstream where the 
railway bndge IS located. As the nver has come out of the gorge only a few miles 
upstream of Kotah, the slope of the nver is steep and is about 1! ft. per mile. W1th 
the maximum water level upstream of the barrage at R L. 818 It has been calculated 
that back-water effect would extend up to the railway bndge. 



Chambal River at the Proposed Barrage Site near Kotah 
( Rajasthan ) 

Photo Nos. 824, 8 25 
Looking across the Cham bal River towards the Left 

Bank Just above Kotah Barrage Site. 

Photo No 823 
River bed at Barrage Site looking 

towards left bank. 

r - - · · ·-----· ---· ·----- - - ----- ---, 
1 
I 

Photo No. 828 
River bed in the vicinity of the proposed 

Barrage is strewn with big rocks. 

ITEM No. 11. 
A. A. T. 1951 . 



Photo Nos. 829, 830, 831. 
View of the river reach at the Barrage Site. Photo looking 

towards left bank. Note the bank which is sloping at 
3 : 1 on the left changes to steepen slope 

towards the right due to change in 
the river curvature. 

,._ 
·--:~ 
!"f'IS 
.,.3: 
:.z .:) . .,. . ... -. :"' 



DISCHARGE CHARACTERISTICS OF THE DESIGN OF PROPOSED KOTAH B~RRAGE, ETC. 45 

Salient Features of the Barrage 

The catch~ent area of the nver above the proposed barrage site IS 10,670 square 
miles. The h1ghest water level m the nver take!\ IS R L. 815. W1th a max1mum 
permiss1ble affiux of 3 ft. the max1mum upstream water level assumed in design 
IS R L. 818. The proposed barrage consists of 31 flumed vents 50 ft. x 27 ft. separated 
by 10 ft. wide piers. The total length of the barrage 1s 2,098 ft. (mcludmg abut­
ments). The vents are flumed at top by prov1dmg a bellmouth with Its top 
transition, startmg from E. L. 818 and gradually commg down to E. L. 806 about 8 ft. 
upstream of the gate. The vented design of the barrage is mainly wtth a vtew to 
reduce the height of gates-one of the costly 1tems. The weir is designed to have 
a 19-ft. high sill at E. L. 779 With honzontal length of 20 ft. with 1:3 upstream slope 
and 1 · 6 downstream slope. The nver bed 1s at R.L. 760. A smgle row of 5 ft. h1gh 
stream-hned blocks IS provided at a distance of 17 ft. from the downstream toe 
of the glacis. The pakka pavement is contmued 50 ft. downstream of the blocks 
followed by 2 ft. thick rubble p1tcbmg for a length of 50 ft 

Object of the Experiments 

The followmg pomts were studied m the model With a VIew to determme the 
adequacy of the design-

(1) Affiux w1th maximum flood discharge and with correspondmg W L. in 
the nver downstream of the barrage. 

(2) D1schargmg capacity of the barrage With different water levels upstream 
and downstream and the number of vents reqUired to pass the maximum 
flood discharge. ' 

(3) Flood cond1t10ns on the downstream glacis and pavement with vanous 
gate opemngs. 

(4) Pressure distributiOn m the bellmouth entrance of the vent. 

(5) Whether the profile of the barrage weir as proposed, together with the row 
of blocks IS adequate from the pomt of VIew of dissipatiOn of energy 
of flow and ehmmat10n of scounng tendency downstream of the pave­
ment. 

The Model 

The sectiOnal model of the barrage was constructed in a 3 ft. w1de and 60 ft. 
long flume-vide Figure 2 One full span and two half spans on either Side were 
reproduced m the model The actual Width of the flume was equivalent to 119 5 ft. 
while the clear waterway of the weir m the model was equivalent to 99 5 ft. On 
the nght side of the flume, a 10 ft. long glass sheet was fixed for visual observations 
of the flow cond1bons The discharge passmg through the barrage was measured 
over a Rehbock weir downstream. .The top transitiOn of the barrage vents was cast 
separately. Piezometers we1e located at sUitable pomts on the top transition The 
barrage gates were provided with an arrangement to obtam any pre-determmed 
opening of the gate. 

The Experimental Procedure 

Photo• 700, 
804, sos, oon, 
967 & U71. 

F•~· 2. 

The rating curve for the nver (Figure 3) was not available before the experi- F1g, 3. 
ments with the ongmal design were complete. The only informatwn available 
was, that, for design purposes for a maximum flood discharge of 10 Jakh cusecs, a 
flood level of 815 0 downstream was adopted Hence m the ear her expenments the 
water level upstream of the barrage was restncted to R.L. 818 0 (the designed 
maximum water level upstream of the barrage) and the dischargmg capacity of the 
barrage vents was observed for vanous water levels downstream of the barrage 
(corresponding to different degrees of submergence). From these observations the 
discharge per foot width of the barrage vent was worked out 

Similar_ procedure was followed With 75 per cent and 50 per cent gated flow 
(both with upstream water level.-= 818 0). Pressures on the transitions of the vents 
and water profiles were observed in almost all cases. Flow conditions on the down­
stream glacis and the pavement was also studied With each set of water levels 

10 A 



Fig, 5, 

46 CWPRES ANNUAL REPORT (TECHNICAL), 1951 

Results 

Tables 1 and 2 and F1gures 4 to 6 show the results obtained. 

Table 1 shows the discharge per foot w1dth of the barrage vent with 100 per 
cent gate opening. 

In these expenments discharges were observed w1th upstream water level at 
818 0 and vanous water levels downstream of the barrage. The coefficient of 
discharge was 3 09 w1th downstream water level at 814 (drowning ratio=O 90). W1th 
downstream water level at 815 0 (the reported maximum water level in the nver) 
and upstream water level at 818 0, the d1scharge of the vent was 770 cusecs ft. The 
coeffic1ent under th1s cond1t10n was 2 9 w1th the drowning ratiO of 0 93. The 
d1schargmg capacity rapidly decreased for water levels higher than 814 0 due to 
h1gh submergence (F1gure 6). Discharges obtamed w1th upstream water level 
restricted to 818 0 and w1th 50 per cent gate openings are given in Table 2 and are 
plotted in Figure 5. 

F•ge. 9 to u. F1gures 9 to 11 show the water profiles and scour obtamed with various gate 
openmgs. 

Pressure Distribution in the Bellrnouth Transition of the Vent 

Pressure d1stnbutwn was observed for two conditlOns­

(1} Upstream water level 818 and downstream 815, and 

'(2) upstream water level 815 and downstream 812. 

Between the bellmouth entrance and the gate the pressure were all positive 
varying between + 4 0 to 0 0 at the gate Only JUSt downstream of the gate slot 
due to separation negative pressure was observed, but 1t was w1thin about -4 0 ft. 

F1g, 12. (F1gure 12). 

Flow Conditions 

Just upstream of the breast wall the water profile slightly rose towards the 
breast wall. At the wall itself, the extra ponding corresponded the velocity head, 
as usually happens with part-gate openings of slmce gates. This extra veloc1ty 
head 1s to be taken mto account m the design of the height of the breast wall. 

On the downstream glacis even w1th 1 6 slope the flow d1d not follow the 
glac1s but left the glac1s at about 30 ft. downstream of the gate slot. Injected 
sand particles (s1ze 1/4 mch to 3/8 mch} when caught in the return eddy rolled 
up the glac1s from the toe. Beyond the row of blocks the flow conditions were 
satisfactory as the flow was forward and was deflected towards the surface. 

No scour was expenenced m the erodible bed downstream of the pavement 
under mrunmum water level upstream and downstream of the barrage. However 
With lower water levels downstream a maximum scour of 8 ft. was observed. In 
order to further protect the pavement en?, a 3-ft. high deflector was tested ; a 
favourable return roller was obtamed ; th1s may be adopted At Kotah barrage 
site the nver bed is not erodible and hence this small depth of scour obtained m 
the erod1ble bed of the model may be considered as neghg1ble. 

Discussion of Results 

According to the rating curve of the nver supplied later, with water level in 
the river at Kotah at R.L. 815 0, the correspondmg flood discharge 1s 8·8 lakh cusecs 
only. It will be seen that-with this water level downstream of the barrage and 
w1th 3 ft. afflux (t.e, upstream water level 818 0) a discharge of about 38,500 cusecs 
is obtamed per vent (w1dth 50 ft.) and only 23 vents are required to pass the flood 
discharge of 8 8 lakh cusecs. The barrage profile was next modified, 

(1) to .observe effect of reduction of the length of the barrage, 

:2) to Improve the discharging capacity of the we1r if possible. 



ITEM No II. 
A. R. T. 195 1. 

Photo "N . s. 790, 791, 7 92 
De ig n A. O riginal gated flow ( 5 0 per cent of the ga te opening ) U. S. \ V. L. 818. o ; 

D /S. W. L. = 797. o, showing formation of s ta nding wave on glacis and 
smooth fl ow near bed dow.nstream of _the pa,·ement. 



Photo No. 971 A-B 
Design D. U/S VV. L. = 820; D/S VV. L. = 818, s ho\\'ing bed material 

rol ling up the g lac is near 20 feet from the gate. 

Photo Nos. 804 A. B 
Design A. Original Design-Gated flow ( 25 per cent ga te opening 

U/ S W. L. = 818. o; DIS W. L. = 792. o, shows Satisfactory fl ow 
Downstream of the P avement. 

Photo No. 808 
Desig n A. Origina l Design U; S Vv. L. = 818 o; DIS W L. = 8 15. o, 

showing existence of return eddy on the bed of the g lac is 

ITEM No. II. 
A. R T, 19S1 



Photo No. S·() G 
Design D showing model 

loo~<i .1g upstream 

\ 

Photo No. 9 6 7 
Design D -showing model looking downstream 

I TF~ I ~.~ II. 
A R T. 1951 . 
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Alternative Barrage Weir Profile B (Figs. 6 and 8) F~go. 6 & s, 

In th1s destgn the honzontal length of the s11l was reduced from 20 ft. in the 
·original destgn to 10 ft. The downstream glacts slope was steepened from 1 m 6 
(t-e., 1 v~tlcal in 6 honzontal) to 1 m 5. Thus the total wtdth of the barrage section 
was reduced by 29 ft. as compared to the ongmal destgn. Results obtained are 
given in Table 3 with water levels 818 0 upstream and 815 0 downstream; the 
d1schargmg capactty improved by only about 5 per cent. This did not give 
sufficient Improvement. Due to steeper glacis slope m this des1gn the back roller on 
the bed of the downstream glacis was more pronounced and the slight improvement 
-obtamed m the coefficient was solely due to the reduction of the stll length from 
.20 ft. to 10 ft . 

. Alternative Barrage Weir Profile C (Figs. 6 and 8) F•g•. 6 a: s. 

In this design the downstream slope was kept 1 m 5 as in we1r profile B ; 
.but the upstream slope was changed from 1 in 3 to 1 m 2. The Sill length was 
:further reduced to only 2 ft. (JUSt to allow for the gate seat). The upstream and 
downstream slopes were jomed to the sill by curves of 20 ft. and 40 ft. radtus 
.respectively. 

Figure 7 shows the dischargmg capacthes obtamed in designs A, B and C. Fig. 7, 
'They show that with steeper upstream and downstream slopes, and shorter crest 
lengths the coefficient of discharge and the discharge per foot w1dth, of the vent 
markedly improved, but With higher submergence over 92 per cent the dtfferences 
become less promment due to the sharp fall m the discharge coeffic1ents. This is 
.also accompanied by unfavourable flow cond1t10ns on the glacis downstream 
in that, with the steeper downstream glacis slope the bed filaments 
leave the glac1s earlier and the return eddy reg10n moves up the glacis. This is 
also accompamed wtth increased strength of the return eddy which will roll up 

:stones of H ft. diameter up the glaciS and may cause abraston ; but m th1s case, 
the nver in flood IS not reported to carry large-sized boulders, whtch are more 
hkely to be caught up in the numerous pools upstream. 

Flow round the ease-water of the piers was improved by rounding the down­
·stream edge of the Pier with 1 5 ft. radms in plan. 

Stage Discharge Curve of the River 

From the stage discharge curve supplied, the river ruscharges of the channel 
at different water levels at Kotah are-

Stage DlScbargo in Lakh ousoca 

819 99 

818 9 62 

817 9 36 

816 919 

815 8·85 

Hence in the design C, htgher water levels downstream of the barrage than 815 0 
were tested. In addition, dischargmg capacity of the barrage with upstream water 
level 819 0 and downstream water level 817 0 was also observed. Under this 
-condition the discharge per vent obtamed was (Table 4) 31,900 cusecs and about 
:30 vents will be required to pass a flood ruscharge of 9 4 lakh cusecs. 

Alternative Barrage Weir Profile D (Fig. 8) Fig. s. 

This design differed from design C in that the length of the sill was increased 
from 2 ft. to 5 ft. keepmg the upstream and downstream glacis the same, viz., 1 in 

:2 and 1 in 5 respectively. Results obtained are gtven in Table 5 and Figure 13. F1g. 13. 
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In these expenments upstream water level was restncted to R.L. 820 0 and various 
water levels downstream of the barrage were mamtained. The discharges obtamed 
under these cond1t10ns show that with upstream water level 820 0 and 3 ft. afflux 
the d1schargmg capac1ty of the vent 1s lesser by about 4 5 per cent as compared to 
equal afflux but w1th upstream and downstream water levels at 818 0 and 815 0 
respectively, as w1th h1gher water levels, the submergence rat1o mcreased, so that 
the discharge coeffic1ent decreased shghtly. 

F·~· s. Alternative Barrage Weir Profile E (Fig. 8) 

This design E d1ffers from des1gn D m only having Its downstream gla?is being 
1 : 6 mstead of 1 . 5 as in des1gn D, the crest bemg 5 ft and upstream glaciS 1 : 2 m 
both cases with same downstream protection. Table No. 5 gives the discharge 
values for design D and Table No. 6 those of des1gn E. 

It will be observed that for all practiCal purposes regardmg d1scharge, the two· 
designs can be considered eqUivalent. 

The des1gn E for the we1r profile IS recommended for economy and satisfactory 
performance. The upstream glac1s of 1 · 2 used m th1s des1gn can however be 
replaced by 1. 3 as used m the ongmal design, If desired, Without any s1gmficant 
difference m the d1scharge characteristics. 

Consideration of Results 

It Will be evident from the resultS of the foregmng expenments that upstream 
water level cannot be fixed at 818 0 WJth flood discharges of 10 lakh cusecs unless 
the number of vents provided IS increased cons1derabTy. Or, alternatively the 
maximum water level upstream may be fixed at R L 819 0 m which case a discharge 
of nearly 9·5 lakh cusecs would be passed with 30 vents. Thls is suitable because 
the maximum permissible upstream water level IS 820 0 at the barrage and the 
back-water effect will extend up to 6 ffilles only, whereas Kotah C1ty is about 
8 miles above barrage. 
p 
~~ 

This however does not take mto account the flood moderation which will take 
place due to constructiOn of dam or dams upstream of the barrage, but If the 
constructiOn of the barrage precedes that of the proposed dams or If their con­
struction ~~ deferred for a considerable penod, a proviSIOn to pass the full maximum 
flood discharge appears necessary. W1th the proposed Gandhisagar Dam the . ' flood Will be moderated to about 7 5 lakh cusecs. 

Conclusions 

As seen above, 23 vents will be sufficient to d1spose of a flood correspondmg to 
nver R.L. 815, w1th an afflux only 3 ft, upstream water level bemg R.L. 818 where, 
from the rating curve the discharge appears to be 8 8 lakh cusecs. For h1gher floods 
however, water level downstream of the barrage Will be h1gher than R.L. 815 
so that the d1schargmg capacity per vent Will be lesser If the same upstream water 
level IS assumed, VIZ., 818. For example, for disposal of a flood of 9 5 Iakh cusecs 
the downstream water level will be R L. 817 and It Will be necessary to have 
45 vents with 1 foot of afflux (upstream R L. 818), 30 vents for 2 ft. afflux (upstream 
R L. 819) and 25 vents only for 3 ft afflux (upstream R L. 820). 

In such a case, therefore, when a large flood of 9·5 lakh cusecs is adopted for 
?esign, the upstream peTmissible level also should be rmsed to R.L. 820 Smce 
1t 1s known that WJ~h a 3-ft. afflux at the barrage s1te the back-water effect does 
not reach beyond railway bndge 3 miles down from the c1ty, the designs on the 
bas1s of permJSSJble upstream R L. 820 should be cons1dered acceptable. 
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Senal Gat.e 
Q-from No. 

U/S W. L. D/S W. L. q Yeut q bt\rrago Q pot vent. ratmg 
No. Oponmg (oUdO<lSJft,) (o .. eoaJft.) (ouscc•) c of v .... nt.~ cunu rt-qutrod 

11\"'-h OU$CC8 

TABLE 1-Kotah barrage anginal destgn 1140 scale sectwnal model. Dtscharges wtth 
dtfferent aff!u.x-wtth U IS W.L. 818 

1 100% 818 0 814•76 75S 631 37,900 2•f'1} 8•80 ~3 ~ 

2: .. .. 81512 775 6!5 38,700 Jo!h) 8 so 23 :l 

3 .. .. 81184 77S 648 Jh,U•JO 2•07 8 so 2.!•7 

4 .. .. 81l50 8.)3 686 41,200 311 8 "'•) 20'0 

5 .. .. 810·04 841 700 42,000 3 17 7•GS IS 0 

6 .. .. 807•44 859 71G 43,000 :>·23 6•0.! 16•1 

7 .. .. 805·00 860 717 43,000 3 23 6•.!8 u·o 

·~ABLE 2-Discharge with dtfferent tat! water elevattons with U IS W,L. 818, origmal 
destgn. 

1 50% SIS 0 814 9 1G1 126 1•2! 

2 .. .. 810 0 238 198 194 

J .. .. 8050 338 2SJ 2•74 

4 .. .. 800•0 400 333 3•22 

r. .. .. 7950 400 332 3 22 

6 .. .. 7900 400 332 3 22 

TABLE 3-Kotah barrage. AUernatwe design B. 1140 scale sectional model. 

• 
l 100% ~IS 0 815 00 8480 7060 42,400 3 19 8 85 20·8 

2 .. .. 812 5 936 0 779 0 46,800 346 82 

3 .. .. 810 0 948 0 789 0 47,400 3 49 7 58 

4 .. .. 807 5 966 0 80!0 48,300 3 55 

5 .. .. 8049 974•0 811 0 48,700 3 57 6 29 

TABLE 4-Kotah barrage Alternattve destgn c. 1140 scale sectwnal model. 

1 100% 818 0 817 0 535 441 26,7.30 2 12 D 3.J 34 OG 

• 

2 .. .. 816 0 709 591 3.J,450 274 9 09 2»·60 

3 .. .. 815 0 794 662 39,700 3 02 8 83 2.! 2! 

4 .. .. 812 0 984 819 4Q,200 3 60 800 

5 .. 819 0 817 0 638 531 31,900 2H 9·35 29•0 

• 
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Gate q vent q ba.rra.ge Q per vent 
Opcrung UjS W. L. DJS W. L. (cUBecsjft.) (cusecsjft.) (cUBecs) c 

Q from 
ra.tmg 
curve 

lakh cusecs 

No. 
of vents 
requited 

l'ABLE 5-Kotah barrage. Alternative deStgn D. 1/40 scale sectional model. 
1 

2 

3 

"4 

6 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

100% 

" 

" .. 
" .. 
" 
" 
" .. 
" 
" 
" 
" 
" 
" 
" ,. 
.. 

8200 

" 

" 
" .. 

818·00 

815•0 

820 

820 

820•4 

819 9 

820 1 

8200 

819 0 

819·0 

819 0 

818 0 

818 0 

818·0 

819 0 

818·0 

817•0 

8160 

8150 

815 0 

810·0 

818·0 

817 0 

8162 

8161 

81G 1 

815 0 

817 0 

816•0 

815 0 

817•0 

816•0 

815•0 

466 

656 

758 

891 

927 

828 

848 

688 

770 

869 

877 

880 

960 

723 

858 

948 

570 

739 

930 

388 

548 

831 

742 

772 

690 

707 

673 

641 

724 

730 

733 

799 

802 

715 

789 

475 

616 

774 

23,300 

32,800 

37,900 

44,550 

46,350 

41,400 

42,400 

34,400 

38,500 

43,500 

43,900 

44,000 

48,000 

36,200 

42,900 

47,400 

28,500 

37,000 

46,500 

2·31 

2•71 

309 

3·22 

3·13 

3·54 

249 

3•02 

3•09 

3·09 

3•32 

2•70 

3·13 

3•39 

2 25 

2•84 

3•45 

9•9 

9 62 

9•36 

9•12 

8•85 

8·85 

425 

29•3 

24•7 

20•5 

0 0 • 

9 62 28·0 

9•36 24•5 

9·12 21·o' 

9•12 / 21·0 

9·12 21•0 

8•85 18•1> 

9•36 ' 26·1} 

9•12 21·5 

8•85 191} 

9•36 33 0 

9•12 25·0 

8 85 19 0 

1 

2 

3 

TABLE 6-Kotah barrage. Alternative des1gn E. l/40 scale sectional model. 

4 

5 

06 

7 
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10 

Il 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
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" 
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" 
" 
" 
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(iii) DIVERSION WORKS 

12. DETERMINATION OF AFFLUX CAUSED BY THE PROPOSED DIVERSION OF THE RIVER 
MA!fANADI DURING CONSTRUCTION-5TAGES I AND II 

Introduction • 

This repor~ refers• to a hydrauhc model for testing drverswn proposals m 
connection wtth construction stages I and II for the Hrrakud Mam Dam. 

The Hrrakud Mam Dam consists of two earth sectiOns and two concrete sections 
covermg a total length of about 16,000 feet. The nver Mahanadr m thrs area consrsts 
of two mam channels enclosmg between them the Hrrakud rsland ; the channels 
JOin about two mrles downstream of the axis of the dam, whrch cuts through the 
Hirakud island and hes at an angle to the nver (Frgures l and 2). F1g•. 1 • 2. 

On the left channel the concrete spillway dam IS to extend over 1,200 feet 
between the left earth sectiOn and the central earth dam and on the nght channel 
concrete structure consists of 720 feet of sp11Jway sectwn, 660 feet of power sectiOn 
and provrsion for a future navrgatwn lock. 

Whtle certam stretches of the nver channels contain a shallow layer of coarse 
sand, a large part of the bed consrsts of hard rock, and rock outcrops as hrgh as 
10 to 15 feet. The general slope of the nver m this area Is of the order of 4 feet 
to a mile The normal maxrmum flood IS proposed to be drsposed of by 40 under• 
slmces and 21 crest bays m the left channel sprllway, and 24 underslwces and 
13 crest bays in ihe right channel sptllway. 

The general bed level at site is E.L. 500; the general foundation level IS E.L. 490. 
The spillway crest is at E.L. 610, the normal maXImum flood level 1s RL. 625 whrle 
the maximum flood level for whrch the dam IS desrgned, IS R.L. 630. The top level 
of the earth dam IS at E L. 642. The underslwce srll 1s at E.L. 510, so that all the 
sluices are. near the bed allowing the optimum srlt scouring possrbrhtres. The 
maxrmum tat! water level is R L. 535. The terms of reference for thrs model were 
as follows·-

Wtth the construction stage I at E.L. 510 for the sptllway portions as well as 
stage II at E.L. 530, wtth a coffer dam round the power sectron, to determme: 

(i) the afflux, 

(n) the sufficrency and satisfactory performance of the alignment of the coffer 
dam, and 

(iu) the nature of flow and recommendations for avoiding unsatisfactory or 
senous flow condrtwns, if any. 

2. Model Lay-out and Construction 

The scale chosen for the model was 1/200 horizontal and 1/60 vertical. With 
th1s vertical exaggeration of 3!, the length of the sluiceway and the bucket m the 
direction of flow became correspondmgly shortened. In the diverswn stage I, the 
left channel and the right channel sprllways would act as broad-crested weirs m 
the prototype. For a head H of the order of 30 feet and breadth B (up to the sri! of 
the bucket) at 163·4 feet, the ratio BID is 54. With the exaggeration 3! m the model 
this becomes only 1 6 whrch IS somew!Jat less than that necessary for the structure in 
the model to act as a broad-creted weir. The affieux obtained from. This scale would 
therefore be slightly underestimated, and hence the expenments were repeated with 
a G. S. model of the we1r only-along the general normal to the axis-the rest bemg 
vertically exaggerated so as to ensure proper curvature. 

The model lay-out is shown in Figure 1. The model area represents about 3 miles r,g. 1. 
upstream and 2 miles downstream of the dam, in a length of about 150 feet. The 
dtscharge entered the model over two standmg wave flumes at the upstream end 
of the model from where the nver channel begms to brfurcate, before finally 
separatmg With two distmct ones at the nose of the Hirakud Island. The down-
stream headmg up arrangement was by means of battens across the river about 

34CW&PC II 
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Photo 408 half a nule downstream of the toe of the Hlrakud Island (Photo 408) where the two 
· channels have already JOmed to -form the smgle channel going to the Mahanadi• 

rail-road bndge site and Sambalpur beyond. 

Across the Hirakud Island m the model, the earth sections were laid m. semi· 
pervious, black cotton sou properly rammed up ~ E.L. 550 only. The sp1llway 
sections were made of cement concrete to the elevatiOn reqUired for. the two stages. 
The coffer dam round the power sect1on was reproduced by a vertical G. I. sheet 
accordmg to plan to represent the sheet p1le and connected end sections to represent 
the end earth sections were made in cement plaster. 

A representation of the model area was made out ~rom the 60 feet contours 
obtamed from a 1947-48 survey which demarcated the mam channels as well as the 
areas of extens1ve rock outcrops. 

The permanent banks of the river were represented by a thin vertical wall of 
cement plaster up to E.L. 550. The bed was made up mainly of about 1 /2 inch 
screened Khadakwasla sand overlaymg crushed murum properly rammed. The 
1slands were made up of murum, and in some areas adjacent to the earth, they were 
made up s1mply of black cotton s01l The sub-channels of the two main channels, 
along w1th the areas of the rock outcrops were properly demarcated near the spill­
ways w1th the help of the 1947-48 survey map; these channels were lmd w1th coarse 
gravel whlle the rock outcrops up to E.L. 520 were laid with 1 inch stone and 

' ' islands above E L. 520, whlch normally get s~bmerged m flood were maae up of 
1" -2" pebbles. 

The foregoing arrangement reproduced the general nature of the bed, 
viz., a bed load for high flood over the general reach, larger losses through 
the rock outcrops and a proper subdivisiOn of the d1scharge through the main 
channels. In a normal nver model where bed frrct10n plays a predominant part, 
venfication of the model would be necessary and reqmsite adjustment of the bed 
friction made to reproduce mam ~eatures of prototype data on stage-discharge 
relatiOnShips at various stations, the water slope and' the currents, previous to the­
·construction of permanent structures. In the present case, however, where the mam 
reqUirement is the testmg of diversion proposals to obtam t!:le afflux, which is to a 
great extent mfluenced by the spillway areas acting as weirs with a high sub­
mergence ratio, the effect of an incomplete representation of bed friction would not 
influence the results appreciably. The necessary hydrological data also was not 
available at this stage. 

:F1g. 1. Gauge-wells were placed in the model in locations as shown in Figure 1. 
Parallel angle 1rons were placed in the spillway areas to carry girders for velocity 
and surface flow measurements. 

'3. Test Procedure 

With a given set-up for the coffer dam and the spillway area available for flood 
discharge, With a given flood discharge, the tail water had to be adjusted by the 
t~1l-gate battens, to correspond .to avaliab~e stage-discharge relationship. However. 
smce the g1ven flood discharge 1s d1v1ded mto two parts entering the two channels, 
adjustments _h!ld to be made assuming a reasonable diVISIOn of the discharge. The 
simplest mVISion wh1ch could be assumed was that of approximately m the ratio 
of the spillway lengths provided. The ratio on th1s basiS taken was Q-left channel: 
Q-ru;:ht channel=60 per cent: 40 per cent approximately. When the downstream 
gauge-well for the left channel was made to correspond to the tali water level answer• 
mg to the assumed discharge, usmg the ratmg curve, it was found in each case 
that the downstream gauge-well for the right channel stood at a h1gher elevation 
than what would c;orrespond to a 40 per cent d1scharge In other words, the right 
channel was carrymg more discharge than 40 per cent The ratio of 55 per cent: 
45 per cent gave a Simultaneous correct tail water downstream of the left and right 
channel spillways. This was due to the fact that the upstream water level was 
bi<(her at the r1ght channP.l spillway than at the left channel spillway by about 
·5 feet. 

, . 
•• 
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ITEM Nn. 12 . 
A . R. T. 1951 

Hirakud Dam - Con truction Stages I and II 

Photo 408. 
General view of model ilow looking upstream 

from below Hirakud Is la nd. 

Photo 409 
General yiew of angula r approach. Left Spill way -
Construction s tage I I View looking downstream. 

Photo 348 
Deflection of flow by 4 short spurs. Left Spillway­

Construction Stage I. View looking downstream. 
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All gauge readings were taken for flood conditions w1th d1fferent d1scharges 
ranging from 4 lakh cusecs to 10 lakh cusecs flood. Veloc1ty readings were taken 
along the approach flanks. Surface currents near the sp1llways were photographed 
using paper bits spnnkled over the photographed area agamst a 2-mch or l-inch 
reference gnd. One set of scour photographs was taken usmg very hght gravel in 
the spillway areas. 

Near the left channel sp1llway, upstream of the nght flank, there was high 
velocity flow and erosiOn occurred due to the sharp angularity of the flow. Four 
small spurs, as an alternative, were found to 1mprove flow cond1ttons sufficiently. 

To get an md1catlon whether the d1stortton of the spillway section due to vertical 
exaggeratiOn has an apprec1able effect on the affiux, the case was taken up of an 
und1storted sect10n for the sp11lway usmg the scale normal to the axis as 1: 60, t.e., 
the same as the vertical scale. 

For tests correspondmg to the other constructiOn stage, viz, when the concrete 
is laid up to E.L. 530, the sluiceways in plan were reproduced in the spillway blocks 
up to E.L. 530 using wooden blocks constructed to shape and fixed to form parallel 
open slUices. The sp11lways each then formed a parallel senes of clear waterway 
of m1mmum w1dth 0 72" each (12 feet prototype) and height 4" above the s1ll (20 feet 
prototype) (Photo 402). 

4. TEST RESULTS 

Construction Stage I 

Afflux-For the d1scharge range 4 lakh-10 lakh cusecs prototype, the affiux 
caused is shown in Table 1 and F1gure 3, wh1ch gwes the correspondmg water surface 
for each flood discharge, at the four gauge-wells, two upstream and two downstream 
of each spillway. 

It was observed that affiux was greater on the right spillway than on the left 
by about 5 feet. A rough 1dea of the venficabon of thts IS gtven by the fact that 
from aboljt the nose of the Htrakud 1sland where the two mam channels start, the 
d1stance to left spillway IS greater than the distance to the nght spillway by about 
a m1le in the prototype. W1th a water slope of 4 feet per mtle, this would tmply 
affiux dtfference of this order. 

I 
For a flood of 9 lakh cusecs, tht! coffer dam top is recommended to be taken up 

to E.L. 543 instead of the designed E.L. 540, or WJth a free board of two feet, It 
should be E L. 545. 

Approach to Right Sptllway-The alignment of the coffer dam gives a very 
satisfactonly smooth trans1tion. The flow was generally normal to the spillway 
length. 

