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ANNUAL REPORT (TECHNICAL) OF THE WORK DONE DURING 
THE YEAR 1946 

PART I.-INTRODUC'l'ION 

1. STAFF AND THEIR ACTIVITIES 

Director: Mr. K. K. Framji, M.B.E., B.A. (llom.), B.So. (Lond.), 
A.K.C. (Lond.), I.S.E. 

Depu.ty Director: Rao Bahadur D. V. Joglelmr, B.E. (ou ll'llVll from 
1-2-1946 to 31·5-1946 and 16-10-1946 to 15-12-19·16; ou dqmttltion 
from 1-6-1946 to 15-10-1946). 

Assistant Research Officers 

1. Mr. G. M. Pauchaug, M.Sc. (Lond.), (for Statistics), (till21-5-1S·1G). 
2. Mr. S. T. Ghotankar, M.Sc. 
3. Mr. S.C. Desai, B.E., (till 31-5-19·16). 
4. Mr. C. V. Gole, B.E. 

Research Assistants 

1. 1\Ir. S. N. 1\Iulek!tr, B.Sc. (Elec. and Moch.). 
2. Mr. S. V. Chitale, B.E. 
3. Mr. D. P. Kulkarni, B.E. 
4. Mr. P. K. Kulkarni, ll.So. (Elec. and Mech.). 
5. Mr. G. T. Wadekar, ll.E. 
6. Mr. C. G. Tahmankar, B.Sc. (Elec. and l\lech.). 
7. Mr. P. M. Damle, B So. 

TVork Assistant 

Mr. N. K. R. Iyengar. 

Vomputors 

Mr. S. B. Barve. 
Mr. R. P. C. Varma, B.Sc. 

The Khadakwasla Welfare Centre, which is run partly by voluntary work, 
and financed by contribution from the Red Cross, the Rotary Club, Collector's 
Fund and Members of the Staff of the Station, has done excellent work through
out the year. 

Figure 1 shows:- l'ig. 1. 

(i) the 13 places visited by the Director during the year, 
(ii) the 12 places where advice was given without model experi

ments, and 
(iii) the 8 places where advice was given after model expcriment8. 

The 12 cases in which advice was given without model experiments were 
as under:-

1. Savitri River.-(1) Prevention of the formation of a sttnd bar 
at the mouth of the River where it falls into the Sea near Hatnagiri in 
Bombay Province and siltation and erosion of the Konkan creeks; and 

(2) effect of the jetties constructed and the determination of the type 
of jetties most suitable for the existing conditions. 

2. Suitability or otherwise of the site for the proposed hridgo ovor the 
Brahmaputra at Jogigopa, Assam, ~nd t~e determination of the probable 
maximum scour at the proposed br1dge s1te. 

3. Prevention of scour at the bridges over the lleas River at Beas 
Railway Station and over ~he Chenab River (Alexandra Bridge) near 
Wazirabad on theN. W. Railway. 
B 41 



2 ANNUAL REPORT (TECHNICAL) OF WORK DONE DURING THE YEAR 1946 

4. Best top section for a broad-crested overfall weir in the Bhavnagar 
State. 

5. Comments on Notes on Experiments with low earth dams for 
flushing streams in Assam by Maj. W. E. C. Feltman, R.E. 

6. Protection of the Railway Embankments of the proposed Railway 
Bridge across the Ramganga River on the C. K. Railway branch line of 
E. I. Railway from the effect of erosion in the event of meanders acquiring 
the maximum swing towards the embankments. 

7. Protection works for the Bridges over the Sukri, Jawai, Saii and 
Khari Rivers on Jodhpur Railway. 

8. Suitable profile of a H. C. weir in Hyderabad State (Dn.). 
9. Prevention of damage from floods in the Subernarekha River near 

Jalleswar in Orissa. 
10. Suitable design for weirs on sand and shingle foundations in 

Baluchistan. 
11. Prevention of scour at the retaining wall of Shri Harihareshwar 

Mahadeo Temple on the bank of the Saraswati River at Patan in Baroda 
State. · 

12. Flood control in the Khari River, Ajmer. 

N0.6i5SZ 
I.W.E.STN.POONA. 
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MAP OF INDIA 
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PART I 3 

The 8 cases in which 1\dvico ~vas given nftt'r model exp!'rim!'nts nro 
described in detail in the body of this Rt>port. 

On 7th and 8th l\Iarch 1946, the Director visited Ajuwr lor the purpose of 
investigations in regard to the prevention of damnge by tlootl~ in Ajmor 
Merwara, where owing to concentrated nud exco3sive rainfall in UH:i, thirty
eight small storage tanks brenched simult,meously with nn 11bnornml rise in the 
river Khari, which resulted in nn enormous loss to liftl and proptlrty. 

On 29th April, he visited Cuttack at the request of II. E. tho Govl'rnor of 
Orissa and inspected the severe damnge to the Johra weir across the l\fuhunatli 
and suggested measures for the dissipation of energy bt>low the wl'ir 1tntl tho 
avoidance of the recurrence of similar damage in future. 

As desired by the Secretnry, P. \V. D., Bo1ub1Ly, the Director visitt>tl Sumt 
along with the Honournble Dr. Gilder, the l\linistpr for Public \Yorks, H01uh~ty, 
and other officers of the Bombay P. W. D. on 10-8-l!J.l(.i in connection with t.lw 
flood problem of the Tapti River. For the Hood-control prohlt!m, tho Direotor 
recommended hydrographic, industrial, power loads,uncl other survoys to !'XIlllline 
the feasibility of multipurpose reservoirs on '1'. V. A. LinPs. 

At the request uf the Chief Engineer, N. vV. Railway, Atlministmtion, th•l 
Director and the Chief Enginet:r inspected, from 22nd to 24th St>ptt>mher the Hite 
of erosion by the Sutlej River nerrr the SamltS!tta Station Yard for the pnrposo of 
suggesting measures to prevent further inroad by the river; 1Uld tho Waziralmcl 
Bridge over the Cbenab. [See para. II (vi) (4) regnrding the former cuHo.] 

On 26th September 1946, he paid a second visit to Ajn1er rPgnrdinr tho 
flood problem of the Khari River, when he inspected the bLilks at •ro<lglmr, 
Devghar and Bhim. 

At the instance of the Consulting Engineer to the Govcrmuont of India 
for Waterways, Irrigation and Navigation, New Delhi, the J\Hhipra River rtt 
Ujjain in the Gwalior State was inspected by the Director on 25-10-l!HG, on 
his way back from Karachi where he had flown to attend the HcsHion of the 
Indian Roads Congress. This river is receding away from the infiltration 
gallery of the Ujjain Water Works and advice is sought of the Director for 
ways and means of restoring the river to its originul course. · 

The Director was again requested by the, Secret1try, P. W. D., Bomb1ty, 
to give his advice, after inspecting the W 1\trak River near K~tiflt in Oujemt, 
whert:1 the river has been eroding some land in the village of Ilariala; u<lviee Willi 
required s,s to the exact protective measures necessary to provont this eroHion, 
see para. II (vi) ( 3). 

Rao Bahadur D. V. Joglekar, Deputy Director, was appointnd Ollicor on 
Special Duty, from 1st June to 15th October, to work at Ddhi in tho Consulting 
Engineer's Branch for preparing detailed proposals for buildingH and crJniprnPnt 
for the proposed re-organised Station at Delhi. 

One of the Officers of the Station (1\Ir. S. T. Ghot1mkar, AKstt.] ~eli. Ollier:r) 
was deputed to Delhi to construct two models of the l\hlmnadi Vallr,y, "uH it iH" 
and "as it will be" respectively, on behalf of the Central Waterways, Irrigation 
and N avic:ation Commission. 'fhese l\Iorkls were derrwnHtratod at tho exihi
tion-opened by the Hon'ble Pandit Jawabarlnl Nellfll-hr,Jd unrler tho 
auspices of the Central Bo11rd of Irrigation from 28th N ovemlwr to tho 2nd 
December 1946, and were immensely popular, proving to he tlw major 
attraction of the Exhibition. f:ikilled artisans of tbiH f:itation worked under 
l\Ir. Ghotankar for a mouth on making the two 40' x 12' attractive rolief rnodr;ls 
of the Mahanadi Valley. 

In the latter model were depicted the Ilirakurl, Tilmrpara and N a raj darus 
controlling the floods, their canal systems irrig:Lting the tiolrls, navigation, power 
houses, distribution maina, terracing of hill slopes, wcll-planrwd citieH, etc., 
showing the tremendous improvement that the multipurpose pro,jed would 
make to the development of the valley : while the former model showed a lack 
of flood control, the country inundated in parts and barren in others, properties 
damaged, etc., according to the existing conditions. 

Besides these, there was an unprecedented collection of t1~chnical and 
instructive models exhibited by research organisations and Governrnont Depart
ments all over India; covering a wide range of subjects such as navig11tion, river 
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training, Irrigation works, meteorological apparatus, Survey, Soil Science, 
Physics, Engineering, Chemistry, etc. 

Hon'ble Pandit Jawaharlal Nehru was surprised to learn that thia was 
the first exhibition of its kind in India. and stressed the need of having a series 
of such interesting exhibitions all over India. 

His Excellency the Viceroy of India (Lord Wavell) and His Excellency 
the Governor of Bombay (Sir John Colville) visited the Station on 13th January 
1946; Sir Andrew Clow, the Acting Governor of Bombay saw the Station on 
6th October 1946; all the three distinguished visitors appeared t<? be greatly 
interested in the work being done at the Shtion. Other prominent visitors to 
the Station during the year were:-

Maj. Genl. Philip B. Fleming, Head of thtl U.S. Federal Public 
Works Administration, U.S. A. 

Mr. Thomas Harris Macdonald, Commissioner of Public Road, IT. S. 
Federal Public Roads Administration, U. S. A. 

Mr. W. H. R. Nimmo, uffichLl of the Department of Co-ordination of 
General Public Works, Australia. ' 

Mr. D. G. Garland, Bridge Engineer of the Queensland, Maio Roads 
Commission, Australia. 

:Mr. Mohsin Ali, Member for Irrigation, C. W. I. N. C., New Delhi. 
Rao Babadur A. R. Venkata Acharya, Chief Engineer for Irrigation, 

Madras. 
Mr. B. S. Narasinga Rao, Superintending Engineer, Irrigation Circle 

(K. R. S. Works), Mysore. 
Mr. G. B. Monda!, Chief Engineer, Bengal. 
Dr. N. K. Bose, Director, Bengal River Research Institute. 
Mr. B. P. Saxena, Superintending Engineer, U. P. 
Mr. N.D. Gulhati, Secretary, Central Board of Irrigation, Simla. 
Dr. S. P. Raju, Director, Engineering Research Department, Nizam's 

Dominions, Hyderabad (Do.). 
Mr. J. K. Hunter, Chief Engineer, Associ<1ted Consulting Enrrineers 

(India). o 

Mr. J. H. Talati, Chiei Engineer, Baroda State Railway. 

Students and Professors from the following colleges and institutions also 
visited the Station during the year :-

(1) Kala-Bhavan Technical Institute, Baroda. 
(2) Engineering College, Osmania University, Hyderabad (Dn.). 
(3) College of Engineering, Poona. 
(4) College of Engineering, B:.mgalore. 
(5) College of Engineering, Guindy, :Madras. 
(6) Victoria ,Tubilee Technical Institute, Matunga: 

During the year, 20 investigations were in progress, of which 13 were 
specific in character and 7 basic. · 

Five notes on "Basic Problems" were written during the year; and notes 
were also written on a number of specific problems. 



PART II 

PART II-SPECIFIC RESEARCH 

I. FIELD REsULTS OF ME.\SUHES AoorTED AFTBR hlOI'I·:L Exi'EI\I~mNrs. 

I-1. TRAINING oF THE }.lALAPRAHHA RIYBII To rnon:c·r Tllg LI·:FT 
AnuT~!ENT oF THE hl. AND S. iii. RAILWAY BnwnE No.8 AT 

HoLE ALUR ON THE Ho-rm-G.wAG LIN!,, Bo~m.H 

Having developed a cut-off one mile below the RaihVIly bridge, the 1\Inht
prabha river was trying to di~sipate the excess energy by eroding its bnnl\g. 
The left bank erosion ne•u the bridge was severe; the bridge wns thn•atened to 
be outflank ad; and experiments were carried out at this Station to deviso UHllllll:l 

to protect the left abutment and relieve it from attack. 
The recommendation of cutting the right bank about 1/~ milo above tho 

bridge was adopted in the river and spoils were dumped in front of tho lof~ 
abutment 

In continuation of the results reported in the A. R ('r.) HJ45, Fig. 1/I 1•'1H· 1/1-

shows the deep channel surveyed after the floods of 19•J5. The dorp chnnnol 
has shifted completely to the second span from the left end of the britlgo. 'l'ho 
apex of the meander appears to be about 150 fb. downstream of the Railway 
bridge, as against about 200 ft. above the bridge before 19·15 floods. The reHults 
thus appear to be satisfactory. 

I-2. PREVENTION oF Scoun nELow THE CENTIIAL SLUIOES OI•' Ttm 
l\lAHANADI ANICUT AT CUTTAOK (QmssA) 

In May 1945, the Director was asked to inspect and advise regardiug the 
methods of protecting the Central Sluices of the l\Iahltnadi Anicut. 'l'hosn 
sluices had been giving trouble for a long time and the meltHun•s nnnually 
adopted by the local officers did not remove the root cttuse. In 1!JH, staggurod 
rows of control blocks .had been constructed at the 3rd dwarf wall below tho 
sluices but they were washed away unevenly, worsening the already b~td condi-
tion of flow. Photos 3088 and 3098 show the condition when tho Diroetor l'h .. tn• aoK~ 
inspected the site. The local proposals-of providing stone and concrotA in wiro •nd 39UH. 

mattresses sloping down to the bed -were considered unsuitable as they attornpted 
merely to treat the symptoms. The Director, therefore, suggested a glacis with 
a series of baffles on the paveinent below-the only .practicable measures based 
on a diagnosis of the root trouble which could be completed in the very short 
time available before the commencement of the ensuing :flood season. Photos 
40C3 and 4004 show the satidactory conditions obtained after working of the Photo• 4uo:1 

suggested measures for one flood season. . •nd 4004. 
Photos 4053A and 4054 show the resulting effective dissipation of enorgyPhot.o•40.\a,\ 

below the sluices in thtl river. The scour hole has silted substantially •nd 40""· 
(by over 13 ft.), the under cutting has ceased, and tho structure is now safe. 

I-3. MoDEL LIMITATIONS AS REGARDS BANK ERosiON AND AccnETION 
UPSTIIEAM AND DOWNSTREA~I oF A TREE GnoYNE 

A striking example in which a model could not reproduce bank erosion 
was found in the case of the model of the river Sutlej at Sarnasata [vide pam. II, 
(vi) 4]. In this case, in order to accelerate the development of a cut-off an 
"attracting" impermeable groyne, facing 60• downstre~trn, was tested. It was 
expected that this groyne would attract the flow, thus tending to inoreaHo the 
bank erosion upstream and thus inducing Inore river curvature and reducing 
the distance of the 'neck '-conditions favourable for a cut-off. In the model, 
the banks consisted of consolidated, incohesive sand. Velocities upstream of 
this groyne and curvature of flow increased; and bank erosion occurred very 
rapidly to start with. After a short time, however, the bank assumed a flatter 
slope of :3 : 1 -the natural angle of repose of the material - thereby reduc
ing the velocities and bank erosion became imperceptible. 