Exit from Rtght Spillway-Downstream of the spillway the deep channel takes 
a turn towards the nght flank of the Htrakud 1sland. The result of the construction 
of the spillway to E.L. 510 and the coffer dam is to have a stream about 700 feet w1de 
1ssumg through the spillway at velocities of the order of 25 ft./sec. Before takmg 
a turn towards the left m the general d1rect10n of the nght channel, it follows a 
stra1ght course to a certain extent. For the htgher floods, this htgh velocity stream 
would attack the nght bank about half a m1le downstream. No protection is 
however necessary as the bed consists of exposed rock. The conditions just down­
stream of the spillway bucket d,ue partly to the htgh velocity stream and partly 
to the hydrauliC jump, were v10lent. Bed made of 1" stone p1eces was scoured 
away to some extent m the model. With the bed made of coarse gravel, the scour 
was fa1r!y deep. 

Pholo 402. 

Approach to the Left~ Sptllway-Here the angulanty of approach of the flow to Photos 348 
the left spillway is very acute (Photos 348, 402 and Figure 4). This caused very 402 .t F1g. 4. 
strong currents on the nght flank w1th a strong eddy just on the upstream nght edge 
of the sptllway. The structure has to be protected agamst this senous current either' 

liA 



TABLE No !-Upstream water levels wtth various downstream water levels and discharge in the right and left channels during diversion stage I, i.e., .. ... 
Spt!Zway in the two channels formed at·R.L. 510 0 in V.E. and G.S. (m !me of flow) models. 

' 
R1ght ch&nnel spillwa.y block Left channel sp1llway blook 

'l'otal discharge ---, 
Sca.Jo of the model 1n the MahanadJ D1fference Ddf(.<rence Ill Remark• nver UfSgauge DiS gauge ·•nUiS.W.Ls UfS gauge at DiS gauge U/S. W.L SID {flUBecs) ol I~OO'UiS at 1200'D/S 

10 two models 1200'U/S of at l~'OO'D {S two models 
Of&XlB of a11s 

(••·• B-AJ 
a:lls of axis (• t., B--A) 

A 1i200 : li60 4,00,000 62986 519'20 52488 51914 ) n 
~ 

B lfOO: 1/00 4,00,000 530•70 620 26 0•84 
... 

621i 84 51Q 30 0 96 :II 
El 

A 6,00,000 Not recorded Not recorded ~ 
B 5,00,000 633 40 522 96 52836 621•28 C1 

!= 
A 6,00,000 635·62 li22 66 529 74 522 68 

~ (I) Tho D/S gauge m the left ohannol WM 
B 6,00,000 536 10 525•48 0 54 53082 522·68 I 08 first adjusted assummg 80 per oent of ,. 

the tot•J dlsoba.rge paBslllg through tbe >i 
left &pillway blook and olJet,rvwg the ~ 

A 7,00,000 538·30 525•78 532 08 525 66 downstream gauge in the r1gb.t 

I channel. 

B 7,00,000 638•62 526 80 0 32 533 04 526·66 0 96 

"' -A 8,00,000 641-02 62686 534 30 527 24 ~ 
B 8,00,000 640 84 52846 -Q IS 534 72 527 28 042 ..... 

"" "' A. 9,00,000 642•22 528 72 53628 527'58 ..... 

B 9,00,000 542•82 529 92 0 60 536 64 527·28 0·36 {2) The D/S gauge in the left cannel wa.1 

"' 
adJUSted assunnng 6~ per cent of the 
total d1scharge paasmg through the 

A 10,00,000 544•02 53034 538 62 529'14 left channel. 

B 10,00,000 544•80 532 26 0 78 538•28 528 90 -034 
J (3) The D/S water levels were ouftio~ently 

low as not to etfeot U/S water level•. 
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by heavy pitching or by a long spur or by four short spurs to deflect the stream away 
from the right flank. The best protectwn was found With four short spurs with 
top R L. 540 and length about 100 feet deflecting the current away from the flank. 
i'he bed scour; by usmg coarse gravel was significant along the curvature. 

Exit from the Left Sptl!way-The same conditions as m the nght channel mclud­
ing high velocity stream and hydraulic JUmp exiSted here also, but due to the 
straighter alignment of the left permanent bank, the stream did not attack the 
bank. There was, however, a considerable scouring tendency on the bed . 

. 4.ffiux m a Geometncal!y-stmtlar Model-With the undistorted spillway sections 
constructed, usmg geometncally-similar scale of 1 · 60 along the honzontal normal 
to the axis in the spillway portions, the afflux IS given in Table 1. It will be seen 
that the difference with the results of the vertically exaggerated model IS of an 
order less than one foot, the water level m the V. E model bemg less Th1s showed 
that the results of the vertically exaggerated model could be accepted with little 
modification. 

Construction Stage II 

In the construction stage II, the flow in the model took place partly through the 
constructed open spillways, and partly through the unrestncted full length of the 
spillway above the top level E.L. 530. The afflux was then found m the model by 
th1s combmed flow. Th1s was mfiuenced by-

(1) the pool elevation differences at the right and left channel spillways, 

(ii) the fnctwn loss m the model due to the narrow sluices, and 

(ni) the "extra drawdown effect due 'to the vertical exaggeratwn (1/200 ·1/60). 

Pool Elevatwn Dzfference Between the Left and Rtght Channel~-In term~ of 
·distance down the deep sections of the left and nght channels, the left channel 
spillway IS about 4,000 feet further down the nver than the right channel spillway. 
For computatiOn purposes, in this stage, assummg a velocity of the order of 15 ft./, 
sec., with pool elevatwn of the order of E L. 550, assume in Manning's formulae. 

n=O 025 swtable for the rocky bed at Hirakud Th1s is the value obtained for the 
Tapi river in flood at Kakrapar.-, the bed consisting of rock outcrops. With R of the 
order of 40 feet, slope S=O 00047, i e., about half the water slope at maximum flood in 
the nver at site as it is today. The pool elevatiOn differences between the two 
sp1!lway sites m stage II, would then be 0 00047 x4000 ft.=19 feet approximately 
w1th a larger value of n, say n=O 030, th1s difference=2 7 feet approximately. 

This order of difference agrees well with the results m the test. 

Order of FricttOn Loss tn the Model-As the sp11lways are represented at this 
stage of construction, they form a par,_allel senes of clear waterway of mmimum 
Width 0 72" each (=12ft. prototype). 

The hydraulic mean radius for each open sluiceway together with 10 feet 
(prototype) depth of water above, IS 

(l·s· x 2· +O 72'X 4')-(2' x4' +18')=0 66'=0 o;;s' 

The velocity bemg of the order of 3 ft./sec. m the model flood the Reynolds number 
is of the order of 

axo 055/1·2x W-'= u,o0o 

for flow through each open sluiceway. 

This IS still sufficiently above the Clltlcal Reynolds number, but there would 
exist some scale effect, due to which the afflux as expected in the prototype would 
be somewhat less than that mdiCated in the model. 
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The order of losses due to the small open slmceways m the model would be of 
the order of one foot (prototype) thus: 

!LV' 
T&ke the head loaa •• hf= gR 

where f==friction coefficient, and L=length along slmceway. For the case under 
consideration V =3 ft./sec., R=0·055 ft., L=O 5 ft. The friction coefficient in terms 
of Manmng's 'n' is 

f=g( n )'=0 0031 or 0•0055 w1th n=O 009 and 0•012 respectively 
1·486XR1 f1 

which are good values for smooth wooden surface of the model sluiceway. Then 

0 008 ft &} hf= 0 014 It R 0. modol,:O 48ft. and 0 84ft prototY!JO. 

The test results obtained from the model would therefore require slight modification 
from this aspect. 

Discharge Capac;ty of the Combtned F!ow Through the S!uzceway and Above 
E.L. 530-The clear waterway through the open sluiceways only, as measured by the 
gated area is 2 x 12 x 20 sq ft. per spillway block of 60 ft., t.e., 8 sq. feet per foot 
length of the spillway. W1th a depth of flow d feet of the spillway above E.L. 530 
the discharge of the right channel spillway block=690 x (d+S) x '\I 2 gh cusecs 
if v' 2gh is taken as a mean velocity. The maximum value of the discharge, which 
correspond to the case of flow over a broad-crested weir would be given when 

d+S = 2h' = 2/3 (E.L. of pool- E.L. 522) It 

so that the correspondmg discharge would be 

3·09 X 690 X (E.L. of Pool-E L. 522)"' cusecs. 

Taking the left channel spillway pool two feet lower, the total flood would be related 
to ELR . the pool, elevation at the right channel by 

Q=3·09 x690 x (E.L.R -E L. 522)'"+3 09 x 1200x(E.L R -2-E L. 522)'" cusecs. 

The actual affiux would be slightly lower than what would be given by this relation. 
The reason is that the drawdown effect is present in the model ·as well as in the 
prototype, as the B : D ratiO IS about 2 5 only m prototype, and 0·75 in model, for 
rough values of B=lOO feet, D=40 feet prototype. 

The afflux and the upstream pool elevation as obtained thus, and as obtamed 
Table 2 & from the test results are given m the Table 2 and Figure 5. It will be seen that 

F.g. 6• the difference between the two sets of results 1s two feet only, whiCh therefore 
gives the estimate for the drawdown effect. 

For the 9 lakh cusecs flood, upstream pool E.L. nght channel=549 8 model test 
and 552 estimated without drawdown. ' 

The coffer dam top E L. which, dunng construction stage I, should be at E.L. 545 
is recommended for the second construction stage to be rrused to E.L. 552 or to 
R.L. 555 with a free-board of 3 feet. 

6. Recommendations 

(i) For safety against a 9 lakh cusecs flood, the coffer dam top elevation designed 
at E.L. 540 should be raised to E.L. 545 for first construction stage (E.L. 510). For 
second construction stage (constructiOn to E.L. 530), a height up to E L. 555 IS 
required. 

(ii) For the left spillway, the right flank would need protection by a series of 
four short spurs each about 100 feet long. 
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TABtE No. 2-Upstream water levels with various downstream water levels and discharges in the right and left channels during diversion stage 11, i.e., t1 
sptUway in the two channels formed up to R.L. 530 and compartson wtth estimated) afflux. 

I Right Channel Spillway Block Loft Channel Spillway Block 

Total dtschargc r- ,..-- ~ 

0 
in the 'Ma.na.nruh UJS gougo DJS gauge U/S gauge Difference U/S gaugo D/S gouge U/S gouge Dtfforcnce Remarks z 

river 
ot 1200' UJS ot 1200' DJS computed due to ot 1200' U/S ot 1200' D/S computed With- due to 0 

(cusecs} of a~1s of 8"<ts 
Without draw- dra.wdown of a.x1s of a.xJ.S out dra.wdown dra.wdown 

.., 
down effect effect 

~ .., 
~ 
X 

4,00,000 . 540·0 538•0 No model teat was made wtth geometncnlly- n 
SlDlllar soa.Io ~ 

"' gj 

5,00,000 540·96 521•70 5426 +16 538•86 521·40 540 6 +1'7 ~ ... 
gj 

" < 
0,00,000 653 30 52440 5454 21 +20 "' 541·38 623 56 5434 "' "' ~ 0 z 

0 
7,00,000 545 52 525•84 547'5 2·0 543•54 525 30 545 5 +20 

., 

... 
gj 

"' 8,00,000 547 62 527 94 549 8 22 545•58 526•93 547•8 +22 < 
"' "' !!:: ... 

9,UO,OOO 549 42 528 60 552 26 547 62 627•46 650·0 +N ~ 
~ 
~ 

"' 
10,00,000 55122 530·04 549•48 529•02 ~ .., . ... 



Fig. I. 

Fig • .2. 

Fig. 3. 

Fig. 4. 
Fig. 5. 
Fjg. 6. 
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(iv) FOUNDATION 

13. GEOPHYSICAL INVESTIGATION AT THE ALTERNATIVE DAM SITE AT UKAI ON. RIVER TAP! 

1. At the reqqest of the Superintending Engineer, Tapi Construction Circle 
following the suggestions made by Dr. J. B. Auden, Superintending Geologist, 
Geological Survey of India, geophysical investigations were undertaken at the 
alternative darn site at Ukai, 16i miles upstream of Kakrapar for finding out the 
bed-rock level there along the proposed alignment .thus supplementing bore hole 
results. The work was conducted during the latter half of June 1951. Due to 
short time that was available for work before the rains set in the proposed geophy­
sical study for the other two alternative sites namely at Tintaria and Panchpipla 
could not be completed to provide a comparative study for all the three sites. The 
results for the Ukai site only are presented here. 

2. The location may for the Ukai site (Lat. 21• 15', Long. 73" 35l') is given in 
Figure 1. The local geology for all the three sites has been described by Dr. Auden 
in his recent report on" Geological note on alternative dam sites on the Tapi (Tapti) • 
river, Bombay State" of June 1951. Lava flows intersected by dykes form the· 
bed-rock over which there is varying thickness of silts on either banks. At Ukai 
site no rock is exposed in the north bank for a distance of 1,470 feet up to 220 feet 
contour and the silt cover there was thought to be thick whereas intermittent rock 
exposures on the south bank would make it likely that a much thinner silt cover 
occurred on that bank. At the Serula saddle (see Figure 1) absence of any rock 
exposure for more than a half a mile of the fiat ground made also a geophysical 
investigation desirable there. Electrical method of sounding for the bed-rock level 
was found to .be suitable because of the existing good electrical resistivity contrast 
between the overburden and the bed-rock .namely a resistivity value of 30 to 70 
ohms ft. for silt overburden as against a value of 600 to 1,000 ohms ft. for the 
underlying trap rock. Figure 2 shows the contour plan and the electrical sounding 
stations along the alignment across the river. It also shows a S'ft. contour map 
(32"=1 mile in original map) for the north bank which provides the reduced levels 
of the electrical sounding stations. Figure 3 shows the longitudinal sectron showing 
the bed-rock level as obtained by electrical soundings. It will be seen that whereas 
the maximum thickness of silt on the left bank is only 48 ft. and occurs near the 
bank, the maximum thickness of silt on the right bank which also occurs near the 
bank is about 110 ft. Figure 4 shows the bed-rock level as obtained by electrical 
soundings in the Serula saddle for which the full cross-section is shown in Figure 5. 
Figure 6 gives the cross-section of the river showing the results of two bore holes 
and that of the penetrometer tests. In the river section proper, only one electrical 
sounding in the river water at Station No. 4 at R. D. 700 ft. (see Figures 3 and 6) 
was taken near the unsuccessful bore hole and R. L. of the bed-rock from the 
electrical soundings is estimated at 115 ft. It is therefore presumed that the 
diamond drill would have met with solid rock there if it could have proceeded a 
few feet further. At R. D. 900 ft. the diamond drill reached solid rock at R.L. 
111·2 ft. after penetrating to a depth of 25 ft. of river sand. No more bore hole 
results are yet available but the penetrometer tests taken up to R.D. 1,200 ft. shows 
the lowest tentative rock level there at R.L. 111·5 ft. with a further downward 

' trend towards the right bank. Just on the right bank, at R.D. 1,365 ft., the rock­
level is estimated at R.L. 97 ft. from electrical sounding No. 5 (see Figure 3), 
afterwards it rises as one proceeds northwards. For the Serula saddle Figure 4 
shows the average bed rock level at R.L. 235 ft. Figure· 5 shows the cross-section 
for the Serula saddle as also the rock-level there as estimated from e1ectrical 
soundings. 

3. An "Evershed and Vignoles" Geophysical Megger was employed in the 
above electrical soundings using a Wenner configuration for the spreading electrodes. 

· ·.The electrode spacing was expanded in steps from 5 ft. to 300 ft. or more where 
necessary in a East-West direction nearly parallel to the river flow. The apparent 
resistivity in ohms-ft. (which is given by 2 s R., where 's '.is the electrode spacing 
in feet and ' R ' is the resistance measured for that particular· electrode spacing 
in ohms) is plotted versus the electrode spacing in a Logarithmic papel.' and the 
field curve so obtained is matched with the best fitting theoretical curve thus giving 
a most probable depth ' h ' for the overburden. A theoretical representation 
assuming two layers-namely an electrically homogenous overburden of silt of 
resistivity P, lying over a Deccan-trap bed-rock of resistivity P 2 extending very deep 
satisfies most of the field curves. Resistivity of the overburden is known from the 
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apparent resistivity obtained for short electrode spacings. ApproXliJlately known 
probable range for the resistivity of Deccan-trap limits the value for the reflection 
factor 'K' (i e., the ratio of the difference m resiStiVIties of the overburden and the 
bed-rock to their sum). The matchmg of the field curve with the theoretical curves 
for each of the 19 electrical soundings taken at tlus site provided the estimated 
depth 'h' of the overburden in each case (see Figures 3 and 4). A typical matchmg Fig. 7. 
of a field curve with a theoretical one IS shown m Figure 7 which was only a tr1al 
electncal sounding taken near a pit m a cultivated field located just east of the 
Ukai VIllage. Tlus ·pit was dug m connection With a soil survey at this s1te. The 
depth of the overburden here as estimated for the electncal soundmg No. 18 (see 
Figure 7) corresponds well With the observations in the pit. 

5. DAM APPURTENANCES 

(iii) CONDUITS AND PENSTOCKS 

14. DISCHARGE CHARACTERISTICS AND DISSIPATION OF ENERGY WITH CoNVENTIONAL AND 
UPTURNED DEEP SEATED SLUICES-HIRAKUD DAM PROJECT (1/20 ScALE GEOMETRI­
CALLY-SIMILAR MODEL) 

(A) Disclwrge Cltaracte1islics and Pressure Distributiotl 
THIS report refers to hydraulic ,tests m connection With some additional 
characteristics of design m the Hirakud Dam ProJect-Hirakud mam dam. In 
connection With some major design changes in 1951, model tests additional to what 
have already been reported in Annual Report (Techmcal) 1950 were earned out 
during the year 1951. In the· new lay-out, conventwnal stra1ght type slmceways 
with elliptical bellmouth transitiOns and outside trajectory bucket are mcorporated 
in the whole of the right channel spillway and about two-thirds of the left channel 
spillway. The remammg one-third of the left channel spillway IS to consist of Flg. 1, 
sluiceways of the upturned barrel type (Figure 1) 

Prelirrunary pressure tests on the design for the conventiOnal sluices supplied 
by the Central Designs Orgamsation, C W. & P. CommissiOn were made m a 
model (scale 1: 40). The final confirmatory tests were made for different types of 
slmceways in the 1 : 20 scale model in the flume which has been used for similar 
tests reported in Annual Report (Techmcal) 1950. The slmceways tested were 
,(Figures 2 and 3)- F1go. 2 & 3. 

(I) conventional sluices supplied by the C. D. 0 , C. W. & P. C.-Design A ; 
(ii) same as (i) only with elliptical bellmouth transition replaced by I. E. C. 

type of bellmouth used m tests reported in A. R. T. 1950-Design B; 
and 

(ni) sluiceways with upturned barrel type with and without flared outlets­
Design C. 

The sill level of the sluices in each case was E.L. 510, the general upstream bed 
level being E.L. 500. The crest level of the dam was E.L. 610. The gated area 
26 ft. down from the upstream face of the dam was 20 33 ft. X 12 ft. Each design 
was tested both with and without overflow for upstream water level rangmg from 
E.L. 590 to E.L. 630. For pressure and discharge test in each case it was found 
suffiCient to test under free flow conditions downstream. 

The typical pressure profiles in the different slmces under different conditions 
are shown m Figures 4 to 8 as obtamed from the 1/20 scale model. The main 
features of the pressures are the followmg. F,gs, 4 t.o a. 

Pressures in the Bellmouth 
(i) These were generally positive ; the exception was the case of design B 

(I. E. C.· bellmouth), where a little upstream of the gate, It was just below 
atmospheric to the extent of about 2 ft. 

(Ii) The pressures in the bellmouth top in the upturned sluiceway (Design C) 
were higher than m the other two slmces, correspondmg to raised outlet. For 
design A, the pressure curve fell smoothly after the first 5 ft. from entry. The 
pressures in the bellmouth top became uniform quite quicker in design B, so that for 
the most part, these pressures were lower than those correspondmg to either design A 
or design C. 

(ui) Due to the high curvature at entry, for most cases there was higher veloclty 
just at entry which w<Mf quickly decelerated Within the first few feet, foiiowe<l by 
an acceleration thus lowering the pressure curve beyond. If we take into account 
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the fact that from the face of the dam up to the begmmng of the transition, the 
stream must be accelerated, the pressure curve w1thm the first few feet takes the 
shape of a rapidly fallmg curve and then a r1smg curve, wh1ch afterwards falls 
smoothly to the value at the gate. Th1s characteristic IS present m varwus degrees 
m most of the top and s1de pres~ure curves, the only exceptiOn bem~ the top pressure 
curves for des1gn B. To that extent, the des1gn B of the bellmouth (I. E. C. des:gn) 
IS supenor to the more s1mple elhptlcal trans1tion of des1gn A, m wh1ch .hiS 
characteriStiC IS very pronounced. 

(Iv) An m1tlal retardatiOn of flow at entry contnbute'> to a small loss of head, 
the order of this extra loss, however, IS neghgrble. As the model becomes smaller, 
fnctwn becomes proport10nately more Important, whiCh might lead to a slight 
separation and th1s would lower the pressure curve Withm that range, and would 
be followed by a fluctuatwn leadmg to the rest of the pressure curve in the bellmouth. 
Th1s could be a contnbutory cause of this nature of fluctuatiOn observed in the 

l<'tg. 9. model w1th scale 1:40 (Figure 9). Without further tests, however, the behavwur 
of smaller scale models cannot be exammed m more detail as regards the fnction 
effect and the degree of accuracy involved. 

Pressures in Barrel 
(I) For des1gns A and B wh1ch d1ffer only in the bellmouth, the pressures in 

the barrel were nearly the same and practically all pos1tive. 

(u) For the pressure curve m design C, a mimmum of about +5 ft. has been 
kept m v1ew and attamed in the observed values. The pressure curve could be 
brought down to the same margm of pos1tive pressures as m des1gns A or B, had 
1t been des1red. by reqmsite slight modificatiOn m the outlet. 

(m) Pressures in design C at the outlet were all pos1t1ve when the outlet was 
flared, and were practically so when the outlet was unflared except for a slight 

F1g. 8. negative pressure of the order of -2 ft. on the top JUSt near the outlet (Figure 8). 

Fig. 10. 

F1g. 10. 

Pressures with Overllow Discharge Present , 
With overflow d1scharge present, when upstream water level was above R.L. 

610, the pressure curves were all raised correspondmg to a back pressure at thf! 
outlet due to the deflection of the downcommg jet from the crest. 'l'hls effective 
drmmution of head for flow through sluiceway was of the same order as the head 
over- the crest. The reductwn of discharge due to this was about 10 per cent of 
the slwceway discharge at upstream R.L. 625. 

Coefficient of Discharge 
The coefficients of discharge of the slmceways were calculated against the gate 

area, which in all the three destgns was the same. For any g1ven reservoir level, 
the head H as defined by the elevation difference between the reservOir level and 
the centre of the outlet was the same for des1gns A and B but less for design C. 
The values of the coefficients are: 

C,=O 88 for designs A and B; 
and C4=0 86 for design C; 

within about ± 1 per cent, when the sluices were acting smgly without any over· 
flow dtscharge (Figure 10). Keeping in VIew the fact that the upturned sluiceway 
was designed to have a little safer pressure, a general mimmum of + 5 ft., the 
three des1gns can be sa1d to have about the same coefficient. 

The overflow spillway coefficient (Ftgure 11) varied from about 3 5 to 4 0. 

Discharges 
• D1scharges in the three sluiceways when operated smgly without overflow are 

shown in F1gure 10. For combined overflow and underslwce discharge as we have 
noted before, the discharge was less than when they worked Independently. Since 
however, the dischargmg capacity of the overflow spillway increases much more 
rapidly with head than in the case of the sluiceways, this lessening of discharge can 
be accommodated by a shght increase in the head only. 

Recommendations 
The sluiceways with design A (CDO type) as well as the upturned sluiceways 

design C can be accepted as satisfactory from the point of view of absence of sub­
atmospheric pressures. 
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DISCHAJIGE CHARACTERISTICS AND DISSIPATION OF I!.NERGY, ETC. 61 

15. DJSCHA11GE CHARACTERISTICS AND DISSIPATION <lF ENERGY WITH CONVENTIONAL AND 
UPTURNED SLUICES-HIRAKUD DAM PROJECT (1/40 SCALE, GEOMETRICALLY-SIMILAR 
MoDEL) 

(B) Dissip(dion of Enei'!JY belorv t11e Spillway Dam 

IN this report IS descnbed the work done on hydraulic models of four and a 
half sluiceways to geometrically-smular scale 1. 40 to study interference of Jets and 
scounng tendencies. The tests have been made w1th: 

(1) all conventwnal straight sluices with outside bucket; 

(u) all upturned barrel type With short apron and Sill as protectmn agamst 
the large fraction (about 30 p c.) of discharge to be camed over the 
overflow crest-outlet bemg llared ; 

(m) same as (ii) but outlet bemg unflared. 

The model construction and tests were earned out m the same flume which 
was used for Similar tests reported m Annual Report (Techrucal) 1950, m connection 
w1th upturned sluiceways With elliptical outlets ; only the Width of the flume was 
adJusted m accordance w1th 30 ft. centre to centre distance of the sluiceways in the 
new lay-out mstead of 25 ft. m the lay-out reported last year. 

(i) Tests with Conventional Sluiceways 

For different discharges and tailwaters the water profiles and the scours were 
observed. The bucket in this design Is of 50 ft. radius and the lip angle=40". 
Wlule the scouring tendency as shown by the scoured bed under different condi­
tions showed the presence of satisfactory strong return rollers, the mam problematic 
feature in this des1gn was the high water profile when overflow crest discharge was 
present, With or Without undersluiCe discharge. The scounng tendency IS shown 
in Figure 1 with maximum upstream water level. The water profiles with overflow ~·,g. 1. 

discharge only are shown m Figure 2 '''B· 2. 

The main problem here therefore was the height of retammg walls necessary 
to contam the water profiles. This could be done finally only m a composite model 
o! the whole spillway, for which reference is to be made to another report. 

(ii) Tests with Upturned Sluiceways 

Flared Outlets-Tests for these were concentrated on the scour due to combmed 
overflow and underslmce discharges, under the max1mum upstream water level 630, 
with d1fferent aprons and end-sill. The followmg have been the test sequence: 

(a) No Apron-Bed made Erodtble up to the Toe of the Dam-Tests showed 
that for upstream R.L. 630, the- scour at the toe of the dam was down to 
E.L. 470 while the general downstream scour was down to about E.L. 485 
only (Figure 3). W1th the reservOir level at R.L. 620, the charactensbcs 
were clearly seen-a ridge formmg about 40 ft. from the toe of the 
dam where the back roller due to the sluiceway jet met the roller at 
the toe due to the overflow jet. 

(b) 35 feet Long Apron-As an arc of radius 40 ft, lowest level at E L. 500, end­
Sill lip- angle of 20", with end-sill elevation at R.L. 502.4. In this case 
the back roller was found to be not strong enough. 

(c) Same as (b) with an additional height to end-slll to brmg it to E.L, 506.4 
and also h1gher-sill up to E.L. 510 4. With the latter-sui, the matenal 
was found to p1le up below the sill up to about E.L. 502. 

(d) 35 ft Long Apron-cons1stmg of arc of radius 40 ft., and a honzontal 
stretch followed by an end-sill w1th upstream rounded corner. The 
scour With th1s was satisfactory. The max1mum scour downstream 
was down to about E L. 485 only. There was no scour at the down­
stream face of the silL. For lower discharges also, the cond1bons were 
satisfactory (Figure 4). 

Aeration of Jets-Due to the possibility of mtense mterminghng of undersluiCe 
jets, the capacity for air entrainment m th1s case IS very large, 1f sufficient a1r' 
supply can be assur~d. Experiments m the model show that if the overflow Jet 
was deflected away from the face of the dam by a 3-ft (prototype) th1ck ledge 

.124 

Fig. 4. 
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F1g. I. lsee F1gure 1 for locatJ.on) or by an extra ogee crest coming down vert1cal at the 
Photos end of the pier (see Photos 310 and 378 for companson) so as to fall on the under-

3I0 & 378· slwce jet away from the dam,. a very pronounced Improvement was seen m air 
entramment. From the pomt of view of simpllc1ty of constructwn, however, a 
flatter extra ogee crest coming down vert1cal at the end of the pier was found more 
swtable, though 1t mvolved some reduction in discharge coefficients, with safer 
pressures on the crest. 

• 

(iii) Comparison of Theoretical and Observed Thow-olf in Upturned Sluiceways 

Unflared Outlet w~thout Overflow-Unllared outlets are more acceptable due to 
simpliCity m construction. It helped in the correlation of test data on 'throw' with 
theoret1cal values. Tests on scour were made With a ledge present near the crest, 
2 5 ft. w1de honzontally, 2 ft. hlgh and fixed on the dam With 1ts downstream 

Fi£. 5. vertiCal face flush w1th the pier. A typical scour detail is shown in Figure 5 . 

In companson to flared outlets, the scour was a little greater in the case of 
unflared outlets. In the former case, the underslmce jets, in the absence of over­
flow, flared out to intermix w1th Jets from adJacent sluices. In the latter case, 
however, the jets were d1stmct and intermingling occurred further downstream, 
but still above the bucket lip. In the presence of overflow stream as deflected by 
the ledge near the pier, the mixing up, as observed visually was as good as before ; 
a large fract1on of the overflow jet, however, m passmg through the clear space 
between adJacent underslmce jets fell directly on the pool m the bucket. Under 
the cond1bons of rmxmg in the pool in the bucket, the visual observatwns could not 
make any clear distmcbon between the case of the unflared and the flared outlets. 

' 
Throw of the Jet-Companson with TheCYretical Value-It can be easily deduced 

that when a proJeCtile IS thrown at an angle fJ with a veloc1ty due to an effective 
head H', from the centre line of the outlet, it w1ll fall on the ground at a horizontal 
distance from the outlet equivalent to 

d=H'Sin'fl[I+V I+ H~Sm'6] 

where h=height of the centre lme of the outlet from the ground. For the 
upturned sluiceway, Sm2 6 = 0·80. 

Figure 5 shows the comparison. 

Table 1 gives the distance " D " from the toe to the place where the central 
filament struck the level E.L. 480, both when c. is assumed, C.=O 9 and c. =1·0. 
This 1s compared With the distance D,, where the max.~mum depth of scour is 
formed. 

Upstream R. L. 

590 

.600 

.610 

1!20 

630 

Observed p1 

(ft.) 

I20-I30 

150-1.60 

I60-I70 
I 

190-200 

210-220 

TABLE: 1 

D calculated with 

On = I·O On = 0·9 

(ft.) 

' 

131 

149 

167 

186 

204 

(ft.) 

1!0 

125 

140 

156 

171 

It will be seen from the table that the distance of maximum scour is somewhat 
greater than the 'throw' obtamed using C.=O 9 to some extent due to the 
differential head created by the water levels behind and in front of the jet where 
dt strikes the high velocity stream. . 
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Taking mto cons1derat10n the further fact that atr entrainment usually exercises 
rather a small effect on the' throw-off', 1t may be concluded that the throw destgned 
on the basts of a srmple parabohc traJectory would be reahsed in pracbce. 