Actually, in the river it is expected that banks would continue to erode 
rapidly - continuing to maintain almost vertical sides - and at the same time, 
bed material will be thrown on the opposite convex ·side, and the river would 
shift towards the right cuncave side. This could not, naturally, occur iu the 
model. 

B 41-2 
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Lower down, in the same model, banks consisted of stiff material (clay); but 
as the velocities in the model were naturally no~ high enough to cause scour of 
such material, only high velocities persisted along the bank and no appreciable 
recession of bank occurred, as would in the river. 

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

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

3. In Sind, tree groynes have been found very successful-

(a) to divert or deflect the current which is directly threatening an 
erosion of the buud; 

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

(c) to silt up a channel of the river at its source by checking the flow 
in it. 

In the case of the Sutlej model referred to above, a permeable tree groyne 
was tested to check the erosion of 'the left bank upstream. This groyne con
obted of small branches of Babul trees (acacia arabica). From Sind experience 
it is known that when the river first rises during freshets, it brings in a large 
quantity of sand moving along the bed and silt in suspension; this is trapped 
in the branches and the twigs of the trees and hence upstream and downstream 
of the groyne the river bed rapidly accretes, and the permeable groyne in a very 
short time approximates to an impermeable groyne and thus deflects the high 
velocity flow .. In the model, however, there was very little silt in suspension and 
whatever amount of sand was moving along the bed was not enough to cause 
this accretion; hence the channel continued to iiow through the groyne a.nd, 
comparatively, little throw-oft occurred. Any quantitative conclusions from the 
model itself, without regard to the behaviour of a tree groyne from actual field 
experience, would, therefore,~be misleading. 

II. RIVER BEHAVIOUR AND CoNTROL : (i) MEANDERING 

II-i. (1) PROPOSED RAILWAY BRIDGE ACROSS THE RAMGANGA RIVER ON THE 

PROPOSED c. K. RAILWAY (A BRANCH OF E. I. RAILWAY). 

1. Introduction 

The Consulting Engineer forwarded a Report of Mr. M. S. Ahmed, Execu
tive Engineer in-charp;e of C. K. Railway Survey, to the Director for his 
considered OJ:linioo, particularly on the following points of the Report:-

(1) The minimum distance between the river e:lge at the loops a.nd the 
proposed Railway embankments, which will be sufficient to keep the embank
ment safely away from the effect of erosion in the evPnt of the meanders 
acquiring a swing towards the embankment; 

, (2) The estimation of the maximum flood discharge; and 

(3) the assumed depths of scour. 
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CENTRAL SLUICES OF THE JOBRA WEIR ON THE MAHANADI 

308tl. Photo taken from the left flank divide 
wall from a point opposite the third 
dwarf wall showing the damaged con
trol blocks and dry stone pitching. 

3098. Photo showing the stepped nose of the 
left divide wall. Looking upstream. 

1.w .c .a . 



Central Sluices of the Jobra on the Mahanadi (Cuttack). 

~003 . Photo showing the si lted scour-hole 
below the Centml Sluices of the 
Mnhannd i Aoicut (Cutlackl n!t r 
19-16 floods. Note the shtd low 
depth of watet·, where there llRed 
lo be a rleep r.cour. 

4004. Same as P hoto 4003, showing a. dista.ot view. 



CENfRAL SLUICES OF THE JOBRA WEIR ON THE MAHANADI 

3rd baftle wa ll. 

2nd baffle wall. 

1st baffle wal l. 

4053A. Photo taken on 18-11 --lli showi ng the cl a r 
standin g waves with glacis nnd hnlll es wh un 
cre>t shntters of t.he anicut were up . U pstret\111 
gauge= G$·3 a nd downstrea m gaugu= 5\J·r.. 
Dwarf sh utters of the centra l s luices were up. 

4054. Photo taken on 26-9-46 showing the clear sta nding 
waves with ;:; lacis and baffles giving satisfactory 
dissipa tion of energy. U /s gauge= 68·0; dfs 
gau<>e = 61·0. Shu t ters of the centra l sluices were 
dow~. All th e crest shutter• of the an icut except 
70 Nos. ad jacent to the centra l sluices on its 
south were up. 

Dwl\l' f s lmltors np . 

G l t\~i s fu ll. 

3 rd Bnfll o wnll. 

2 nd Bo.Ulo w111l . 

ht Burne wa ll. 

Glacis. 



PART .II 

2. The IIWHmttm distance bdu•t'<'ll the •·ira ed!le at the loop.~ 
and the proposed railu•ay t•mban~·ment 

7 

Unfortunately, no records of discharges of the river at the situ WL'rt' nvnil
able; so assessment of the maximum anu dominant disolmr~es had to bl' llltlllo 
from the inspection of plans or from various formuhts. This minimu.m distanco 
is, in the Director's opinion, governed by the following two consilll-l'lltinns :-

(t") The difference between the exi~ting amplitude of the riwr l'our~e 
loops, in the state they are, and the ultimate nmximum n.mplitLHle (i.e. 
semi-meR.nder belt) the loops would nssumt>, undt'r the worst cntHlitiou 
when the nrc/chord ratio incren.ses to the tuaximum mtio ohsPrVl'tl on tlw 
river in question before a cut-off occurs, with n sutliciPnt nmrgin of s:lfL,ty 
for an. increase in the meander belt for unforl'Sel'nble reasons, is the minimum 
saf<o distance the loops should be locn.tt•d from tlw nppronehl's. 

(ii) ·where a river is controlled by a fixed exit, the full nH'Il!HlPr belt 
may occur on either side of tho axis of the river; nml lwuce tlw tncntHIPr 
belt tends to be twice that ou the river at othl'r places wlll're the t'xit iH not 
fixed. For example, from a study of the river t'OUI"Hl'S during- thtl ltt~t ao 
years in Sind, it has been observed that the rivt'r swing- is gonPmlly uhont 
4 to 6 miles, but just upstream of the Sukkur Bttrmge the swing is much 
greater, being nearly 12 milest'1• 
The longer of the two dist>~.nces, cnJculated ~tcoon1ing to tho n.bove two con

siderations, should be the minimum distance. 
:2. (1) A detailed study of the me~tnder loops in the river WitH, thl'ruforo, 

made. (Table 1/II-i). Only seven out of 150 yeR.rs river conr~e~ had bel'n T11blo 1/11·1 

supplied; so it had to be assumAd that the seven river courHeH shown on the 
2" to 1 mile plan wtre faithfully representative of all the ycn.rs for which cltltlt 
were available. Even a study of these limited courijes, however, did not leatl 
to the same conclusion as Mr. Ah!Ued's in respect of the nmxitnutu arefehortl. 
ratio; according to him the worst ratio was 2·1 (yelL!" 18fl5) while necording to 
to the Station analysis it was 2·67 (year 1806). The correct estirrmtion c.f thiH 
ratio is of some considerable importance, both for the positioning of the approach 
embankments and for fixing the length of the guide bn.nks. 

Fig. 1/II-i 6hows meanders on this river in four diiTercnt BtageH of clevclop- Fi~. Ifil-l 

ment. It will be observed that as the arc/chord ratio increases from 1·:.w to 
2·67, Mb (the length of the meander belt) also increases from 1·25 to 1'80 tni[cH. 
Hence, according to the first consideration, if an existing loop happ•,ns to bo in 
the condition of the 1795 loop (i.e. arc/chord=1·2G, Mb=1'25), it c1m develop 
to as much as Mb=1·80 miles, and the minimum distance between the edgo of 
of the loop and the proposed embankment should, therefore, be (1'1-l0-1'1!5) 
miles plus a certain margin of safety ("ay 25 per cent of Mb (max.) to allow for the 
possibility that the maximum arc/chord ratio might not yet have occurred, or 
been spotted, or that a meander might not cut-off even at thu highest n.rc/chord 
ratio but might further increase due to the incidence of certain unforcHeeable 
dieturbing factors. Accordingly, the minimum distance for a loop such aH of 

25 . 
the year 1895 would be 1·80 -1·25 + 100 x 1·8 = 1·0 mt!e. 

While the minimum distance from the existing HJ45-4G loop 

(~=length~~;: bend_2'11. Mb=I-75, see fig. 1/II-i) would be 

( 1·80- 1·75 + 25 1·8) = 0·5 mile. 
1UO 

Thus, from this consideration, the line of the proposed embankment should 

ll'ig. lfll·l. 

be AB (in fig. 2/II·i), so far as it is possible to fix it with the incomplete meander Fig. 2/11-1. 

rourses available. 

2. (2) Though ordinarily, where a river is controlled by a fixed exit and 
constrained from free movement on either side, a swing equal to the f111l 
meander belt-instead of half the meander belt-may be expected on either side 
of the river axis, in the present case there is· an off-setting factor which must not 

(1) Annual Report (Tech.) for 1948 of the Indian Waterway• Experiment Station, Poono, pago 18. 



TABLE 1/II-i 

Mb. Mb 
B .dl1di•1s of cunnt"Jro •• r" in miles. . . 

M1 Ratio C VQ~ 
Uourso of No. of M1 

Moa.nder Average meander B=length along \Vhoro values of "r" \Qd0W 

y«.>nr. dofinod Length of the Average length for bait in belt (or the year bend. As measured from As cnlculatod b' t•re as given in B(b 1 Where values of ''r'' ara 
meanders. meander in miles. the year in miles. tt.il03. in miles. O=chord. plu.n. formula I. X 5280. as given in S(b, x 52AO. 

I 2 8 4 5 6 7 8 (n) 8 (b) 9 (•) 9 (b) 
-

---~ ~-

1796 4 3·70 1·~6 
9 ' 2; =1·26 
7 ·'I 

}.05 1·18 10·11 U·BS 

2·26 2·77 0·77 1·53 - 5~=1·22 
4·0 

0·45 0·77 6·89 8·H 

1·110 1·75 ~=2·20 0·10 0·51 j ·57° 5·~8 •.:;ut-ofl appears 
3-G to hs.vo ocourr~ 

18·75 =2·02 
ed. 

8-40 2-85 6·8 
0·6~ 0·86 7·70 9·40 

1806 s 6·0 1·3 13·2!1 =1·11 1·40 2·48 22·20 27·15 
12 

1·50 8·88 1-8 1·61 _ 8_=2·67 
8 

Q.2Q 0·47 4·20 5·15 

2·50 1·75 ~=1·7 
5 

o.6o 0·63 5 64 6·90 

1883 ~ 2·50 2·87 0·85 1·20 ~=1-5 ... 0·84 7 ·52 9·20 Development 
5 imperfect. 

8-25 1·55 _1_1_=1·7 o.so 
6·5 

0·84 7 ·52 9·20 Vo. 

18!15 3 4 .so 1·00 ~=1·27 
9 

1.ao 1·94 17 ·37 2.}2 

1·25 2·87 1·85 1·87 ~=J·2 Q.2Q 0·86 8·22 8·91 
~·5 

2·85 1·75 ~=1·76 0·95 0·71 6·3~ 7 ·77 
5·7 

5·0 Q.9 11 =1·1 1·60 3·70 53.15 40·50 1906 8 !0 
I 



1·75 8·81 

8-25 

1938-8P 1 s.oo 8·00 

1945-46 2 8·25 

2·95 2·78 

A'lierngo 2·99 mtles= 15,800 IS. 

Not• (1)-

(•l Worst Bf0=ii·G7 (Year 18t6J. 
(ii) Four acute meanders BJU=:l-Oto ~-~. 

(iii) Out.ofl nrpoors to have occurred belwenn 1SH5 
and 1906 nt B/0=2·2. 

1·48 

1·75 

1·2 

I 1-50 

I 
1·75 

I 

1-86 6 
T-5=1·72-

11 
6.6=1·7 

1-~0 7·75 
- 6-=1·29 

10 
6.6=1·54 

1-10 9-5 
"""4.1) = 2 ·11 

1·8! mtles= 1,075 ft. 1·67 

Note (2)-
For 'r • formula below is used: 

(~1

4L): M\-W (2R_Mb.-W) 

0-20 

0-95 

0-92 

0-50 

0·60 

0·77 mile~ 
4,075 ft. 

0·45 

0·62 

0·64 

o:85 

0-53 

1-05mtles= 
5,620ft. 

4·08 : 4 · 98 Out-oil ooourred. 

7·84 6·96 

7 ·5"1 9·20 

7-61 9·80 

6·18 

I 
6-85 

Note (3)-
Maximum discharge adopted for oalculations in 

CoL 9(a);;;;86ci,OOO ca., and dominant d1a. 
charge adopted for calculatioo.B in Col. 9(b) = 
2/S Qmax = 233.500 oa.; as actual measured 
discharges {or tbese year1 are not known. 



Fig. 2/II-i. 
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be lost sight of. On the right (or west) bank of the river exists, at and just 
above the proposed hridge site, ,a naturally hard inerodible bank which has 
stood without appreciable change for many years; so that, even under existing 
conditions the river was not free to move without restraint on that side and 
it cannot be assumed that, in the reach of this natural hard bank, the river has 
only swung up to half a meander belt on either side of the axis while after the 
construction of the bridge it will swing to the extent of the fuli meander belt. 
l\Ioreover, the guide bank on the east side will increase the attack on the west 
side in the immediate vicinity of the bridge in certain years, and to this extent 
the meander swing on the east side may be P.xpected to decrease. 

But, just beyond the stretch of this hard inerodible ba.nk on the right bank, 
the argument applies: thus, assuming the figure of river swing of approximately 
four miles near Shahabad (as given by l\Ir. Ahmed) -owing to incompleteness 
of river courses it is not possible to verify this figure-the approach should 
nowhere be less than 4 miles away from the river axis, in a reach of, say, 
8 to 10 miles upstream of Shahabad. (The hard inerodible bank on the right side 
appears to terminate at Shahabad). This gives, approxiwately, the line C D 
on fig. 2/Il-i. As CD is the outer of the two lines, other considerations being 
equal, the approach bank was recommended to be located about one mile further 
inland compared to the proposed position shown in the plans received from 
:M:r. Ahmed. 

3. The calculations of the flood discharge 

3·1 In the absence of flood discharge data Mr. Ahmed had calculated 
the flood discharge by almost all the well-known empirical formulae,-Dickenc;, 
Ryves, Inglis, etc., which gave widely varying results. 

'-He ;,ha~ -estir,l,l.tJ;.t~d •j~e .: d:is<JJ;l!"'&"e 1--l;ly .· the~· ~:I:t~S.iSJ!ippi !c!flri)t~,IB, .. Jf.l8P,:g:t
mende:l by S1r Franms Sprmg, assummg depth=27·69 ft. w1tli l.O ft. scour 
at H. F. L. which, in the Director's opinion was on the low side. With depth= 
35 ft., velocity (for slope of 6·76 ins. per m1le) =6·3 ft.jsec., area=20,2(:0 + 
17·7j10 x 10,000==37,500 Sq. ft., discharge=37,500x6·3=2,36,000 cusecs. 
Making the same per cent allowance for error in reported H. F. L., as made by 
Mr. Ahmed, the discharge would be 2·5jl·72 x 2,36,000:::3,43,000 cusecs. 