Flood disposal capacity of Htrakud spillway with 64 sluices and 34 crest bays 
under the present lay-out is suffictentiy well above destgn reqmrements for th~ 
disposal of a moderated maximum flood of 12 lakh cusecs, as shown m Table 2. 
Trus should make 1t enbrely feastble to nkorporate the upturned sluiceways whtch 
have proved fully satisfactory from the hydraulic pomt of vtew m model tests. 

TABLE 2 

Flood dzsposal capacity of Htrakuci Spt!tway-64 sluices and 34 crest bays 

Upstream Upstream Upt.urnod 
CrMt bay• of 

Crest b•Y• along with R.L. 630 R L. 625 End sluaces uptumod 

fakh CUB&CS Ia.k.h cusecs slweos alutcowa.y 
blooka 

No nptomed sluiceways { 
16 6 14•1; Open 

+64 co~ventJ.onalsluices 16 0 13 8 Closed 

r59 
13·7 Closed Open Open 

6 upturned slutcewa.ys 15,4 13·4, Closed Opon Cloaod 
+58 conventJ.ona.l slu1ces 

15 0 12 8 Closed Cloood Open 

r5·8 
13•6 Closed Open Opon 

12 upturned sluiceways 7 12 9 Clo>ed Open Cloaod +52 conventJ.onal alu1cea 14· 

14'1 U·B Cloood Closed Open 

NoTE-End slwces may have to be closed dunng the ma.Xlmum flood only, so that water will not o,; ertop 
the downstream trammg walls. 

Recommendations 

(1) The 50 ft. radius bucket may be adopted for umformtty of construction, 
though w1th present overflow a shorter bucket 3~ ft. long was also proved suffictent 
below the upturned slwceways. 

(Ii) Sluiceways of the upturned type may be incorporated in the left channel 
sp1llway conststent wtth effective sptllway dtscharge capactty for maximum flood. 

(ill) Aeratwn by means of an extra agee crest m · the case of the upturned 
slwceway blocks would be rughly effective. 

6. SPILLWAYS 

16. FAILURE OF KHODSHI WEIR (BOMBAY STATE) AND MEASURES TO PREVENT rrs 
RECURRENCE 

• 

Introduction 

MANY cases of broad or narrow-crested weirs arise m whtch during floods tail­
water nses to a level when condltwns in the pocket below the nappe become highly 
unstable. The raptd fluctuatwns in pressures lead to vibrations and consequent 
weakening of the structure m course of time. Fatlures such as that of the Khodshi 
Weir on the Krishna Rtver near Karad (North Satara District, Bombay), have 
occurred in the past and so the investtgatlons of pressure dlstnbution-especially 
subatmospheric pressures and their fluctuations, over the profile of a narrow-crested 
we1r were studled m the model of Khodshi Weir. 

1. History 
The Khodshi Weir across the Knshna Rtver near Karad supplies water to the 

Knshna Canal. The Wetr was built m 1868 with top width of 8ft. and downstream 
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batter 1 m 6. Durmg 1914-1918 it was proposed to raise its F.S ~· by 4 ft. by con-­
structmg collapsible shutters over the we1r crest. As the old we1r sect10n was not 
strong enough for the increased head a contmuous buttress was added to the lower 
10 ft. of the weir. The project was subsequently dropped at th1s . stage and the 
eXlstmg weir stands as shown in F1gure 1. The length of the we1r 1s 1,000 ft. and 
effective length for spillway is 800 ft. (approlt ). 

2. Breach • 
The weir breached on 20th July 1950 at 10 p.m. The portion of the we1r WhiCh 

breached m huge blocks 1s shown m F1gure 1. The h1gh flood level recorded durmg_ 
this flood was 7 ft above the crest level. The rughest flood level recorded has been 
8 ft. 6 inches over the crest in 1914, t e, before the section was buttressed. T~e 
probable reasons for the breach appear to be, (a) we1r section IS weak 1f uphft 
prE'ssures are considered, and (b) weakemng of masonry joints by the dissolution. 
of hme mortar. Th1s was later confirmed in the we1r mspect10n. 

It was therefore decided to conduct model expenments to ascertam the pres­
sure dlstnbution ov~r the weir profile before strengtherung the v.:eir. 

3. Model Scales 

L and D scale=l.lO (geometncally-similar) 

Q Scale=(DS/2)=1 :313 

Tne maximum flood discharge m prototype, 

Q Max.=3.1 X 800 X 8.5 3 /2 (D=8'-6") 

=62,000 cusecs. 

Qm= 62•000 =198 cusecs for 80ft. long weir in the model. 
313 

. ·.qm= 1
1
9
8
8 =2 47 cusecs. 

4. Experiments 

4 1. E:rpenmental set-up-Expenments were conducted over 3 ft. length of the 
we1r in the model w1th manometers connected to pressure points No. 1 to 13 as 

F~~:. 2. shown m F1gure 2. In all experiments maximum flood dlscharge corresponding to 
W.L. R. L. 142 5, i.e., 8 ft. 6 mches over the crest was run and pressure vanat10ns. 
recbrded. Only the downstream W L. was changed in each experiment to ascertam 
the ma=um negative pressures. Also effect of aerating the nappe by putting air 
pipes was observed on the pressure d1Str1bution. 

su. 1.. 4.2. Expenment No. 1-Downstream W.L. R.L. 121.Q-The physical phenomenon 
observed dunng the expenment was of considerable interest. 

4.2. 1. Roller on the Weir Crest-As the stream could not follow the upstream 
sharp bend it separated from the we1r crest just beyond the upstream edge and 
formed a roller as in Figure 2. The roller extended over a length of about 
50 per cent of the head over the crest. This roller led to a slight contraction in 
the flow at about its mid-point, where due to the increase in velocities there was 
a drop in pressures at points 2 to 6 which however were pos1tive, i e., above 
atmosphenc pressure. The pressure was restored at the end of the roller at 
point 7 and contmued to be positive until it dropped down at the downstream 
edge of the crest. The value at this pomt fluctuated w1th the conditions below 
the lower surface of the nappe and appears to be governed by 1t. This roller 
persisted and had almost the same magnitude in all the experiments. 

4.2. 2. Conditions below the Nappe-Imtially when there was a free fall with 
low tailwater, an air pocket formed bounded by the nappe, the downstream face 
of the weir and the ta1lwate~ pool. This a1r pocket was sufficiently large, the 
pool below the pocket was fa1rly steady and at a level higher by 5 ft. than the 
tallwater level further downstream. The pressures on the downstream face of 
the we1r were slightly subatmospheric. The maximum negative pressure was 
1 5 ft. and the pressure curve fluctuated withm a range of 2 ft. The effect of 
aeration by a1r pipes was to stab1hse the flow cond1tions, ehmmate the pressure 
fluctuations and the water level m the pocket behmd the nappe became nearly 
equal to the ta1lwater level. 
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FAILURE OF ltHODSlU WEIR (BOMBAY STATE), IITC. 

4.3. Expenment No. 2-Downstream W.L. R.L. 126.0-In thts expenment the 
tatlwater level was gradually raiSed to R L. 126.0. The pressures on the upstream 
part of the crest m the roller regton were little affected by the ratsmg of the tall· 
water level. As the tail water was ratsed m stages to R.L. 126 0 the atr pocket below 
the nappe became smaller owmg to the pool below the pocket nsmg htgher and 
becommg unsteady ; until at R.L. 126.0 the fluctuations were so large that the atr l'hotoo 
pocket was formed mtermittently and then swept away by the htgh veloctty stream 605~ & our. I. 
and its space filled by eddying water wtth entrained atr. Thts cycle of fluctuatiOns F•g. a. 
was so VIolent that it would set up VIbrations m the body of the we1r. The pressure 
fluctuations on the crest were wtthm a range of 1 5 ft. the pressures bemg all 
posttlve except at the downstream extremtty. The pressures m the a1r pocket 
fluctuated over a large range, the max1mum fluctuation bemg eqmvalent to about 
8 ft. The nappe also pulsated to and fro wtth these fluctuatiOns The pressure 
became negative and went down to a mtmmum of 8 ft .• at point No 10 Thts was 
the worst case from the point of vtew of VIbrations and negat1ve pressures. 

4 4 Expertment No. 3-Downstream W.L. R.L. 128 0-Thts was a- case of near F•g. 4. 
oSubmergence of the nappe. In thts case the nappe, instead of fallmg clear wtth a 
fluctuatmg rur pocket, clung to the downstream face of the wetr. The pressures 
were still negative on the downstream face, but the fluctuations were less vtolent 
than previously, the maximum fluctuation being 4 2 ft. at pressure pomt No. 10 
'There was no entrained atr m the eddying flow along the downstream face of the 
wetr. 

4 5 Expertment No. 4-Downstream W L. R L 134.0-(crest level)-The down- F.11 G. 
stream water level was raised to R L. 134.0 whtch ts the crest level. Thts was a 
<:ase of complete submergence. The pressures were all pos1t1ve and the fluctuations 
on the downstream face had dted down. The fluctuations on the crest were 
msigmficant. · 

5. Discussion of Results 

5.1. As already stated the roller on the upper part of the crest formed due to 
.the stream not followmg the sharp bend Thts roller decreased the pressures on 
the crest-not to the extent of makmg them below atmosphenc prt>ssure. It can 
'be got nd of by properly bevelling the corner. 

5.2. The most dangerous condttions wtth regard to subatmospheric pressures 
and viOlent fluctuations occurred when the air pocket below the nappe was suffi­
-ctently small t'o be penodtcally swept away and filled by eddymg water w1th 
entramed air and formed again. The suddenness of the breaking away of the air 
pocket contnbuted to large tmpact pressures whtch must have led to gradual 
wt>akening of the structure. When the tatlwater was low there was merely a nse 
of water level m the pocket behmd the nappe above the normal tallwater level 
funher downstream. The pressures on the downstream face of the we1r were 
sbghtly below atmospheric wtth small fluctuatiOns. On the contrary all pressures 
were po&lUVe and there was neghgtble fluctuatiOn when there was complete sub­
mergence In fact the structure was safe only under these two cond1tions. The 
dangerous conditiOns arose in the mtermed1ate stages of water level. 

53. The cycle of sudden breakway and reformation of the a1r pocket IS an 
interestmg phenomenon. When a htgh veloc1ty Jet flows past a1r medmrri, 
fluctuation in the flow leads to entramment of air from the atr-water mterface. In 
the case of the atr pocket bounded by the htgh veloc1ty nappe, downstream face 
of the wetr and the tatlwater pool there was contmuous evacuation of a1r from the 
pocket. The reductton in pressure and volume of the a1r in the pocket reached an 
eqmltbrmm stage when the pocket was large enough' Otherw1se when the taliwater 
was being ratsed to R L 126 0 a stage was reached when the pocket was small 
t!nough to be swept away bodily by the Jet and tts space filled by eddymg water. 
As usual m a sudden collapse of cavtty m any mass of a ltqmd, this tmpltes large 
tmpact pressures. While the magmtude of negative pressures may be small the 
impact may be sigruficantly h1gh. The eddymg water brought m large air bubbles 
Ieadmg to the restoratiOn of the a1r pocket. The cycle began anew. 

Conclusions 

In a broad or narrow-crested weir the conditions below the rwppe play an 
-importan't part in determinmg safe pressures on the downstream face of the structure. 
Unless the flow ts submerged there can be no safe and steady pressures except with 
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overy low tail water level or proper aeratwn. These experiments have shown •that 
where there is a possibihty of the tailwater level nsing to a level where conditions 
below the nappe become violently unstable, proper aeration is absolutely necessary. 
In this particular case of the Khodshi Weir, allowing for 10 ft. of negative pressure 
in the design and proper aeration are recommended. Aeration pipes may be 
supported on piers to be constructed at sUitable intervals. 

I 

The piers can be advantageously used to store more water at the end of the 
flood season by providing a double row of planks fixed between the piers and by 
filling the gap between the planks With mud. The planks will of course be removed 
before the next season's flood arrives. 

17. DISCHARGE CHARACTERISTICS AND DISSIPATION OF ENERGY BELOW A SUBSIDIARY DAM 
SPILLWAY-HIRAKUD DAM PROJECT 

Introduction 

The object of these experiments was to determine-

(I) whether the spillway crest as designed was free from negative pressures 
for a maximum overflow of 15 ft., 

(Ii) whether blocks or end-sills were best SUited for energy diSSipation. 

The subsidiary dam IS a simple overflow weir with crest at level E.L. 500, span­
ning 92 ft. of channel symmetncally divided by an 8-ft. pier. The end-sill 10 ft. 
high is placed at the end of a 50-ft. radius bucket and a horizontal apron 30 ft. 
long at E.L. 407. The maximum head is 15ft. of water with upstream pool R.L. 515. 
The mimmUin T.W.R L. IS 427 and top of gmde wall is at E L. 463. 

Dimensions and locations of baffle blocks were to be obtained from the test 
results. 

For the tests, an existing flume was remodelled to a width of 2·3 ft. for model 
const~:uction to geometrically-similar scale 1 I 40. The bed material for scour studies 
after a few tests was taken to be 1/8 inch to 3/8 inch gravel. 

Imttal tests for seoul- were made with oucket design as supplied. For tests 
with baffle blocks, wooden blocks were expenmented on at different locations, with 
end-sill in position. With smtable block designs, the concrete end-sill was 
replaced by wooden sill, to test different h~Ights and locations: 

Pressure Tests 

Observations were made With upstream R L. at 505, 510, 515 and 520. The 
maXImum discharge pool level is R L. 515. Due to sufficient overfall, the pressure 
conditions tested were independent of the tailwater. 

l 

The pressures were found satisfactory and posihve for the working range oi 
Fig I, poot elevation (Figure 1). The design as supplied form the crest, consisting of a 

straight segment and a circular arc up to the crest, followed by another c~rcular arc 
and a parabolic arc up to the downstream glacis could possibly be simphfied without 
detriment to the positive pressures on the crest, but since the pressures were safe, 
it was not considered necessary to change It. 

Scour Tests 

The experiments were made with the worst condition assumed, viz., upstream 
pool E.L. 515. and T.W. mimmum at E.L. 427. This would of course ensure the best 
performance, but the design might be well conservative. 

-' 



1 : LO Scale Model of Khod hi Weir on Krishn:1 
River near Karad. ( Bombay State ). 

Photo No. 6952. 
Shovihg the freely falling nappe with upstream 

water level142.5 and downstream water level 126.0 · 
The nappe pocket is fully aerated. 

Photo No. 6953 . 
Downstream water level = 126.0, showing the nappe 

a lmost clinging to the downsteam face of the weir. 
There was partial vacuum in the nappe poket which was 
filled with eddying water and entrained air bubbles. 
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The imtlal bed for test purposes has been taken at the bucket bed EL 407 · one 
test was however made with bed levelled up to the top of the end-stU· (E L: 417 
shown as the assumed lme of excavation m the blue prmt rece1ved) though 1t 
appeared that this involved very htgh veloCity flows. 

The inittal expenments for scour wtth 1/8 inch to 3/8 mch gravel bed were 
m<~de With the bucket and end-sill as per design. It was found that the structure 
then acted hke a skt-jump bucket as the apron length was qutte msuffictent ; the 
scour gtven here for comparative purposes was a maxtmum of 25 ft. only compared 
With about 6 ft. obtamed m the test wtth the final destgn. 

Experunents wtth the end-stU in presence of baffle blocks of st:z:e 5 ft. x 5 ft. x 4 ft. 
were made for different locations and arrangement of the blocks It was found that 
location of 9 blocks at 10 ft. centre~ wtth thetr centre !me at 17 ft. upstream from 
the upstream face of the end-stU functioned satlsfactonly in that all posstbthty of 
a clear JUmp over the blocks and spray formatwns were ehmmated (Ftgures 2, 3, ~· • 

3 
Photo 7225). The maxtmum scour m these tests was reduced to below 10 ft. ' P;:;o ·;22;. 

From these tests, blocks wtth approximately stream-lmed stdes were made 
(Figure 4). As the blockmg was thereby incre<~sed, only seven of these stream-lmed 
blocks were used at 12 ft centres. But they were found slightly msuffictent . by 
this arrangement the frontage area of the blockage decreased considerably, wtth the 
result that the Jet shot past the blocks at rntmmum tatlwater With maximum dts­
charge. Hence these were replaced by 6 ft htgh blocks whtch proved satisfactory, 
the total blockmg now bemg 

7 x 6 ft. x 5 ft.=210 sq. ft compared to 

9 x 5 ft. x 5 ft.=225 sq. ft. m the prevwus test. 

End-stlls lower than the one per design, when tned, proved insufficient to avoid 
shootmg flow over the blocks at mm1mum tailwater. The ongmal end-sill he1ght 
was therefore retamed. 

It was also found that spray formatiOn for maximum flood even up to T.W.R.L. 
422 was completely prevented, 1f the end-sill along with the blocks were receded by 
5 ft., makmg the apron length 35 ft. mstead of 30 ft Smce however the tailrace 
whiCh discharges mto the mam nv~r Mahanad1 w1thm a few hundred feet IS 

hardly hkeiy to go below R L. 429 m the dry season, th1s extensiOn is not necessary. 

Tests were also made for comparison purposes w1th the use of splitters on the 
downstream glac1s of the spillway. Splitters consisting of two honzontal deflectors 
on the downstream face of the dam, the lower one bemg continuous and the upper 
one consisting only of a number of equal segments, were found to function very 
satisfactorily m previOus tests w1th Va1tarna spillway model' where a high over­
fall was avaJiable. In th1s case of comparatively low fall, splitters were tested 
placed about 20 ft. below the crest. The throw obtamed was as expected, somewhat 
more than 100 ft., the aeratiOn was satisfactory, but the scour, still of the order 
-of 20 ft., was much less satisfactory than with the apron, end-slil and fnct10n blocks. 

Recommendations 

In view of the pos1bve pressures, the spillway crest profile is considered 
satisfactory. For energy dissipation under the worst conditions, the apron length 
of SO ft. ts satisfactory for T.W. mimmum of R L. 427. Seven baff1e blocks 6 ft. 
h1gh, 5 ft. wide on the upstream face, curved in plan, 5 ft. long in the direction of 
flow and placed at 12 ft. centres With upstream face 19 ft. from the upstream face 
of the sill will ensure satisfactory performance. In v1ew of the worst ta1lwater 
conditions assumed, the des1gn is conservative. 

' See Annual Report (Technical) 1949. 
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18. PERFORMANCE OF VOLUTE SIPHON No. 7 AT HIREBHASGAR 

Introduct01y 

Of all the eleven s1phons installed at H1rebhasgar, the one subject to regular, 
full scale expenmentatiOn 1s No. 7 S1phon. When -1t was ready to take up the 
floods in 1946, 1t had the same dimensiOns as the rest, vtz., 18 ft. diameter and 
58 ft. siphon height. 

Durmg 194 7 a ledge of one foot was bUilt at the throat, thus creatmg a local 
~ameter of 16 ft. This gave only a d1scharge of 3,000 cusecs'. 

During 1948, th1s local constriction at the throat was carr1ed downwards to the 
top of the bend and left at that, the lower bend and the outlet remammg 18 ft., there 
probably havmg been msufficient t1me to complete the work. The Siphon ran full 
till that pomt and the flow separated thereafter and the discharge was about 
6,300 cusecs0

• The R. C. C. parapet on the top of the dam was found vibrating 
and a metalhc thud sound was audible No senous damage was however discovered 
at the end of the expenment. 

Durmg liJ49, a slopmg ramp was added at the outlet to a depth of two ft., thus, 
in effect, reducmg the exit area. Lack of time agam came in the way of completmg 
the construction in the bend portwn. The s1phon pnmed and apparently ran full­
bore, though 1t mdicated reduced velocity'. At the end of the experiment a b1g 
scour hole was d1scovered at the beginning of the outer wall of the bend which 
was subsequently sealed by introducmg R. C. C. arched nbs and gumtmg. The 
probable re:ason for th1s damage was given m Annual Report (Technical} 1950. 

In 1950, the whole length of the s1phon was made 16 ft. in diameter throughout, 
includmg the bend ; but as the inflow at the time of experimentation was not 
sufficient, it did not function. 

During the same year, several experiments were conducted at the research 
station, includmg the determination of the opt1mum constriction of the eXIt 
diameter which would make the des1gn cavitatiOn-free,< and hence dependable. 
As a result of these experiments a conical steel t1p of eJQt d1ameter 16 ft. was added 

Photo auo to Siphon No. 10 as an experimental measure-vtde Photograph 356. 

Arrangements were made for velocity and pressure observatiOn ; the performance 
during the 1951 floods was watched. The dome wmdows of all other domes except 
that of Siphon No. 10 were kept open in order to delay their priming ; but in spite 

Photos 271, of this precaution, S1phon 7 pnmed, and as the Inflow durmg experimentatiOn was 
31S5, ass, 359 not enough for a second siphon to prime, Siphon No. 10 could not be tested as 

& 361. programmed. · 

Behaviour of Siphon No. '1 

The primmg of Siphon 7 earlier than S1phon 10 should be attnbuted to the 
smaller dtameter obtammg w1th the former stphon. 

As the dome wmdow of Siphon 7 was open, the siphon was not running quite 
full. It was therefore closed with cement mortar. 

The workmg of the Siphon could not be considered as satisfactory. After the 
·dome wmdow was closed, the outlet ran full more frequently than before. Most 
<lf the time th.e water coming out had a frothy appearance mdiCating considerable 
air entramment ; the length of the trajectory was very much less than what one 
w.ould expect from the high head under which it was actmg ; besides, it was shifting 

'--~~~~~--~-=~--~~~~~~~--------------------------­' Hydrau!Jc Research Station, K. R S ART 1947 
'Hydraulic Research StatiOn, K R. S. ART. 1948. 
'C. W. & P. R. Station, ART. 1950. 
'C. W. & P. R. Station, ART. 1950. 



El. 

520r------,~~~~=------r------~~------ll----~ 

!Sf$ ------·-· ----------

490~------~--------~~----~~~H-~·~~~------~~ 
PwGSS//Rit CURVE 

l 
FOt;'WL /ITEL.SIO 

PRFSS!/FlE t:Lif:?VE 
1-"'Jt;' W~ AT Cl SIS 

_,._ f>/i'£.<5/IR£ C/IRV£ 

FOP W l AT Et. 520 

AXI.I OF C/l£'J'T 

<-+.._AXIS OF/JAN 

I 

h." 750 P!C 111'/1 /.!lSI 
CI+'~PII'STN PIJQI>'A. 

35·L---------L---------~--------~------~ 
0 s 10 15 20 

0 •• 

J) ~:.e. D&I'TH OVER THE' Cli'£57 IN F.!' (l~ Pli'P70 

IO.CO(J 2.:1000 30.0IXJ 40000 

Q ~ 1!'. OISCHA!NiE IN Cl/SECS OF PROTO 

/•0 

FIG./ 

11/RA!(tJ!J IJAN PROJeCT 
IIYIJRAt/UC MOIJEL 6' 

//40 G S. M00£L 

OF 

46v~------~------~~----L-~------~~------~--------~-------*~--~--i 2.:> 10 0 /0 20 :so so 57 

St..'SSIOIARY ./JAM 
PR£55U6'£ D!5TR/8!/TI/JN 

LJ:J TANC£ /.V rE£T 
q, 

.DSD..,,.!,PG£ CO£FFI!:IE1':5 



A PT. 19S!-17,:1t1f7 
N'i 7,5/ 0~ APH/L /S.SI 

EL. 
fs~ 

.:'"W/NC. HES., PO<'WA 

fst7 
Ill! ~ Ism """" lp ~ ~K. •a 

·~ \ 
La .. , IV~,:. r;"- ~. 

' " '\~, II'L 

~- ~1< 
- ~ IL'o 

I' S> 

,, 
'\~ : ·-··- ' A_, 

~. •' >4X• OF.< ~\. [\~ 
.;;.. t-::... ../ 

I 
,.!J, 

J.<7 r: 1\. \\. 

!..:..., \.~ r~ ·'" r-----

f.tn ' ~ h AA~-

.1<>7 
'-....._ y iii!7.~ H' ,~. ---- ~' ~-- ·-

r~! ::-..... 1- --_ . .::' '/ --:> '8£.0 IJ.. _., , 
"" '~ 

n \\J ''....; v 
~$.7 ,/' Od• 

... .,., ~ ~-- no 

0 .itO 40 1&'0 .. 0 """' /~0 /40 /GO 

,_ 
"'-<><> .zzo Z40 Z~D ./80 JOO JZO .S<Sd .S&D 480 •rM «ZD -LJ/STANCE /N .FEET .!'"ROM AX/S 

" " 8£0 MATER/A~.· Y4- ¥.s ti.RAVE~ 

"i'£F6.Re'NCES . FIG. 2 
V/S II'•TE• D/S lrAn!"J< WATII'H ..>"'VRFAC£ .S<:OUR.!i'D BELJ 

EL £L. /IIRAKUO LJAM PROJECT 
S/S .d.il7 A ... ~IWTN F//YA.£ L.O&AT/ON t7F' 

SIS d3T 
,. ______ -.1( -------- BAr~.££ ,CU.OO::N.S & S/-£L. #YLJ.RAI/LIC /JIOLJEL 6 

SIS 45'7 ~··-~ ------
515 427 SCOUR W/TN no BAF,CLE BL.:JCkS @-- @ f40 G. S.M01J£L OF S//8SILJ/ARY LlAAl 

C./J. 0. DESIGN WITH BAFFLE BlOCKS 
SCOUR TESTS 

,CQ.M,..O .ay-
~ Jo ..-<~ /O 0 ..,, 40 ,r EJ!!" .r 

TN~C~D 8Y-PATHUif G-~ 
~G'-4--51. ..JCALC ~ 



A 1i' r !$Sf-! TEN 17 IY~ '?'.5€; OF MA¥ ;s.sl 

cL 
CtNIN~ #,e'S, Pct:INA 

S;?7 ,.-
I 

SIT - 1-' 
~OT rs ~"' -· 
i->'9? 1'-. 
!«Dr ' 

""-... 
:--.. '\ 

..t:r/S-~~ '\ "'" 
.,..- .. -c:.fl'e.sr 

~.L 

~T 
t ---i '\ \ 41; 

j,-~ i-
'\ ' ... 

I 45> $.!17' I ,r I,.- ...O~t (),C DAM'\ l\ . I 

<d., 
, 44 ' ,_ ·---. ---T 

~H7 II J_ ,\i ' 43 

!<rz'!---
1 I \.)i -'2 -- ----

I 
I "':"'-..,. ..-1 I .. , J..<n 407-r 

\ '-... lr;l I j_ ~ 
...... ..... --- -- ---- ---- ---- ----· --- ---- 40; ' ; :. ' --_;:;:= 

~- ', ---- . - --- I'll! I ~ - / 
~, ..... ,, 

1.-.<. • .o~q? I ---- ---- .- /N/T'/A Bra 
~.9· ' ~" ... - :f!> 

BA 'Fl-E Si.OC:K \ '. '-...... _.,,;. IV 1-.1,1 i \..1 
\97 

' -- ~>--- I __ !.¥,.; 
<77 . 

.$4<1 320 _,~ sfto 480 400 ~0-() -!O - GJ so mo /.!!0 /40 /6'() /SO .i!oo 2ZO 24b J6'0 ~ 

0/.S TANCE /N rcEr rtf'OM .AX/S 

, '/ 

.S.S:: 0 • .,.-1 r LON A L : ~8- :Y9 $A'AVEL 

AE.r'4'N4"NC4"' J 
_c"/G.3' 

-~~ I..CTEol'!S 1+>41'€R "ArK.t" J.VA'/':"'CE .SCOt/A-SO S£L7 h'RAXLI.O .OAMPROJECT &L EL I :SIS 4.Z7 A- <1 x--------x resr.s W/rN F/I'VA.l. L.DCA 7/0N b.P' 4.:..0,K.F 

l I t.~'/TN /N/,../A~ 4£0 EL.. 4/7 ANO h' YLJRAt/L/C MOLJ£L. o 
I o/S N i. . .S/S. D/J A' L, 4Z7. j40 6. S NOLJ£L OF Str.BS/.0/ARY OAM 
I 

I A/.S 8EP SrAB/.1./.SED AT FL. 4-13 C.O.O . .OES16N W/TH BAFFLE BLOCKS I J MA )( SCJV.¥ £-<.. 40:5 I SCOUR 7£STS ' 

' s.s "'~" I sc:ouq tv/rN ;vo 8AF.c-4E BL...:JCKJ' o--~ - .71? .h:l ~~~ 0 zo 44'4"8'r 
COM~ 8,1'-
r~AC$"C' SY- C.A7'"~'E" G A' ~-S-S-'~ JCA££ 



' " 

IN \'1. II " ' 

1 
i 

1 ~---1 ' 5 
!T ---

"' ''" "' 

;vo 1.so oF F"t:e -'352 
c. W. 4 ,0. R SrN PCIOJW 

/'"/54 
HII?AKUD LJAN PROvECT 

I-IYOR.4UL./C #OO.CL E: 
~:_.,0 G ..S: .NOI:J£"1. or SUS.S/0/A.RY OA-w 
44FrLE. /5LO~k.r -- ,P£;t';'O,.,_,ft?£~NQ£D Oi!:'J/<1/V 
1-¥/THC"J/r CKTJ=N..J"/0/'/ ~F ,4PAON ~~E#G?"H 

• c .., z. o .. • F'er 



IT EM NO. 17. 
A, R. T, 1951 

Hirakud Dam Project. 
Subsidiary Dam Spillway 

Photo No. 7225 
Side view of Model. Action of blocks and end sill 
for energy dissipation, and avoidance of spray 

formation 
Upstream W. L. 515, Downstream W. L. 427. 



Volute Siphons at Hirebha gar (My ore ) 

Photo 271 
Hirebhasgar dam ( 1951) 

Photo 355 
flirebhasgar siphon outlets. 

Photo 3 56 
A close - up of siphon No. 10. 

ITEM No. IR. 
A, R T. 1951 



Volute siphons at Hirebhnsga'r ( Mysore) 

I 

Photo 358 

ITF.M Nn. 18. 
A. I. t. 1951 

Shed for recording Vibrations at ground level, seen in the foreground 
View of Hirebhasgar Dam ( rear) from the Right bank, Just 

before siphon 7 primed. ( See the shed for Vibration 
experiments ) 

Photo 361 
Siphon 7 primed ( 1951) outlet erratically running. 



Volute siphons at Hircbhasgar ( ~lysorc) 

Photo 359 
View of jet of siphon 7 from top of dam 

Photo 360 
Vortex form ad near the dome of siphon 7. 

ITE:'-1 ~0. IH 
A, A, T, 1951 
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in all directwns, water rushmg out in intermittent gushes. The flow appeared 
to be very unsteady. V1bratwns were felt which gave the feehng of a hammenng 
sound and the approximate rate at which th1s occurred was about five per second. 
Besides, b1g explosions were heard at frequent intervals. Near the dome there 
were anticlockwtse vortices towards the dam side, the most frequent one bemg on 
the left side facmg upstream (see Photograph 360). The pressure m the dome Photo 360. 
varied from -57 to -9 9 ft. of water. 

The fall in the water surface from Siphon No. 1 to Siphon No. 7 was three inches 
and from 11 to 7 (w1th the underslUices workmg) 1/2 mch. From front to rear of 
the dome, the fall was three mches to the left and one mch to the nght (facmg 

' upstream). All these should be expected to vary m accordance w1th the number of 
siphons functwmng-a matter for consideration of the suitable design of the 
deprimers. 

As 1t was feared that senous damage m1ght occur m the body of the Siphon, 
the underslu1ces were opened. The VIbrations contmued until, at the end of about 
11 hours, the s1phon began depriming. 

Depriming 
First, the two upstream depnmers (R.L. 1776 20) were exposed and air was 

intermittently sucked in ; after about two hours, the downstream depnmers 
(R.L.17775·12) also began to function (water level at S1phon No.1 bemg R.L.l775-40) . 

• 
Durmg depnmmg, the vanation of pressures (one of the front depnmers 

workmg) vaned from -8 to -9 ft. The VIbrations during deprimmg were not 
sigmficant and finally the siphon deprimed. During deprtming, the s1phon flow 
reduced and the outlet was running partially and the jet was clearly marked. 
The deprimmg occurred at R.L. 1775 05, the lake bemg depleted by 0 95 ft. below 
FR.L. 

Observations 
Afterwards, the sluices were closed and the s1phon was inspected and the 

following mformation was obtamed: 

Figure 1 shows the damage done to the gumted plastered surface. Some of Fag. 1. 
the remforcement bars were exposed and at some places, the depth of scour was 
of the order of rune inches CuriOusly enough, the convex side of the bend d1d 
not show any damage. It Will be noted that the region of damage was lower down 
in the barrel on the upstream Side. On further study, it was deduced that the 
cavities which formed at the throat m1ght have collapsed in th1s regwn. These 
collapses were heard as explosiOns referred to before. Th1s behaviour has well 
been explamed in the symposium on cav1tatron, ASCE Sept. 1945. 

' It was also deduced that air released from water on the concave side travelled 
towards the convex side thus reducing the negative pressure and hence no p1ttmg 
occurred. Another explanatiOn for this may be that though cavibes might have 
formed on the convex s1de, they might not have collapsed within the short length 
of outlet. These pomts can best be studied only in a cav1tahon tank. 

l9. VIBRATIOl~ STUDIES AT HIREBRASGAR DURING THE WoRKING OF SIPHON No. 7 AND 
UNDERSLUICES 

1. Stations 
T-Average penod of individual wave (in a wave-group in sees.). 
A-Corresponding maXImum amplitude (absolute or relative). 
P-Average penod of wave-groups in seconds. · 
V-Maximum veloc1ty of v1bratwn (absolute or relative). 
P

0
-Penod of individual burst on the dome of Siphon No. 7. 

V
0
-Correspondmg (to P.) max.~mum relative velocity associated with 

individual burst. 
H-Horizontal component of V1brahon perpendicular to the ax1s of the Dam. 
H,-Honzontal component o£ VIbration parallel to the ax1s of the Dam. 
W-Record with Wood-Anderson Seismograph. 
G-Record With Electromagnetic Geophones. 
F-Record on the foundation, in the seismograph room shown in Figures 6 h'•go. 6 & 6& 

and 6A. 
1, 2, ...... are the stations of observation on 'the Dam (Figure 6). 

13A 
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D-Station of observation on the Dome as shown in Figure 6. 

. 41t'A a-AcceleratiOn- TS 

V V l 
. Z1tA 

- e octty- T 

2. Introduction 

Hirebhasgar Dam has b~en built across the river Sharavati on the eastern slopes 
of the Western Ghats as water reservoir for the Hydroelectric Power Generating 

Figs. 1 & 6. Station at Jog. Figures 1 and 6 show cross-section and plan respectively of the Dam. 
The Dam consists of three parts, namely, the central masonry portion and the two 

Fig. IA. side earth embankments. Figure 1A gives a portion of the profile of the river valley. 

Fig. 6. As shown in Figure 6, the dam is provided with eleven Ganesh Iyer Type volute 
siphons in addition to the usual undersluices (6 in number). The entire central 
portion of the dam is or masonry, whereas the siphons have been built in cement 
concrete. 

The undersluices have been designed to pass a total of 60,000 cusecs (10,000 cusecs 
each) discharge, whereas each one of the siphons has a d iameter of 18 ft. and was 
de~igned for passing a discharge of 13,000 cusecs. 

Experience has shown that these volute siphons, when allowed to function, 
generate considerable vib'ratory motion, both on the dam and on the domes of the 
siphons. This has given rise to doubts whether these siphons can function smoothly 
in conformity with the safety of the structure. Thus an investigation was under-

lrig. 6. taken regarding the vibration characteristics of the Dam [Stations 1 to 6 (Figure 6)] , 
under various conditions of exciting force , namely-

(1) sjphons working as weirs (Discharge Total=2,177 cusecs), 
(2) the Siphon No. 7 in primed state, 
(3) the Siphon No. 7 in depriming state with undersluices, in function in 

both the cases, and 
( 4) undersl uices func tioning alone. 

Observations were extended to the earthen embankments also. 

In addition, various other fundamental aspects of the vibration characteristics 
of the structure and foundation were also undertaken, mainly, to help interpreta­
tion of the engineering properties in conformity with the boundary conditions 

Fig. 6. existing at the site. The stations of observation are shown in F igure 6. Observa­
tions on the foundation were taken under an existing force due to siphons working 
only as weirs. 
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A spec1al mvestlgation was done to assess the mtens1ty of v1brallon on the dome 
of S1phon No. 7 (Statton 'D • m F1gure 6) 1tself as it is a hght structure and so Fig e 
hable to be easily thrown into VIbration. The observations were taken dunng the 
primed and depnming states of S1phon No. 7. 

The hydrauliC behaviour of the s1phon is diSCussed elsewhere. 

During thiS mvestigab.on, the reservoir was full up to RL. 1777 5 w1th no 
appreciable ta1lwater. 

3. Instruments used in the Investigation 

In order to obtain eomprehens1ve data, a number of mstruments were used in 
-the investigation as giVen below: 

(a) Wood-Anderson SetSmOgraph-Th1s instrument was used m kind cooperation 
-w1th the Meteorological Department, Government of Ind1a, Poona. It IS a mechamcal 
instrument with a static magnification nearly 1,000. 

Usual expression for magmfication can be shown to be 

v. 
• • (I) 

Here M-is effective or dynam1c magmficat10n ; 

V,-Static Magrufication; 

T,-Penod of the earth wave ; 

T.-Period of the seismograph ; 

h-Damping constant. 

From a rev1ew of the reg1stered records, 1t was found that T, is of the order of 
•O l sec. and T, nearly 1 sec. Hence~ =0 1. 

Thus neglecting higher powers of € , equatwn (1) g1ves M= V, for any fimte 

value of h. · ' 

Throughout the frequency range obtamed in the mvestigation, the dynam1c 
magmficatwn 'M • of the instrument was, therefore, equal to 'V, ', 1 e., 1,000. The 
optical distance used was equal to one meter. 

As the natural period of the instrument (l sec nearly) was much h1gher than that 
.of the earth wave (-1 sec.) the seismograph served the purpose of an 1deal diSplace­
ment-meter recordmg proportwnal displacements of the earth movements. 

(b) Geophones-Rugged geophones (electromagnetic mstruments) usually used 
in geophysiCal mvestigatwns, were adopted for use m this mvestigatwn in honzonta! 
as well as vertical planes. These geophones were coupled with e!ectromc amplrfiers, 
and recordmg Galvanometer, both havmg flat response m the encountered frequency 
range and thus the electromagnetic fluctuatiOns m the geophones are transmrtted 
to the recorder Without much distortwn. 

. It has, however, to be noted that the geophone records represent proportwnal 
velocrtles as against proportwnal displacements by Wood-Anderson Seismograph. 

(c) Cambridge Vtbrograph-This is also a mechanical instrument wrth a very 
low :magmficatwn (nearly 5). It was, therefore, only possible to use 1t on the 
·dome of Srphon No. 7, where the intensity of vibratiOn was sufficient. 

(d) Reed Vtbrometer-This is also a mechamcal instrument workmg on the 
principle of resonance. It, havmg a low magmficatron, could only be used to measure 
"the mtense vibratwns of the dome of the Siphon No. 7. It has indicated some 
:promment frequencies. 
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4. Analysis of Seismograms 

A close study o! all the seismograms shows the existence of an over-all low 
frequency envelop (wave-group), over and above a high frequency spectrum 
(individual wave), existing throughout. The existence of these wave-groups in all 
the seismograms, recorded dunng the mvesbgabon, shows that they are probably 
sigmfit!ant m the dynamiC<ll behaviOur of the structure, under exammation. 

In analysmg the various records, It was thought best to take into consideration 
only the most pievalent groups occurrmg m the seismograms. 

It IS found that the average penod in a group and maximum amplitude were 
sigmficant and represented the dynamical behaviOur of the VIbratmg system. 

5. Vivration Study of the Dam-All the Stations on the Dam with Particular 
Reference to Station '4 ' 

Ftg. 6. Figure 6 shows the statiOns of observation on the dam. Station No. 1 was on 
the earth portion whereas Nos. 2, 3, 4, 5 and 6 were on the masonry portion. 

Station 3 was on the masonry portion above the undersluices, 4 was opposite 
siphon No. 10 which was expected to functwn and 5 was opposite siphon No. 7 
which primed on 17th August, 1951. Accordingly, seismograph room was built at 
station 4 and so the observations with the Wood-Anderson Seismograph could only be 
taken at station 4. ObservatiOn with electro-magnetic geophones have been taken at 
all the stations. Comprehensive data IS, therefore, available only at station 4 and 
value of acceleration, velocity and displacement of the dam have all been determined 
at this station. By comparmg the observatiOns with those at station 4, attempt has 
been made to get an Idea of acceleratiOn, etc., at station 5 which was nearest to the 
source of disturbance, t.e., siphon No. 7. 

Fig. 5. Figure 5 gives the values of penods and relative velocity from records at 
various stations with vertical and horizontal geophones (perpendicular to the axis 

Fig. 6. of dam), when the siphons were discharging water as weirs only. Figure 6 gives 
Ftg. 5. average values of penods and relative velocity (as obtamed from Figure 5). 

Considering vertical vibratwns 1t is' seen that the period of vibration was 
practically uniform, on the masonry portion of the dam, with a value of nearly 
0 04 sec. 

It will also be seen that the value of the period is distmctly different on the 
earth and on the masonry portion of the dam. This difference of periods of vibration 
on the masonry (0 04 sec.) and the earth portwn (0 05 sec.) indicates the influence of 
respective structures on the vibratiOn charactensbcs. Considering the vertical 
penod of the respective parts of the dam, a tentative idea of the elastic constants 
of the materials of constructiOn of these parts can be obtamed as follows: 

The penod 'T ' of the fundamental vibration can be written as 

T=4ht 
vl 

where h,=height of the dam and V,=velocity of longitudinal waves='\/~ where 
p 

_ E=elasticity and p is the density of the material. Here p =2 8 for rock, h, =90 ft. 
for masonry portion. 

4X90 
.·. 0·04= .. I E 

v 2·8 
' which gives E=2-1 x 10" c g.s. units-a usual value for masonry. 

Similarly for earth portion, T=O 05 sec., p =2 4 and h, =60 ft. and the formula 
gives 

4x6o 
0·05=,./ E 

v 2•4 

which gives E=4 97 x 1010 c.g.s. units for earth embankments. 



VlllRATION STUDIES AT HIREBHASGAR DURING THE WORKING, ETC. 73 

The study of honzontal vtbratwn (perpendtcular to the axis of dam) from 
Ftgures 5 and 6 also shows a behavtour stmtlar to that of verttcal vtbratlons. Here 
also the penods show a sudden change m passmg from the masonry to the earth 
dam portwn. Whereas for verttcal movement relative veloctty and dtsplacement 
decrease, the period mcreases m passmg from the masonry to the earth portion ; 
and for honzontal movement all these elements decrease. The dtfferen.::e m the 
behavtour IS due to dtfference in elasticity m the h\ o portwns of the dam. 

It is also seen that honzontal vtbratwn conststs of two spectra, one of htgher 
penod, 0 15 sec. and the other of lower pertod 0 0,1 sec. ; both these penods are 
present on the masonry dam, earth embankments and foundatwns. 

It IS, however, observed that. whereas the p~nods correspondmg to masonry 
dam, m both the components remam fatrly constant, the dtsplacements and 
assoc1ated relatiVe veloctttes mcrease towards the nght end of the dam (lookmg 
.downstream). A stUQY of the plan of the dam (Ftgure 6) reveals that towards the 
left end (looking downstream) the masonry dam ts well embedded m earth 

.embankments on both faces, while towards the nght end It touches the earth 
embankment on the downstream face only and thts asymmetry m the boundary 
.condttions IS perhaps responstble for the increase m relative veloctty and dtsplace­
ments towards the nght end of the dam. 

Figure 7 shows the analysts of records, wtth the Wood-Anderson Setsmograph, 
at statwn 4 when one undersluice was slowly opened to max1mum dtscharge value 
(10,000 cusecs). It will be seen from the figure that the period, as well as, amplitude 
remam at a comparat1vely low value m the 1mttal stages and rtse suddenly up to a 
htgh value 0 13 sec , whtch remams constant. 

' Ftgure 7 A shows the analysis of records at station 4 (with Wood-Anderson 
Seismograph) for 10 mmutes, under a constant dtscharge of 10,000 cusecs. It can 
be seen that though the displacement shows some scatter, the penods of Vtbratwn 
remam fairly constant. '- • 
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Figure 8 shows the variation of period with displacement (Wood-Anders 
record at station 4) when the sluice No. 6 was slowly opened to maximum dischar~n 
value. It is seen that in the initial stages the period increases with displacemen~ 
attaining a constant value afterwards. 

Maximum velocity and acceleration at station 4, as calculated from the value 
of periods and corresponding maximum displacements, for various discharges (fro~ 
Figure 7) are shown in Figure 9. It will be seen that acceleration as well as.. 
velocity attain a constant value, that for acceleration being nearly 0·001 g. 

· Variation oi period of vibration at st~tion. 4 (Wood-An.derson record), with 
various undersluke gates open, is shown m Figure 10. It IS seen from a close 
scrutiny of the figure that though the scatter increases with increase in the number­
of gates open, the mean period of vibration is not much affected. 

, 

Fig. llB. Figure llB shows a portion of seismogram (Wood-Anderson record at station 4) 
with various undersluices open. It depicts existence of wave-groups, thus showing 
the presence. of low ~requency spectrum over and above the high frequency 
spectrum. Figure 11 gives the wave-group periods, individual wave periods and 
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displacements from the record. It is seen that the wave-group penod mcreuses 
With the increase in the number of open gates. Mean value of the max1mum 
displacement also shows an mcrease as can be seen from the figure. Ind1v1dual 
wave penods, though they appear to show a shght decrease w1th the increase m 
the number of open gates, can be taken as fa1rly constant cons1denng the scatter 
m the ind1v1dual values as can be seen from F1gure 10. ' 

Analysis of records w1th honzontal (perpendicular to the ax1s of the dam) and 
vert1cal geophones at stattons 3 and 4 1s g1ven m F1gu1e 12. wh1ch g•ves max1mum 
relattve veloc1ty and penod of v1bratwn for one gate open and s1x gates open. 
It IS seen that the verbcal v1bratwns represent a more monochromattc behav1our 
than the honzontal ones, m respect of penods of v1brat1on as W<'ll as a;socmted 
relattve veloc11tes. There IS, however, a shght increase m the vertical velocity w1th 
SIX underslutce gates open. The penod and relative veloc1ty of ho11zontal vJblntions 
show some scatter whiCh increases w1th s1x underslmces open. Recmds of the 
vert1cal v1bratwns are thus of more sustamed nature than those of the honzontal 
ones ; and th1s IS as one would expect cons1denng the boundary cond1t10ns of the 
two cases. 

The variatwn of penod of VIbration and d1splacement, at stat10n 4 (Wood­
Anderson record) dunng the pnmed state of s1phon No 7 are shown m F1gu1 c 13 
and these dunng 1ts depnmmg. state m F1gure 14 

It 1s seen from F1gure 13 that both md1vidual wave penod and wave-group 
penod are, more or less, s1m1lar m character to that observed w•th v1bratmns m 
case of underslmces open; the displacement, so the max1mum acce)eratmn, however, 
IS five t1mes more than that m the latter case (t e, w1th unde1slu1ces open). 

~·.g. Ill. 

n •. 13. 
F>g J.l. 

From F1gure 14, when the s1phon began to dept1me, 1t IS seen that though the F,g II, 

perwds of mdividual waves are s1m1lar to those m the pnmed state, the displace-
ment m th1s case IS about half that m the pnmed state (see F1gure 13) and the• cf01 c, F>g. 13. 
the related acceleratwn w1ll also be half that m the pnmed state. 

A summary of wave-group periods, periods of ind1v1dual wave, associated 
displacements and calculated max1mum acceleratwn, due to variOus forces of 
exc•tatwn, at statiOn 4 (Wood-Anderson record) has been g1ven m F1gure 15 The 11>g. JG, 
max1mum value of acceleratton IS found to be about 9 5 ems /sec'. (t e, 0 01 g) 
durmg the pnmed state of the siphon No. 7. 

It may be noted that statton No. 4 IS at a d1stance of about 150 ft. from statiOn 5, 
which is opposite the siphon No. 7 (which pnmed and as such was the source of 
exCitation) and where the acceleratwn would be much higher. The behaviour of 
various elements, hke periods of individual wave, penods of wave-groups, associated 
d1splacements and acceleratwns, show that, whereas the penods remam pretty 
constant, the displacement and so acceleratwn d1mmish as the s1phon begms to 
depnme. Th1s sudden change on passmg from the primed to the deprimmg state of 
the siphon 1s clearly depicted m Figure 15 FiK, IG. 

F1gure 16 shows that the vanatwn of acceleration w1th displacement 1s, mm e F>g. 10. 

or less, lmear, as one would expect from the rela!ton a= 
4~';~ for s1mple harmomc 

mot1on of amplitude of d1splacement 'A', penod 'T' and am ph tude o.f acceleration 
'a'. 

F1gure 17 (Wood-Anderson record at sta!ton 4) g1ves d1splacements and penods F.g. 17. 
of individual waves w1thin a wave-group. These would g1ve an Idea of the vana!ton 
of displacements or acceleratiOns durmg the penod occup1ed by a wave-group. 
Maxrmum acceleratwns, whiCh are of mterest have already been g1ven m F1gure 15. F>g. IG. 

Statton 3 on the Dam-ThiS statwn on the dam, IS just above the underslmces 
and so when the underslmces functwn. th1s sta!ton would be affected most. The 
records on this statiOn were taken with the help of geophones. From these geophone 
records the 'value of max1mum acceleratwn calculated at station 3 w1th all the 
underslmce gates open IS only of the order of 0 003 g. 

34 cw&Pc 14 
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Station 5 on the Dam-Th1s statwn is of spectal tmportance as It was just 
opposite s1phon No. 7 and wh1ch pnmed and so was nearest to the source of 
disturbance. As the seiSmograph room had been constructed at station 4, for the 
reason g1ven already, the records wtth the Wood-Anderson Setsmograph were not 
possible on th1s statwn. The study was, therefore, made wtth the help of geophones 
alone. 

Figs 18 & 19• The analysis of records on th1s statwn 1s giVen in Ftgure 18 and Ftgure 19 
(geophone records durmg primed stage only). 

Ftg. 18. It 1s seen from F1gure 18 that there exists a spectrum of low periods of 0 05 sec 
with supenmposed wave-groups of penods varymg from 1 to 10 sees. The wave­
group spectrum is highly non-umform and it lS not possible to associate it with 
any natural vtbratwn of the structural elements and further they would only 
produce a very much lower acceleration as compared with that assoc1ated w1th 
low period individual waves. "' 

F.g. 18. F1gure 18 also shows the relatlVe veloc1ty assoc1ated with the indivtdual waves 
(penod 0 05 sec.). It is seen that relative velocity 1s also uniform hke the associated 
penods. 

F.g. 17. 

Ftg 3. 

F.g. 2. 

Maxtmum acceleratwn at th1s station, calculated from these geophone records 
is of the order of 0 02 g, as compared w1th 0 01 g obtamed at statwn 4, which was 
150 ft. away. 

Figure 19 d~picts the penod and amplitude of indtvtdual waves in some 
representative wave-groups. It is seen that the perwds mamtam a nearly constant 
value m both the components. There also ex1st some sub-wave-groups mside the 
wave-groups. The sub-wave-groups were not present in the case o:f F'tgure 17. 
Tlus peculianty may be assoc1ated with the high frequency spectrum, met wtth 1!! 
the geophone records, w1th whtch large accelerations are associated and so these 
sub-wave-groups may be due to large 1rregular Impressed forces. 

6. Vibration Study on the Foundation 

The rec~o~rds were taken in all the components, namely, vertical and honzontal 
(parallel and perpendtcular to the axis of the dam). 

Figure 2 represents periods of VIbratwn and assoctated maxtmum displacements 
graphtcally (from a Wood-A~derson record). It shows two frequencies wh1ch occur 
alternately on the seiSmogram. One has a mean penod of 0 06 sec. and the other 
of 0·13 sec. As can be seen the penods are, more or less umform. Associated 
diSplacements are also mostly umform and are of a similar order in both the 
spectra, those for the low frequency bemg slightly of higher magmtude. 

Ftgure 3 g1ves analysts of records w1th geophones m two mutually perpendicular 
honzontal drrectwns. It gives a low frequency S1m1lar to that of the Wood-Anderson 
record (F1gure 2) but of a slightly higher penod 0 15 sec in both the dtrectwns 
In th1s record, however~ there is a very umform htgh frequency spectrum, present 
m both the direct10ns, with mean period of 0 025 sec., whtch is much lower than 
the h1gh frequency spectrum in Wood-Anderson record in Ftgure 2 .• 

Ths figure also shows the assoc1ated relatlve velocity for both the spectra in 
the two dtrectwns. It is seen that the relat1ve velocity associated with the htgher 
frequency is nearly the same in two directions, vtz., perpendtcular and parallel to 
the axis of dam. Similar remarks apply for low frequency spectrum if the 
percentage scatter of observations is taken mto account. 

Wave-groups, whtch envelope high frequency spectra, occur alternately wtth 
those envelopmg low frequency spectra and both these wave-groups have a penod 

F•g .2. of 14 sec. as can be seen from Ftgure 2. Thts alternate recurrence would be due to 
predominance of one mode of VIbratwn over the other at a partiCular instant. As 
the two modes of vtbration occur throughout the record, the generating agency 
must have a cycle of 1 4 sec., durmg whiCh there are favourable moments for the 
two modes to be exctted 
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As has already been stated the excttat10n m the foundatiOn mvesttgattons was 
due to Siphons runnmg as wetrs wtth a total dtscharge of 2.177 cusecs. A s1mllar 
expenment was conducted in 1950, wtth a diScharge varymg !rom 10.000 to 52.000 
cusecs, through the undersluices. Analysts of records of this mveshgotion (with 
Wood-Anderson Seismograph) IS represented m Table 1 below. 

TABLE 1 

l>u!c barge tn cuee~s Compooeoat. Pmod tn •eoc. Dll.pl•oem.nt. tn 
mm.x Jo-• 

10,000 Parallt>l to the &~ll 0 J2!! 0•4115 
20,000 .. ! 0' 1!!3 O(!(l(l 
30,000 .. 0 I:! I 0'703 
10,000 Perpendrcular to the &:SII 0 133 0'333 
20000 .. 0 135 O·tl49 
30,000 .. 0 137 0 713 
40,000 M 0 140 097~ 

52,000 .. >liU I ~37 
Oceru:IJonal spurts of 
30,000 (T<>W) through 

mphonw. 

.. 0126 : 74~ 

It will be seen that the mean penod is nearly the same as that of the low 
frequency spectrum m Figure 2. Thts shows that the penod does not depend so 
much on the force of excitation as on the structural and boundary conditions, though 
the displacement mcreases w1th the force of exettat10n. 

The analysis of vertical VIbratwn records, with geophones is shown in Figure 4 Fog. •· 

It 1s seen that the penod remains practically constant at a mean value of 0 08 second, 
though the associated relattve veloctty shows large scatter. 

Figures 5 and 6, whtch have been already dtscussed m connectwn wtth VIbration •·•g•. G A 6 

study on the dam, give analysts of records on the foundatiOn also. It ts seen that 
the same low and high frequency spectra in the honzontal component, whtch are 
present m the \Ubrattons of the dam, are also present m vibratiOns of the foundation 
On the other hand the vertical spectrum on the dam ts qmte dtfferent from that on 
the foundation. This dtfference m behaviour m vertical and honzontal vibratiOns 
reqUires further study. 

7. Vibration Study on the Dome of Siphon No. 7 

Graphtc representation of the mvestigatwn at this statwn (wtth geophones) i~ 
shown m Ftgure 18 dunng the pnmed state of the stphon. It shows that there exist~ I'•P Jij, 

a htgh frequency spectrum of penod 0 05 sec. (low penods) w1th supenmposed 
wave-groups, having wtdely varymg penods from 1 to 10 sees (low frequency 
spectrum) It IS seen that though the htgh frequency spectrum IS htghly umform, 
the low frequency 1s htghly non-umform, pomtmg to the fact that durmg the pnmed 
state of the siphon, the state of affairs, as far as the low frequency spectrum IS 
concerned, was htghly dtsturbed. It IS, however, difficult to associate thts low 
frequency spectrum w1th any natural vtbratton of the structural elements. 

Period of high frequency is highly umform and so IS tis associated velocity. 
The value of this penod IS same as that on the dam (statiOn 5) and so also the 
associated relatiVe velocity. It IS also seen that the htgh frequency spectrum is 
umform in all components under vanous conditiOns- of excitation. 

Value of maximum acceleration at the dome is found to be of the order of 
002 g 

\ 
F1gure 18 shows a number of vibrations of hlgh amplitude, but of irregular Fog. 18 

character. These VIbrations may be associated w1th the bursts which could be heard 
dunng the pnmed state of the siphon. · 

l4A 



F1g. 18. 

F~g. 20. 
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_ Max1murr. accelerabon associated w1th these VIbrations (associated w1th the 
"Bursts ") 1s found to be of the order of 0 03 g Th1s may be compare~ With 0 02 g 
on the dome m the absence of bursts and on the dam at statwn 5 opposite to Siphon 
No. 7 and 0 01 g at statwn 4 (150 ft. away from statwn 5). 

F1gure 18 also shows that these v1bratwns are h1ghly Irregular but once they 
start they contmue for some time and th1s pomts to some sort of tngger action. 

The vertical v1bratwns on the dome show a similar character to those of 
honzontal VIbrations. 

The study on the dome of siP,hon No. 7 was also made With Cambridge VIbro­
grapq (magmficatwn · 5). Bemg a Mechamcal Instrument, 1t was not expected to 
register h1gh frequency spectrum present 1n the geophone records. 

F1gure 20 shows the analysis of the record w1th this mstrument, durmg the 
period as well as depnmmg states. Penods, associated displacements and calculated 
maximum acceleratwns have been shown. 

It is seen that durmg the pnmed state, the penods maintam a nearly umform 
character and so 1s the case of associated displacements, though to a slightly less 
degree. Calculated acceleratiOn, however, shows a larger scatter, varymg from 
4 5 cms./sec'. to nearly 10 cms./scc'. 

The figure also shows periods, assoc1ated displacements and calculated accelera­
tions durmg deprimmg state. It IS seen that the vibratwn during the primed state 
is more sustamed than durmg the depnmmg state The period here also mamtains 
nearly same value as that 1n the pnmed state but associated displacements and 
calculated, max1mum accelerations show much more scatter than those during the 
primed state. This observatiOn shows that though the VIbrations of the dome, 
durmg the depr1ming state, was of highly irregular nature, the average acceleration 
encountered IS of the same order as m the primed state. 

Study at dome with the Reed V1brometer showed,a number of predominant 
frequencies, includmg those met With m the Wood-Anderson and Geophone Records 

8. Conclusi11ns 
The mvestigations show that the per10d of horizontal VIbrations of the dam 

remains nearly constant, Irrespective of the stat10n of observation on the masonry 
dam and the force of exc!tat!On. This pomts to the fact that the period depend~ 
more on the 'l>tructural and boundary cond1t10ns rather than on force or method of 
-excitation. On the masonry dam two mdiVIdual wave-penods, namely, 013 and 
0 05 sec were present m honzontal V1brat10ns whereas only one, namely, 0 04 sec. 
w.as present m the vertical vibrat10ns. 

On the earth embankments the penods for honzontal vibrations were 0 07 sec 
and 0 025 sec. and that for the vertiCal v1bratwns was 0 05 sec 

On the foundatiOn the correspondmg penods for honzontal vibrations were 
0 13 sec and 0 06 sec. and that for vertiCal vibratiOns was 0 08 sec. It has been 
also noted that the period of vibrat10n 1s more or less independent of the force of 
excitation, though the displacement increases with the forces. 

The i~veshgat10n also points to unsteady nature of vibrat10ns during the primed 
state of srphon No. 7 as compared With the state dunng working of undersluices. 

It has also been found that during the functromng of the undersluices the 
,calculated max1mum ~cceleration at. station 4 was of the order of only 0 001 g. 
whereas durmg the pnmed ~tate of srphon No. 7 it was of the order of 0 01 g. This 
·shows that the force of excitation due to siphon in the primed state is much more 
than that due to the undersluices workmg. 



/fol?cr. 1!1S/ -/7'EM 19 IV!!/36Z OF DEC 19$1 

• 
0 

V/8/?0CI?APII /?EC0/?.05 C <( P. R.So f't101>'1. oWo 0 

0 

12 . ...,. 

0 

1- • 

A A 
-:i' 

A 
-~ i 

• 

4 
XI() 

A 
. 

~ A • . 
A 

A 
A 

4 

0 0 0 • 
• 

0 
A 

0 
0 

-+ 
0 0 

2 0 

t 
ljl ID 

"t "' "' t!! 
.p . .. ,p 

0 

"' 
Gl m ID q. ID til 

~ 
10 

.. ~ 
~ ~ 
II) ~8 

~ 
~ 
~6 

~ ;:; 

~ ~ 
~ 4 
i;t 
t:: 
't . 2 

--1--0 -·-- • 

• 

• 

' • 
• 0 

. 

18 
.. 

' 

16 
. 

. 
• 

• . 

.,_ • 

0 

I 

I 

... 14 
~ 

t5 ~ 
~ /2 

~ 
lr) ~ 

. 

• 
0 

;J~ -
• 

. 
-

. . 

0 

' 

I • 

' + 
' 

·15 

~ /0 

~ i::: 
~ ~ 
~ 

l..iB 06)( 

~ ~ 
1..1 

~ " ~-..... 

~ "' & " ..._.4 
Q 
~ 

4 tJz 
. 

q, 'I' .j;' q, o/0 

"' ~ 
~ 

2 l:::lo 

0 I ' z 3 • 0 I 2 j ·OS 
' 

0 

~· 
TIM£ INTERVAL IN I ~ 

~<:> o::i NUT£ 
~~ COMPONEHTO~--------------~~~~--~--------------------------------~~~--=-----------------------, 
1:: . tr'IBI?ATIOJI P£RP£NtJICULAii' TO AXIS OF DAM 

• 

REF:- ' ' 

I"Eii'/0/J IIISEt:tJN/}_ ___________________ _ !!! 