. The flood. discharge .was also estimate~ on the analogy of the Bareilly 
Bndge, assummg a velomty of 6 ft./sec., wh1le for rivers of this size the mean 
velocity in flood would more likely be at least 8 ft./sec.; with 8 ft./sec. velocity 
the discharge on this basis would be 2,86,896 cusecs. ' 

In the Inglis' formula, no allowance for shape bad be~n made, while the 
formula is specifically applicable for fan catchments only. With due allowance 

7000A 
for shape, Ul Q=Kn ./A+

4 
where for Deccan catchments n=1/3; but U.P. 

catchments are known to have less run-off for the same area of catchment 
2 .;X ~ 7·07 

so n = 1/2 may be assumed. Shape ftwtor K =--= -- - x - --=·54 
' ./II L = 1·77 168 ' 

7000A 
.·. Q=K1~' -==0·54 1~' X 4,95,!:300=0·735 X 4,95,800=3,64 000 cs 

./A+4 ' . 

{11 l.Jdian Waterways Expt. Stn., Annual Report (T) for l!),I'J.43, page 34-. 
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3. (2) The flood discharge3 obtl\ined by the vnrions nwt.lwd' IN'd by 
~Ir. Ahmed but with necessary modifications snggt>sh•d by the StatiLlU, tlr<' sl't 
out in table 2/II-i below:-

Formula. used, 

1 

(i) Dicken's ... 
(ii) Dredges ... 

(iii) Inglis' ... 
(iv) Cousins ... 
(v) Ryve's .. 

(vi) Mississippi ... 

(vit) From Bareilly 
bridge section and 
assumed flood velo
city of 6 ft.fsec. 

(viit) From Morada
bad Bridge section 
plus tributaries 
and assumed flood 
velocity of 6 ft./sec 

TAULF. 2/II-i 

Computed muximum 
disoho.q;o {os.) 

(as by ~lr. Ahmod). 

4,!)0,100 

2,14,000 

4,!)5,800 

6,1S,655 

1,!)6,500 

1,72,354 
(2,.50,000 cs. assumed 

for error in reporting 
H.F.L.) 

2,15,172 

2,59,176 

Corrected fur shnpe ra~lcll', 1\SHUllling

n = 1/:?., discharge will bt> :l,li I,UUO cu.,ocs. 

Total depth has been clsewhoro clllculllltHl 
by Mr. Ahmt'd liS 3\l'\J ft. ''" rq.(t\inst 
27·7 ft. assumed here. With t!Ppth of 
H:j ft. (\,\ter Vorifit'<\), lllthi!UIIIII dis· 
charge wonlu be 3,.1:1,000 cs. 

With 8·85 ft./sec. mt•tm Vl'locit.y, as Clll
culateu below lmm Lacey's formnllln {t>r 

R = 3,; ft. against 6 ft.fsec. assnnwd hy 
Mr. Ahmed, dtscharge would bo a,l7 ,000 
cs. 

With 8·8:"i ft. sec. velocity (11idc Ltlcny's 
formula, see below) uischaqJo woulu bo 
3,8:2 000 cs. 

3·~ Based on consideration of the fignreH given in colun,n 2, 
Mr. Ahmed had proposed taking Qmax ;:= 500,000 cusecs for ctdculatin~ tho 
bridge opening and 3,00,000 cusecs for other ealculations, e.g. !lliLXIIlllllll 
depths of scour. It is difficult to understand the validity of thiH discrimination: 
if anything, maximum suour should be ca!culaterl on the highest·c\'er 
discharge while waterway nmy be on the normal high flood dischiLrgo. 

3·4 Th~re are two other ways of calcubting the maximum diHchargo of 
the river, one by Lacey's formulae, and the second from the Station corre
lation between Meander length and maximum dis.;harge.1' 1 

3·5 Lacey's Method.-requires a correct estimation of tho hydraulic 
mean depth below H. F. L. and of the energy slope. For these croHs-sectiqnH 
taken during high flood would be of the greatest value. An inquiry was, there
fore, made from Mr. Ahmed of the value of R and bed slope (bed Hlope being 
nearer energy slope than surface slope); but the reply received appears to give 
B. calculated from cross-sections taken after the floods, which is of little use with
out very questionable assumptions in regard to allowance for scour below the bed 
occurring during high floods.· Therefore, R h:Ld also to be aHsurued and sub
sequently verified, by trial and error, thus:-

Assuming R=40ft. 

By Lacey's ''normal" flow formula V = 1 ·6 R"18 S'" where Sis the slope 
in parts per thousand, with energy slope taken as equal to the given 
bed slope, viz. 6. 76 ins. per mile, i.e. 0 10G5 ft./1,000 ft., V = l·u x 40"" x 
(" 1066) tJS = 8·85 ft(SPC. (I) 

(1) Annual Report (T) of I· W. E. Btu., Poona, lor 1939·40 page 10 ond A. R. (T) lor' 1912-43, page M. 
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And, by Lacey's ''general" flow formula, 

V - 1·3458 R8'' S'"' h N - 0225 f ,,, 
- N. w ere .-. · . 

Now f=0·77 (not 1·0 see para. 4 (A) (c) below-) 
. . N.=·0225 (·77)'"= ·0211. . 

1·3458 x 408" r1065l',.. 
• • V = ·0211 X ( 1000)112 

= 1·3458 x 15·8 x ·0103 = 10.4 ft.jsec. 
·o211 

The average of (i) and (ii). gives-
8·85+10·4. V = 

2 
= 9·6 ft. per sec. 

. . . (ii). 

Mr. Ahmed gives area up to H. F. L. = 20,220 sq. ft. when R is about 
17·7 ft. and 10,000 sq. ft. extra for lOft. additional scour; hence for 
R=40 ft. the area would be-

20220+40-17'7 x10000=20,220+22,300=42,500 sq. ft. , 10 , 

under maximum scour at maximum H. F. L .. 
This would give discharge= A. V. = 42,500 x 9·6. 

=4,08,000 cu.~ecs.-

(Q) 118 
( 4 QQ QQQ )'JS For this discharge, R= 0·473 1 =·473 --'-0.71-

=37-Bft. 
Hence R = 40 ft. assumed is apparently teo much. 

Assuming R =35ft. from results in (i) and (ii) above, 

fr " I" fl t· v- 8·85 x 35.,8 8·1 ft I om norma ow equa wn, -
40

.,3 = . sec. 

and from "general" flow equation 
10·4 X 35314 

V = 
40

,,, 9·6 ft.jsec. 

. 8•1+9•6 
Average velocrty = 

2 
8·85 ft./sec. 

. 35 -17•7 
Area, corresponding to 35 ft. depth =20,200+. 10 x 10,000 

=37,500 sq. ft. 

Hence, discharge=37,500 x 8·85=3,32,GOO cusec.s. 

(
3 32000)"8 

For this discharge, R= 0·473 'o-7
7 

· = 35·7 jt. 

Hence, according to Lacey's formulae, maximum river discharge would 
be about 3,30,000 cusecs. This has been obtained from post-flood bed 
slopes. The energy dope during high flood would be, relatively, somewhat 
larger and the maximum flood discharge, according to Lacey's formulae, 
may, therefore, be taken as 3,50,000 cusecs. · 

3·6 Flood discharge determined from meander length 

From table I/II-(i) the average meander length of the seven years for 
which river courses were available=2·99 miles, or 15,000 ft.; and the maximum 
meander length of any year is 3·34 miles, or 17,600 ft. Now, the avera()'e 
meander length over a long period of years is generated by the "dominant" 
discharge, which varie5 little from a mean value from year to year : while the 
maximum meander length of any year may be taken to correspond to the 
maximum discharge. 
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The Poona. Station formulaet11 correlating maximum meander length with 
Q (maximum) is:-

ML=2!J·6v'Qm•• (1} 
17,6oo• 

. . Q(max) = 
29

.
6 

= 3,53,000 cusecs. 

Thus, from meander length considerations, the flood discharge works out to 
be of the same order a.s from Lacey's formulae. 

In f11.ct, for a river with so little avsilable data there is a. surprising degree 
of agreement between the various estimates made of the flood discharge:-

Inglis' formula (with correction for =3,64,000 cs. 
shape factor). 

Mississippi formula. (for R=35 ft.) = 3,•13,000 , 
Vide Bareilly bridge (V = 8·85 ft./sec.) = 3,17,000 , 
Vide Moradabad bridge and tributaries 

(8·85 ft./sec.) = 3,82,000 , 
Lacey's formulae = 3,50,000 ,, 
Meander length formula = 3,53,000 , 

Average= 3,51,500 cs. 

Say, 3,50,000 cusecs. 

Hence the Station estimate of the flood discharge would be 3,50,000 cs. 

4·0 Depths assumed for scour 

These are considered below, separately for the depth of scour to be adoptocl 
in the design of the Guide BJ.nk and bridge piers based on the recom
mendations of Spring, Gale and Lacey. 

A. Maximum scour in design of Guide Bank& 

At the nosP or head of a Guide Bank there is more scour than along the 
shanks and tail; so the scour must be separately considered for each position 
of the guide bank. 

(a) According to Spring:-
(i) Head of Guide Bank. -Spring recommends that at the hca.d 

the thickness uf the apron should be doubled and the breadth be kept twice 
the depth of scour instead of 1·5 x depth of scour. This means that the 
design should be based on 1·7 times "the greatest discoverable scour below 
low water level", which, according to Mr. Ahmed's report, is 35 ft. This 
depth has been obtained under natural conditions of cutting a~ a soft bank: 
making the same allowance of ·33 per cent, as recommended by Gale for 
cuttin~ adjacent to a hard or rigid bank, the scour at the head would be 
1·7 (35 + 11·5) = 79·0 ft. below low water level, or !)1·0 ft. below H. F. L., 
the difference between H. F. L. and low water level being 12 ft. 

('i~) At the shanks.-According to Spring, the apron should be designed 
for the greatest discoverable scour, plus due allowance for greater scour 
adjacent to a hard or rigid bank, i.e. 35 + 11·5 =46.5 ft. below low water 
level, or 58·5 ft. below H. F. L. 

(b) According to Gale:-
For cla.ss A Rivers (i.e. discharges ranging froru 2,50,000 to7,u0,000) 

cusecs) the percentages to be added to the deepest known scour at a soft 
cutting bend (35ft. in this case) are 33 per cent of the bailie depth for scour 
adjacent to a hard bank; and 50 per cent of the basic depth for the hea.d 
and 25 per cent for the body and taiJ.t•l 

(1) Sa Annual R~port (Tech.) of lodtan Waterways Experiment Sr.ation tor llJ.:SU-40, p•ge 10 and Auaulll 
Beport (Tech.) for 19H-l3, poge 64. 

(2) Vide page 41, and paper no. 167, Ioatt. of Civil EogineerB, Lon. on. 

tl41-1 
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. 33 
(t) At the head. Thus, at the head, maximum scour= (35 + 100 x 35) + 

flO 33 
1

uo (35 + lOU X 35) =69ft. below L. W. L., or 81 ft. below H. F. L. 

33 ~ 25 33 
(ii) At the shanks, maximum scour= (35 + 100 x 3o) + lOU (35 + 100 

x 35) =58 ft. below L. W. L. or 70 ft. below H. F. L. 

(c) A ccordinq to Lacey. 
Rr..eey = 473 [Q/fj'13 

The mean diameter of the bed-sand used in Mr. Ahmed's calculations of 
normal depth by the Lacey formula is 0·323 mm. for the stated reason that the 
sand at site is a mixture of medium and very fine sand. However, there is a 
predominance of very fine sand, and if the sieving results given in Mr. Ahmed's 
reports are based on sieves of British ~tandard Specifications, the mean dia
meter is only ·191 mm., which will give a bigger depth of scour . 
. . £=0·77, not 1·0 as assumed. 

l/3 

•• Rr.. •• ,=·473[ 
3·~~·~00 ] =36·4ft. below H. F. L. 

(t) At head: 
Deepest scourCll = 2·0 to 2· 5 R; the smaller depth being for the larger 
radius curves. Assuming depth below H. F. L.=2 R, 
maximum scour depth below H. F. L. = 72·8 ft. 

From an examination of data of existing bridges, however, the scour at the head 
of large radius noses of guide banks is found to be 2·75 R.'21 Accordingly, 
maximum scour to be adopted in design of aprons would be 2·75 x 36·4=100 ft. 
below H. F. L. 

(ii) At shank.<"~-Deepest scour=1·5 x R.=54·6 ft. below H. F. L. 
Recapitulating, according to various authorities, the maximum scour in ft. 

below H. F. L. would thuR be:-

Position. 

Nose or hettd 
of large-radius 
guide bank. 

Along shank. 

Spring. 
(ft.) 

91 

58•5 

Ga.Je. 
(ft.) 

81 

70 

Lacey. 
(ft.) 

54·6 

Rema.rkr;.. 

(100ft. according 
to Indian Water
ways Experiment 
Station results). 

It was, therefore, recommended that the ar runs should be designed for 
100 ft. rlepth of scour at the nose and GO ft. along the shanks. 

(b) Maximum scour depth and depth of founds for Bridge piers. 
(a) According to Spring:-

Maximum scour adjacent to h~rd or r!gid surface=35+ 130~1 x 35=46•5 ft. 

below L. W. L., or 58·5 ft. below H. F. L. According to Spring's curve (repro
duced in :M:r. Ahmed's Report) the foundations should be taken down to 103ft. 
below H. F. L. 

(b) According to Gale:-The deepest known scour at a soft bank being 

35 ft., deepest anticipated scour in vicinity of bridge= 35 + 1
3
; 0 x 35 = 16·5 ft. 

Add for Class A Rivers, 25 per cent of 46·5 = 11·6 ft. 
Add for grip in Cll\ss A Rivers 50 ft . 
. ·. Depth of foundation below low water level= 108 ft . 
. ·. Depth of foundation below H. F. L.=120 ft. 

(1) Vid• 0. B. I. Publication N ... 12. page 155. 
(2) Pi<U p•ge 7H of Annual Report (l'ech.J for 19H of the Indian Waterways Experiment Star.ion, Poona. 
(B) Page 155, Q. B. I. Publication No. 12. 
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(c) A.ccorrlin.1 to Lacey. For pit•rs without high-h•v,,l prot,•ct.iuns, dt•pth 
of scour= :2R= 7:2·8 ft. below H. F. L.; and ulluwing, "ecording to nnrront pme
tice111 a grip of R, the level of the foundation of t.h,, pit•rs shonl<l h,, ~Lt lwl,,w 
H. F. L., i.e. 109·2 ft. below H. F. L. 

(d) At the exi;;ting briclgt'S on the Ramgang•l H.i l't•r, till' d,•pth of fnnntl
ations below H. F. L. appea.rs to be I 00 (lwlow h W. h)+ 1:2 = 11:2 ft. 1tt 'Mnm
clabud, and 85 + 1:2 = 97 ft. at Ban•illy. 