DISI"LACEMENT IN mm .......... ..... __ ------ E> 
0 

ACCEi.ERAT/ON IN cmjs~c-z ____ ..... ----A 

• 0 

-

PA!i'ALL£L TO AXIS OF DAM 

FIG.20 

fi!R£Bf!A5GAI? f}A/vf 

ANALYSIS OF CAMBI?!OG£ V!8ROGRAf'fl I?EOORllS 
OIY' THE JJOM£ 0~ .5/PII0/'1 /'If? 7 0 

1/AI?IAT/ON OF PE.fiOD OF WBRATION,ti1AXIMIJAI DISPLACEMENT 
AND CALCULATED MAXIMUM ACC£L£RAT!ON 

UNDER TWO DIFFERENT CON.OIT!ONS OF SIPHON 

• 

• 



- ' ... 
-

A-.f.T.I'Sf-I'T£,tl l!i VIBROCRAPII RECOI?DJ IV,f! 1/G 0~ f'EB. 135.? 
-J X/0-3 

-~ 
('. if/, f'. A'. J.r:'! · POONA. 

/(JX8 : I I I l 8•t• • I 
i I I I I I 

I I I I I I I I 
I I I I _1 r;c.z; : I I 

I I : I 7 7 1- ; I I I I I. 
1-1/REBHASCAR DAM I J I I I I I I I l I I ..1. .l. I J 

~ 6 - i I ! I I I I I 6 -4NALYJIJ OF STRl/CTl/RE Of TYPID1L I I I I 
I I I l I I I I I WAVE-6'1?01/PJ IJ!VDEI? YAR!Dl/J ~ I I I . I Ll· I I I I 

s~ I 
I 

,... 
' ; CO!VOIT!ONJ OF EXPEI?/MftVTJ - "-! 5 t- i i I ; I I l I I I ~ I I I 

I 
. I I 

' I 
I 

l ~ I I I I I ON THE DOME OF JIPHON NR 7-~ II: I _1 I LA 

" 4-
t- I : I 

I I 
4-~ 

~ ! I I I I ~ JIICCEJ.!IV£ IIVOIV/Dl/41. MWEf lr/Tif 

"' 
I 

I I I I I I I Tl-flf/1? P£1/IDD.f' AIYD COii'REfPDtvDIN$ 

~ 
I 

' ..J. I! :J~ ~ :s t- I I I j { - I I I 
~ DIJPI.AC£ MEIVT.r, I 

I I "' I I I I I "\ I I I I I 
I I I 'I ' I I j 1-. __1 !...1 zCl.. 2 ~ 0·15 I 

~ I I 

~ ; I 

I I ·~ . " ~ 
I I I ' I ~ I 

I 1 I I I I J ~ ~ l I '-.! 0·10 I I ' __1 
I ~ I ~ I 't i ~ I I r : y ..., I I -.. I i I ' : I : I 

- . 0 t- ~ 0.05 
I 1 I I o . r .l. l _l 

0 I 

" I 
1-.I I 

-.J -:s 
~~ !J Jr ID /0/.9 t-- /0K9 

l I I I I ! I I i l ' l ~ I I I I I I I ! I I I I I I I ~ 8 
I 

I _1 
-8 f- ; : I I ' I l I I I I I .... l I 

I I I ' I 
l I "\ ' ' ~-~ I ' I I I I I /' 7 • 7 I I i : I ! I ' I ... ~ I ' I 
J ~ 

I I I I I I 

~ ~ ' I I I I 
I I I I I I 

~G ' I I I I _l 6 
~ ~ I 

I I I I 

I i 
I I I I 

~ ~ I 
I I I I I ~ I.-, I I I 

I I I..J 
~ 5 I I I I I II t-5 

t- "" ~ ~ " I I I I I I 

' 
Cl I I I I I . ! I! 

I " ~ '-~4 I I I I I I 

~ 
4 

~ 
Q, 1-«:l I I 

I I I I ; I I 
1:) I 

I I . I I I Q.. 
., 

' l I I I I I J I ~ 
t- ~ 

I r! I I _l I I 
I..J t-3 ~ 'J II ' J I I Q ' I I ; I I I 
<{ Q, i I I ! ~ 

' I I ~ I I ~ I I 
I 

I I I 
I: 

I ' 1 ' I I L1 ~ i!. 1- 0·15 I ' .l. 

I ; j-Z 
" 

~ 
i I Q ' I I I 

~II 
- I I 

I I I I I I I I 
i I : ' I f I I I I I 

J -I I - I 0·10 I 

~+ ? .~ 
11 

:· 
T· i r ·r ' r 

I 

t-- i I 
J 

I I : 0 0·05 I I I I . I 0 
~ J i 0 L L . 
~~ I 

~~ £ A CH JMALL DIV/J/ON REP R £ S £ N T.J/ ON£ WAVE 
~ ~ COMPON£/V'T OF I 

~ 'l VI/U~ATUJIV 
PARALLEL TO AXIJ OF DAM PERPENDICI/LAR ·ro /1%/J OF OAM .!L. 

HcF: r;~RIOD OF /NDI/1'/0IJAL WAV£' IN WAVE-SROl/PJ --- 11 

CORRESPONO/If6 ASSOCIATED DIJPLACEMENTf ----0 

COMPAH£/J BY· 

TRACED 8¥- ;,.lf.JABNI.J. ~ ' 

. 
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Station No. 4 1s at a distance of 150 ft ftom No. 5 wh1ch 1s oppos1te the Siphon 
No 7, the source of dtsturbance. Max1mum calculated acceleratiOn at station 5 and 
on t~e dome of stphon No. 7 was found to be of the 01 der of 0 O:l g As compm ed 
to th1s the max1mum acceleration which was obtained ,, 1th all the underslUlces open 
at the station 3, located just above these underslutces, was only 0 003 g 

Records also show some ~1gh amplitude VIbrations, of an lllegular character, 
on the dome of Siphon No. 1, dunng 1ts piimed state These v1brat 10ns might 
be associated With the load bursts heard durmg the pnmed state of the siphon. 
Maximum acceleratwn for these VIbratiOns was of the 01 der of 0 03 g. 

A comparison between accelerations, produced dunng the primed and dcprimm" 
states is available at statiOn 4 and 1t shows an abrupt fall of acceleratwn when th~ 
depnming starts, to a value l/3rd dunng the pnmed state ' 

AcceleratiOn on the dome, calculated from the v1brograph records had a much 
lower value than those obtamed from the correspondmg geophone records, referred 
to m the precedmg para. Thts IS because, this instrument does not respond to higher 
frequencies (obtamed With geophones), w1th which higher accelerations a1e 
assoc1ated. It IS found from v1brograph records that the average of maximum 
acceleratwns on the dome were of the same order dunng the pnmed and dcpnmmg 
states, but it showed more scatter durmg the depnmmg state which may perhap~ 
he associated With air entramments. 

Dark-room arrangements for Wood-Anderson Seismograph record had been made 
at stat1on 4, opposite s1phon No. 10, whiCh was expected to pnme, but stphon No. 7 
primed mstead. Hence the mvestigatwns had to be done under somewhat unfavour­
able condltwns namely, that absolute records were available only at stat10n 4 and 
relabve records w1th geophones at all other statiOns. All the same the results 
show that the s1phon m primed and depnmmg states generates vibratiOns of much 
larger energy than when the underslu1ces are working alone and the corresponding 
acceleratwns are discussed above. 

20 EXPERIMENTS WITH HIREBHASGAR VoLUTE SIPHONS 

After the mspectron of the H1rebhasgar Siphons dunng the monsoons of 1951, 
1t was found necessary to conduct certam expenments w1th a 1 24 scale G. S. model, 
for effectmg some improvements m the1r design so as to make their working safe. 
The following tests were earned out: 

(I) For 18 ft. dlameter siphon-

(a) The outlet length bemg short, the siphon did not run full of its own 
accord after primmg Pressures were recorded for thi£ condi twn. 

(b) The outlet was made to run full by creatmg a temporary back-pressure, 
which result could also be attamed by extendmg the outlet. Pressures 
were recorded for thts condrtwn. 

(C) Sn Ganesh lyer has proposed an extensiOn p1ece so as to make the siphon 
run full-see Figure 1. Pressure observatiOns were made to see 
whether cav1tatwn conditiOns were different from the extsting umts 
as observed m tests (b) above. 

F1gure 1 shows the pressure curv~s of the Siphon m cases (b) a~d (c) mentw?ed 
above In case (b) the maximum eqUivalent negatlve pressures mdJCated cav1tatron. 
Ftgure 1 also shows the pressures obtamed when the outlet of 18 ft. diameter Siphon 
was constricted to 16 ft. It w1ll be seen that m this case the pressures are withm 
safe hmrts. Though vanous s1phons have pnmed at Hirebhasgar, they haye run 
only part full and their dtscharge was less !han 10,000 cusecs. I~ some cases mtense 
cavitabon was indicated and hence the design could not be considered safe It may 
be noted that Shri Ganesh Iyer's proposal of extending the outlet to make the 
s1phons run full will not remove the possJblli.ty of cav1tat10n, but. on the other hand 
by Improving the flow conditwns m the bend IS hkely to mtenslfy 1t The eqmvalent 
d1schatge figures of 11,600 and 13,370 cusecs were obtamed from model results where 
cav1tahon does not· occur unless the experiments are done m a cavitatwn tank and 
hence er~ _not applicable to prototype ~h!I'e cavitation IS mdicated. . 
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Table 1 is the record of pressure observations. 

(II) 16 ft. diameter s1phons (Siphon 7). 

The performance of s1phon No. 7 dunng l951 floods indicated the presence of 
cavitation ;md 1t was cons1dered necessary to make pressure observations in models 
for the ex1sting conditwn and also to find out what mmimum constnctwn is neces. 
sary to reduce the negative pressures to safe limits, Table ;! is the record of 

F,g 2. pressure observations and F1gure 2 1s self-explanatory. Three constrictions were 
tested and an outlet constnctlon to 15 ft. appears to serve the purpose. The dis­
charge in prototype is ~ndicated as 8,900 cusecs, with a coefficient of discharge of 
0.815. 

Allowmg for fluctuatiOns in mean pressures, a constrictiOn to 14 ft. 6 inches 
giving a discharge of about 8,200 cusecs is desirable. 

TABLE 1-Pressure observations with 1/24th scale model of Volute Slphon No. 4 

Pressures in Siphon No. 4 where (a) 1t was not running full, (b) runmng full 
and (c) also w1th Shn Ganesh Iyer's e:lttended outlet design. 

Depth of Pressures in feet of water. 
PreBBnre p1ezoroetnc 

Po1nt Nos. pomt from 
hp m ft. (a) (b) (c) 

1 2 3 5 

I 2 -2250 -3650 -3800 
2 5 -1200 -21 ~5 -2350 
3 8 -2400 -3925 -4000 
4 12 -1700 -3050 -3450 
5 15 -1450 -3025 -3250 
6 18 -975 -2725 -2900 
7 205 -1050 -23 25 ° -2450 
8 30 --ooo -21-50 -2600 
9 33 -1675 -2550 -2750 

10 37 -II25 -3475 -3800 
ll 41 -925 -3450 -3900 
12 43 5 000 -2900 -3600 
13 46 ooo -2675 -2800 
14 47 5 000 -2600 -2450 
15 48 000 -2050 -1950 
16 48 0·00 -1400 -1500 
17 48 000 -450 --ooo 
18 48 000 -1675 -1200 
19 47·5 -800 
20 47·0 D1scbarge sca!e=(24)"' -4·00 

21 46 5 =.l576x576x24 -800 
22 46 =2822 -400 
23 455 -1;00 
24 65 +1400 
25 65 +300 
26 645 +800 
27 64 +450 

Discharge m model m cuaeca Q=350 Q=412 Q=4;·74 

Eqtnvalent Dtscbarge {proro) in cusecs 9,877 ll,600 13,370. 

Coeffic1ent of D1Bchars-e . 0 670 0·789 0 823 
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TABLE 2-Pressure observations with 1/24th scale model of S•pl1on No 7 

Depth of Outlet Outlt't Ontlt't Scma.l ptezometnc 16' wufonn constnctod oon!:ltrtct<'d con~tr&('lt'<i to No. pomt from Dtameter to 15 ft Duuneter to 1-1 :za ft. I -l 0 ft l>&ll.Dlot~r bp Du'-metcr 

1 10 0 -420 -255 -17·0 -11·0 
2 15 5 -24 -15 :!5 -10· -H 
3 200 -2850 -10 620 -1H -1:! 
4 2375 -2450 ~375 -H +35 
5 280 -17·75 ....05 +45 +O.l 
6 3725 --45 -2.?0 -134 -~s 
7 41 0 --45 -IS 6~5 -100 -os 
8 440 -44 -1125 -88 +08 
9 460 --4325 -9375 -18 +B·I:' 

10 480 -310 -1·375 +60 + 14 12 
11 490 -825 +1325 +184 +2-&, ~~ 
12 490 -70 +14-375 +18-8 +2ao 
13 49 0 -875 +140 +189 +248 
14 490 -80 +1475 +205 +l5·5 
15 6S 0 +130 +3!75 +375 +4~8 
16 b10 +100 +3125 +36 +42·12 
17 b50 +5·0 +2875 +35 +399 
IS 6.10 +45 +2875 +345 +tO 8 

DJAChargo (Model) 3 8 ouaecs 316owecs 2 85 OWIOOI 27-& ou•oca 
Dtscharge (Proto) (Equtva.lent) 10,720 .. 8,900 .. 7,900 .. 7,7oo' .. 
Coeffictent of D18cha.rge (based 0 857 0 816 0 815 0 810 

on dtameter of constrtcted (cavttatton). 
outlet). 

21. STANDARDIZATION OF RELAXATION SOLUTION FOR OVERFLOW SPILLWAYS 

Herein is reported a systematisation of pressure computat10ns for overflow 
spillway designs usmg a two-dimenswnal relaxatiOn treatment of the problem, 
which' is a sufficiently good approximation to the field of flow m the case of the 
usual routme tests of sect10nal models of Spillway and we1r sectiOns, where three­
dJmenswnahty and VIscous effects do not exercise any important mfluence on the 
overall flow. 

The method of approach to the case of free streamline flow under grav1ty IS 

_now well known, as mcluded in the methods apphed by Southwell and co-workers 
m a var1ety of problems in engmeermg and theoretical physics. In the present 
report, the solution for the field of flow for a standard crest profile used for any 
.des1gn head IS g1ven. In the normal case, any head other than the des1gn head 
would require a fresh solutwn ab zmtlo. Herem IS g1ven a method of av01dmg much 

. of the computatwns for the case of other heads. The solut10ns for the full range 
of head from very nearly zero to tw1ce the des1gn head are therefore eas1ly system­
atised. These can now be used for a routme check-up of any spillway crest profile 
for any head w1th little additional labour. 

In the Annual Report (Techmcal), 1950, the method of solut10n for two-<hmen­
swnal sectwnal spillway models has been exemplified in relation to the D•mna Nala 
Spillway. Assummg that the stream function 4> , for the standard case of a free 
overfall w1th a large upstream depth is a solutwn of Laplace equatiOn. 

a•'f> 3''f> 
3x2 + 3y'=O; 

-the co-ordmate axis x and y are chosen to be horizontal and vertical respectively. 
the y-ax1s bemg assumed to be the vertical upstream face. The veloc1ty bemg 
defined by 

~'li 
honzontal velocity u=--sv 
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3'h 
vertical velocity v= ox 

and tangential veloc1ty= 
a'h 
an 

where lifo n 1s a ddl'erentlation normal to the streamline. 

If on the free streamlme, 'h='ho , and the velocity head be y., where y,=depth 
below stagnation level, then 

Syf"Sn = ./ 2gy, 

To make all quanhhes non-d1mens10nal, Jet the unit of length be a, umt of discharge 
be q,, and we wnte 

y=y'a, n=n'a, '-h=::lb'q 

where y', n', 'h 'are d1mens10nless, then 

w1th H=aH'=head as properly defined. 

If from the relaxation solution, the relat10n obtamed between y' /H' and o't>'flln 
l{e g1ven by 

ll't>'/Sn' =k v' y' /H' 

v' 2«a3H' 'h' 
then k= "q and <l>='f>'q= kH' v'2g H3/2 

The d!scharge coeffic1ent therefore becomes 

Fig. SolutiOn for the standard profile (F1gure 1) shows that the value of C obtamed 
from the k-value deduced, becomes 

C=4 06 ft. sec. units. 

With the k value obtamed, the veloc1ty head can be calculated at any desired 
point of the field of flow, and the correspond!ng pressures deduced. In particular, 
the pressure reduction on the upstream face due to the kmetic energy of flow can 
be obtamed. 

Nappe-shaped Dams-with Heads Different from Design Head 

As the head IS gradually -raised above the design head, the crest pressures con­
tinue to have steep gradients, and negative values, until for sufficiently high head, 
a stage is reached when the boundary layer separates from the face of the dam and 
a back roller forms, beyond whlCh state, the flow ceases to be predommantly paten· 
tial flow. The solutwns here have therefore been restricted to approximately tw1ce 
the des1gn head for a standard profile. 

The solutiOns for the different heads can be considered elther by changing the 
upper nappe and the stagnat10n level wh1le keeping the lower nappe fixed, or other­
Wise the lower nappe can be changed keeping the stagnation level and the upstream 
face the same so as to give the same picture only on a reduced or magnified scale 
The latter method is most suitable for a minimum of labour. Referring to Figure 2 
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Using th1s magnification, and an approxunate appropnate change of the free surface, 
a solution for the head=H, can be obtamed wluch can be tested for lineanty of v•. 
Any further modificatiOn of the free surface usually consists of a mmor smoothening 
out of the profile. 

The discharge coefficients for a set of heads varymg from 0 25 H, to 2 13 H, are 
shown in Frgure 3. l'•g._3. 

The lmeanty relatwns between velocity head and the depth below the stagna-
tion level on the free surface profile are shown m Figure 4. Fig. 4. 

The computed pressures for the spillway crest m the different cases are shown 
in F1gure 5. It Will be observed that the charactenstlc sharp d1ps m the crest F>g. a, 
pressure curves usual with high coefficient profiles are very well reproduced in the 
computed curves. 

While the individual velocities are accurate to about 2 per cent, except very 
near the sharp edge where finer nets are needed for accuracy, the discharge co­
efficients are probably accurate up to one per cent The slightly lower values in 
the observed coefficient of discharges as compared to the computed values of the 
order of 1-2 per cent indicate the order of turbulence losses. 

It will thus be seen that for the majorrty of model stud1es which use transfer­
ence equation based on the Froudian relation only, the potential changes associated 
w1th acceleration due to gravity bemg predommant, the des1gn data regardmg the 

34 CW & PC 15 
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pressure dzstrzbutwn along with other details regardmg velocities at any pomt of 
the field of flow can be obtamed as routme check-up from these standardised 
solutwn. 

The computation detazls could become important in a more fundamental field 
of research, VIZ., the development of boundary layer under varying accelerated or 

retarded flow. The rather complex velocity and pressure distnbuhon associated 
With high velocity flow over the crest c;m give us further insight mto the laws of 
vanation of skm-fnctlon in a developmg boundary layer when the problem of 
separation becomes an important feature of the phenomenon, as in the case of hzgh 
coefficient wezr profiles, which however 15 not bemg considered here. 

22. TESTS FOR THE HYDRAULIC BRAKE DEVICE INVENTED BY SIGNOR TAPIAS 

The 'hydraulzc brake devzce mvented by Signor Tapias was tested in thiS 
Research Station. The device consists in providing a part cylmdrical bucket at the 

F.g.I. toe of falling water as shown in. Fzgure 1. 

According to the inventor: 
"The hydrauhc brakmg device which is the object of the invention tends to 

stop the flow of water from a duct of a free waterfall by means of a return 
movement and an impact of thiS water as it is produced in the swell, brakes 
or slows down the flow of water which follows at the precise position where 
this slowing down must be produced, formmg at this positwn a zone where the 
flow will be stopped as in the zone where the turbulence is produced as m the 
phenomenon of the sea swell". 

Apart from the doubtful possibility of its economic de.~ign, it appeared that the 
device was meant for high structure. As such it was tested in the model of GaJod 
Weir (Kutch) and a canal fall. 

Comments on the Basis of Design 

The inventor's note starts wzth an analogy of the dissipation of a sea swell. 
He suggests that the energy m the forward wave, i.e., the wave approachmg the 

I!Ig& I(a) ","shore is dissipated because of its Impact with the reflected wave. Figures l(a) to 
I(•)· 1(e) in his note show the loss of form and energy of a forward wave when it collides 

with a reflected wave. This loss of form and energy does not occur, as the inventor 
suggests, because of the collision with the reflected wave, but It occurs because 
the forward wave, as it approaches the shore over decreasmg depths, contmuously 
gams m amphtude With decrease m wave length and consequently becomes unstable 
and begins to fall by curling down over its upper part. 

Ftg. 2 • 
.FtJI'. 3. 

This instability occurs when the ratio of wave length to amplitude reaches the 
value 1/7. As occurs in a general phenomenon of interference of two waves, the 
collision of two waves produces a standmg wave form. The forward wave may 
dissipate its energy, as shown by the author, If only mstead of a reflected wave 
there is a current mvolving mass transportation of water. 

The author seems to have taken inspiration from the phenomenon of dissipation 
of a sea swell ; but as the experiments descnbed below have shown, this hydraulic 
brake device was not effective in ·dissipatmg energy below weirs or canal falls 

Tests in the Model of Gajod Weir 

The Gajod Weir has a drop of 48 5 feet and 95 cuse<:li discharge per foot ron. 
In a 1/30 scale G. S. model a suitable design had been previously tested for a 
horizontal apron, baffle blocks and an ·end Sill for efficient energy dissipation 
(Figure 2). In the same model, with the cylmdrical bucket as shown in Figure 3, 
three tests were made wzth shght alterations in the bucket design In all the tests 
a common observed feature was that the jet skipped over the cylmdrical bucket 
when discharge was high while the bucket functioned merely as a stilling pool for 
low discharges. For the intermediate range for which the bucket was designed the 
following oqservations were ,recorded. 
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H ydraulic Brake Device invented by Signor Tapias 
tested in a fall model. 

I h··t· ' N n 31 - 32 

I hoto No 33. 

Photo No. 5 0 - 51. 
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TESTS FOR THE HYDRAULIC BRAKE DEVIC E INVENTED BY SIGNOR TAPIAS 8fl 

Test No. I The bucket design IS shown · F 
w1th 9 5 feet head of water over the crest-P~n 1gure 3 and the test was made l'IF· 1. 
entered the bucket followed the bucket profile ot\~1. The high velocity jet as 1t Pholo 31. 

c1ty, i.e., with continuously increasing jet thickn:~ a~~n~mu~usly decreasmg velo- • 
end tip Its distmctlveness was almost lost Wh t ~ t e time 1t reached the 
a mass of turbulent water w1th considerable al/e ~psurg; out of the buckets was 
entramment was clearly seen at the mterface of t~ rame m ~t-Photo 33. The a1r Photo 33. 
mass of water. Figure 3 also shows the fil fe pnmary jet and th1s upsurgmg pro e o scoured bed downstream. F•g. 3. 

Test No. 2-Figure 4 shows the cyhndncal bucket · h 
lowered by 3 feet so that it was level with the downstream gw lchd tlhe el ndp tlp was 

d 52 Th 1 fl 
m roun eve - hotos 50 

an . e genera ow pattern was the same as m test N 1 
level of upsurgmg water was lower by 5 feet. The sco\lr .;;s s~~~~~ t~e~~.the top 

'!est No. 3-The bucket was prov1ded w1th a honzontal platform of 10 feet b shlfb~g the return face further downstream-Photos 65 and 67 The flow patter~ 
was s1mila: to that m the prev1ous tests. The bed scour was less than in Test 1 and 
nearly siiDllar to ihe scour m test 2 ; but still greater than w1th a baffi d bl k 
(m Figure 2). e an oc s 

Tests on the Model of a Canal Fall 

11\g. 4. 
PhotM 60 

& Sj, 

F•~· 6. 
l'hotofl 65 

& 07. 

The .device. was tried at the foot of a canal fall model w1th scale 1:12. The 
fall c.arned a discharge== 1,500 cusecs and had a drop= 10 feet. Followmg are the 
pnncipal dlmenswns of the des1gn (see Figure 6). I'·~· a. 

Q=1,500 cusecs. 

H=10 feet. 

Canal bed w1dth B, =B,=B8 feet (i e., the fall was not fiumed). 

D1scharge intensity q=l7 05 cusecs/ft. 

Veloc1ty at toe of fall v1= V2gli-25 38 ft./sec. 

_<! =0 ffl ft. 
Vj 

Radius of the bucket R=3 36 ft =5 d1• 

The tip of the bucket was kept at the downstream bed level. A pre!imma1y 
run revealed that the actiOn of the bucket was more or less s1m1lar to that of a 
baffle and that, consequently because of the jet flowmg over the top-sill of the 
bucket the downstream vertical f~ce was exposed considerably. Hence a slopmg 
apron of loose blocks was laid downstream of the wall, wrth thrs modification the 
expenment was commenced. 

The jet of water flowing down the glacis began to drffuse as 1t reached the pomt 
A m Figure 6 and 1t no longer moved along the bucket. In fact the cavity down- F•g a. 
stream of the centre contamed almost stagnant water hence the return face of the 
bucket acted as a baffle. Photos 788 and 789 show the flow conditions. Wave action Photo• 788 
was considerable and resulted m sloughmg of the sides. Figure 6 and Photo 797 P & 7HO. 

f h b d I d 
1g. 6 •nd 

show the scour pattern wh1ch deP,ICts a scoopmg o t e e matena , ownstream Photo 7u
7
• 

of the blocks. Prevwus expenments on glacis type designs of falls w1th a crstern 
length of 18 feet gave a central scour of only 2 ft with no side-erosiOn. 
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Flow condJ.t10ns were better when the water level m the downstream channel 
was lowered. A standmg wave clearly formed downstream of the bucket wall. 
The des1gn was then tested under a drop of 15 ft. by lowermg the downstream bed 
and water levels. The jet contmued to retain its mdJ.viduahty trll it reached the 

F•g. 7 lowest pomt In the bucket-point B m Figure 7 and afterwards again diffused instead 
of movmg along the bucket. 

The effect of lowermg the downstream Water Level was that the Standmg 
Photo 814. Wave was no longer submerged-See Photo 814, But the contemplated action of 

the bucket failed to obtam and there was no dlssipation by means of the upturned 
jet stnklng the ongmal jet flowmg down the glacis. That the dlssipation by means 

Fig. 7 and of the bucket was still unsatisfactory can be seen from the scour pattern m Figure 7 
Photo 854 and Photo 854. The extent of scour was the same as m Figure 6. 

To remedy the bed scour condltwns, a pavement was added downstream of the 
bucket. The depth of the pavement was 11d, below downstream W.L. A deflector 

of height ~~ was fixed at the end of pavement ; With this alteration, the previous 

Photo 870. expenment was repeated. Photo 870 shows the flow conditiOns which are identical 
Photo 814. With those m Photo 814. Figure 8 and Photo 869 show the scour pattern after 
F1g. 8 and 3 hours of flow The scour was considerably less than shown m F1gures 6 and 7. 
Photo 

869
• In fact with the addition of the pavement, the design became the equivalent of the 
usual baffle type design requmng a pavement to contam the secondary S. W. Stde 
actiOn, however, persisted. 

The senes of expenments descnbed above showed conclusively the necessity 
of providlng a protectiOn downstream of the bucket which renders this design 
equally costly and more complicated than the usual glacis or baffle type designs. 
Indeed for a low drop it IS unlikely that the jet after flowmg over the bucket Will 
have velocity enough to stnke back at the onginal jet and destroy Its movement 
in the collision The bucket type design was thus not satisfact.->ry in Its 
performance. 

Conclusion 

The tests camed out were meant to investigate the efficacy of a half cylin­
dncal bucket as a device for dissipatiOn of energy at the toe of a low weir and a 
canal fall. The results of both the tests have shown conclusively that for low 
drops the cylindrical bucket does not act m the manner descnbed by the inventor. 
On the contrary, the high velocity jet in trying to conform to the bucket profile 
sets the whole mass of water in the bucket in a rotary motiOn and as it happens m 
a general eddy phenomenon the rotary motiOn generates smaller and faster eddies 
the energy of which is essentially lost in the form of heat. For low falls, as the 
experiments indlcated, the energy was diSSipated through this mechamsm only and 

' not by the impingement of the returning jet on the pnmary jet. 

8. CANAL HEAD REGULATORS 

23. REMODELLING THE WEIR REGULATOR OF THE GHATAPRABHA LEFT .BANK CANAL 
(BOMBAY STATE) TO PASS INCREASED DISCHARGE 

1. Introduction 

Ghataprabha Left Bank Canal is fed from the Dhupdal Lake in Dharwar 
Distnct (Bombay State) The Weir Regulator is on the left bank, a ]Jttle upstream 

·of the weir and consists of 3 openings 4' x 6', of which one is closed with masonry. 
The Canal Regulator haVIng 5 sluices each 4' x 6', of which 3 have been closed 
with masonry, is 3,028 ft. downstream of the weir regulator. A set of scouring 
slmces is also provided adjoining the Canal Regulator but only one of the four 
·openmgs IS workrng, the rest bemg closed down as their operation is neither neces­
·sary nor des1rable as excess discharge would cause damage· to the crops and land 
•over which it runs to waste. 
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Hydraulic Brake Device in vented by Signor Tapia . Tested inn fnll model. 
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Hydraulic Brake Device invented by Signor Tapias te ted in Fall model. 

Photo No 814 

Photo No 854 
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REMODELLING THE WEIR REGULATORS OF THE GHATAPRABHA, ETC. 87 

It has now been proposed to put into operation all the sluices includmg those 
closed at present at both the regulators With a v1ew to pass a max1mum discharge 
of 2,000 cusecs, wh1ch the' canal would carry after the constructiOn of the storage 
dam. 

The problem of mcreasmg the discharging capacity of the regulators to pass 
.2,000 cusecs was referred to the Research Station by the Supermtendmg Engineer, 
Karnatak Irrigation Ctrcle, Dharwar (Bombay State). The ex1stmg number of 
regulators Will not be able to pass this dtscharge unless the number of sluices or 
the area of slmces or both, are mcreased. As th1s Will be fairly expensive, the 
followmg alternative to mcrease the dtschargmg capacity of the eJustmg slmces was 
constdered:-

(1) Remodelling the ex1stmg sluices by addmg bellmouth entrances and 
fiarmg diVergences to Improve their coefficient of discharge. 

In the Ghataprabha L. B. Canal Development ProJect a provision of Rs. 10,800 
was provtded for constructing one extra masonry slmce for the Weir Regula tor to 
;pass 1 500 cusecs; it 1s however constdered inadVIsable to dlsmantle the masonry 
'near the Wetr Regulator to provide the extra sluice or sluices and instead, the above 
~<lternative is considered to be economical. Expenments were therefore undertaken 
w1th a geometncally-stm1lar model of the We1r Regulator, at the Research Stat.ion. 

2. Notations 

Q -Total discharge in cusecs in the Prototype. 

Q.,-Discharge in the model. 

q -Discharge through a single sluice. 

D,-Depth of water upstream above sill of the sluice. 

D,-Depth of water downstream above sill of the sluice. 

A -Area of waterway at upstream end of the sluices 
=4x6x3 spans=72. sq ft. 

H -Difference of water levels upstream and downstream of the sluices, under 
submerged conditions. 

X -Affiux in feet. 

X,-Affiux permissible. 

Cn-Coeffictent of discharge in the formula: 

Q=Cn.A.J2gH 

=Cn x 72 x 8 VH 
=576 cn vli 

3. Description of the Model 
The Weir Regulator consists of 3 slUices each sluice being 4 ft. w1de, _w1th 

. ates 4' x 6' The slutces are 16 ft. 11·75 mches long and have arched tops, the 
;ise of the ar~h bemg 1 ft. and the gate frames block the arch sector when the gates 

-are open. 

A h If · dth G s Model of the Wetr Regulator was constructed to a scale of 

1110 
a 7-1 of 1! slmces (SlUice No. 3 full and No. 2 half)-see Figure 1(a), F.g. 1 (a). 

' consts mg f f the channel upstream and 220-ft. long channel 
mcorporatmg a length of 75 t. 0d c· the cross-sections and bed configurations. 
downstream of the FslUices [(~)0 (~ ~~~ (d) IS that of the existmg conditions. The 
The data shown m tgures ' stream side of the gates which IS shown 
channel cross-sectiOn No. 1 at lO ft. OI_I u~ elevation much higher than the up­
m Figure l(a) ind1cates that the bedh!S a anthe lower half openings of the three 
stream sill of the -sluices and as sue covers 
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Photo S07. slwces. Photo 807 shows the cross-sections, gates and p1ers upstream as reproduced 
in the model. The we1r top 1s at elevatiOn R.L. 2008 0 wh1ch 1s the F.S.L. for the­
Regulator. The sill of the upstream end of the slwces is' at R.L. 1986.5 while that 
of the downstream end is at R.L. 1986 25 with a bed slope of 3 inches. 

Full supply discharge desired rn the Prototype=2,000 cusecs or for H -;-spans= 
1,000 cusecs. 

The eqwvalent discharge in the model= 
1000 

3 162 cusecs. 10x10x v'io 

For measuring water depths in the model, two gauges were fixed at a distance of 
1·5 ft. upstream of the gate and about 8 ft. downstream of the gate-where natural 
flow first re-established. The masonry of the sluices in the prototype 1s of coursed 
rubble (II Sort). In the model, this was represented by rough cast cement plaster 
to obtain approXImate relative roughness. The downstream channel 1s in rock­
cutting with almost vertical sides. The corresponding roughness was reproduced 
in the model by fixing pebbles of 1- to i rnch diameter on the banks as shown in 

Photo 799, Photo 799. 

4. Experiments and Consideration of Results 

The salient features of the We1r Regulator are giVen below-

Q max. . 

Elevation of Wen" top 

U/S Slll of the slmces 

DIS Sll! of the slmces 

2,000 cusecs. 

RL. 2008 0 

R.L 1986·5 

RL 1986 25 

The value of the discharge coefficient as assumed m the anginal project was 
0·79 and taking the depth in the channel downstream of the Weir Regulator as 
13 0 ft. and H as 8 75 ft., the discharge through the three sluices worked out to 1,346 
cusecs. The informat10n regardmg the present discharging capacity of the 3 slUices 
when fully simultaneously opened could not be obtamed as one of the gates 1s 
completely closed and it 1s also not possible to let down the maximum d1scharge 
whtch can be passed through them until the construction of the remodelled canal, 
IS completed. An experiment was therefore carried out to determine the discharg­
ing capacity of the 3 sluices under eXIstmg condltions The coefficient was found 
to be 0 64 as against 0 79 (assumed) and a discharge of only 778 cusecs could be 
passed through the three sluiCes when fully opened. 

Thus the Weir Regulator will have to be remodell~d to pass nearly 2 6 times the 
discharge (i e., 2,000 cusecs agamst 778 cusecs) Also it would be necessary to 
remodel the Canal Regulator (which IS situated at the end of a 3,028 ft. long approach 
channel which is completely in rock-cuttmg) as the coefficient of discharge for 
Canal Regulator, as well, was assumed to be 0·79 in the origmal project. W1th 
considerations to the economic feasibility of the problem vanous alternatives of 
lining or widening the approach channel were worked out and the following three 
proposals were considered : · 

(l) We~r Regulator 

Propo<;a} No. I. Proposal No. 2. 

Value ofCB to be achJeved Cn at least 1·2 
by remodellmg=l·7 (at-
least). 

(2) Approa<h 
W1dth 
Depth. 

Channel 30ft unlmed (i e. e~ll!tmg) 41ft. unhned • 

(3) Canal Regulator 

(4) Lake Level for F S.Q. 
of 2,000 eusecs. 

n=O~. n=O~ 
17-3 ft. 13·0 ft. 

Cn at least = 0 75, ther&o 
fore need not be re­
modelled. 

B. L. 2008 00 With We>r 
~gulator Coeffictent of 
l 7 & Canal Regulator 
C<>efficient of ()-75. 

CH at least = 1 2 

R. L. 2~ 00 Wlth We~r Jle. 
gula.tor CoefficJent of 1·5 
(or more) & Canal Re­
gulator CoefficJent of 1 2 
((lr mont). 

Proposal No. 3. 

CR at leaMt 1•08. 

28 ft. lJJled. 
n=0·02. 
ll 2ft. 

CHat least= 165. 

R. L. 2003·10 wtth We,r 
Regulator Coefficient of 
1·5 (or more) & Canal 
Regulator Coefficient of 
165 (or more). 
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I TF~I No. :..:l . 
A. R. T. 1951 . 

Rem odeHing the W eir Regulator of tl~e Ghnta prabhn l eft Bnnk Cnnnl 

Photo 807 
Showing bed cross- sections in the channel upstream of the 

vVeir Regulator, gates, pie rs and openings of l} 
s luices in the model, looking downstream. 

Photo 799 
Showing side roughness reproduced in the the channe l 

downstream uf the Weir Regulatr•r by 
pebbles in the model, looking downstream. 
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REMODELLING THE WEIR REGUL.I.TORs 
OF THE GliATAPRABHA, ETC. S9 

'The experimental ~tudy with a model of the c . 
. a three-dimensional, geometrically-similar modanlal Regulator wtll be carried out in 

e separately. 

A .fl.. T. 1151. IT£ 1'1 2 ;s 
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SECTION OF THE BELL.MOliTH 

A large series of experiments was conducted by providing bellmouth upstream 
:and expansions downstream of the sluices in the Weir Regulator Model of 1/10 
:scale and the results are shown in Tables 1 to 3 and Figures 2 to 11. Figure 5(a) 
shows the design of the bellmouth tested. Sets of observations of coefficient of 

·discharge and afflux for each of the modifications were recorded and are given in 
'Tables 1 and 2, for the following three depths of water in the channel downstream 
'()f the Weir Regulator in accordance with the above three alternatives. 

Series No. Depth in Channel D/8 of the Weir Regulator (i.e. depth in the Approach Channel) 

I 17-3ft. 

II 13·0 , 

ill 11·2 " 

A set of observations for a discharge of 1,500 cusecs=2·372 cusecs (in model) 
was also recorded as 1,500 cusecs is the immediate requirement for the Left Bank 
Ctnal which will develop to 2,000 cusecs in the final stages of the Project. The 
results, of the experiments, showing different values of afflux for the various modi­
'fications added to the sluices (as in above experiments) are tabulated below .. 

Tabl .. t 
to J. 
Fig.~. 2 
to 11. 



TABLE No.1 <0 
0 

Showing values of "Cn ·'' in va1·ious experiments. (Area of a sluice=24 sq. ft. No. of sluices=3) 

Q (proto. u;s w.L. D/S W.L. D, D, H 
Series Test Description type) R.L. R.L. (ft.) (ft.) (ft.) CH Proposal No. 
No. No. (cusccs) 

1 2 3 4 5 6 7 8 0 10 ll 

r 
1 Existing .design with gates blocking arch sector 777·8 2,008·0 2,003·55 21·5 17·3 4-45 0·640 I. Channel dfs of \Voir ,.., 

Regulator unlined and 
~ 2 Samons in Test I but with 1 in 5 slope in bed in the Channel ufs of the \Voir Regulator 880·4 2,008·0 2,003·5;") 21-5 17·3 4·45 0·725 unwidrncd, n=·04, 

I width=30 ft.(oxisting). " "' i 
3 Arch sector filled with 1 in 3 divergence dfs of tho gate and I in 10 slope in ufs channel 086·5 2,008·0 2,003·5;1 21·5 17·3 4·45 0·812 rn 

A bed, > 

4 Horizontal bod in channel ufs of tho \Voir Regulator, BciJmouth ufs of gate, arch 1,511·0 2,008·0 2,003·55 21-5 17·3 4·45 1•244 ~ I sector filled with I in 3 divergence and 1 in 10 expansion d/s of tho sluices. > 
I t< 

l 5 Same as Test 5, but with arch sector filled with 1 in 8 divergcncod/s of the gate 1,616·0 2,008·0 2,003·55 21·5 17·3 4·45 1•330 " "' "' 0 

f 
1 Existing design with gtttcs blocking arch sector 1,074·0 2,008·0 1,909·25 21·5 13·0 8·75 0·630 II. Channel d/s of \Voir " ... 

Regulator unlined but 
~ 

2 Same as in Test 1 but with 1 in 5 slope in bed in the channel ufs of the Weir 1,288·0 2,008·0 1,999·25 21·5 13·0 8·75 0·756 widened from 30 ft. to [;j 
Regulator. 41 ft., n= ·04. ,.., 

B 3 Arch sector filled with 1 in 3 divergence d/s of the gato and 1 in 10 slope in u/s channel 1,402·0 2,008·0 1,999·25 21-5 13·0 8·75 0·857 ~ 
~ 

bed. ,.., 
> t< 

4 Horizontal bed in channel ufs of the Weir Regulator, Bcllmonth u/s of gate, arch 2,055·0 2,008·0 1,000·25 21-5 13·0 8·75 1·206 ::--' 
sector filled with 1 in 3 divergence and 1 in 10 expansion d!s of sluices. ..... 

<0 

5 Same as Test 5, but with arch sector filled with 1 in 8 divergence d/s of the gate 2,347·0 2,008·0 1,990·25 21·5 13·0 8·75 1·378 
tJ1 ..... 

1 Existing design with gates blocking arch sector 1,134·0 2,008·0 1,907·45 21-5 ll·2 10·55 0·606 III. Channel d/s of Weir 
Regulator lined but 

2 Arch sector filled with 1 in 3 divergence d/s of the gate and 1 in 10 slope in u/s channel 1,405·0 2,008·0 1,907-45 21-5 ll·2 10·55 0·800 unwidened, D=•02, width 
' bed. =28·0 ft. 

c 
3 Horizontal bed in channel u/s of the Weir Regulator, Bellmonth u/s of gate, arch 1,878·0 2,008·0 1,997·45 21·5 ll·2 10·55 1·004 

sector filled with 1 in 3 divergence and 1 in 10 expansion d!s of sluices. 

4 Sn.mo as Test 5, but with arch sector filled with 1 in 8 divergence d/s of the gate 2,582·0 2,008·0 1,997·45 21·5 ll·2 10·55 1·080 



TABLE No. 2 

~ Showing values of 'Afflux' in various experiments 

~ Q (Proto. UJS W.L. D/S W.L. n, D, Actual Perm is-Ro Series Expt. Description type) R.L. R.L. (ft.) (ft.) afflux sible Proposal Ko. .. ~ n No. No, (cusecs) X afilux "' (ft.) x1 ;;:: 
(ft.) 0 

" "' 1 2 3 4 5 6 7 8 D 10 II t" 
t" z 
" r 1 ~xisting design with gatos blocking arch sector 2,000 2,030·26 2,003·55 43·76 17·3 26·71 4·45 I. Channel d/s of Weir 
ffl 

\ 

Rl'gulntor Uulincd and 
2 Samo a~> in Expt. 1 but with 1 in 5 slope in bed in the channel u/s of tho 'Voir 2,000 2,025·96 2,003·55 30·46 17·3 2:!·41 4·45 U11widcurd, 0=·0-4, 

Regulator. . width=30 ft. (cxi~t- :;: 
ing). "' A, ~ 3 Arch sector filled with 1 in 3 divergence dfs of the gate and 1 in 10 slope in ufs ohunnol 2,000 2,0:Z;j·69 2,003·J5 37·10 17·3 :.!0·14 4·45 

~ , 
bed. , I "' I 4 Horizont.nl bed in clumncl ufs of Weir Regulator, boll mouth ufs of gnto, at·ch seCtor 2,000 2,010·06 2,003·55 24·46 17·3 HI 4·45 " filled with 1 in 3 divergence nnd 1 in IO expansion d/s of tho Bluiccs. d 

I I: 
L 5 Snmc ns Ex pt. 4, but with nrch sector filled with 1 in 8 divergence d/softhe gnto 2,000 2,010·2I 2,003·55 23·71 17·3 6·66 4·-:15 .... 

0 , 
en 

r 1 Snmo ns Expt. I nbovo 2,000 2,027·97 1,900·25 41-47 13·0. 28·72 8·75 II. Channel d/s of \\'eir 0 .., 
H.Pgulst<•r Utlli11Nt but 

I 2 Snmo as Expt. 2 above 2,000 2,018·51 I,\JDU·25 32·01 13·0 10·:?6 s-n; Jl' i dr nr rl from :m ft. .... 
:: 

I to 41 ft., n=·04. "' B, 

l 
3 Same ns Expt. 3 nbove 2,000 2,017·06 l,fl!JU·25 31-40 13·0 1M·71 8·1i; " = • Sumo ns Expt. 4 above 2,000 2,00;1·71 1,0!)9·25 19·21 13·0 0·46 8·75 > .... 
5 Same as Expt. 5 above 2,000 2,005·34 1,9!lU·:?;') 1M·84 13·0 6·09 8·7.; ~ , 

> 
"' :: 

j 
1 Same ns Expt. I nbove 2,000 2,028·-1 1,!197·-:15 41-D 11·2 30·05 JU·.'i5 Ill. Channd d/H fJf \\"eir 

"'" H(·l!nlator LinnJ J,ut Vn. 
"' 2 Same as Expt. 2 ahoveo 2,000 1,0\17·-1.1 II·2 10·;1o1 !ritl~rrl, n=·O:?, "idtb .... 

=tk ft. !" 
c, 3 Snmo ns Expt. 3 above 2,000 l,U!J7·4j 11·2 IO·,j,j 

I 4 &mons Expt. 4 nbm·o 2,000 2,002·!1S 1,!1!17·45 lfi·-IS 11·2 5·.')3 llJ·.');j 

- L Same as Expt. 5 nh<we 2,000 2,002·91 1,997·4.) 10·41 ll·2 5·46 10·5:; "' 5 

"" ... 



TABLE No.3 "' '"' 
Showing values of 'Afflux ' in various ec"Cperiments 

Q (P,oto- U/1> W.L. D/1> W.L. D, D, Actual Perm is. 
Series Expt. Description type.) R.L. R.L. (ft.) (ft.) Atliux sible Proposal X o. 

N-... No. (cusecs.) X Afflux 
(ft.) X, 

(ft.) 
1 2 3 4 5 6 7 8 9 10 II 

"' ( I E:dsting design with gates blocking arehsect.or 1,r100 2,015·17 2,000·25 28·67 14·0 14•92 7·75 I. Channel d/• of Weir :::: .. 
I Regulator Unline(l and !>' 

j 
2 Sl'lme as in .Expt. l but with 1 i.n 5 siopo in bed in the channel u/s of the We it> R.e· 1,;)00 2,012·45 2,000·25 .20·95 14·0 12·20 7-75 Unwidened n=·04, "' "' gulator. width=30 ft. (exist. .. 

A, 3 Arch sector filled with 1 in 3 divergence df<:J of gate and 1 in 10 slope in ufs channel bed 1,500 2,0ll·13 2,000·25 24-63 
ing). 

~ 14·0 10·88 7·75 c:: 
4 Horizontal bed in channel ujs of Weir Regulator, bellmouth ufs of gate, arch sector 1,500 2,004-76 2,000·25 18·26 14-0 H1 7·75 j!: 

filled with 1 in 3 divergence and 1 in 10 expansion dfs ofJJ)uleea. !>' 

Same as Expt. 4, but with at'Ch sector fiUed with l-in 8 divergence d/:JJ of gate 
I;! 

l 5 1,500 2,003-91 2,000·25 17-41 14·0 3·66 7·75 0 
!>' .., 
~ 

r 
Same as Expt. l above 1,500 2,010-91 1,997·75 24-41 11-5 13-16 10·25 II. Channel djs of Weir [;j 

2 Same a!'l Expt. 2 abm•e 
Regu]ator Unlined but @ 

1,500 2,008·56 1,997·75 22•02 11-6 10·81 10·20 Widened from 30 ft. z 
to 41 ft.., n=·04. ~ 

"' B, ~ 3 Same as E:xpt. 3 above 1,000 2,008·19 1,997·75 21-69 lh3 lo-44 10·25 .. 
l 

t' 

4 Same as Expt. 4 above 1,500 2,001·98 1,997·75 15·48 11-5 4·23 
,_ 

10•25 .... 
Same as Expt. 5 above "' ;; 1,500 2,001-20 1,997·75 14-70 IH> 3•45 10·25 "" .... 

( Same as Exj)t, I above 1,500 2,010-19 1,99.3·75 25·69 9·5 14-44 12·25 ITI. Channel d/s of Weir 

I Regulator Lbted but 

I ! Samfi as F.xpt. 2 above 1,500 l,9fl5·75 9·5 12·25 Unwidened, n=•02, 

I wirlth = 28 ft. 
c, ~ 3 Same ll..'t Expt. !~above 1,500 1,995·75 0·5 12·25 

l 4 Same as Ex pt. 4 a hove 1.500 1,999·68 1,995·75 13·18 9·5 3·93 12·25 

• Same as l!:xpt. 5 above 1,500 1,998·98 1,995·75 12·48 9·5 3·23 12·25 
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Ap:sfroach Channel Upstream of the Weir Regulator 
I 

) On reproducing the existing conditions of the bed and side configurations of 
·the channel upstream of the Weir Regulator in the model, it was observed that the 
bed of the channel is all through at an elevation higher than the upstream sill of 
the sluices. This channel was therefore resectioned by cutting away the rock and 
making the banks nearly vertical. The bed was cut to a slope of 1:5 downwards 
in Test (2),-see Tables 1 to 3, and a slope of 1:10 in case of test (3). The bed was 
further excavated and made horizontal, i.e., at RL. 1986.5, up to a distance of 
25 ft. upstream of the sluices in tests 4 and 5. 

Coefficient of Discharge 

Series A-(Rejerence Table No. 1)-From the results of Table No. 1 it will be 
seen that the coefficient of discharge of the sluices could be increased from 0·64 
(Test No. 1) to 1·330 (Test No. 5) with the following modifications added in the 
_..,.odel-

(1) A bellmouth upstream of the gate to reduce head losses at entrance. 

(2) Filling the arch sector with 1 in 8 divergence downstream of the 
gates to minimise the losses due to sudden expansion downstream of 
the gate which blocks the arch sector. 

(3) Giving 1 in 10 divergence in the bed, sides and top of the arched sluices 
for a length of 1-::::=10 ft.-in prototype from the existing d/s end of 
the sluices, to reduce the head losses due to sudden expansion of flow 
emerging out of the sluices. 

The area of waterway at the gate, in the sluices and at the end of the 10 ft. 
length of expansion downstream of a sluice was 24 sq. ft., 26·79 ft. and 52·0 ft. 
respectively. 

Series B and C-Similarly in series B and C which give results of Proposal 
Nos. II and III, the value of discharge coefficient could be raised to 1·378 and 1·380 
respectively. 

It will be seen from Tests No. 5 and 4 that a slope of 1 in 8 in arch sector as 
against 1 in 3 has increased the coefficient of discharge by about 7·0 per cent in the 
case of series A, for instance, when all other conditions in these two tests were 
kept the same. A comparison of results of these experiments was therefore made 
with those of the Nira Left Bank Canal Head Regulator' where the coefficient 
of discharge as high as 1·927 against 1·33 in series A was achieved by remodelling. 

(I) Original difwharpring capacity 

(2) Maximum dif>charge required to be 
pMSed. 

(3) Number of t~luices 

. (4) Area of a single ~Juice 

(.5) Di~harge through a sluice • 

(6) Discharge through per sq. ft. of opening 

(7) Operating Head 

~ira L. H. CanaJ 
Head Regulator. 

tj!)fj cusec:::. 

7, each 4'X4' 

10 sq. ft • 

720 
--= 103 cusecs 

7 approx. 

103 
--=6·437 cusecs. 

16 

0·174 ft. 

Ghn.taprabha L.B. 
Canal Head Regulator 

a_t the Vfeir. 

77~ em;ecr.;. 

2,p;)O 
" 

:1, 4' X W toach. 

24 ~q. ft. 

2,0()() 
--=f.W7 cusecs approx • 

3 

667 
--=27·79 eusecs. 

24 

4·4.5 Jt. 

lBombay P. W. D. Technical Paper No. 54. Note on e~periments with a modeJ of Head Sluice!'; of the Nir~ 
L.B .C. by C. C. Inglis and D. V. Joglekar,l93.5. 
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It will be seen from the above comparison that the discharge per sq. ft. in. ~he 
present case is far greater (about 4 times) and consequently the velocity is greater 
than that in the Nira Canal Sluices, where 1 in 3 slope, out of 1:2, 1:5 and 1:10, 
in the arch sector had given better results. In the present model it was observed 
that with 1 in 8 slope the flow in the sluices was uniform and followed the slope 
in the arch. 

Amux 

In the series A,, B, and C, the three proposals when the depth downstream 
of the Weir Regulator is 17·3, 13·0 and 11·2 ft. respectively were tested. The full 
supply discharge of 2,000 :==6·324 cusecs was actually passed in the model and keep­
ing the depth downstream constant in each series, observations of afflux in upstream 
were taken and are given in Table No.2. The afflux permissible when downstream 
depth is 17·3 ft. is equal to 4·45 ft. 

In Test 1 the afflux measured under the existing conditions was 26·7 ft. which 
eould be reduced to 6·66 ft. when a bellmouth upstream of the gate, 1 in 8 diver­
gence in the arch and 1 in 10 expansion downstream of the sluices were add~d­
vide Test No. 5. 

The results of series B and C of Table No. 1 and series B, and C, of Table No. 2 
show that if depth downstream of the Weir Regulator is 13·0 ft. (i.e., Proposal II 
when channel is unlined but widened from 30 to 41 ft.), the full supply discharge 
of 2,000 cusecs can be easily passed after the modifications are introduced in the 
design of the sluices and also in the case when depth in downstream channel is 
11·2 ft. (i.e., Proposal III, Channel lined but unwidened). But as widening the 
3,028 ft. long channel downstream of the Weir Regulator or lining the same would 
-comparatively be more expensive than keeping the channel as it is, experiments are 
being continued to improve the design still further. . •.. 

10. CANAL FALLS 

24. ECONOMIC DESIGN OF FALLS FOR HIRAKUD PROJECT 

1. Introduction 

Over 500 Canal Falls have to be constructed in the Main Canal and Distributaries 
of the _Hirakud Project. The range of discharge is from 50 cusecs to 2,000 cusecs, 
while that of the drops is from ], ft. to 10 ft. 

The Central Designs Office of the Central Water and Power Commission, New 
Delhi, designed three types of falls, viz.-

(i) Q= 500 cusecs, drop=5 ft.-Flumed Vertical Type. 
(ii) Q=1,500 cusecs, drop=4 ft.-Flumed Glacis Type. 

(iii) Q=1,500 cusecs, drop=5 ft.-Flumed Baffle Type. 

This Station was asked to carry out experiments on these types. The fundamental 
aim of these experiments was not merely 'to improve the performance of the design 
supplied by C. D. 0., but to make any changes, howsoever radical they may be, to 
evolve cheap and effective designs. The reference was, though, of a specific nature ; 
yet model experiments were carried out on an exhaustive scale, so that general 
conclusions could be drawn to evolve type designs for falls under various conditions 
of discharges and drops. Apart from a large number of quick tests, as many as 
26 specific model experiments for Unflumed Falls and 18 Specific Experiments for 
Flumed Falls were conducted. The results of all these experiments are compiled 
in Appendices I and II, with brief remarks. 

2. Designs 
Fundamentally there appear to be two distinct types of designs, i.e.-

(a) those in which the standing. wave is used for dissipating excess energy, and 
(b) those in which there is no clear standing wave, but the nappe impinges on 

the pool downstream and the dissipation occurs in the turbulent diffusion 
by eddies. 
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ECONOMIC DESIGN OF FALLS FOR 

The following designs, viz. 

(i) Baffle type ; 

(ii) "All American Canal Fall" type ; and 

(iii) Parabolic or straight flat glacis type . 
. belongs to the category (b) . 

. 3. Requirements 

H!RAKUD PROJECT 

The design ot a Fall envisages the following criteria; 

(i} It should be cheap in initial cost. 

95 

(ii) Recurring expenses on maintenance and repairs should be minimum. 

(iii) A certain amount of harmless scour may be tolerated · ,· e a ch p d · · · rt 1 h 1 . ' · ., ea es1gn givmg a I t e ar~1 ess scou~ IS preferable to one giving comparatively 
less scour but costmg appreciably more. 

(iv) The design should work safely under 10 per cent retrogression, if it were 
to occur subsequently. 

(v) It should be capable of being used as a meter. 

:Experiments in this Station were carried out to satisfy the criteria (i) to (iv) only. 

4. Groups 

For the purpose of experiments, falls were divided into four main groups 
;according to discharges and drops. They are-

Group I-High discharges and high falls, i.e., Discharge (Q) greater than 
500 cusecs and head (H) greater than 3 ft. 

Group 11-High discharges and low falls, i.e., Q greater than 500 cusecs and 
H less than or equal to 3 ft. 

Group III-Low discharges and high falls, i.e., Q less than 500 cusecs and 
H greater than 3 ft. 

Group IV-Low discharges and low falls, i.e., Q less than 500 cusecs and H 
less than or equal to 3 ft. 

;Each of these four main groups will obviously have two sub-divisions, viz.,-

(a) flumed, and (b) unflumed type. 

In the following paragraphs the results of experimen~s for each main gr~up of 
.falls have been discussed. The Unflumed and Flumed des1gns have been considered 
cseparately in Part 1 and Part II. 

The following notation is used:-

N otation used in the figures attached. 

Q=Discharge in cusecs. 
q=Discharge per foot run. 
q,=Discharge per foot run in the throat. 
B

1 
=Bed width of canal upstream of the fall. 

B,=Width of the throat. 
B,=Bed width of canal downstream of fall. 
d1 =Upstream depth of water. 

· d, =Downstream depth of water. 
d,=Critical depth, i.e. (q'/g)'/'. 
d,=Depth of water in the cistern below the fall. 

· D,=Depth of cistern below downstream C. B. L. 
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D,=Upstream depth of water over weir crest. 
D=Head over the weir, i.e., D, plus h,. 
h,=Head due to velocity of approach. 
d, =Sub-critical depth required to balance the standing wave after allowing. 

for frictional losses. 

d,=0·73 qu•·52 H•·"' (vide A. R. T., 1944, page 50). 

d,' =Theoretical sub-critical depth required to balance the standing wave 
without any allowance for losses. 

d,=Hypercritical depth at the standing wave. This may be worked out b~ 
the relation 

d•=O·ll qo o.ssH_o.as 

H=Height of fall. 
T.E.=Total Energy. 
h, =Height of glacis blocks. 
h,=Height of floor blocks. 
h,=Height of deflector. 
hb=Height of baffle. 
L=Length of downstream pavement. 
Lb=Length of baffle platform. 

Pal't 1-Unflumed Designs 

5. Group I, i.e., High Discharges and High Falls 

(i) Baffle Type Designs-A modified economical design of this type consists of a: 
Fig. I. narrow crested weir having crest 2/3 D long-Figure 1-joined to the upstream 1!2: 1 

steep glacis and downstream 2:3 steep glacis by curves of radius 1/2 D and D 
respectively. The 2:3 glacis ends in the baffle platform which is at the level at 
which the standing wave naturally forms under designed conditions. The baffle 
platform is 5·25 times the height of the baffle (h,), the height of baffle being d,-d, 
feet. The baffle platform is followed by a cistern 4·5 d, long at a level giving 
d,=l-10 d,. A deflector d,/10 high at the end of the cistern helps to form the 
beneficial roller with horizontal axis, which piles up sand against the pavement 
thus protecting the pukka work. A set of glacis blocks at the toe of the glacis helps 
to reduce the wave wash. 

The design described above works very well under normal designed conditions 
and is also equally satisfactory for 10 per cent or even more up to 25 per cent 
retrogression in downstream levels. 

(ii) All American Canal Fall Type Design-This design consists of a 1:1 glacis 
below the weir crest ending in a horizontal platform at the level at which the 
standing wave naturally forms under designed conditions. This platform which is 

Fig. 2. 3 d/ long-Figure 2-has a continuous deflector at its end and a row of floor blocks 
at d,' feet upstream of the deflector to deflect high bed velocities upwards. Glacis 
blocks at the toe of the glacis are intended to stabilise the standing wave. In the 
American design the spacing of floor blocks is twice their height but this may be 
reduced to equal their height, to control the scour depths within tolerable ljmits. 

This design works well enough both under normal and 10 per cent retrograded 
condition. Should, however, the soil be easily erodible a second staggered row of 
floor blocks fixed at a distance 2·5 times the height of the block placed below the 
row described above may be provided with advantage. 

(iii) Parabolic Glacis Type Design-In this design the parabolic glacis ensures 
maximum horizontal component of velocity of the falling jet, which is dissipated 
effectively. The glacis is carried down to cistern level which is such as to give 
25 per cent more energy of flow (i.e., d plus v' /2g). This is followed by a pave· 
ment and a deflector at its end. This design works satisfactorily. 

(iv) Vertical Type-For high discharges and high falls, the performance of 
vertical type fall designs is unsatisfactory. In this design, optimum dissipation of 
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~nergy, as obtained in a standing wave d 
impinging on the water cushion below the = t~t ~ke place. The nappe after 
bed. This bed flow of high velocity is. art! s ' en to flow forward along the 
causing intense boils and eddies below i/ov Y t~eflected upward by the deflector 
reverse flow in the cistern. See sketch belo~r: e erodible bed ; and partly forms 

~.R. 7. ISSI-17EM 2 

• 
'%-e-.6.~ . 
. , . 

' ' ~ ~ 6·.Sa 

i • "Ys c.#.c . .-s·IID 

.SK£'TCN 

..SHOW/NG' ,<"LOW CONO/T/0/VJ' 

ON T,l/£ F'L 0011' 8£LC1W TN£ ,<"ALL 

(NOT T'O J'CA,t.c) 

This is an unsatisfactory f-:ature. Besides this, the tendency to form side 
embayments below pukka work IS an intrinsic defect in the design and the mainte­
nance charges are therefore high . 

.. Remarks-:-Both ?esigns of Baffle type (i) and the All American Canal Fall type 
(u) work sabsfactonly. However, the later type is the cheaper of the two because of 
its short pavement. This type, therefore, may be adopted where soil is hard. In 
case the soil is _easi!y ~r?dible it is. preferable to· go in for a baffle type design, which, 
though expensive m Imtial cost, IS cheaper in maintenance. better in performance 
.and works even if as heavy a retrogression as 25 per cent were to occur. 

A parabolic or flat glacis type design is much more expensive and is therefore, 
not recommended. 

Vertical type is not recommended because of its unsatisfactory performance. 

;6, Group ll-High Discharges and Low Falls 

(i) Baffle Type-This design works only when the fall is not drowned. 

(ii) All American Canal Fall Type-This design also, like the baffle design, does 
not work when the fall is drowned. 