In consideration of (a.), (b) and (c) above, it Wl\S r,·,~omuwHled tllllt tho 
found:ttions should he taken to a dL'pth of 110 ft. bdow II. F. L., basing parti
cull\rly on the results of the examination of llPpths of ><cour at pi,•rs of oxisting 
bridges'''; if tha width of the bridge is matle 2,000 ft. as propnst•d (whieh corre
sponds to Lacey's minimum stable W>itermty fur 5,00,000 cns,•cs, us against 
3,50,000 estimated maximum cusecs llootl tlisch>J.rg<'), discharge inteu~ity (~tl!ow-

. . 1 :JO (:~,50,000) 
mg for 20 per cent concentr•ttiOu as usual) q = wl.i · :2 UUO- = 210cs/ft. an<l It 

I 

•1)1 (210)'" . . 
= "91 q'1'/f113 = (. 77)''' = 35·5 ft.; hence, depth of fonmlat1ons n•qmretl = 3R = 

106·5 ft. below H. F. L. The fact that the Bareilly bri<lgu fonnd,ttious currie<! 
only 100ft. below H. F. L. are S>tfe should not be m1tde to in!!UPhCo tho rogniretl 
depths at anot.her site: on the other baud, the figure of 1 '.lO ft. (ruqnirod lleeord
ing to Gale.:) may be reduced to llO IL., Rince it only tJJe!tus tlmt tho grip of 
50 ft. required according to Gale is reduced to 40 ft., which according to modl'rn 
concepts, is quit<: sufficient for a maximum depth of scour of 1:20 ft. below 
H. F. L. HPnce, if the bridge is made 2,000' long, the fonndttt.ions were wcom
mended to be taken 110ft. below H. F. h 

5. Length of Guide Bank. 

The detailed study of the meanders mR.de for the first point of n•furonco 
(see para. 2 above) revealed that the proposed length of guide b~tnk-n!llllllly L = 
I ,800 ft., being the clear waterway of the bridge-w••B insuflicient accortlin;.: to 
Gale's theory on whic:h it wu,s stated to be based. Even Gale himself firmlly 
proposed a length of lt L {or A Cl>Lss rivers with an arc/chord ratio of 1•75 niH] 
radius of curvature of nose of 3,:~00 ft.'"; fur t.he Kosi, with arc/chord ratio of 
2·25 Gales recommended a guide bank length of 2·3:~ L ;"1 while in ~he present 
case of the Ramganga, the maximum arcfchord ratio is 2·G7 (.~ee Table 
1/II-i). 

Mr. Ahmed has st1tted that Pxperiments have proved that 11 length L i~ 
satisfactory-without quoting the source of his informtttion. If it is the Ilard
inge Bridge he h:ts in view, that was a speeitic C>LHe where the optimum length 
happened to be L, when determined experimentally; but the result is not for 
general application; without specific model experiments made to ascert1dn the 
most suitable river training works for the conditions of the Harng•mg1t, it woulcl 
be difficult to justify a shorter length of guide bank than necessary according 
to Gale's theory. 

It would be also unsound to provide a shorter length of guide bank in the 
first instance and increase the length later, if or when found neeeHHary; becauHe 
irreparable damage might occur within one flood seitson, nncl the priee of Lone
fitting by experience woGld prove too high and the 11xperience woul•l couHl 
too late. 

Following Gale's theory, the guide bank should be so long that a cut-off 
will occur before the sharpest possible meander can threaten the approaches. 
From Table 1/II-i., taking the worst meander of 1800, arefehord = ~Ni7, ;\11 = 1'5 

(1) Major T. Mcintyre's Paper on well foundation f_,r bridge1, Railway Board Qu&rtorly Toobolcal Bulletin 
No. 78. 

(2) Vide p•ge 78 of ~. R. (T.); 1944 of tho 1. w. E. B., Poooa. 

(3) Page 315, December 1938 Journal of In"titnto of Civil Engineers, London. 

{4) Page 15, Paper No. 5167 of Institute of Civil Engineers, London. 
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miles==7 920 ft., Mb=l·S miles=9,504 ft., and estimated Qmax=3,50,0UO 
cusecs, the radius of curvature can then be computed thus<11 

:-

A :B2=AC (2R-AC) 

[ 1~. r Mb; W (2R Mb; W) 

7920' _ H504 -1500 (nB _ 9504 -1500) 
4 - 2 «' 2 

198(.P = 
80~4 

(2R- 4002) 

. . R= 2,490 ft. 

Fig. 3Jll-i. Figure 3/II-i. shows that, allowing a margin of safety ~f L/2= 900 ft., in 
the conditions at Ramganga, B/0=2·67, R=2,490 ft., a gmde bank of length 
4,700 ft.=2·6 Lis necessary; and even without any margin of safety-though 
some is essential- the guide bank would be 3800 ft.= 2·1 L. 

FtG·-3/u.i 
SHOWING THE GUIDE BAl'IK 

t<EQUH2ED TO KEEP OFF 

N.~ IC.\Z..\ 
\•"0·10:.·\~ 

poow ... 

THE WOt2ST THEO'RE'T,CAL MEANDE"R 

Fl20l\1 RAlLWA'( EMBANKM~NT 

'BY b., 900 FEET. 
--2 

~TIO QF'APC: CHORD. 2.• 67 

IHL= IH£Atl0f:f! t£NriTH. 79Zo! 

SC:"l.'E'•- t'~ 300CI'?T.· 
ME,~ 8S:LT S5o41• 
W. • JlAOtUS OF BC:.NO::::: 249o'. 

It was, therefore, recommended that·unless model experiments are made
whether the 1945-46 embayment has a cut-off before the construction of the 
bridge or not-the full length of the guide bank 2·5 L should be constructed 
along with the bridge; the guide bank and left approach, as proposed by the 

Fig. 2/11-i. Station, are shown, in relation to the river courses, in Fig. 2fii-i. The falling 
aprons of the guide banks should, as far as possible, overlie a subsoil stratum of 
sand only; and small adjustments should be made in the alignment of the guide 
bank, if necessary, to secure this advantage. 

tl) Page 10, Annuol Report (Tech.) of India.n Waterways Experiment Station,l939·40. 
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It was made very clear that the above recommendations nre snbjl'Ot to the 
following limitations:-

(1) They are bused on the dah of seven years' rivl'l' coursl's (pn•snmed to bl' 
representative) covering a limited reach of the river above the proposed bridge, 
which were all that were supplied to the Stntion. 

(ii) The information supplied did not indicate wlwther there is nny gt'lll'rttl 
easterly or westerly trend of the river, the existence of which would a.tlect tho 
recommendations substantially. 

(ii1) There was some discrepttncy observed upon superimposing tho two 
plans supplied to the Sta.tion; the lnrger scale plan was nssnllll'tl as tho correct 
one for showing the proposed alignments of the Railwtty Line. 

6·0. It was advised thttt the superficittl evidenco of atttbility of It rivt•r 
course is not a sufficient criterion to justify the tina.) selection of a Hite of nn 
important bridge on an alluvial river; and that, therefore, 1t wns most l'ssontial 

'tio t.ake trial borings along the bridge line, extending far into both the btmk~, 
to confirm the apparent stability. 

II RIVER BEHAVIOUR AND CONTROL 

(ii) ScouR 

II. (ii).f TRAINING THE RIVER INDus ABOVE THE SuKKAR BAm\AGE TO l'IlgvgNT 

SLIPS OF THE RIGHT BANK BELOW THE NOSE OF TilE Al'l'I\OAUII OIIANNI•:L. 

Introduction 

An approach chtmnel was constructed, in the year 1940-'.11, to Pxeluile 
excess 'bed materia.! which was entering the rig~t bank camtls of the Suldwr 
Barrage. 

It was expected from the results1'1 of the experiments made in this connoc
tion that favourable curvature of flow would establi~h along the right bank, 
upstream of the approach channel, and a part of the sand exclusion would occur 
at the nose, the rest-the major part-being effected 2,500 ft. downstream at tbe I•'•~· t (•1/11 

raised sill. Forward flow was also .expected throughout the approauh chtLtmcl. ·11• 

The actual conditions near the entrance of the approach chtmnel wen • 
however, not so good. A deep scour-hole, reaching nea.rly to H.. L. l.:lG, 
developed at the centre of the mouth of the approach channel, giving riHc to Fig. t/II-H. 
hiah velocity flow in the middle with a strong retarn flow along the nose antl 
sl:ck return flow along the right bank. 

Due to the very slack velocities, considerable silting, up to R. L. HIO, took 
place along the right bank; while for a length of 400' downstream from tho 
entrance of the approach channel, the right guide bank assumed a steep Hlopo 
of 2 (horizontal) to l (vertical) to 21/2 to 1 due to the deep suour in the middle. 
'When the water level upstream of the barrage was lowered to R. L. Hl5, tho 
silt and sand deposited, being unable to withstand the steep slope-steeper than 
the natural angle of repose--slipped into the scour-hole, pullmg R.)ong with it 
the pitched bank. Three such slips have occurred in the last two years. 1'his 
has endangered the road to Sukkur, which runs quite close to the right lmnk. 

Mr. Hickio, late Executive Engineer, Barrage Division, discusH!Hl, durin~-r' 
his visit to the Station in 1941, whether it would be advisable to remove tho 
berm oil tbe right bank; the arguments in favour of this suggestion were :'2' 

(1) Curvature of flow, whiuh tends to prevent bed sand entering the 
Hight Pocket and Canals, is at present, estiJ.blished only downHtream of tho 
Pumping Station Section-l,OUO ft. downstream of tbe approach channel 
entrance. If the berm upstream of Pumping Engine section was rernovecl 
and water followed that bank, curvature would be e'tabliHiu.:<l furtlwr 
upstream and sand exclusion would be improved. 

(1) CJHR >tntion Annuol Report ,Tech.) for 1041-42, pp. 16·18. 

(~\ CIHR3 Annual Report (Tech.) for 1941-42 (pp. 18 and 19). 

s 41-6 
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('2) If the face of the inner right bank.~ere pitch_ed, flow would be 
attracted to it. Hence once favourable cood:twos were mduced (by dred
ging), the flow might b~ held permanently along the right bank from a point 
further upstream than at present. 

(3) It was agreed that filling the scour-hole at the _nose of t~e outer 
bank in the approach channel from R. L. 134 to R. L. 1tJ6 would Improve 
the conditions as regards curv11oture of flow; and there would then be less 
tendency for the berm to reform; but considering the amount of stones 

Appendix II. which would be required to fill the scour-hole,-see Appendix li-the 
proposal had to be ruled out. 
Experiwents1'i showed that conditions were likely to improve if dredging 

were done as suggested above. 
It was, however, pointed out, at the same time, that there was a danger of some 

berming occurring again at the end of Abkalani, under conditions which could 
not be reproduced in the model; and that dredging might not be quite so suc
cessful in the river as indicated by the experiments, particularly if the adverse 
curvature of flow causing the berm was not eliminated. 

Dredging was subsequently done in the approach channel; but berming 
took place again as predicted. 

'2. Object 

The primary object of the present experiments was to reduce the concentra
tion of flow at the nose and the depth of scour inside the approach chaunel, 
thereby establishing forward flow throughout the approach channel. This would 
prevent slipping of right guide bank opposite the nose consequent upon the 
side slopes not becoming steepn than the natural angle of repose. 'This would 
also, incidentally, improve the sand exclusion at the entrance to the approach 
channel. 

3. Experiments in 1/300: 1/40 full-width model 

Preliminary experiments were done in 1/300: 1/40 full-width Sukkur 
Barrage model to obtain velocity distribution at KL and outfall sections and to 
observe general lines uf flow for 3, 4 ttnd 5 lacs cusecs discharges, the beC: being 
laid to corresponding conditions. 

As the above scales were found to give correct vertical exaggeration and 
curvature of flow in the previous experiments,!"' these wEOre adopted. No proving 
of the model was, therefore, considered necessary. 

4. Experiments in 1/80: 1/40 part-width model 

Discharge scale 1/19500. Time scale 1/1'2. 
1/80: 1/40 part-width model was constructed to test; possible alternatives to 

improve conditions in the approach channel. These scales were adopted as they 
were found to be satisfactory in the previous experiments.1'' 

The part-width model was first constructed up to the outfall section; but as 
the entry length was found to be insufficieut, it was extended· upstrt'1m to ohe 
Bunder section. This was necessary as otherwise the existing nose would have 
been too close to the entrance to the model. 

It was decided to test all modifications for one fi0od discharge of 4,00,000 cusecs 
only so as get comparative results quickly. As the conditions at the nose are 
quite severe for 4,00,000 cusecs, any modification which would give relatively 
satisfactory results for this discharge is expected to be all right for other 
discharges; the best measure was later, however, test8d for other discharges. 

Fig. 3/ll-ii From the preliminary experiments in 1/300: 1/40 model, it was observed· 
that 38 per cent of the total river discharge passes through the width of th · river 
reproduced in the part-width model; this required a discharge of 7·8 cusecs in 
the 1/80: 1/40 model and repres~nted condition=4,00,000 cusecs in the river. 

(1) OIHRB AnnualKeporo (Tech.) for 1941-42 (pp 18 and 19) 
(2) Annua1 Report 19~9-40 of OTHRB, Poona, (page 12) 

(8) Annual Report 19!041 of OIHRt!, Poona, (pa~e H. Ia) 
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5. Proving the mode.l 

Experiment 1-
The extended model was laid in the s9.me sand, viz. dam sand (mean ditl. 

0·32 mm.). which was used in the earlier experimentR, desor bed in the Annul\! 
Report for 1940-41. The slope exaggeration was the same as baforo, viz. 3·5. 

A discharge equivalent to 4,00,000 cusecs was run; the bed movement wus 
iound to be satisfactory and the gauges were correctly reproduced. 

The velocity distribution at the Outfall section in the part-width model was 
compared with that obtained in the full-width model. Higher velocitieH wore 
obtained along the right bank and lower on the left a~ compared to tho full-width 
model. In order to set this right, the section on the left bank at the entrance to 
the model was made deeJ.>er, in gravel, to incrE'ase the diHcharge iutenHity along 
the left bank. After a few trials, a section was arrived at, whieh faithfully 
simulated the velocity distribution observed in the full-width rnoclel. 

After 4 hours run when Lhe model had stabilizeo, bed and Hnrface lineH of 
flow and depths were observed. General flow conditions were found to he 
similar to those in the full-width model. 

6. Experiments to improve conditions in the approach channel 

The present trouble of deep scour near the nose and occasion~! ~lip~ in the 
right bank are mainly due to the restricted width at the entry and steep slopes 
of the nose, which ~!ways induce deep scour, and, hence, concentrate the Jlow. 
So it was considered that an extension of the present outer bank with a wid1,r, 
flared entrance, and flatter slopes to the new nose on the a.pproa(Jh channel side, 
would improve conditions. 

Jo'i~. li 
101>/ll·(li) 

Fig. R 
(1•)/ll·(•i) 
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Experiment !2- . 
The outer bank of the approach channel was, therefore, extended by about 

400 ft. The nose was given a side slope of 5 to _1 on. the approach chann~l 
Fig. 6fll·l•i;side, of 4 to 1 at the nose, and 3 to 1 on the nver s1de. A smooth transi

tion was given in between the-present 3 to 1 slope and 5 to l of the extended 
nose. 

The wodel was laid to 4 lacs cusecs condition and the equivalent discharge 
was run. In the b2ginning for about 2 hours, there was a part-width, central flow 
with two regions of return flow on either side of the approach chonnel for about 460 
ft. length from the entrance. After 4 hours run, the flow in the approach channel 
became forward throughout, consequent upon the accretion in the scour-hole at 
sections 2 and 3. Scour developed around the new nose to R. L. 168 only, the 
original bed as laid being at R. L. 177. 

It was considered possible that the accretion in the approach channel might 
have been mainly or in part due to the deposi_ti~n o~ sand was~ed out from the 
soour-hole around the new nose-a model hmttatwn-and m ·that case, the 
improvement could not be wholly attributed to the extension of the approach 
channel. 

Experiment 3-
'fo iaolate this pffect, ouly sections 2, 3 and 4 where accretion had occurred 

were relaid to existing 4 lacs cusecs conditions, leaving the rest of" the bed and 
scour art und the nase as obtained in Expt. 2. 

Discharge equivalent to 4,00,000 cusses was run; S·5 eft. of bed material was 
injected per hour, this being arrived at after trial and error-so that there was 
uniform bed ru~'vement. Depths were observed at 1 hour interl'als and lines of 
flow after 12 hours run. 

Fig.4(a)II,ii) Depths at Rections 2, 3 and 4 are shown in Fig. 4 (a)/11 (i~) after 6 and 12 
hours run. There was progressive accretion at these sections.. A forward flow 
was established throughout the approach cbennel after about 9 Lours (=4·5 
days). 

The extension of the approach channel by 400ft. gav!l satisfactory results· but 
as its construction would he very difficult and costly due to the .deep sc~ur
hole around the existing nose, it was considered better to lay a truncated nose 
130ft. long, ou~ ofthe propo~e~ extension ofthe outer bank, leaving a gap of about 
270ft. between 1t and the ex1stmg nose. The truncated nose was given the same 
sidtl slopes as in Expt. 2, its rear slope being 3 to 1. 

Fig. etn (i•) With the truncated nose in position P, the following experiments were done 
to obtain the best positions and numbers of right bank groynes, necessary to 
bold the right bank, in the initial stages, till accretion of the scour-hole occurs 
and the return flow stops. · 

·Experiment 4-
Fig. 6/11 (ii) Truncated nose position P and five, 100 ft. long, 30' pointing upstream, 

semi-permeable, tree groynes to protect the right guide bank. 
The experiment was none with 4,00,000 cuse0s as before. The following 

points were noted:-
Photos 5017. There was cro~R flow though the gap from the arproach channel side to 
fiOr.r. •nd the river side for about 2t brs. (='2!- days) in the beginniniT. From 41. to 7 5057

" hours, there was no perceptible <Jrons flow in either direction. "' 2 

Quite appreciable accretion occurred in the gap; the bed at section 2 which 
was ~aid to R. L. 1G8 bad built up to R._ L. 185. In the beginning, bed matenal 
movmg al~ng t~e approttcb channel depos1ted in the gap, while l:tter the material 
from the rn~er s1de accumul:tted_tbere. So, after 1~ hours (=6 days), the gap was 
completely till9d up to R. L. 18D an_d there was shgbt cross flow from the river 
to the approach channel; but, R.t th1s stage, the outer bank can be extended to 
the new nose at little cost. 

Appreciable ~ccretion occurred at sections 2, 3 and 4. There was some 
. slack return flow Just upstream of grovne 1, but as th<J scour-hole around the 

(b·r,;~·fii• nose fi!Jed up, the returu flow progressively subsided. After 12 hrs. (=6 days), 
the flow was forward throughout the approach channel. 



RIGHT BANK APPROACH CHANNEL AT SUKKUR 

Ph oto :,nl - ~. E '- J•t'I'IIU ei JI ?\n. -1. Flow C~t l(d i tiun " \111 

Hi\'(-·r ~ldt- ·, looking upst re alll b •wards t i ll ~ 

trllllCa.t e d ll l!Se. 

Photo 5057. Experiment No. 4. R eturn 
tlow along the right bank and 
cross-flow in the gap in the beb~n
ning. 

l'hoto :,o:,(j. l<: xp•· rilllcnt No. •1. Conditions 
after J :J hou ,., run showing nccrction 
at 2 & ::S t:icctions. 





DlaTAM•c•• S"'"')""'GM ,.••H'"r. GUIDI BA"K DISTAHCE" (FT~)FROM RIGHT CiUIDE BANK 
HO· G:3&~ 

I•W·EXPT-aTt~P"Ot\.\ ~·~· · oo oo c-~-2. oo 190 

..... ············ ······· . --~ 
.......... -···· ---- ~-~·~~:::~ . ~ .::::.:~::._;;:::::-- -------~ ~ ·~·· 

~ '(O) 
MODiiLC.CIKOCTIOH&~ .. 

························ ······· o••',.,u•••• ········ -
-------~-------...:.:.:.·.:: .... --- ' -- ----1'-

~·~------------~------------J-----------~---
~L~~---------------T-------~(c __ .e_·~2~)_, ______________ ~ 

IDO~--------~~~·~·~·~·~··~·~··~·~··~·~··-··-··_·_·•_"_''~·~·~··~"=·=··~·-··-·~··~·~··~--~ 
······· ------- ----.................. :·· .. . ... --- ........ . -····· ,---:..--- - --_....:..,. 

160.::.--~ -......'-"" 
~ 

(b) 
M0·~--------------4-----------~--~----------------l~OOE~co~oe 
R"-· (c.9o.40° 0/!, OF2) , WITH STRO:It 
I I GROVtt•• AL.Ottili 

•••••••••••'"'''" •••••••• '''• - i:: R.IGHT BAliK ............. . ..... .. 
18DI--.-•• -••• ""··""· ..:;__--1------_-_-_-+ __ -_--_--~~---. ··.. I I --- -- .. 

•• • ------ ~-.I 
16Cp;:.::=- --i ~ 1· 

140·~------------~------------~------------~ .-1 
1M<· II. 

RL. 2-oo '"" 200 ..... "'-~-----·····., ·~-1 
. ....... ·· ...... . 

140< • .;;:.·::'-9:;-:.."" ........ -::.::.:...:: ' 

~ --4-------------~---------~~ 

•• 

(C) 
140•1-------------.L_--·-----------+------------l M9DEL COfCHTIO,...:· 
:-\.• C-'11·40 D/rs OF c.oe.'2. I)TRVNCATED J'tOSa p 

r)BTO"I: GRO'r"IS. 
ALONG RIGHT BANK. 

140 

IH· 
to 

.... 

······ 
. . . . . . . . . . . . . . . . . . . . . . ........ ~ :.:::.:::.: ... . , ........ . 

,;,:;,;;- -.. ..... . _,. ........ 
__ ,,. '""'-' --

~~ 
. .!..··=··· ---.1 

;; _,--------~.--------
....... 

1-.:.::::..::.:.::.::.:.. t;.:· ... 
. ... f..... ...., .......... .. 

·:.:·::::-··:::~ ---- ; I 

•eo ;~~-······· ........... ·:·::=·~~--··· ··.. ~ 
u;o~=-r:.:·.:·.:.---__ .__ -:::_t2., 

I I 
~o I .• ....J 

FIG.'5 
JI.ii 

SUKKAR BARRAGE Ye.o:V4o 
PART-WIDTH MOOEL 

DISCH. .4LAKHS!:7·8 C§. 

fiGURE SHOW!~G ACCRETION 
IN THE' GAP BETWEEN THE.. 

TRUNCATED NOSE AT 
POSITION P a, THE EXISTING 

NOSE. 
----. I 
}HOR•-l•SO 

~'J~t~:a:- '1'•40' 

Cd> 

REF'• 

--- OI!PTMS ,._. LAID 

___ ._ OI:PTt& APTEA~H~UH 

GI.D&...-~AIC.:MIA'47. 





!'AliT 1! :21 

Experiment 5.-
In order to reduce the oo~t, only thret', 50 ft. long, semi-pt•rmeahh' trt•o 

groynes were tested, in positions tihown in fig. H/Il (it), with ntlw nostl iu ~·•g 11/11-il. 

position P. 
The flow conditions in the gap were similar to thoso in e:qwriuwut .J. l•'i~. b (l•l/11· 

There was accret.ion in t.he gap to H. L. 18;3, as in tlw previon~ e:qwrinH•ut. "· 
'fhe slight return flow in front of the thret>groym•s 1md u pstrt'alll of groytw No, 1 
subsid.ed ttnd forward flow ,~·as est1~blished throt~~hout the npproadJ. dlll.ntwl as 1,.,~. ,11 .. 1111 • 
accretwn progressed at sectiOns :2, 3 arvl.J. Tlus showed tlmt tlm'<', 50 It. long, ii. 

tree groynes were eqtmlly effective. 
Experiment 6.-

The truncated nose in position P 1tnd two 50' ion~ impenuoablo stone 1'1~. 0/ll·ll. 

groynes on the right bank. 
As stone is readily available at Sukkur, it would bo ensit•r-antl Jl<'rhnps 

even less costly-to construct stone groyues. Ho two, 50 ft. long, utono groynos 
were tested. Accretion in the gap and at sections 2, 3 and .J was quito 1mtis- l·'ir,. ~ (··)111-

•1. 
factory and comparable to the previous experiment; but evl'n aftt•r 1 J hrs. run, l<'i~.· ·lt,li/11-

the return flow persisted in the vicinity of the groynes. \VidPr HJliLOing of tho •1. 

groynes was tried which only worsened the tlow conditions. CoUtlitions W<'l't', 

thns, not so favourable n.s in the previous experiment. 
Experiment 7.-

Thongh the truncated nose in position P was found to be quito HILtiRfnetory, 
the rear slope of the nose came right into the deep Beour-holu 11t tho Pxisting 
nose and so· it would be very difiicult and expensive to construct anti main
tain. it. The position of the nose was, therefore, moved furthPr npstnmm Ho 

that the re>Lr slope was clear of the edge of the scour-hole. 'l'ho alignment of ~·~~. ll/11-il. 

the new nose in posit1on Q, with respect to the centre line of the uoso, WIL~ liPpt 
the sttme as before. The proposed side slopes were ul~o the s1uuo. 

As the deep scour, which is the m:Lin cause of slips iu tho right guide bank, 
would be accreted after the construction of tho trunc11ted nose allowing a witlt'r 
entrance to the approach chttnnel, it is expected that groynes will not bo neet!H
sary to hold the bank, which is pitched and should stand fiLirly high forw1Lrtl 
velocities. No groynes were, therefore, provided in this exporiment. 

The model was laid to ·4 lacs cu5ecs condition with the scour round the 
new nose as obtained previously. Discharge equiviLient to 4 lacs curlecs WILH 
run. The following points were observed:-

til The cross flow from the approach channel to the river IWlinly 
hugged the existing nose. 

(ii) There was a region of slack return flow at the rear side of tho 
new nose. 

(iii) The process of accretion in the gap was slower with noHe Q tl11m 
in the previous experiments with the new nose in po~ition P. Even after Fiu "(d)/If· 

12 hours run, there was some cro;s dow from the appro11ch channel to the ,~, 
river along the existing nose. The bed in the ga.p httd built up to llCILrly 
H. L. 180 after 12 hours run, as against R. L. 11:3:3 in the previous experi· 
ments. 

Some accretion in the return flow region is expect.ed to occur in the 
river, which could not be reproduced in the model-this is a model limita
tion. This would partly accelerate the process of building up of the bed in 
the gap. 

(iv) The accretion in the approach channel was a)Ho a bit slower, the 
bed levels after 12 hours run bam~ slightly lower than those oht:Linerl at . 
the corresponding sections in the previous experiments. u'~i.' i'J/II· 

The flow in the approach chan mil becfl.me forward throughout after 12 hourR 
run except for a small region of return flow near the pws .. nt nose. 

The outer bank was then extended to the truncated nose Q tmcl the experi
ment was repeated with river discharge:4,00,000 cs. and the approaeh channel 
discharge:;:45,1JOO cs., in order to see if a similar scour would develop at the 
same relative position inside the extended approach channel aH it does under the 
existing conditions. As was anticipated, the flow was smooth throughout thn 
approach channel with fonvard velocity along the right bank and there was no 
sign of any scour developing inside the ap;:roach channel. 

s 41-6 
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7. 1/80 geometrically-similar, part-width, Sukkur Barrage model 
to t6st stability of the truncated nosll for a 

super-flood of 9,00,000 cusecs. 

Due to vertical. exaggeration in the 1/80: 1/40 model, it. was considered 
that the local scour at the truncated nose would be shown more accurately in 
a 1/80 scale, geometrically-similar model, with enforced entry conditions for 
higher discharges. These experiments are described below :-

The experiments were designed to test the following two points:-.:. 
(a) Previous experiments 111 for the design of the nose of the outer 

bank had shown that "gulleting " would occur if the side slopes were 
flatter than 1 in 3. As flatter slopes were E:mployed in the proposed nose, 
it was tested for stability in 1/80 geometrio~>lly-similar model. 

(b) To obtain maximum depths of scour around the truncated nose 
in position Q under 6 a.nd 9 lacs ouseos floon conditiono;, so a.s to provide 
proper. a.pron protection. 
Preliminary experiments were done in l/300, 1/40 full-width model to 

obtain velocity distribution at Outfall section, for 6 and 9 laos cusecs, with 
truncated nose in position Q·and 45,000 os. in the approach channel. Velocity 
distribution at Outfall section was not perceptibly affected by variation of 
approach channel discharge from 30,000 cs. to 60,000 cs. Depths at sections 
downstream of Bunder were observed after the bed had stabilized for fl laos 
cusecs discharge after a run of 7 hours. 
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FIG. It li 

NO. 6~81 
\.W.S. t""TN.PoON.A. 

SHOWING VELOCITY DISTRIBUTION l 

_ 1 '30o:'L4o SCALE FULL-WIDTH MODEL 

AT OUTFALL SECTION, 

RIVER DlSCHARGE 

APP. CHANNEL n 

OUTI='ALL GAUGE 

ScALEs:-

90o.ooo Cc;,. 
45.000 cs. 

2.04· 1 

tHoR. J".~1' 
II I 

VER·1 :.0·5 

L.B. O'F PART-WIDTH MODEL. 

~ . 

2·10~ t•e;> z·ol z.oz e·IO z-o8 t.-oz z.o8 
MEAN VEI..OCITV ON VERTICAL., 

-89 •995 1·04 1•01 1•0 1·0~ 1•04~ 

MEAN V ON VE'RTI tAL-. --------' 
·9 

V OF SECTION (: 2 • 0 '3 ) 

( o/c, DISCHARGE THROUGH SECTION : 41·5 o/o) 

7 (a) Experiments to test gulleting 

Experiment B.-

5 

The model was relaid for 6 lacs cusecs according to dl'pths obtained 
from 1/300, 1/40 full-width model. Correct velocity diHtribution, as oiJHervud in 
full-width model, was obtained by slightly changing the Bunder section us in Fig. u,JJII. 

experiment 1. 
The truncated nose in position Q was made with a sand core, pitched wiLh 

3/16" dia. ,gravel equivalent to "one man stone" 1''. Discharge wat1 gradually 
increased from 6 lacs to 9 lacs cusecs allowing sufficient time for the bed to 
stabilize. 

For discharges above eight lacs cusecs, considerable gulleting occurred at 
the truncated nose on the river side which was given a slope of 4: 1. No 
gulleting was observed on the approach channel side. 