(iii) Glacis Type-Under drowned conditions a 2:1 glacis below the crest follow-
~d by a pavement 3 d, long-Figure 3-at a level giving d,=l-1 d, works well. The Fig. a. 
:2: 1 glacis helps to stabilise the flow. A deflector at the end of pavement protects 
the pukka work by deflector action. 

(iv) Vertical Type-In this type the inherent tendency of side erosion and in­
-complete dissipation of excess energy renders it unsuitable. 

' Remarks-Under clear overfall conditions same remarks apply as in para (5). 
'But under drowned conditions, a glacis design described in (iii) above is preferable 
.and should be adopted. 

'7. Group m, i.e., Low Discharges and High Falls 

In this group, for discharges below 500 c~secs and drops ab~:"e 3 ft. all the. fou1· 
·types, viz. (i) the baffle type, (ii) All Amencan Canal type, (m) Th.e parabolic. or 
flat glacis type and (iv) Vertical type. work well exc.ept that the vertical fall desrgn 
·which for its inherent defects is suitable only for discharges below 300 cusecs. 

The Baffle and the All American type designs are shown in Figures 1 and 2. 
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Fig. 4. Figure 4 shows the vertical type design in details for Q=100 cusecs and H=10 ft. 
The design consists of a pavement 5 (H.D,)' / 2 long.1 The level of the pavement 
is lower than the downstream canal bed level by an a:(llount D, where 
D,=1/6 (H.D,)'/". 1 

Two rows of floor blocks ~high, the upper row being at 1/3rd the pavement 6 . 
length above its downstream end and the second staggered one 2·5 times block height 
below it, are provided to redistribute the bed velocities and reduce bed and side 

scour. A deflector ~~ high at the end of pavement helps to protect the pavement. 

Remarks-For discharges between 500 and 300 cusecs, where soil is easily 
erodible, a baffie type design may be adopted though it may be a little more expensive 
in initial cost, as due· to its very efficient performance as regards energy dissipation 
in the primary and secondary standing waves,·no scour may be expected. 

Where soil is hard an All American Canal Fall type design may be adopted. 
It is less expensive than the other designs. 

Below 300 cusecs the choice of the design may be based on cost considerations,. 
whichever type may be found economical. 

8. Group IV-Low Discharges and Low Falls 

(i) Baffle type design. 

(ii) All American type design. 

(iii) Parabolic Glacis type design. 

(iv) The vertical type design. 

All designs work well when the fall is not drowned ; though vertical fall gives 
some side erosion which may be prevented by providing side D. B. pitching. 

Under drowned conditions, in this group, a modified glacis type design works 
satisfactorily. The glacis slope of 1:1 helps to stabilise flow. A pavement 3d; 

long at-a level giving d,=1·1 d3 with a deflector at the end and a row of blocks~· 
high at 1/3rd pavement length above the deflector helps tq redistribute velocities 

Fig. 5. and check scour-Figure 5-with the glacis flattened to the slope of 2: 1 the floor 
blocks may be omitted. 

The vertical type design gives unstable conditions of flow, which can be stabilised 

by blocks '!; high at 3d2 distance from the toe of fall. , These blocks serve the 

purpose of redistribution of velocities and also dissipate a certain amount of energy 
by creating turbulence as the high velocity nappe impinges against them. With a 
discharge of 100 cusecs, with one foot drop, this design works well enough, but 
as the discharge increases, another row of blocks at 1/3rd the length of pavement 
from the downstream end is required to check bed and side erosion. Side D. B. 
pitching may be provided to guard against possible side embayments. 

Remarks-Under clear overfall conditions either of the designs may be adppted. 
Cost may justify adopting "All American" canal design. However, where retro­
gression in bed levels is likely to occur, it may be preferable to adopt baffie type 
design. 

Under drowned conditions a modified glacis design as described above may be 
adopted for higher discharges. For discharges below about 300 cusecs a vertical 
type may be preferable to glacis, the former being cheaper. 

'U. P. Research Station Formulae. 
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Part ll-Flumed Designs 

9. Introduction 

It Is easier to design an unflumed fall rather than a flumed one B t h 
fall . b' d 'tli b 'd . . u w en a IS com me , WI _a . n ge, m order to reduce the total cost of a separate bridge 
and_ a f_all ; or when It IS proposed to use the fall as a regulator as well a flumed 
design IS adopted. • 

The Standard type, proportional flumed design has the following characteristics: 

(1) D. B. pitching_ on sides ~bove the bellmouth followed by a pukka bellmouth 
wh1ch consists of 60 curve of radius 2D' / 2 merging into the throat. 

(2) A flat pukka pavement upstream. 

(3) A hump or a flat glacis joining the flat upstream pavement to the crest. 
( 4) A crest 2·5 D long. 

(5) A par.abolic or 2: 1 glacis on the downstream side of the crest joined by 
radms of 2 D to the crest. See Figure 5A. Fig. M, 

];xperiments were carried out to effect economy in these transitions as a result 
of which the following modifications are recommended: 

(1) D. B. pitching upstream may be omitted. The side contraction can be 
modified as shown in Figure 6. • · Fig. G. 

(2) The pukka flat pavement upstream may be replaced by ,; loose apron. The 
apron may be made to slope down say at 1 in 10 to facilitate unwatering 
the upstream channel for repairs. 

(3) The weir crest can be joined to the upstream bed by a short steep glacis 
of ! : 1, slope. 

(4) Crest length may be reduced to 2/3 D. 

(5) The downstream glacis may be made as steep as 2:3. The steep· glacis 
does develop little negative pressures. In the 1/7 geometrically-similar 
rriodel, the observed negative pressure was only 2 ft.-Figure 7. Allow- Fig. 7. 
ing for scale effect and side effect, etc., the maximum negative pressure 
head, with as high a. discharge intensity as 38 cusecs, is not expected to 
be more than about 6 ft. Consequently the difficulty can be overcome 
by providing reinforced concrete in the region. 

10. Downstream Transitions in Flu~ed Designs 

In straight channel the velocities in a section, fall off from the centre to the 
sides, i.e., the discharge intensity is higher in the centre than at sides. At the throat 
of a flume, the side contraction accentuates this distribution of discharge intensity. 
Thus a flumed fall design has to take care of the side effect also in addition tG 
dissipating the excess energy. 

\ 

A converging flow is usually stable whereas a· diverging flow is not. In a 
flumed fall, the flow has to expand from the contracted section below the fall to 
the normal canal section downstream. The downstream side transitions, -therefore, 
have to be so designed that the flow always hugs the sides. If it leaves the sides, 
it might swing from side to side, or develop return flow on one or both sides. This 
is generally harmful, because, eddies with vertical axis develop at the junction of 
forward and return flow causing deep scour which ·may undermine the downstream 
curtaiJl wall. 

One in five side splay with hyperbolically expanding sides is perhaps the best, 
since this is about the limiting sharpest splay that expanding water can follow 
but for simplicity of construction, straight 1 in 5 expanding walls may be adopted. 

The hyperbolic expansion may be worked out by the formula evolved by the 
U. P. Research Station, which is reproduced below:-

Bx 

34 CW&PC J.7 



. 
100 CWPRES ANNUAL REPORT (TECHNICAL); 1951 

where L=Length of expansion along centre line. 

B0 =0verall throat width. 

B,=No~mal channel width. 

B.= Width of expanding flume at distance x from the beginning of expansion. 

Rather than make the sides rigid all the way down the expansion, they need be 
made rigid only down to the end of pavement. At this section the side slopes may 
be 1 : 1 or ! : 1, being the same as that of the normal channel just below the fall. 
The portion of the expanding sides below the pavement may thus be carried on at 
the same slope, with D. B. pitching. This will reduce the cost of the structure, 
If a sharper splay is adopted, floor blocks in addition have to be introduced in the 

, design for fanning out the flow and thus off-setting any saving in sharper splay. 
Flurning should not generally exceed 2/3 ; and 0·8 is to be preferred. Greater 
flurning leads to greater discharge intensity in the throat, which results in intense 
eddies and greater turbulence below, requiring long transitions and thus making 
the design unecon'lmical. 

11. Group 1-High Discharges and High Falls 

(i) Baffle Type-With modified upstream transitions as mentioned in paras 9 
l!'ig. B. and 10 above, this design works satisfactorily. Figure 8 shows a type design for 

Q=1,500 cusecs and 10 ft. drop. The design consists of 2:3 glacis with blocks at 
the toe to check wave wash. This is followed by a baffle platform, a baffle and a 
cistern 5dx long, the level of the cistern being such as to give d,=1·1d,. The side 
expansion which starts from the baffle, has a splay of 1 in 5. The sides at canal 
bed level are designed to the hyperbolic curve (para 10). 

(ii) All American CanaL Fall Type Design-This design is not suitable for flurned 
conditions. The side contraction accentuates the distribution of discharge intensity, 
which continues, as such, even below the fall, where central jetting with severe 
side return flow obtains. This in turn gives harmful scour, tending to undermine 
the pavement near the sides. Modifications such as lengthening pavement, gentler 
side splay, floor blocks, etc., do not improve the performance to any appreciable 
extent. 

(iii) Parabolic or Flat Glacis Type Design-The design of this type which can 
i'ig. 9• work well enough is shown in Figure 9. It consists of a 2: 1 or parabolic glacis 

which meets the pavement at a level such as to give d,=1·1 d,. The length of pave­
ment is 7d,. As many as three staggered rows of blocks d,/6 high are required 
to fan out the flow. The uppermost row is at a distance of 3d, from the toe of the 
glacis ; the remaining two rows spaced 1·25 times the block height apart. A 
deflector 1/10d, high serves to protect the pavement by deflector action. The 
blocks in a row may be spaced their height apart with advantage. 

(iv) Vertical Type-This type is highly unsuitable for flumed conditions. All 
efforts to improve the ,performance of this type design, failed. Conditions of bed 
scour could be controlled but those of very disturbed surface flow and consequent 
wave action could not be checked. In fact four rows of blocks were necessary to 
check bed erosion but they increased wave action and turbulence. 

Remarks-Of all the four types, the cheapest design which is recommended for 
,its performance is the baffle type design. · 

A glacis type design, though working satisfactorily is comparatively costlier 
in initial expense, and is next to the baffle type, in performance. 

12. Group U-High Discharges and Low Falls 

(i) Baffle Type-With clear overfall conditions, this type works very well. 

(ii) All American Canal Fall Type-This, as mentioned in para 11 above, does rfot 
work satisfactorily. 

(iii) Glacis Type Design-When the fall is drowned, the baffle type fails and 
under these conditions this type design-Figure 10-works well enough. The design 
consists of a 2:1 glacis below the crest followed by a pavement 7d. long. The level 
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. D PROJECT 101 

of the pavement is such as to give d -1-1 d T 
d • ,. wo staggered rows of floor blocks 

. T high fixed belo~ the toe of fall, starting at a distance of 3d, from it, help to fan 

out the flow. Spacmg of rows is 1·25 times block h · h . 
in a row is a block height A third f fl eJg t, whereas spacmg of blocks 

. ?/ d · row 0 oor blocks at 1/3rd the length of av 
ment, t.e., 3 , from the deflector is required to check th · 1-t f p e­
below the deflector. e sp1ra 1 Y o the roller 

(iv) Vertical Type-For same reasons as explained in para 
unsuitable. 11, this type is 

Remarks--Under clear overfall conditions a baffle typ d · · d d d d . . e es1gn IS recommen ed 
whereas un er rowne cond1tions the glacis design of the type sh · F. 10 Fig. 10. 
may be adopted. 

1 
own m 1gure 

13. Group ID-Low Discharges and High Falls 

(i) Bf!-ffie Type-This design works satisfactorily and may be further cheapened 
by reducmg th~ length of the pa~ement below the baffle to 3d, in cases of low 
discharges. Th1s pavement length IS adequate to hold the secondary standing wave 
on pukka bed. 

(ii) All American Canal Type-Does not work. 

(iii) and (iv) Same remarks as in para 12 (iii) and (iv) apply in this case. 

Remarks-A baffle type design may be adopted. 

14. Group IV-Low Discharges and Low Falls 

(i) Baffle Type-When clear overfall exists this design is satisfactory. 

(ii) All American Canal Fall Type-Does not work. 

(iii) Glacis type-Under both 'clear overfall' and 'drowned' conditions the 
design as shown in Figure 11 works well. Fie. u. 

'l'he design consists of a 2: 1 glacis followed by a pavement 5d, long. Four 
d 

rows of blocks T high are intended to fan out flow. A deflector at the end of 

pavement is provided to create the beneficial bed roller. 

(iv) Vertical Type-Does not work under flumed conditions. 

Remarks-:The glacis design and the baffle design, are well suited from 
performance point of view. However, from cost considerations, the glacis type as 
shown in Figure 11 may be adopted irrespective of whether the fall is clear or 
drowned. 

15. Conclusion 

(i) Under unflumed conditions, the All American Canal Fall type and the Baffle 
type designs are well suited under clear overfall conditions. The latter design is 
more expensive, but where the soil is easily erodible, it may be advisible to adopt 
the Baffle type. ' · 

Under drowned conditions a flat Glacis type design is recol!lmended. 

With low discharges below about 300 cusecs a vertical type design may be 
more economical irre,spective of drop. The pavement may be kept 5(BD,)1 

/' with 
two rows of floor blocks and side pitching may also be provided. 

(ii) Under flumed conditions the choice of design is limited only to the Baffle 
type and the flat 2: 1 Glacis type. The other two designs, viz., the vertical drop 
type and the All American Canal type with 1:1 glacis are unsuitable. Under 
drowned conditions, Baffle type 'may be rejected and the flat Glacis type with three 
to four rows of blocks and a deflector adopted. 

17 A 



AP:PENDlX I 
.l!:xperiments carried ~ut with Unflumed designs of canal falls and their results 

' 
B.No. Main Group. Q in cuseca. H in feet. Design Type. REMARKS. 

b -1 2 3 4 5 6 "" 
1 I i.e. 1,600 10 All American Canal Fall type The performance of this design was satisfactory. 'By spacing the floor blocks eloser (i.e., 

Q 600 h1 apart) as compared with the original design (which is 2h2 apart) scour could be reduced 
H 3ft. appreciably. Another row of the blocks fixed staggered with the one above it and spaced 

2·5 h2 apart, reduced scour markedly. It, therefore, may be mentioned that where 
soil is easily erodible two rows of floor blocks may be used with advantage. This also 
increases the deflector action. The pavement which was 3dx' long was at R.L.91·33' 
higher. There thus appears a subsidiary drop at the end of pavement. In order to 
safeguard against any scour of bed downstream, when letting in water a loose stone 
apron sloping down at say 1 in 3 may be laid to join the pavement to C.B.L. downstream. 
Actually in the experiments sand piled up against tho pavement even when no apron was 
laid and it entirely covered the apron when it was laid in another experiment. ~ 

Though the scour was a little more than in experiment 1 above, yet it was within safe limits 
.., 

2 Do. 1,600 10·65 with 10% retrogression Do. " and the design thus was satisfactory. · "' "' 
3 Do. 1,600 / 6 Baffie type The design consisted of a 2: 3 glacis downstream followed by a. baffie on the baffie platform, ~ 

a cistern 4·5 dx long and a deflector dz/10 high. A couple of staggered rows of blocks, ~ say a~ X 1'x dzflO high may be used in place of the deflector to facilitate unwatering. E: Though this worked well yet pcrltapq 8: continuous deflector may be better from construe-
tion point of view. _ Fl 

4 Do. 1,600 5·65 with 10% retrogression Do. Performance was quite satisfactory. 
.., 
0 

" IS Do. 600 6 Vertical fall This design initially consisted of a pavc·ment 5(BD 1 )1f~ long, the level being worked out by 
>i 

using the U. P. formula D0 =1/6(H.D1)113 • Violent eddies and boils downstream of ~ 

;;j the deflector and the severe side action were obtained. Floor blocks were tried with n 
pavement length of 5(HD)ll2 and 7·94(H.D)1/2, But results were not satisfactory. 2 To improve the conditions submerged longitudinal vanes were also tried but to no effect. ... 
The inherent tendency of side erosion persisted though bed scour could be checked. n 

E: 
6 I 500 5·65 with 10% retrogression Do. Side action was more severe than that in experiment 5 above. ::-.... 
7 Do. 600 5 Baftle type The design was of the same type as described in expt. 3 above. ThiS design worked very "' CJ1 

well. The length of pukka work below the downstream end of crest in this design was .... 
31·22 ft. as against 30·24 ft. in the vertical fall design of expt. 5. The design therefore 
was almost as cheap as the vertical type design and much better in performance. This 
will also save recurring expenditure. 

8 De .. 500 5·46 with lOo/0 retrogression Design of expt. 7 was tested under 10 per cent retrogression. It worked satisfactorily. 
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(continued) 
no. 

Do. 

Do 

Do. 

Do. 
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Do. 

Q in cusecs. H in feet. 

3 4 

1,500 3. 

1,500 3·65 with 10% retrogression 

1,500 3 

1,500 3·65 with 10% retrogresSio_n 

1,500 1 

1,500 1 

500 3 

500 3·46 with 10% retrogression in d's W .L. 

100 10 

100 5 

APPENDDC 1-contd. 

Design Type. 

6 

• All American Canal Fall type 

Do. 

Baffie type 

Vertical type 

Glacis type 

B11ffie type 

Vertical type 

ro. 

6 

Worked satisfactorily. Similar remarks as in expt. 1 also apply in this case as regards height 
of blocks, number of rows and pavement level. 

Design of experiment 9 was tested under 10 per cent retrograded conditions. It worked 
well. 

The design was prepared on the same lines as in experiment 3. It wOrked weB. 

Ditto. 

The design did not work well since Bow conditions were unstable. Flow immediatc1y down .. 
steam of fall swings from side to side resulting in severe side embayment. The design was 

. abandoned. 1 

A 2; 1 glacis type design with a pavement length=3dx at a level l•ld3 below downstream 
W. L. gave good results as regards both scour and flow conditions. Attempts to cheapen 
the design by adopting a. 1 : 1 glacis slope gave· rise to strong boils n.IJ over the surface 

·above deflector. Performance of 2: I glacis design was much better. Lengthening 
the pavement to 5 dx with 1 : J glacis did not improve flow conditions. 

Tho design was prepared on th~ lines described in ex pt. 3. It worked well. 

Worked well. 

The design with pavement 5(HD1)111 long worked well with two rows of r~taggorcd ftoor 
blocks dz/6 high. Upper row was at lf3rd the pavcnl£•nt length above tho deficctor 
and the 2nd row 2·5 X dz/6 below it. 

In this design the length of the pavement and its level were worked out by thoU. P.Research 
Station formulae 

L=5 (H.D,)'/1 

and D,=l/6 (H.D,)1P 

It was tested with a deflector. To improve its performance two row• of sto,u.uerOO blocka 
dz/6 high were used as in experiment 18 above. The distance bet-a·~n the two ro-a·s 
was, however, 1·25 times block height. 'l'hough improved, flow condit!onll were nut 
good enough being very rough. Incre&l!'ing the pavement to JO(H.DJ)I/1 unproved tho 
performance. -0 

c.o 



APPENDIX ·I-concld. ..... 
0 
~ 

S.No. Main Group. Q in ouaeos. H in feet. Design typtl. REMARKS. 

I 2 3 4 5 6 

19 ill 100 6 All American Canal Fall type The design gave results much better than in the vertical fall deeign of experiment 18. It 
ie a.lso as cheap a!! the vertical type design or perhaps cheaper. 

100 5 Baffie typo Worked well with cistern length 4·5 dx below the baffie. The design is more expensive n 
20 Do, ~ as compared with the one of experiment 19 but is much better in performance and is 

"" better suited for localities where soil is easily erodible and retrogression may be expected, ill 
"' 
~ 

21 IV 100 3 Jll Amerio&n C&n&1 Fall type Worked well with two staggered rows of floor blocks. ~ 
~ 

" 22 Do. 100 3·29 with 10% retrogre«sion Do. Worked well. ~ 
" >i 

Do. 100 3 Vertic&! type Scour conditions were good enough with pa.vement 5(HD1)1p11 and, two rows of floor blocks 
~ 

23 .., 
lengthening the pavement. ' . t'l 

n 

2 .... 
n 

24 Do. 100 3·29 wit.b 10% re,trogre&~;on Do. Side erosion is an inherent defect in the design, but for this group, it may be guarded against ~ 
by providing D. B. pitching. . ::-' 

..... 
"' "' ..... 

26 Do, 100 1 Do. The deeign with pavement 5(H.D1)'11 long was tested with and without blocks at tho toe 
of fall. Side action and intense eddies and boils over the deflector occurred. Lengthening 
the pavement to 10(HD1) 1/' improved conditions. Without blocks the flow was 
unotable. 

26 100 1 Glacio type The design consisted of a 1 : 1 glacis with pavement 3 dx' long. It worked well with glacis 
and floor blocks and a de1lector. Pavement level was such as to give dz=1·1 d3 • Conai-
dering the pukka work length, this design is cheaper than the one of experimE.'nt 25 above. 
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APPENDiX Ii 
Experiments carried out with F!umed designs of cana! faHs and their resutts 

H in feet. 

4 

10 

10 

, 

5 

6•25 with 26% retrogreaaioo. 

4 

6·00 w,'th 26% retrogrea~ioo 

6 

Design type. 

5 

Au American Canal Fall type fiuming 66% 

}Ialiie typo llumill11 66% 

Do. · 

Do. 

Glacia type ftuming 66% 

Vertical fall ftuming 70% 

REHUKS. 

6 

Design did not work aat.isfnctorily ae central jetting lt'ith aenre return Oow ateidudeve· 
loped on and below the rigid structure. Pavement waa undermined at the junction of 
forward and return flow. Measures to improve the performance viz., additional floor 
blocks, flattening of glacis, increasing pavement length, gentler splay than 1 in 5, were 
tried but no improvement was obtained. 

This design with modified upstream transition•, 2: 3 glacia and a· •hort oi1tern length of 
5 dx and a. deflector worked well except for the roller action below the deflector which waa 
apiral, tending to take away the .and 1i'om the sides to the centre. This tended to expo&& 
the curtain waH near the side1. A row of door blockl 2/fl d:~:' high, &paced their height, 
apart at 5/3 dx from deflector, did away with the apirality of the roller. Re&ult• were 
utiafaotory. · 

Thi1 design waa a standard proportional meter de1ign, prepared by the C.D.O. CWJNC. 
It bad long upstream tranaition11 and a pavement 8 d.J: long. Floor block• were proYided 
in the original design. According to the experience ofthi• type which wa• al110 oonfirmed 
by tests, no floor blocks were required. Only glacis blocks would reduce wave wa1b. 
Working of the design was aa.tisfactory. The design was, however, ver1 e.x}W'n•ive and 
efforts were made to economi.. it. 

Worked satisfactorily. 

Like the baffle design of experimt>nte 3 a: "· thia wu al1o a •tandard de•ign prepared by the 
C.D.O. CWINC. Thia design worked aatil!lfact:orily with minor modifioatio.na. auch, •• 
shifting position of floor blooke, doing away With the flat Jooee block apron eto. ~he 
design was, however, expensive, the glacis being 3 : J and paven;arnt J_O dx Jo~g, be.~• 
long upstream transitions. Efforts were made to economl86 thte dl)augn. FmaHy w1th 
upstream sbarp transitions. as explained in the te.xt of the note, 2 : J glaci1 followed 
by pavement 7 d:~: long worked well with 3 ataggered row• of floor block• dr.jfJ hi1b beJow 
the toe of glacis and one Dr&l' tbe deflector. 

The original design with minor modification• wa1 te•ted under .retrograded conditione. It 
worked satisfactorily. 

Like the Baffle and Glacis t)·pe above thia 1r011 a dl-Bign prepared Ly thrC.D.O. ('l\'1!\C. 
It. gave highly unsatisfactory performance. !king a cheap dL .. ign, all efforte were m~e 
to improve the performance. Though .cour could be brought undrr C(JDtrol by Ulllfl~ 
floor blocks in curved alignmrnt, yet tbrse nry b)(JCb, cauM-<1 Vt'~Y turbult-nt Jlo•· co~dJ· 
tions and side action. 'J'be general performance wu noi •t•sfadory enough. 'J hit 
type design waa considered un.auitable for flumed conditions. 



· APPENDIX II-contd. '"' 0 
0> 

S.No. Main Group. Q in cusccs. H in feet. Design type. REMARKS. 

1 2 3 4 6 6 

~ I 500 6·46 with 10% retrogression Vertical design The original C.D.O. design with three curved rows of staggered blocks, which gave controlled 
bed scour conditions only, was tested under retrogression. Afourthrowofblooks was 
found essential, which however added to the rough flow. Cumulative performance was 
unsatisfactory. 

3 Baflle type The modified ba.filo typo design was tested. The fall was drowned. The design did not work n H 1,500 ~ satisfactorily. Periodic swells and wave action obtained. When the downstream water ., 
level was lowered the performance immediately improved ; indicating that the design is ::u 
not suited for drowned conditions. Efforts to improve its performance failed. "' "' 

10 Do. 1,500 3 Glacis typo The final design that was evolved in this tyrEe had a 2 : 1 glacis followed by a. pavement 7 ~ 
dx long at a level such that dz= 1·3 d3 • 'hree rows of floor blocks dz/6 high were fixed ~ o.t 3d3 from the too of glacis in addition to glacis blocks. This design worked so.tisfa.c. j!: torily. • 

::u 
11 Do. 1,500 1 Do. Tho final design that gave satisfactory results had e. 2: 1 glacis followed by a. pavement !;l 

7 dx long at a level giving dz= l•ld3 ; two rows of staggered floor blocks dz/6 high starting 0 
from a distance 3d1 from the toe of the glacis, a row of floor blocks at L/3 i.e., 7/3 dx from ::u 
deflector, and a deflector dz/10 high. Deflector action was quite good and scour central 1-l 

---and within safe limits. t;j 
10 Baflle type The modified desiru worked well with cistern 3 dx long below the ba:fflo. This short cistern 

n 
12 Ill 100 2 length is adeqm .. te for small discharges. . . 

\ n 
13 IV 100 3 Glacis type · The design was of the same type as that in experiment 10 above e:x,eept that the pavement j!: 

length of 5 dx was found insufficient. This desi!f-1 worked sati6faotorily. ::--
' '"' 14 Do. 100 3 Vertical type As in experiments 7 and 8 the design was found unsuita~le. "' "" '"' 15 Do. 100 1 Glacis type The design had a 2: 1 glaeisfollo~ed by a pavementS dxlong, two rows of staggered blocks 

dz/6 high sta.rting from distance 3d1 from the toe of glacis, and two rows of floor blocks 
starting from L/3 i.e., 5/3 dx upstream of the deflector. The spacing of rows was 1·25 
times block height apart, while spacing of blocks in a row was one block height apart. 

16 -Do. 100 1·29 with 10% retrogression· Do. Design of experiment 15 was tested under retrograded conditions. It worked well. 

17 Do. 100 1 All American Canal type 
} Did not work. ' 18 Do. 100 1 Vertical drop 
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l'7. OTHER WORKS 

25. SERVICE WATER SUPPLIES TO THE TATA IRON S 
S 

AND TEEL Co JAM 
UBERNAREKHA RIVER ., SHEDPUR, FROM THB 

Introduction 

Water supplies for the Tata Iron and St 1 C . ' 
Subernarekha river. A submersible pick upee . o., are taken entirely from the 

ed t h . - we1r With· top at R L 39 construct across e nver some time in 1912 Th . · · 4·34 was 
shown in Figure 1-follows the highest rock outc · . e ~hgnment of the weir-as 
is pumped from the river just upstream of the rap ~n t e bed of the river. Water 
located in the River Pump House as shown in t~IC fi-up Weir by me~ns of pumps 
~ft. diameter cast iron pipe with its open end fac·e gure. The suction main is a 
ments for sluicing the silt deposits from the upstr~ng d~~~stream. Pukka arrange­
there being installed only 2 number 24" x 18, gate a~ 0 

1 
e. weir are not provided, 

no useful purpose. -The average daily requirementy~; ~ u:ce ~alves, wh1ch serve 
in 1947 was round about 14 m.g.p.d. or about 26 cusecs wa ~r or th.e St~el Plant 
to about 50 cusecs. Further increase is proposed in the hicht has smce mcreased 
72 m.g.p.d. or about 103·5 cusecs. wa er supply to about 

The pumps can be worked continuously all the year round exc t f th 
danger of heavy charge of sand being drawn during the flood s ' ehp h or e 

d f h 
. . eason, w 1c causeli 

heavy. w~ar an tear o t e pump casmg~ and impellors, thus reducing their life 
and efficiency .. I_Ience, the _Pumps are bemg worked at present during flood only 
to meet the m1mmum requirements. In spite of this precaution in th 
about 5,000 eft. of sand collects daily in the main cbmmon suctioh chru:b~o~~~~~~ 
the Pump House, and has to be promptly removed. ' 

' 

The case was referred to this Station b:\ 1947 for its considered opinion and 
recommendations, inter alia, on the following points. 

''(a) R~ver Pumping ~tation: C~~ the !~cation of the Pump House and Pump­
mg set be considered as bemg satisfactory in all respects? 

(b) Is there any sound and practical means for a suction main which would 
considerably reduce the silt troubles, the pumping units are subject to?" 

. After careful study of the case, the Station made the following recommenda­
tions. \ 

"The first essential is, to locate the Intake near the downstream end of the 
concave bend ; but, well upstream of the cross-over of the river Thalweg~o as 
to obtain the maximum benefit of the favourable river curvature. A suitable 
point near ·the existing Pump House was selected by the Station for the Intake 
on these considerations, as shown in dotted lines in Figure 1. Two counter­
acting features reducing the efficiency of .sand-exclusion, must, however, be 
borne in mind. • · 

(i) The effect of cilrvature is diminished in periods of low river by ponding 
of water caused by the weir ; and 

(ii) in high floods, in spite of repositioning of the Intake~ the bed san~ thrown 
into suspension by turbulence may still be sucked m, to a certam e.xtent, 
unless arrangements are made to tap the top filaments and to msure 
minimum turbulence. 

In addition to correctly relocating the Intake, some additional arrangement to 
prevent the entry ·of sand in. the suction pipe is, theref9re, necessary." 

For this purpose, it \Vas recommended to construct an Intake Tower, v.:ell 
stream-lined in plan to minimise turbulence and witq an arrangement for t~ppmg 
surface water at all river stages, on the model of one constructed for the Waz1rabad 
Water Works 1at Delhi. 18 

34 CW&PC 
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In view of the appreciable cost of the Intake Tower (about 6 lakhs of rupees) 
and lack of availability of funds, this whole scheme was held in abeyance for over 
three ye_ars. In the meanwhile, the ~and trouble did not abate and if anything, the 
trouble m the Pump House and repair charges to the pumps very much increased. 

At the end of 1949, the Company consulted Mr. K. B. Ray, R.I.S.E., Chartered 
Engineer, Bengal, to advise and investigate the possibility of minimising the flow 
of sand along with water through the Intake Pipe into the Suction Pump Chamber. 
Mr. Ray inspected the site and after careful study of the case made recommendations 
an abstract of which is given below. . ' 

"In order to lower the high flood levels of the river, the capacity of the river 
should be increased by-

(a) blasting the high rock bed to general bed level both upstream and down­
stream of the last four spans (to the left) of the bridge downstream, 

(b) removing all the projecting rocks in the river b_ed by blasting, and 

(c) blocking the deep ravines in the high banks of the river." 