(I) Aoooal Rcport193~-(0, C. I. and H. B., Pooo• (pp. 00, bl). 
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Experiment 9.- ulletin"' at the nose, the slop~ was altered to 3: 
1 In order to prebe~t g u~ Inappreciable gulletmg occurred and th t 

Similar flood ~ycle as 8 o~el::ss c~se~s discharge. As SI).Ch super-floods are ve: 
for only the_ h1ghest-e:~\heir duration will be very small-the altered slope 3· { 
rare,-and If they ~cc · y be kept in reserve to meet the conditions cou~e
may be adopted; s ohnes m:cedented super-flood occurring. 
quent upon any sue unpr 

7(b). Maximum depth of scour for apron protection 

1 th 1180 geometrically-similar, part-width model, the truncated nose 
n t e t d · position Q The sides were plastered and were stuck with 

was cons rue e m · h A -1 pe f 5 · 1 was o-· 
3/16" gravel to reproduce correct roug ness. ~ 0 o · . biven on the 

h h 1 side up to R L 180, the top of the nose bemg at R. L. 205 
approac c anne . . 1 t' d d t R L 1 . 
Below R. L. 180, a steeper slope of 3 : was con mue _own o . . 00 to 
simulate a launched apron. The rest of the nose was given a slope of 3: 1 
throughout. · 

Th~ fullcwing experiments were done :-,-

Experiment 10.- . . 
The model was laid in dam sand of mean dia. ·32 mm. accordmg to depths 

obtained in 1/300: 1/40 mJdel for a 6lac~ flood, ex?ept at t~e scour· hole around 
Fig. IOJII-ii the new nose Q and the .present 110se, w~ICh was laid accordm\S to 4 lacs cusecs 

conditions obtained in 1/80: 1/40 part-width model to start With. 

Fig. llJII-ii The discharge was slowly increased to 6 lacs cusecs and was run for 
14 hours= 5 days 6 hrs. till stable depths of scour were obtained. The approach 
channel discharge was 60,000 cusecs throughout. 

Experiment 11.-
The discharge was further increased to 9 lacs cusecs, keeping the approach 

channel discharge, 60,000 cs. This was run for 8 hours = 3 day£>, i.e. the 
Fig. 12JII-il maximum possible duration of the super-flood. Depths around the truncated 

nose Q were observed. 

Experiment 12.-
The outer bank of the approach channel was extended. to position Q. 
The model was laid ~s in experiment 1. The discharge was slowly in

creased to 9 lacs, and contmued for 8 hours ( = 8 days). The approach channd 
Fig. ISJII·il discharge was 60,000 cs. Depths observed are as sho\\'ri' in fig. 13/II-ii. 

Table 1/II-ii shows R. L.s of deepest scour obtained in various experi
ments. 

TAllLE 1/II-ii 

I Level of bed scour. [ Water level. at 
River side. 1 Approach channel. J Outfall SectiOn. 

Truncated nose:-

(a) River discharge=6lakh cs. and ap- R. L.' 
141 proach channel Q = 60,000 cs. 

(b) 'Hiver Q=9 lakh cs. and approach R L 
channel Q=60,000 cs. · · 131 

Extended nose (i. e. continuous outer bank 
up to Q).-

(c) River Q=9 lakh cs. app. ch. R. L. 
119 Q = 30,000 cs. 

Existing nose:-

River Q = 4 to 5 lakh cs. (app. ch. 
Q = 45,000 cs.) R. L. 150 

R. L. 150 

R. L. 13.5 

R. L. 16.'> 

R. L. 120 

R. L. 200·3 

R. L. 204·1 

R. L. 204·1 

R. L. 196·8 
to 19B·J 
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As tho chances of a 9 lakh flood occurring in the -"lliiW ye11r in which tlw 
truncated nose will be constructed nre vPry rare, the npron may he designt•d for 
scou~ depths obtained with 6 lakh flood for the approaeh chnnnl'l sid,, o11ly. On 
the nver side, the apron should he designed for fnll depths obtained with a 9 lnkh 
flood and with the outer bank extt•nded to the new nose (which gavt' the worst 
results for scour), when the maxin1nm depth of scmnr was down to H. L. 1 HI on 
river side. The model must give rehttivelv det>pl'r ~conr due to sid,, rt•strietinn 
of the left bank; so the design will be reasonably safe . 

. In experiments 10 and 11, accretion actually occurn•d 1\t the n•nr slope of 
the truncated nose; but in order to prevent an1· possible slipping of rt'ltr :>\opt• 
into the deep scour-hole at the npstre&m t-nd of the present nos", n pron doRigned 
for maximum scour to R. L. 160 is provided. For det1tils of the apron dt•sign, 
see Appendix I, Fig. 14/II-ii. 

Recommendations.
(1) As the truncated nose in both the positions P and Q g1we quito satis-

App. l 1\llt\ 

~'i~. 1-1/ll·li 

factory results, an intermediate position nmy abo be expectt•d to give equally l'iR.llJII-11., 

good results. 

(2) The new nose should be constructed as near ns prnctirable to the 
existing nose, keeping the alignment with respect to the centre line of the no~e 
AA 8ame as in P or Q. The rear face should make an angle of Mo• with the 
centre line AA, as thi~ gave the optimum results. 

Other details snch as apron length, thickness are shown in Appendix 1 1L1Hl 
F . 14 II . . AJlp. l lllhl 1g. , -ll. Fi". liJII.Ii. 

Appendix II compares the quantity of stone required for ( i) filling tho 
~;cour-bole and ( ii) constructing the truncated nose. ·'PP ll. 

8. Effect of extended outer bank or its truncated nose on exclu.~ion 
of sand in the approach chtmnel 

Due to the differential slopes of the extended bani; or its trunc1Ltcd nosr, 
the scour at the nose was greater on the river side than in the upproach elmnnnl. 
After the scour-hole at the existing nose in the appro1tch channel waH filled up, 
the flow throughout the approach channel wus forward. This would tend to 
establish a more favourable curvature of flow upstream of the 1tppro£lch elumnel 
than at present; it is expected that this would improve the stmd exelusion. 
Tests made confirmed this point both by the number and extent of bed seeiiK 
entering the approach channel and by the amount of silt trapped in tho pits 
below the right Bank Canals. 

9. Afflux due to the proposed extension of the outer bank 
of approach channel 

There was no perceptible additional afflux in the model due to the extension 
of the approach channel even to position Q. 

It was also seen from the 1946 contour plan that a berm had forrned on tho 
right bank upstream of the nostJ. This seems to have been partly Proded 
in 1947. Such berms are formed, at present due to the deep scour-holtJ at tho 
nose of the approach channel attracting the flow and cauRing nJturn flow on 
right bank. 

The proposed extension of the approach channel will cstablioh a fairly high 
forward velocity along the right bank. This will maintain a deeper channel on 
the right bank than at present. A~ the velocities will be sufficiently high to 
carry the fine material in suspension, no such trouble as burrning iH !:xpected to 
occur. This will, however, be tested in the model. 

s tl-1 
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APPENDIX I 

Design of falliny apron for the truncated nose in po~ition Q 

Fig. 14/II-ii. Fig. 14/II-ii shows the depths-o~ scour as obtain~d. !n ex~eriments 10 and 
12 on which the length of apron rs based. The mrtral thrckness of apron 
provided is 10' and the length provided is based on the assumption that the 
apron will buneh to a 2:1 slope with a minimnm covering of 4' of stone. 

TABLE 2/II-ii 

R. L. of max. scour Quantity (eft.) of stone Length of horizontal 
Part of nose 

Jor which apron is required per foat length apron required, in fl;. 
Remarks. Fig. 14/II-ii. provided (ft.) of apr.,n for a minimum (thickness of apron= 

covering of 4' of stone. 10ft.) 
1 2 s 4 5 

A 160 179 18 ~Pop of 
R. L. 180. 

Bottom of 
R. L. 170. 

B no 268 27 Do. 

c 1~0 360 36 Do. 

D 125 490 5C Do. 

E 115 580 58 Do. 

F 125 404 41 Do. 

G 145 316 32 Do. 
H 160 179 18 Do. 

J 150 268 27 Do. 
R 155 22! 23 Do . 

. 

.APPENDIX II 

APPROXIMATE QUANTITY OF STONE REQUIRED FOR FILLING THE SCOUR-HOLE. 
IN THE APPROACH CHANNEL AND CONSTRUCTING A PITCHED 

TRUNCATED NOSE IN POSITION Q ' 

(1} Quantity required for filling the scour-hole. 

Difference in cross sectional 
area before and after 

c. s. 2 c. s. 3 c. s. 4 

12 hrs. run in ex pt. 7 : 4 650 6 000 8 000 f' 
. . . ' ' ' sq. ~-

Assummg mean area of cross sect1on to be i:illt:d as 6,000 sq. ft. 
Length of sconr-hole-.::55(! ft. 
Total qu<~.ntity of stone required for fillino- the 

scour-hole=550 x 6,000 "' 
=3,300,000 eft. 

(2) Quantity of stone required for truncated nose. 

(a) Approximate length around which 9' thick stone 
is to be provided ......... 180ft. 

Length along the 3:1 slope= 100 ft. 
:. Quantity of stone= ISO x 100 x 9 eft. 

apron 

apron 





(b) Length around which 6' thick stone is to be provided= t.i-10 ft. 
Quantity of stone per ft. run== 140 x 6 eft. 
:. Total qmmtity=640 x 140 x 6 eft. 

(c) Quantify of stone required for apron 10' thick. 
Area of apron provided= 42,700 S<]- ft . 
. . Quantity of stone required =42,700 x 10 

=427,000. eft . 
. . Total quantity of st.one for island 

(a\ 180 x 100 x 9= lG'J,OOO 
(b) u40 '< 140 x 6 = 54o,ooo 
(c) 42,700 x 10 427,0GO 

Total ... 1,12U,OUU eft ..... 

Quantity of dredged sand for nose. 
Mean area of nose=31 x 1,600 

= 58,6CO sq. ft. 
Quantity of sand=58,600 x 32. 

= 1t:!,80,0UO eft. 

Quantity of stone for pitching afte1· the gap is fillt!d. 
Length of gap= .350 ft. 
Mean slope 3·5 : 1 
(transit from 5:1 to 3:1) 
.. with bed level at R. L. 180 and top at R. L. 205; 

quantity of stone per ft. run for 4' covering= 4 x 73 eft . 
. . total quantity for pitching both sides=4 x 73 x 500 xI? 

= 2,92,000 eft . 
. . total quantity of stone required= 11 ,29,000 + 2,92,000 

=1,421,000 eft. 
as against 3,300,000 eft. required for filling the scour-hole. 

Construction of truncated nose will, therefore, be comparatively clw11pcr 
tha,n filling the scour-hole with stones. 

II. RIVER BEHAVIOUR AND CONTI\OL 

(ii) SCOUR 

JJ-ii-1. EMERGENT MEASURES FOR PREVENTING SEHIOUH DAMAGE TO TilE CENTitAL 

SLUICES OF THE MAHANADI AN!CUT AT CUTTACK-011IHHA 

(1) Introduction. 
Due to a practically flat pavement downstream of the Ceutral f.;luiceH of tho 

Jobra Anicut on the Mahanadi at Cuttack, an unstabl<J standing wave foruwd 
on or downstream of the loose stone protection b~>low the pacca pnvenwnt in low 
floods, when the river discharge passed through the sluices was only of the order 
of 50,0UO cs. This was due to very low water level in the river downHtream 
obtained at the end of a flood season, viz. R. L. Gl·O, with a comparatively high 
upstream water level, at R. L. 68·5 and an unRuitable and inadequate pave111ent 
for these conditions. A deep scour-hole used to form downstream of the lormo 
stone protection, in which the stones sank unevenly aggravating thP trouble; tho 
pacca pavement was also threatened by undermining. The scour-hole continued 
to form each year in spite of heavy local repairs to the loose stone protection. 

In the hope of dissipating energy, three rows of staggered blocks wero 
constructed by the local officers in 1944-4.5, this being the first uttempt to treat 
the cause rather than the symptom; the downstream divide waiiH were extended 
and loose rubble stone in bullah cribs and crates were also dumred in the 
scour-hole. 
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Fi~.l5JII-ii, During the floods of 1945, however, serious· damage .~0 the talus occurred 
Photos 

3088 
which threatened to encroach upon the apron. fig. 15/Il-ll and photos 3088 and 

~~~-~~~82. 1n 3098. The scour depth increased to 28' on the southern end and 15' on the 
northern end. The fourth dwarf wall was completely washed a way a~d the damage 

· to the laterite block floor at the two corners extended up to the thud dwarf wall 

which bad rather shallow foundations. ' 
The local officers proposed to repair the damaged floor, after the floods of 

1945, with h.Lterite blocks, laid in lean cement concrete, up _to the fourth dwarf 
wall. Instead of the usual bullah cribs, it was proposed to place blocks of wire 
mattresses of lengths 10 to 15ft. and 5' deep_ in c?ntinuation of the last dwarf wall 

Fig. IG/II-ii gradually sloping down to the bed of the r1ver m steps. . 
On invitation the Director inspected the damage early in l'v~ay 1946. 

Though it was ess~ntially a problem for specific model exp~rimenta:tion, yet due 
to insufficiE>nt time (barely 6 weeks) available for constructwn, advice was given 
on the spot based on previous experience ?f this St~ti?n- The measures sug
gested bad to be limited to be such as, m the opmwn of the local officers. 
could be executed in time before the commencement of the floods. · 

(2) Cause of trouble.-As stated in para. 1 above, it was evident that the 
trouble occurred, not during high floods when the ~ownstre11m water level was 
high so that a st-anding wave could form on the pacca pavement or was drowned 
but during low floods, when all the weir crest shutters were raised' 
and the full river discharge of about 40 to 50 thousand cusecs was passed 
through the Central Sluices with up.tream water level relatively hio-h at 
retention JE,vel (R. L. Gf3·5) and downstream level at its lowesD (R. L. til·O). 
Under these conditions, hypercritical fl.ov. persisted over the dry concrete blocks 
w~ich c~used scou: down-;tream. ':£'his diagnosis was also borne out by tb~ 
D1rector s calculatiOns, see Appendix I, and confirmed by the opinions of the 

_ local officers 
. The defects in the existing deE.ign responsible for the trouble were 

evidently:-
(1) The very flat glacis and the downstream cistern level too high and 

length of p~tvement too short relative to the level at which the standing 
wave would occur and the length up to which its disturbances would extend-

FiJ::. 17/It-ii. 

(2) the dist~rbed 5' x 2' x 2' friction blocks which caused increased 
turbulence and mcreased scour; _ 

(had the friction blocks been suitably positioned and firmly held the 
would undoubtedly have been a measure in the right direction b · ' y 
of the standRrd devices for dissipating energy; bu~ thei-r effect, ~t :~~gb~~te 
would have been small on account of the existing, flat and high d t ' 
pavement.); and. owns ream 

(~) scour at the steep noses of the extended divide wall . t· 
excess1ve scour. genera mg 

(3) Emergent measures sugge~ted by the Director without model 
expenments :- · 

The proposal of the local officers was sim 1 a n· t· p~rpetuated the present unsatisfactory conditio~sy Tba ~a l~ve _and wo~ld have 
gJven by.t~e Director, ~imed at removing the l'aus.es of :heotr~:~;:_:dviCe was 

(~) Commencwg 15 ft. downstream f th f I . . 
Central Sluice Gates there should b 

0 
te u crum of the ex1stmg 

crest at R L 63 5 (? 
5
, b e an ups ream glacis 1 in 3 2' wide 

· · · J.P.. a ove present c II 1 J) f 1 ' stre~m slope 1 in 4. This downstream Ia \ eve , o lowed by a down-
(a) 1t would reduce the intensity of disch g c; would serve two purposes: 
the same upstream water level and (b) ~~ge r~;f 95 to 36 cusecsjft. with 
wave on the pucc11 pavement ~nd co fi 

1 ~~u help to hold the standing 
to a n~rrow range. (Compare Appen~xni~I :it~a~el of t~e standing wave 

c_~~) A baffle-wall 4 ft. high (to R L 6 ·"' ppendJx I). 
allowwg a baffle pavement of 20ft ~ dth f · 2 ·.) on the lst apron wall, i.e 
to downstream face of baffle w~l~1 'fb: robthe downstream too of glaci: 

· IS ,affle would serve tw-, dist;r.cl 
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purposes: (a) it would herrd up the wat,,r above it to n \,•vel of R. L. ll:l'li 
agamst the present minimum downstrt•am level of H. L.lll·O (-<I'll App<'ndix 
!I)-thus ensurmgthat a st<tnding wave would form: 1md (b) it wouhl with
stand the actual impact of the high-sJwed, hyp,•rcritie•ll str<'tllll of Wtttt•r 
and so dissiprrte energy. 

. :rhe bailie wall with 1 in 4 downstream gl1tois would prolmbly nmko tho 
ex1stmg downstream pavement level just about low enough to hold tho wave; 
but by itself neither the glac1:s nor the bnflle lllllll would be wflioi,•rlt (or 
dissipation of the energy. It is true th1tt tho b<1!1le ptLVOilll'nt love\ (r•i.ltJ 
Appendix III) is required to be at R. L. 57·0 agtLinst thtJ exiHtin~ \o,·el H. !J. 
58·5: but the local officers did not oonsidcr it possihltJ within tho ti 1110 lnft, 
to lower the existing downstream pavement. Ctdculntions in Appon<lix III 
ignore friction and for reasons explained by R1d l3tLimdur Khosl•1 in his 
Paper (C. B. I. Paper No. 12, page 164), tho aotu1tl position of tho sttlnding 
wave would be somewh11t upstream of the mdcultLted poHition. 

The baffle wall should be very firmly •mchorediUl upon its boing 
securely in po6ition depended the formation of the st1tnding WIIVO on tho 
pucca. pavement. Its suggrsted thickness was 3 ft. nt th11 bitso anti 2 ft. n.t 
the top, because the unbalanced pressure ngain~t the bnfllo WILB Hlllllll, nnd 
if properly anchored, there should be no difliculty in itH r111D11inin~ int11ct. 

The bn.ffie was recommended to ha.ve a curved f110ll npstrollln with 
radius equal to, and ending at, 2J3rd the height of the h11flle. 

(iit) For draining out leakage wator collectetl between tho front gntus 
and the glacis, in order to fo.cilitate the IUI\nipuhttion of the rta.r ~atps in dry, 
four sluices, each 1' x 1' opening. (or 15" di1t. Hume I'ipt~) ovenly diHtrihutml, 
in the full width of the glacis, were rccommendtld. 'fhuHe ijluiCPH should 
have sliding shutters on the upstream gl11cis fl\ce; nnd should gonemlly 
remain shut and be opened only during manipulation (i.o. r•liHing) of the 
rear gates of the Central Sluices. 

(iv) There should be a deflector 1·5' high, on tho top of tho hLHt s11fo 
Apron Wall, which was stated to be Apron W1Lll No. 3. '!'hough simil11r in 
design to a baffle, its purpose is markedly dilicrcnt: while 11 ba me is prima
rily required to dissipate energy, a. deflector is rerJnirecl to dulloct tho high 
velocity stream near the bed and cause a horizont1Ll bed roller to form, 
which piles up sand downstream of it, genrrally at a Blopo of 11bout 1 in 3. 

As there would be greater scour ne<tr the sides, i.e. adj1Lcent to tlw 
divide walls, for a distance equal to !/4th width (=475/4=120 ft.) from 
each bank, the deflector height should va.ry from 2 it. along the divide wall 
to 1·5 ft. at quarter point, the central 235 ft. being 1'5 ft. high. 

The best design of the deflector was a. continuous one with g1tps 2 ft. 
wide, left at intervals of 50 ft. or so, to drain off w•1tur freely downstrc1un; 
short walls, 5 ft. wide, being constructed in front of the g1Lpe to prevent 
water jetting from the gaps. 

The deflector walls, like the baffle wall, should be firmly anchored to 
the existing Apron Wall. 

lv) The existing divide wall~ were recommendecl to bfl miscrl to ho 
sufficiently high to prevent water overflowinl-( on to tho amicut unci tho 
length in which raising was necessary sho~ld be limited t~ the l1;ngth ~Jf 
the primary wave over the baffie. Accordmg to .calculatJOnH g1ven m 
Appendix III-A, the height and length o~ ~be pmnary wave .would b", 
respectively, 6·65 ft. and 12 ft. a.nd so the dlVIile wallH were aclv!Hed to be 
raised for a distance of 10 ft. on either side of the bafllle to R. L. GG·O. 

On the upstream of the glacis the retention lev"! being H. L. G8·5, the 
divide walls should be at a level of R. L. GfHJ H<J that tho divide wallK wore 
recommended to be rai~ed in a elope, being R. L. ()U·O a.t the gate ancl 
R L. 6G·Q at a point 6 ft. upstream of the bailie: then continu<Jd at 
R. L. 66·0 for a, length of 12 ft. (i.e. to a. point 10 ft. downHtream of the 
baffle) and joined to the exi~ting wall in nny easy slope. 

R 41-8 
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(vt') Time permittina the existing n'Jse of the divide wall should be 
extended by a length of ff·5 ft. beyond Apron Wal~ ~o. 4 so. that it had a 
sloping nose of 1 in 5, reducing from 3·5 ft. (existmg height) to 0 ft. 
(R. L. 56·5). The nose should be prctected al.l round by an apron of one
man-stone, 20' wide x 3' thick, with bottom laid at R. L. 50·0. 

(vit') Downstream of the deflector, a loose stone apron 4' thick of one
man-stone should be laid for a dista.nce of 25 ft. at a .~lope of 1 in 3. This 
apron, as well as the apron protection around the divide wall, were intended 
to launch so as to line the anticipated bed configuration. 

(viii) All friction blocks constructed in 1945 should be carefully 
removed from the talus of dry blocks, broken up and thrown in the scour 
hole below the deflector. Their presence would brgely undo the· good done 
by the proposed measure by causing eddies and disturbances, thereby 
increasing the downstream scour. 

This was the minimum work considered necessary. It was not the optimum 
solution but was expected to fit in with the final solution as determined from 
model exptlriments. Were it possible 'to lower the baffle pavement level, it was 
recommended that this should be done to the level suggested in Appendix III. 

4. Secondary effects of the proposals.-By these proposals it would be 
possible to pond to the retention level of 68·5 for a relatively longer period, i.e. 
up to the time when the river discharge fell to 17,000 cusecs as against about 
45,000 cusecs at present. Shore sluices would remain open up to river discharge 
()f 17,000 cusecs. This itself would assist the silting up of the scoured channel 
below the Central SluicPs. Till experience was gained, the change in regulation 
and the sanding of the central channel would require careful attention and watch. 

In spite of the raising of the Central Sluice cill by 5 ft., there would be little 
()r no difference in the upstream H. F. L. to pass the maximum discharge or the 
afflux: because the small reduction in ventage area of about 3 per cent 

5 x475 
(17·5 x 475 + 17·5x 345 +5510 x 11 x 100) would be more than compensated by 
the improvement in the coefficient of discharge caused by the sharpening of the 
·Crest of the Central Sluices. 

5. Model Tests:-

While collection of materials and preparation for construction of the sug
gested measures were in hand, hurried model tests were made at Poona to see if 
any modifications could be effected with a view to minimise the construction 
work and to test the suggestions already made. 

These experiments fully confirmed the Director's diagnosis of the cause of 
the trouble and the conditions under which damage occurred:; it was proved by 
tho:. model that by far the worst conditions occurred not at high flood but during 
low floods as explained before; 11n?~ save in a minor detail.or two, the experi
ments also confirmed the sUitability of the emergent remedial measures 
suggested. 

. The Model.-Two centra~ spans with waterway::: 189·58 ft. were reproduced 
m SJ??oth ceinent pla?ter, m n. 1/40 G;· S. Mod~!, first under the existing 
~onditwns and then with the suggested mod1ficatwns and other modifications 
detailed below. 

~ests were made to observe. the coe~ci~nt of disbarge, the position of the 
standmg waves, the w<o~ter profile, qualitative nature and conditions of flow 
under the e~istiug and the modified conditions proposed for dissipation of energy: 
both at maximum floods and at low floods (IU the latter case all the discharge 
passing through the Central Sluices). 
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With the glacis added, as su~~ested by the Dir,•dor, tlw enetlil'it,nt of di~
charge was observed in the model to iucrt'>\~L' to S·](; ngain~t 3·:J prt•<lit•l.,•tl, l'idd 
Appendix III. Hence, as in Appt>udix JII, tlw tt>t>Ll di~eh>trg<' tlw C<•ntml 
Sluices would pass after moditiL"Iltion, witll upstn•nm wuh•r lt•vl'] ti8·;) IUHl 
downstream water level low (ch•nr overfall), wonltl he 17,0llll eusl'L's us 1lirl':Hly 
predicted. '!'bat tile raised crest of the Centm] Sluiet•~, wonhlmnkt• no diiT,•ronct> 
to the upstream water level, or the atllux, for pttssing tho hi~h tlond disclmrgo 
was thus corroborated. 

(7) Test of Measures to tiissipai6 energy 

The following model tests were made:-
(i) Photo No. 5026 shows the tlow cmHlitions with tlH1 l'xisting profiltJI'hntn ~~~~~~. 

of the Central Sluices, upstream water lcl'l'l uH·:) 111Hl downsl.n•ltlll wat.pr 
level 6':~·0. The photo clearly shows that tllero is hypereritical tlnw nllll<'r 
these conditions all over the p1tvemout ltntla stamling wavo ttiiHls to for111 
only at the downstrettm end of it, at or bt•yontl curtain (thi'ILrf) W1dl No. ·1. 
This hypercritical jet and the disturbance crPILtud by the st•tntling WIWll 

occurring in the unprotected ttre:t aro confirmed :ts h•Jing the pri11mry 
cause of the trouble. 

(ii) Photo No. 5028 shows the conditions, after llltHlifimttion neeonl- l'h·••' ~··J~. 
ing to the Director's proposals, nnmely 11 5 feet high gltwiH, 11 •I' high lmlllo 
fixed '20 ft. downstream of the ghtcis, followed by a l·U' doll•lctor 011 tho 
last safe (i.e. third) curtain W>Lll. It was ob~urvetl that thu ·l ft. high 
baffle wall made the trough too full with tho result tlmt, though 11 stu.ntling 
wave formed well up on the downstrcnm slope of tho glnoiH (ouly (j ft. down-
stream of the ~rest), the dissipation of energy WitH not fully sat1Hf1wtory. 

It was also vbserved that the I·G' high do!lector WILB, in olfeet, work
ing as a baffle, by controlling the position of the socond stnnding wavo, 
which without it formed just on the third dwnrf wall. l<'urtlwr, though 
there was subcritical flow downstrenm of the I·u' dollcctor, YL't, duo to thn 
nearly horizontal stone apron below it, the beneficial rullor with horixont:tl 
axis e·nabling silt to pile up against the downstre1L111 of tile d<!lloctor (for 
which the detleetor is intended) was absent. 

Thus, because of the high level of the pavemPut (which coultl uot he 
lowered in the time available) and the reHulting persistenco of hypororiticnl 
flow downstream of the primary bal1lo wall, tllll motl1!l indie:ttotl thtLt thiH 