Regarding the: measures to reduce the sand entry, he made the following 
remarks:-

"The Management of the Steel Company, realising the gravity of the situation, 
were alert and they had wisely arranged for advice from Experts o.n the subject, 
as well as from the River Research Station, Poona. Suggestions received were 
an Intake Tower upstream of the River Pump House costing between Rs. 6 lakhs 
to 10 lakhs, and scouring sluices, etc., to reduce the sand at the Intake Pipes to 
a minimum. Engineers of the Steel Company visited the Intake Tower of the 
Wazirabad Pumping Station, Delhi, but this was found to be infeasible for the 
Subarnarekha, which carries coarser and much more sand than the Jamuna. 
The River Research Station, Poona, gave their opinion, that 'sand inclusion by 
wrong positioning cannot be cured or mitigated by facing. the inlets down­
stream'. Poona laid great emphasis on the fact, that 'it is better to exclude the 
sand in the first place, than try to scour it away with partial or indifferent 
success later on'.· Poona, therefore, recommended: · 

For a, sand-free intake, the first essential is to locate the intake near the 
downstream end of the concave bend, so as to obtain the maximum 
benefit of the favourable river curvature." 

"I fully agree with this recommendation of the Poona River Research Station. 
My suggestions will serve to implement Poona's recommendations." 

"By laying a lined permeable screen along a very flat curve of 1! followed 
by a straight from D to F, (Figure 2), the reduction in the velocity of flow in 
the portion of the embayment between the screens DEF and the existing right 
river bank DLF will cause deposit of silt, so that a new concave right river 
bank ending in a straight will form along DEF in one flood season." 

A./I,T.I!ISt -/r5M Z$ ORG. N'!S4 OI'JAih 5Z 
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"The pro~ection FGM in the right river bank, in front of the River Pump 
House P, will be blasted out and made straight along FH Th R" Pu 
H ·u th b 1 d , . e tver mp 
o~s~ WI, bt e~ t~ ocate_ near the downstream end of the concave bend • 

an ~s o am . e m~Imum benefit of the favourable· river curvature', so 
that a sand-free mtake . for the River Pump House will be ensured as recom-
mended by the Poona River Research Station." ' 

' 
"In addition to providing a silt-free intake for the River Pump House there 

will be other _advantages. -River water will flow smoothly down the' whole 
width of the channel i_n front of the River Pump House, so. that its bed will be 
scoured down to a uniform low level. As a result of this the storage capacity 
of the Reservoir above the weir will be doubled." ' 

The Management of the Company discussed these proposals with some of 
their officers and all of them were of the opinion that the scheme suggested by 
Mr. Ray was not going to give them sand-free intake, in view of the existence of 
the present weir in the vicinity of the ·Pump Intake. They further commented that 
this weir had no effective scouring arrangement and it caused the impounding storage 
reservoir near the Pump House to become filled up with sand. As the intake was 

_ very near the weir and at a very much lower level than the top of the weir, it 
naturally sucked the sand. They further believed that the conditions were not 
going to be altered or affected by flattening the curvature of the embayment as 
proposed by Mr. Ray. 

With regards to Mr. Ray's recommendations for improving the discharge capacity 
and thereby lowering the flood levels in the river, their views were: 

(a) Removal of high bed rocks which masked the last 4 spans of the bridge 
downstream, was too costly. 

(b) Removal of all projecting rocks in the river bed would not improve tbe 
discharge capacity to an appreciable extent and the cost. would not be 
commensurate with the benefit likely to be derived. · ' 

(c) By plugging up the ravines, the spill-over would be. prevented _resulting 
in the possibility of an increased danger of floodmg low lymg areas 
further upstream. 

(d) The storage capacity of the reservoir above the weir would not be increased 
by any means to the extent indicated by Mr. Ray. 

In ,March 1951, the Management once again sought advic~ of the Station and 
asked for measures to be adopted for preventing the sand e_ntermg the Pumb Intake, 
in view of the recommendations made by Mr. Ray and thetr comments on t e same. 

Final Recommendations 
· · f th St f n on Mr Ray's recommendation, a change-

In the considered opu:uon o e ~ \~ d ~ntry at the Intake in its present 
in the bank alignment will never afl'ec e s':me alread suggested 3 years back. 
position as a substitute to the water ~owe~ sc 1 w near the bed that slight change 
The present intake is so near the weir a~ b~~st~ngs would hardly alter the present 
of curvature effect, caused b~ screens _and to two main factors, viz., 
conditions. The trouble of silt entry IS ue . 

. . . ·t· f the Inlet Pipe relative to the convex side of the 
(I) the existmg posi wn o 

curve of the river bank ; and 18 ... 
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(ii) ·the existing level of the Inlet Pipe relative to the bed leve! of the river 
as shown by the following data ; 

(a) 4 ft. C. I. Suction main is at R. L. 387-44 

(b) Lowest bed level 383·00 

(c) Low water level 390·00 

(d) Crest level of the Dam 394·34. 

The bed level and the low water level are pretty constant for a number of years. 
All the year round, the Inlet Pipe is practically at the bed level and sucks a consider· 
able amount of sand and silt into the pumps, particularly during the period when 
the river is in floods and there is too much of sand and rolling material in turb~lence 
in water. 

It is clear that unless the position of the Intake Pipe is changed to a site upstream 
of the Pumping Station so as to take off from the concave side of the bend (see 

Fig. 3. Figure 3), the conditions cannot be improved ; because the present position of the 
pipe is such that it cannot but draw bed sand collected in the pocket along with the 
water as it is situated in the portion of the river downstream of the change over 
from the concave to convex curvature. The · proposed intake proposed by the 
Research Station is located at a place where a deep charmel has now been mflintained 
due to diving flow which is associated with the concave curyat\lre. There has been 
practically no change with bed ievels near the vicinity of the proposed intake site 
as seen by the survey done in May and June 1951. 

The main change in the site of the Intake Pipe will not however completely 
improve the matters. At present, the mouth of the Intake Pipe is placed at such a 
low position. that it draws supplies from practically the bottom-most layers of the 
flow of water, which are impregnated with bed silt, all the year round, whatever 
the depth of water there may be in the river. Of course, during the flood period,. 
there is maximum amount of silt and sand in the bottom layers and that is all drawn 

\ 
into the pumps. At the proposed site, the pumps will, of course, draw comparatively 
clearer supply as explained above. But, apart from changing the site of the Intake 
Pipe, it is also essential to so design the intake so that only surface water is drawn 
which may be free from sand throughout the year. 

The design of Water Tower previously recommended in 1947, was to ensure 
complete freedom from sand entry into the pumps ; but as its cost has been con­
sidered exhorbitant, the change in the design has now been made in order to make 
it economical and at the same time to be fairly efficient. The details of the design 
are given in Appendix I. It is expected that the arrangement now proposed will 
eliminate most of the sand entry into the pumps at a very reasonable cost and the 
present trouble will be over. 

As regards the arrangement of deposited bed materi<l,l, ~t seems to be a matter 
of secondary importance at present. A provision of falling shutters can be made 
later on, if found necessary. The first essen~ia~ is ta change the site of the Intake 
Pipe and provide Intake Tower Channel at the new site. . 
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SERVICE WATER SUPPLY TOT~ TATA IR • 
~- .. . . • . . 01! AND STEEL CO., JAMSHEDPUR, ETC. Ill 

APPENDIX I. 

DESIGN OF THE INTAKE TOWER FOR SUBERN 
AREKHA RIVER WA m 
. TER "ORKS AT JAMSHEDPUR 

1. Introduction 

Subernarekha is a flashy river and duri ' 
.catchment area,· the flood level at J amshedp~g ~anstoon, when there is heavy rainfall in tts 
may last for a short time only. The daily gaug~s rt~e:h 0 

.• very high peak, though its duration 
.have been s~atistically examined and it has been~ e rlver at Jamshedpur for the last 10 year:~ 
that whereas the lowest W.L.' is 391.0, the hi ~~~fh~/~rth clearly (St_t. No. 1 and Figure 4), Stt. l. F;~. ~ 

.fact durmg the last 10 years, the water level has rk d : · sheldom goeo above R.L. 4~4. In 
· · ·' n urm~ t e year ort an avera~e for-

20·75 days above R.L. 400, 

15·13 days abov~ R.L. 401, 

11·45 days above R.L. 402, 

8·54 days above R.L. ~03, 

1·66 days above R.L. 410 and . ' 
0·39 days above R.L. 421. 

·rn c~se, if an attempt _is made to draw sand-free supply from the river throughout the year 
1t wtll mean constructwn of a tower as high as R.L. 421·0, and at a very heavy cost sui 

. as the above t~ble shows that such peak gauges last for very short period oaly, it is pro.posed, 
as a compromtse, to destgn. a smaller tower _whtch ts more economical, but sacrifice the water 

.supply for a few days durmg the flood penod. The tower is accordingly designed with top 
level of 403·00 so that to draw supphes up to R.L .. 402·00, which will mean to throw the 
tower-and consequ_ently the waterworks-out of commission for a short period of about 11 days 
on an average durrng the flood season. During this short period the required water supply 

. .can be drawn. from the alternate ~ource of the Dimna Nala Reservoir. 

The present draw-off of the river by pumps is 1·12 m.g.p.h. or about 50 cusecs. It is 
proposed by the Company, to increase the pumping capacity to about 3 m.g.p.h. or about 
133·5 cusecs. But the river ~auges show that during the dry weather the total inflow o! the 

. river is less than 133·5 and hence it is not enough to meet the lull requirements o! the Steel 
Works. It has been calculated that the inflow supply in the river reduces to less than 133·5 
.cusecs when the water level falls below R.L. 394·42 (i.e., about 12 !t. above the crest level o! 
the weir), Referring to Figure 3, it will be found that for about 83·5 per cent o! the period 
of a year, the water level is about R.L. 394·42, and for the balance 16·5 of the period or 
about 60 days in a year, water level drops below that level Thus it means that this river will 
. not be able to meet the full discharge of 133·5 cusecs during 2 months o! the dry period. 
Either the demand should not be kept as high as 3 m.g.p.h. or some alternate arrangement, 
for example to draw supply from the Dimna Nala Reservoir, will have to be made. The 

:storage capacity of Subernarekha river up to the crest level of the weir as it exists today is 
about 5·25 m.c.ft. which is hardly sufficient for a ! day's supply at the rate o! 3 m.g.p.h. 

:2. Design of Water Tower 
Under the conditions explained above, the tower has been designed to admit the requ_lred Fig. ll. 

full discharge when the river W. L .. is between R.L. 402 and 394·42. It h~s been provtded 
with circular R. c. C beams 6" thick wtth tops at R.L. 397·00 and 391·50 m order to serve 

. as sills of the gate op~nings. The tower is covered with a top R. C. C. slab 6" thick. This also 
has not been designed for the full load of the depth of water over it during th~ flood time. 
But instead 3 openings 2'X 6" have been. provided with sill at R.L. 402 .. These wtll ensure_ to 
keep the tower full when it is out of achon and water has nsen above 1ts t?P· ThiS, p~ovtston 
is necessary to make an economical design of the top slab. The tower bed. IS kept 3-3 b~low 
.sill of the Outlet Pipe. This depth will proVIde space for the s1lt settling down from the 
.standing water inside the tower during high floods. The settled slit can be removed alter-
wards in winter, when the water level is low. 

Structural details of the design have not been worked out as they can easily be done In 
your office For the design of its foundation, the nature of the bed at the proposed location 
of the Int~ke Tower is not exactly known. However, scattered outcrops o! the rock on the 
right bank and ·also in its vicinity suggest that sound dependable rock four:datwn will he 
:available atl this slte as well. The tower can be built on such rock foundahon at a depth 
··.where they ,are iounQ.. 
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3. Tower Regulation 

It is proposed to draw supplies from the top 2! ft.-comparatively sand-free water of 
the river. This requires total length of the opening to be 10'-6" for the required maxunum. 
discharge of 133·5 cusecs. Tills length of 10'-6" has been made up in 3 parts so as to desi 
gates of suitable sizes, in order to be economical in cost and easy in hand operation. A batte~ 
of 3 gates of size 3·5'X5' and with their sill level at R.L. 391·5; and another battery of 3 gates 
of the same size but with their sill level at R.L. 397·00 have been provided. These gates can 
be operated from top by manual labour. No gearing machinery has been proposed as the 
tower is to remain under water during high floods and there is a danger of the gears getting 
out of order. The required discharge of 133·5 cusecs can be drawn by sliding down upper 
3 gates or the lower 3 !lates according to \he river ~ater lev~l,-so. as to have an operating 
head of 2' -6" over the sills of the gates. If a lower discharge 1s desired, gate openings or the 
number of gates can be adjusted accordingly. · 

The outlet pipe will be of the same design as previously given. It is placed with its 
centre at 387·50 so that the present W.L. in the sump will not be affected. A valve is provided 
on the pipe line immediately outside the tower so that it could be closed in order to prevent the 
silt entering the pipe line when the tower is out of action during high floods. The valve. on the 
Outlet Pipe will have to be thro.ttled so as to adjust its opening for the low discharges. This 
will have to be done only during summer months, when the inflow in the river gets reduced. 
This valve can easily be operated from the top slab of Intake Chamber. 

STATEMENT No.1 

Per cent frequency 
Serial No. W a.ter level X of water level Number of da.ys REMABKS. 

exceeding X per year. 

1 391 100·000 365·000 Top level of exi~ting wei!-
=R.L. 394·30. 

2 392 99·761 364-128 

3 393 99·045 361-514 

4 394 94-718 345·721 

5 395 53·571 195·534 

6 396 29·573 107·941 

7 397 17·442 63·663 • 
8 398 12-107 44·191 

9 399 8·604 31-405 

10 400 5·684 20·747 

11 401 4-144 15·126 

12 402 3-136 11·446 

13 403 2·339 8·537 

14 404 1·994 7·278 

15 405 1-437 5·245 

16 406 1-013 3·697 

17 407 0·774 2·825 

19 410 0·454 1-657 
/ 

22 413 0·320 1-168 

26 418 0·134 0·489 

30 421 0107 0·391. 

33 . 424 0·001 0·000 
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The Subernarekha River Jamshedpur. 

Photo No. 7370 
Subernarekha river Jamshedpur. River bank 

upstream of pump house. 

Photo No. 7371 
Subernarekha river Jamshedpur. River bank 

upstream of pump house. 

lTE:\1 NO. 25. 
A. R. T. 195\ 



NAGPUR WATER SUPPLY, KANHAN WATER WORKS • 
113 

.. 26. KANHAN WATER WORKS (NAGPUR WATER SUPPLY) 

Introduction 

1. The Ka~an Water Worlp; of the Nagpur Corporation are situated on the banks 
of :the Kanhan nver about 1,000 ft. below the confluence of Kolar river with Kanhan 
(F1gure 1). The :Vater Wo:ks consist of a well wherein raw water is collected and ~1g. 1. 
pumped by low-h~t pump mstalled in another well at a distance of 90 ft. and of 
~a~terson _Mechamcal_ type filter~; where after purification and chlorination, water 
IS s~ored m a _balancmg reserv01r· and then pumped again by high lift pumps to 
serv1ce reservo1r at Nagpur. The present rate of pumping from this water works is 
only 7·5 ril.g.p.d., but in second and third stages, it is proposed to increase it to 
10 and 15 m.g.p.d. respectively.. · 

The intake consists of a 25-ft. diameter well with R. C. C. steining, sunk 40 ft. 
deep below the lowest bed level passing through 12 ft. of sand, 20 ft. sand mixed 
with clay and 8 ft. red clay. 1,200 holes of 2" diameter are provided in the steining 
of this well at 1 ft. centres with a view to admit flltered water. Four penstocks have 
also b~en provided at different levels. for drawing surface water during emergencies, 
accordmg to the water level of the nver (see Figure 2). The bottom of the well is . Fig. 2. 
filled in with rubble to a depth of 5 ft., i.e., R.L. 845 and from this level infiltration 
holes start and are located so far as R.L .. 875. 

2. Soon after the construction of the Intake Well, there was an unprecedented 
flood in the river and both the Pumping Station and the Intake Well were completely 
submerged under water resulting in silt and sand deposit in it to a consider.able 
height. This was, however, removed by ordinary manual labour ; bnt not below 
R.L. 868. Since then, there has been great trouble of the silt i!ntry and reduction 
in water supply for the Water Works .. 

The main difficulty, now experienced in pumping raw water from this well, is 
that a large quantity of sand and 'silt -is sucked in, finding its way partly in the 
infiltration and partly in the penstocks through the suction pipe and thereqy 
corroding the impellers, bell-mouths and the low level centrifugal pumps, thus 
increasing the cost of pumping and flltration as well. This also chokes the suction 
pipe, hoppers and settling tanks. This ·trouble is practically throughout the year 
but in monsoon it is felt most as the manual labour cannot work so efficiently in 
removing sand, which collects in the well, as in other seasons, due to more depth of 
water in the well. In dry season, the water level in the river falls knee deep, while 

· the pumping increases. The mairi river channel runs along the left bank. Every 
year, temporary bunds across the river have to be constructed in order to bring a 
narrow channel of water near the Intake Well (Figure 3). 

3. The Municipal Committee, Nagpur, first consulted Mr. Newton, Joint Chief 
Engineer, C. P., P. W. D., who made the following suggestions: 

• (i) Closure of the infiltration holes in the steining of the well through which 
sand enters partially, 

(ii) admission of water through an additional penstock above R.L. 884·00 at 
45' to the flow, opening downwards to admit surface water only, 

(iii) replacing of the vertical type low lift pumps whiCh were found 
unsuitable, and · ' 

(iv) securing more safely the suction pipes which were expected to give 
trouble sooner or later. 

Th h 1 uld not be closed as suggested, as the well is filled with flood 
de osit: ~~~~er a new opening 'of 3 ft. x 2 ft. was provided _at 45' to _the flow 
an~ surface water is being taken through th!s in su~mer and wmter. It fS closed 
during the rainy season. No further suggestwn was Implemented. 

l'!g, 3. 
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4. In 1946 the matter was referred to a Board of Consulting Engineers to consider· 
the difficulties experienced and to suggest remedial measures for smooth and 
economical working of the Water Works, which are the main source of water supply 
to the rapid gro~ing industrial city of Nagpur. The Board was consulted on the 
following 2 main points, viz., • · 

(a) "Whether constant dredging of the sand coming in, to keep foot valves. 
s~fficiently clear and above the top of sand bed in the Intake Well, will 
be useful? The dredger may even be needed foi: removing the sapd 
from manholes of the infiltration gallery. 

( 

(b) "Whether a sand pump at the Intake Well for extracting daily incoming 
sand will be helpful?'~ 

The Board which consisted of-

(1) Mr. P. C. Bose, Chief Engineer, Public Health Directorate, Calcutta, 

(2) Mr. W. J. Berry, Superintending Engineer, Health Services, Delhi Province,. 
Delhi, 

(3) Mr. H. C. Bulsara, Chartered Engineer, The Model Mills, Nagpur, and 

(4) Mr. B. St. J. Newton, Joint Chief Engineer, C. P. and Berar, P. W. D., 
Nagpur, 

made recommendations in the following words: 

" We should have recommended the removal of all sand and -silt from the· 
Intake Well and the closure of the holes in the steining, if this could have l;leen 
done at reasonable cost and without seriously interfering with the water supply ; 
it would necessitate dewatering, alteration to 'the suction pipes and pumping 
direct from the river. We consider it very undesirable to disturb the suction 
pipes and we, therefore, recommend the following alterations to the existing 
Intake Well. • 

(a) Desilting with dewatering to atleast R.I.,. 867·25 by air lift pumps. The 
sand and silt should first be loosened, if necessary, by a water jet under 
high pressure. 

(b) The provision of a 9" cement concrete floor made of precast blocks at 
about R.L. 867·25. · 

(c) Provision of 3 vents each 4ft. square in the steining on the upstream side, 
with sills at R.L. 881·5; each vent to be fitted with a penstock, opening 
downwards, so as to admit surface water. 

(d) Provision of an adjustable trough, specially designed• as tQ prevent the 
entry of sand into the. well. 

(e) Screens of bamboo "Trellis" should be fitted right across the dry weather 
channel at about 100 ft. and 200 ft. upstream of the Intake Well. 

Stage II Scheme-As an increased water supply is an immediate necessity, 
arrangements should be made now for the construction of the stage II scheme, 
so that contracts may be given out and work started after the monsoon of 1946." 

5. Unfortunately, no implementation of any of these recommendations were 
carried out. In August 1950, Mr. Nadirshah, Chief Engineer, The Concrete Associa­
tion of India, Bombay, was also consulted by the Nagpur Corporation and he made 
the following suggestion. 

" (i) Construction of Groynes-Mr. Chatre, Government Health Engineer, , 
P. W. D., Madhya Pradesh, has suggested the construction. of groynes in the 
river just on the downstream side of the confluence of the rivers Kanhan and 
Kolar so that all the sand and silt carried with the flow of water could be 
arrested at the groynes. This suggestion has not been put into effect probably 
on account of the-cost and the doubtful benefit that would be derived from 
such a proposal. • 
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(ii) Provision of an Inner Ring in the Existin We!l-Th · · 
of providing ~ ring inside the ~ell so that the ;and and si~[~~y a~=~tl!uj~!:~~~~ 
between the. mner and outer n~gs of the channel, thus avoiding the drawin 
of the sand mto the pumps. Th1s remedy will not b !I t' f h g 
given below. e e ec Jve or t e reasons 

(a) Due to the ~imited space between the inner and outer rings dredging 
for removmg the rapid silting would be a difficult task. ' 

(b) The construction of an inner ring will also present some difficulties on 
account of the accumulation of silt in the well and removing the same 
below R.L. 868. 

(c) As the ~e!l has D?ore ~r less spent its useful life, any additional expendi­
ture m 1ts modificatiOn would not be justified. 

(iii) A better and more practical solution to overcome the present difficulties 
would therefore be to construct a new Intake Well." 

As regards the location of the new Intake Well, Mr. Nadirshah recommended 
that the following aspects would have to be considered. 

" (a) The variations in the cross-section of the dry water channel from time to 
time. 

(b) Formation of any s;md banks which might divide the dry weather channel 
upstream of the Intake Well. · 

(c) Construction of small training bunds at the upstream end of the sand bank 
to induce scouring in the nearer channel." 

Final Recommendations 

6. In April 1951, the Manager, Kanhan Water Works, referred the case to this 
Research Station and sought advice as how to remove the silt trouble. The history 
of the well shows that it was originally designed to get the percolated water through 
the 1,200 holes in the s~eining, and from there to lift the same by means of pumps. 
The designers had provided a reservoir in the form of a well where the percolated 
water could be collected in 30 ft. depth (R.L. 845 to 880) through the percolation 
holes. This depth of water provided in the well was sufficient for the pumps' . 
capacity to work and also to leave sufficient margin for the silt to settle at the 
bottom provided there was enough head of water around the river to supply the 
percolated supplies through holes only. The full capacity of the pumps is 
3,00,000 gallons per hour or 13·3 cusecs. The estimated yield at that time was 
1,20,000 gallons per hour or 5·3 .cusecs only. The surface area of 1,200 holes works 
out 1200 x ~X - 2- x :!: or about 26 sq. ft. So in order to give a yield of 5·3 cusecs, 

' 12 12 4 

the percolation velocity required was only 5~! or about 0·2 ft. per second. 

7. The supply of water from the Kanhan Water Works commenced in December 
1941, when the water level in the river was below R.L. 887. In January 1942, the 
Executive Engineer in charge reported "the yield in the Intake Well was less than 
one quarter of the full capacity of even one small pump". In February 1942, 
however, the Superintending Engineer in charge reported "it appeared that the 
holes in the steining were getting clear of silt and that the yield was much better". 
The Intake Well might have yielded enough supply, but unfortunately, its efficiency 
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could not be tested even for one full season, due to the fact that during the monsoon 
of 1942 there was an abnormal flood in the Kanhan river, and the water rose to 
R.L. ~31·88. _The Intake Well was completely submerged under water, resulting in 
de~osrts of _silt and sand to a considerable depth. Thus from the very first year 
of rts working, where there should have been a reservoir .of 30 ft. depth of water 
in the well, there was a solid column of silt and sand to a height of 23 feet froin 
the bottom and there. was only 7 ft. to 10 ft. depth of water in the well for the 
pumps to lift. This deposit of sand and silt can be removed by manual labour to 
R.L. 868·0 only. 

8. Under the existing conditions during the dry season, there is not much flow 
through the hole§ by means of percolation. Hardly about 7/30 of the total number 
of holes are above the silted bed in the well, and assuming all of them ~to be open 
(which is not at all certain) their surface area comes to 7/30 x 26 or about 6 sq. ft. 
The bed level of the river is at R.L. 882 and lowest water level in the river is 885·0. 
The present rate of pumping is 2,00,000 gallons per hour or about 9 cusecs. This 
means that if all the holes above the silted bed were open, the water would be 
sucked through them with a velocity of 1·5 ft. per second; and, if half of them 
are choked, the sucking velocity would increase to 3 ft. per second. All these holes 
being below bed level of the river, it is no wonder that along with water, actually 
fine sand is sucked through these holes, which has been estimated as much as 6 eft. 
per hour. In order to augment the supplies, the penstocks are opened. The lowest 
penstock is at R.L. 880, i.e., below the bed level, and hence is closed. The next 
above is at R.L. 885, which when opened draws in the sand laden water from the 
bed of the river, because there is hardly 3 ft. of water in the river and the area 
of the penstock is only 6 sq. ft. 

As the well stands at present, ~ith hardly 3·0 ft. depth of water round it, it 
can never give the required yield of even 1,20.000 gallons per hour (which quantity 
is pumped at present) without sucking an enqrmous amount of bed silt and sand 
from the river. In fact there is not enough depth of water in the river itself to 
give a silt-free supply into the well or to' increase the yield of the well. 

Photos 709 9. During the monsoon season, the trouble is further aggrevated due to the 
to 

712 
&

715
• confluence of the Kolar river with the Kanhan river just above the Intake WelL 

The Kolar river ·passes through black cotton soil area and carries a very heavy 
suspended load of clay. Besides, the flow at the confluence must be highly disturbed 
so as to throw the bed material into suspension. Though the surface water only 
is admitted into the Intake Well, by means of penstocks, a considerable amount of 
bed material in addition to suspended material must also be entering the well due 

·.to disturbed flow. In other words, the position of the present Intake Well is most 
unfavourable. Had it been further downstream and away from the confluence, 

Photos 716 say near the Mahadeo Gh~t, the bed material thrown in suspension at the confluence 
& 717• would have time enough to re-deposit and flow along the bed of the river. On 

~nquiry it was found that large quantities of sand and silt are drawn by the Intake 
Well when. j;he Kolar river is in floods. The Kolar river is also responsible for 
unsteadiness of the river flow .near the well. It pushes the main Kanhan flow 
towards the left bank opposite Intake Well. Had· it not been for the Kolar rjver, 
the course of the river near the Intake Well would have been favourable for 
admitting water into the well. · During monsoon period large sums have to be spent 
in removing silt and sand from the well and iii using large quantity of alum for 
getting rid of silt and suspended material. Secondly, the after effects of this pushing 
of Kanhan.flow to the left bank are, that during the dry season the bed of the river 
on right side, where the well is situated, is left high and dry and the river channel 
has to be diverted .towards the well by '·means of bunds, .etc. There 1s thus a very 
shallow depth of water round the well.during winter.· 



Kanha:1 \Vat e r \Yorks 

Photo No. 709-710- 711 

Composilc photo £rom water intake towe r loo king upstream towards the junction of the 
Kolar River with the Kanhan. 

ITEi\1 NO. 2n. 
A. R. T. 1951 



KANHAN WATER \iVORKS. 

Photo No. 712 
From right bank at junction of Kolar River looking 

upstream . 

Photo No. 715 
From right bank at junction looking downstream 

towards the Shiv Temple and well on the left bank 

opposite intake tower. 
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Photo No 716 
Mahadeo Ghat on right concave bank. Looking 

upstream 

I·hoto No. 717 
Mahadeo Ghat on right concave bank- Looking 

downtream. 
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rive:~~t~~~e ~~~ an~y~: clearly shows the ~esirability of diverting the Kolar 
. an ur er upstream, so that the region of disturbed flow w ld 

also be shifted far upstream of the In take W 11 Th. . . ou 
f und t b . e · IS proposal on mspection was 
. o t b ~d ethvery expensive and hence was not considered. The other a!ter~ative 
15 0 

u . e new Intake Well near the Mahadeo Ghat, which is situated on the 
concave ~tde of the river berid .and where the water is much deeper than at the 
pr.esent stde of well, and hence the flow conditions both during the monsoon and 
wmter seasons would be favom:able. The water will have to be led from the new 
Intakj:, Well to the Water Works through a pipe line. 

11. At present, the yield of the well is not enough to cope with pumping and to 
meet the water. supply needs of the town. Besides, the main trouble is that the 
Intake Well actually sucks large quantities of ~and and silt both during the monsoon 
and dry seasons. The latter not only requires heavy maintenance whole the year 
round to remov~ the sand from the well, but the sand damages the propellers of 
the P4.mp. Durmg monsoon monihs when the water is very turbid, alum worth 
~s m~ch as Rs. 700 per day is required for coagulation, and during the dry period 
the nver channel has to be diverted by means of bunds to the Intake Well, in· 
order to feed the same. 

12. The most unfortunate part is that the pumping has to be continued from 
this well throughout the period in order to supply water to the town. On no 
account can pumping be stopped and whatever dredging of sand"is done by m1mJa1 
labour, it has to be done while the· pumps are working. The result is that the sand 
is removed only to SJ?all depth, and it fills up again. 

13. There are also second and third stages of the project when about 10 and 
15 million gallons per day (i.e., about 18 and 27 cusecs) of the supply are to be 
pumped from the river. The existing well can never give such increased supplies. 
For increased supplies it is necessary to construct another well. This will also 
be used as stand-by to the existing well so that sand deposits can be cleared from 
either of the wells without interrupting the pumping. As stated in para. 8, the 
only suitable place for this second well is in the vicinity of Mahadeo Ghat. 

14. The immediate remedial measure, which can be suggested to reduce the sand 
entry' into the present Intake Well, is that the velocity of flow into the well should 
be reduced to such an extent that there is no sucking action of sand. The capacity 
of the pumps is 3,00,000 gallons per hour or about 9 cusecs. There exists one pen­
stock of 6 sq. ft. area at R.L. 885. When all the supply is drawn through this 
penstock, the velocity of inflow will be of the order of 1·5 ft. per second which is 
high enough to suck the bed sand along with water. If the number of penstocks 
at that level is increased to say 3 or 4, the velocity would be reduced to abbut 
0·4 to 0·5 ft. per second which is low enough. . .. 

·-•_y ·~ • 

15. As regards 23 ft. depth of solid silt with which the bottom of the well is · 
at present filled up, this silt can lie dredged only after the second Intake Well is 
built, unless arrangements can be made for air lift pump and _water jet under high 
pressure ; in the latter case the effect of percolation supply through 1,200 holes 
2" diameter can be tested to see if they can draw required amount 1>f discharge 
as originally designed. ·· 

l6. The design of the Intake Well has been prepared on the lines of one ~or 
supply of water to Jamshedpur Iron and Steel Works from the Subarnarekha river 
(Figure 4). This design allows only surt'ace water to be drawn into the Intake Well 
during monsoon; and during the summer months, admits water into the Intake Well Fig~ 4. 

with as little velocity as possible, so as not to draw sanct along with water. As the 
tower recommended to be sited near Mahadeo Ghat will be in deep pool of water, 
there will be no difficulty in getting adequate supplies even during dry season. 
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