was a case for two or more continuous lmflle wa.lls, 11 d<,Jl,eLor !wing 
largely ineffective unless the p!tvement was •mfficieutly loWt!retl to givo 
subcritic>il flow. 

(iii) Photo No. 50'29 shows conditions :ts in {it) JLhovo hut with 
primary baffle wall (on D. W. No. 1) retllJced in hoight to :1 ft. ThiH 
lowered the prirmtry standing wave, making it more AILtiRfaetory in cliRsip•L· 
tion of energy-in spite of the relativoly lower water lnvnl just upHI;ro~trn 
of it compared to the water level with 4' high hiLfllu-bec>Lusu tlHl trough 
was too full with the higher bailie. 

(iv) Since hypercritical flow persisted downstren111 of tho hnfllo w~tll, 
at ]ea~t one more bllffie wall appeared neceHsary. lnHtcmd of a d1dl1Jetor 
(which did not fulfil its f~nction), a HIJCOnd' Oll.IJlll WILl! higJw~ Up the 
pavement was, therefore, tr1ed. Photo No. fi().j() Hhows •~ .3 ft. l11gh lmf!I1J 
on the first curtll.in wall [as in (iii) above], followed by J·{j ft. continuous 
baffle on the second curtrLin wall (i.e. 80 ft. rlownstreiLm of the 8 Ct. high 
baffie). '!'his apparently improved the dissipation of energy, as thoro wow 
three standin" WlLVes, the fir:;t two wit.h arlerjll>lte turbulence, both on the 
pucca portion"' of the p!!.vementR, and the third, n feeble Htancling wave, 
8 feet below the second bafile, with downstream velocities greatly reclueed. 

(v) In this test, a 1 in 3 sloping apron was provided clownHtreiLrn of 
the third dwarf wall, with only a 3' baClle on first dwarf wall and l·u' 
baffle on the second dwarf wall. 

l'h•nn 
N11, tJ>Ji~J. 

l'h·lt.f) 
NIJ, bfJtJ(J 
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'With downstream water level = R. L. 62, the conditions were very 
satisfactory in that the dissipation of energy was good and a roller with 
horizontal axis formed on the 1 in 3 slope which persisted even when the 
downstream water level was lowered to R. L. 61; but a standing wave 
tended to form just on the third dwarf wall which could very effectively be 
moved upetream to a point nearly 10' below the second baffle by adding 
a 1 foot baffle-cum-deflector on the third dwarf wall; and then the condi
tions below the third dwarf wall markedly improved, the sub-critic~! 
pulsating flow below the end wall becoming ·slack and smooth. Even 
with downstream water levels falling as low as R. L. 58·0, this gave the 
best results of all the measures tried. 

Fig. 17 /II·ii. 

(m) Photo No. 5027 shows conditions with a 3ft. high baffle on 1st curtain 
wall, 2 ft. high baffle on 2nd curtain wall, and 1·6 ft. high continuous baffle on 
3rd curtain w<tll with a horizontal pavement downstream of the 3rd curtain wall 
as it exists in the prototype. This gave the second best results and the best of all 
the measures with ahorizontalpa?•ementdownstream of dwarf wall No.3 in 
that there'was good dissipation of energv in three standing waves above 
the 3rd dwarf wall-one-half way up the downstream face of the glacis, the 
second 20' upstream of the second bailie on the second curtain wall, and the 
third 20' upstream of the third wall. Though a· feeble, fourth standing 
wave formed on the kacha stone :..pron downstream of the third dwarf wall, 
yet considering the dissipation of energy in the first three standing waves 
it was anticipated that no damage would occur to the arron which· had 
withstood intense hypercritical flow conditions previously. The only way 
of totally avoiding the formation of the fourth standing wave was to. lower 
the katcha stone apron downstream of the third dwarf wall [vide (v) above] 
-which, it was stated, was not feasible in the time available, however 
desirable it might be. This proposal was tested for further retrogression of 
downstream level down to R. L. 58 and was found reasonably satisfactory, 
but not as good as proposal (v). 
Several other alternatives were tried, with different heights, numbers, and 

poRitions of the baffle walls, and with downstream water levels ranging from 
R. L. 58 to 60, but within the limitations of time and minimum alterations, 
none was so effective as (v) if the apron could b6 lowered, or (v~) if it could not. 

(8) Modifications of the Measures su,qgested after model experiments 

Thus, as a result of the model tests, the only modifications necessary to the 
measures already suggested were the following:-

(~) The first baffle wall to be 3 ft. high (top R. L. 61. 5) instead of 
4ft. high; 

(iil an additional, baffle wall, 2 ft. high, 15" wide, rectangular in section 
equally firmly anchored, was provided between the first and the third walls, 
on the second dwarf wall; and 

(ih) slight reduction in the raising of the divide walls to suit the 
actual W!1ter profile obtained in the model. 

(9) Conclusions 

The ideal solution would necessitate the pucca pavement and the loose stone 
apron w be depressed as well as providing the glacis, a baffle and a deflector. 
Lowering the pucca pavement to the correct cistern level is required to ensure 
the formation of the standing wave at the desired position on it; and lowerin, 
the loose stone apron below the deflector to a slope of 1 in 3 for obtaining th~ 
beneficial roller with the horizontal axis which enables silt to pile up immediate
ly downstream, precluding undermining. 

Without lowering of the pavement &.nd the apron, all that could be done 
was to suggest measures to reduce the hypercritical je~ by dissipatio'l three or 
four times, through standing waves created by a series of baffles, to a velocity 
below the normal velocity required to move a one-man-stone. 
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Standing wave 

Dwarf (curtain) wall No.4 

Hypercritical flow 

5026. Photo showing flow conditions with existing 
conditions and upstream water level-68·6; 
downstream water level•lli!·O. 

. 5028. Photo showing conditions with a 4' bafBe 
on lst curtain wall and a Hi' baffie OD 
the 8rd curtain wall 

upstream water level• 08·6. 
downstream water level•G2·0. 

1.6' wo.ll on Brd Dwo.rf 
(curto.in) wo.ll. 

4' baffio on let Dwo.rC wo.ll. 

trough too full st11nding 
wo.vo • 
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5029. Photo showing conditions with o. 8' bl\fllo on 
first curtain wall o.nd 1·6' one on third 
curto.in wall. 

3rd standing wave (feeble) 

2nd standing wave. 

1st standing wave 

upstreo.m water I eve).., 68· 5 
downstream water level= 62·0 

5030. Photo showing conditions with a 8' baffle 
on let curtain wall and 1·6' baffle 
on 2nd cnrto.in wall. 

upstream water levei=G8·5 
downstream water level .. 62•0 

hypororitical flow. 
1·6' baOle on Srd dwal'f wnll 

Secondary sto.nding wnvo. 
8' bafllo. 

Primo.ry stanuiug wavo. 

I-ll' Bafile on 2nd Dwarf wall 

a' . " " 
ht Dwarf w111l 
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F eeble 4th S. W . 

3rd S.W . 

2nd S .W . 
Primar.y S. W . 

:j027. P hoto bhowing cond itio ns with :1' bntfl e 
on I st cnrtam wa ll , 2' bnfTl c on :2 od 
curtain wall a nd l ·G' bo. lll e Ol! ~rd cur
tain wa ll aod upst ream \\O t t r level 
= 68• 5 downst ream water level = u2·0. 

l'(j' B110l on 8t•tl D· W. 
:2' Balli on 2nd D. W . 
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With the modific:ttions propo,;,•d, it should bo po,;~ible to 11111intain tlH' 
required retention level, with the gat,•s of the Central Sluiet•s ''POll, throughnut. 
the active irrigation season, regulation bein.~ dono tln.nt to riwr diseharg,·~ of 
17,000 cusecs at the Shore Slniet•s. 'l'hi!'l l'honhl obviat,, tlw tlitlit•nlt,y 
previously experienced that, once tho Ct•ntml Slnil'<'S wew O]h'nt•tl (i. ,._ tlnwn) 
before a flood, they could not be rais,•d during tlw st•ason, so that in L'HH<1 of 
mid-season fluctuations of river lewis the pond <:oul,lnot bt• lltaiut:litw<l. 

It may be contended that by theso propos:lls the "st·ouring" cnpauit:y of 
these Central Sluices to keep opt•n a dt•t•p olutnnel wonhl bo lost. 'l'h,, r<•nl 
scouring sluices are the Shore Sluices, udjnot•nt to tlw Canal wht•n1-fll!.hPr 
than in the centre of the river··- it should be dt>sirable tn Ctli\Ol'lltmto tho dt•t•p 
channel. Also, the c:tnal is not pen•nni:t! and has to be giwn snpplit•s only till 
November, by when the river discharge does not fall belnw the propo>H'tl carrying 
capacity of the Centntl Sluices. Moreover, on account of tho rolLL!.iwly high 
coetlicient, whatever sand comes towards the Ct>ntml Slnic<'s will hn lhtHhd out: 
without difficulty. The local ollicors do not, then•foro,nnticipntt•nny dillioulti,•s 
consequent on the reduction of the Central Hiver ChannPl from ·10,000-Gtl,OtiO 
to 17,000 cusecs capacity, particularly in view or tho conntor·advnntngo or 
regulation at the Shore Sluices, which are more convenient to opt•mto. 

s 41-J 
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APPENDIX I 

Showing compm·ative levels and extent of standing wave under 
low and high floods 

(Existing conditions) 

Estimated discharge (cusecs) 
Upstream water level 
Velocity of approach (V,) 

(from C. S. No. 16). 
h.~ \;j50 

Upstream T. E. L. 
Coefficient of discharge (Cn) 

Crest levels 
H ( = U/s T. E.-Crest level) 

q=CD".H9~ 

Width of crest, ft. 
:. Q (flood discharge), cusecs 

Total 

Low floods. 

50,000 
68·5 

Negligible 

68·5 
3•0 

(clear overfall) 

High floods. 

6,02,000 
76•0 
7·0 

1·0 
77"0 
2·0 (drowned) 

Low floods. High floods. 
r-----~---~ 

Wei1· 
Central. Shore. Central. Crest. 

58·5 58•5 58•5 65·0 
10•0 18•5 18•5 12·0 

95 160 160 85 
474 345 474 5510 

45,000 55,200 75,840 4,70,000 

6,01,000 cusecs. 

Downstream water level 

Velocity of recess (V,) 

61•0 
(from App. II) 

2.75 

74·0 
(Max. H. F. L. d/s of 1872) 

6.0 
(from C. S. 17). 

h,= V~/50 
:. Downstream T. E. L. 
.·. HL (= U/s T. E. L.-D/s 

T. E.L.) 

q (as above) 
.·. Ef. (from C. B. I. Paper 

No. 12). 
Ef, (=Ef.+HL) 

:. From C. B. I. Paper No. 12 
Plate XI.l, D. 

Do. D, 
:. Level at which S. W. forms 

(=D/s W. L.-D2). 

Length of 'disturbance of standing 
wave=5 (D0-DJ. (ft.) 

Hypercritical velocity 
V, =q/D1 (ftjsec). 

0•15 
61'15 

7•35 
Weir 

Cent1·al. Shore. Central. Crest. 

50 

34 

160 
16'4 

43 

28 

160 
16•4 

43 

28 

85 
11•2 

13·5 

10·0 
3•3 

64•0 

34 

26 
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APPEKDIX II 

(Extracted from Gange R,•gish•r nf tb,, .Jnbm ,V,•ir) 

Showing the m;.ximrtm rtpstretw~ anrllhc corft'.<pmadinrlminimllll~ tloll'll.<lr'rtrll~ rillM' 
levels wlren tlre Ceutral Sill icc,< !l'r'rr jllll!J OJ>CII a11d a lith~ Jl'r•ir 

Crest Shutters and Shore Sluicrs !Off~ sl111t 

Dntes of operation of ]llnximnm up:;tronm and corr~"poudin~ minimum 
Oent.ral l:Huices. downst.rol\Ul rivor h)\'Oitl in poriod, 

--------~ ---·---~- -~ -

Yeo.~. 

I 
) 

I 
Hc,mMkll, 

Dllteof Date of Period or dates. I Maximum ~finimunt 

opening. closing. U/IJ lt'\'Ol, dftt lovol. 
I 

1945 9-9-45 12-10-4.j I f2!J-g •. J;i liK·7 lili·O 
l t<-10·45 li7•\J5 lil·O 

1945 24-7-44 20-10-44 { 12-10 to Hl-10 m;·2 (il .. , 

5-\J to 24-!J 68·;; lj2·0 

I :HO to 9-10 (i8·0 (i•2 0 

1943 13-7-43 ll-10-43 
1

9-9 and 10-9 li8·(j lil'rr ~lllllO HIHH'tl 

19-8 58·6 (j~-~ Hluict~R opl'll. 

1942 6-7-42 11-10-42 { 5-10 to 8-10 liS·:! li0'8 
2:i-7 and 2li-7 68•4 Gl'tl 

{ 18-7 to 31-7 68•0 [jJ ... 

1941 12-7-41 31-8-41 1-8 to 8-8 (jt;(j GI·IJ} 
Do. li72 GO·H 

7-7-40 18-9-40 { 11-9 to I li-!J G7·1i ()]·2 SJillu Hhom 
194,0 11-8 to 15-8 ri8·5 li:l·O Hluit:1'H opt~ll. 

I 
(1-10 to 3-10} 67 0 &Q·!) 
I and 5-10 

1939 16-7-39 6-10-39 ~ 25-!J to 30-9 f67'4 fll·3 

1 

Do. li7·8 (j•2·0 

1-8to18-8 (JIJ•1 fl-1'7 
'- Do. 671 G05 

1!)38 15-8-38 1-10-38 27-9 to 2!J-!J 67·() GI·!J 

(1-10-37 ()6·7 ()2•2 

1937 3-8-37 3-10-37 ( 1-9 to 5-!l G7·7 (l:1·(j 

21-9 to 30-!J. fi7·!) ();i·2 
21-8 to 24-8 G8·\J 6H 

27-6-36 
{ 21-!J to 24-9 67·fi ()1·3 

193() 29-9-36 16-7 to 1~1-7 G86 G2 2 Do. 

{ 14-8 67 2 GO·!J 7 Hhoi'IJ Sltlic"H 

1935 11-7-35 16-8-35 op.,n. 

17-7 to 19-7 67·7 fll 2 All ciOHI!d. 

rJ0-10-34 ()7 7 (j2·8 

3-7-34 12-10-34 11-8 to 6-8 G8·5 6·2·() 
1934 18-7 to 31-7 {(jij·ij;j G2·5 

Do. 67·0 61'5 

{ 5-!J and 6-9 (l()-4 ~ ot ohHnrw"l. 
1933 18-7-33 9-9-33 20-8 to 25-8 67'0 G2·R 7 Hhorc HI uicr:H 

29-7 u8·G lil•7 O['!!D, 

1932 i 24-7-3g 
{ 13-9 to 16-9 ()7·8 Not observed. 

17-9-32 1-9 to 6-9 (jij·!j Vo. 

i 25-8 to 31-8 68·3 Do. 
I 

1931 : 21-8-31 18-9-31 14-9 to 16-9 67·0 Do. 



36 ANNUAL REPORT (TECHXICAL) OF WORK DONE DURING THE YEAR 1946 

APPENDIX II-(contd.) 

i Dotes of operation of Maximum upstream and corresponding minimum 

i Central Sluices. downstream river levels in period. 

Year., I Remarks. 

Date of 

I 
Date of Period or dates, I Maximum I Minimum 

opening. closing. ufs level. 
1 

dfs level. 
I 
i 

(1-10 to 2-10 68·0 ·61"0 
1 3-10 to 10-10 67•5 61-4 
1 8-!i to 10-9 68•3 62·0 

1930 4-7-30 12-10-30 i 14-9 to 2'.!-\l 68·8 62·1 
18-8 to 21-8 67·5 61·9 

l13-7 to 17-7 68·4 62·1 

1929 19-7-29 l-10-29 20-9 to 29-9 67"4 61•5 

{ 12-7 to 18-7 686 62·8 Gates mam-
1928 22-6-28 27-8-28 8-8 to 13-8 68•4 6;H pulated twice 

I in this year. 
{ 17-9 to 28-9 68·3 61•2 

15-8-28 6-11-28 20-10 to 31-10 67·9 62·8 
" 1-!l to 3-9 66·9 61·3 

{ 21-9 to 23-IJ 66·8 Sand 
1927 17-7-27 25-9-27 8-8 to 9-8 68·0 60·9 

22-7 68·3 61•7 

Note.- Worst gauges 68·5 61·0 

APPENDIX III 

SHOWING CALCULATIONS FOR THE STANDING WAVE, BAFFLE PAVEMENT, ETC., IN THE 
PROPOSED DESIGN (CREST LEVEL 63·5; UPSTREAM GLACIS 1 IN 3; 

DOWNSTREAM GLACIS 1 IN 4) 

Central Sluices open, Crest and Shore Sluices shut 

U/s T.E.L.=Ufs W.L. (h.=negligible) 68·5 R.L. 
C0 = Coefficient of discharge · 3·2 
Crest level 63·5 R. L. 
:. D=upstream depth below upstream T. E. L. 

3/2 q =Co· D 
Q=474•5q 
D/s water level (effected by baffle of height 4 ft.) 

hr '= V /50 (from C. S. No. 17) 
D/s T.E.L. 
:. HL = ujs T.E.L.-Djs T.E.L. 
From Bombay T.P. No. 44, dx=depth d/s of S. W. over 

bailie pavement level 
:. Bailie pavement level (required) 

5·0 ft. 

36 csjft. 

17,000 cusecs. 
62•5 

0·1 
62·6 

5•9 ft. 

6·8 ft. 
55·8 

against 58' 5 available 
. (but to lower the P.avement at this stage is said to be not practicable): 

Height of bailie, here, guided by required d/s level=4 ft. 
Length of bailie pavement below toe== 5·25 X a. 

if at R. L. 56·0 = 5·25 x 1·4. (from Bombay T. P. 
No. 4.4). = 7·5 ft. 

:. length of bailie pavement at R. L. 58·5=7·5 + (58·5-56) 4= 17·5 ft. 
(N.z:.-Thus, i.f desired, ~he baffi": pave~ent can he lowered at any time with advantage 

to R.L ;,6·5, keepmg the 1m 4 glac1s contmuous). 



PAI1T II 

APPENDIX 111-(a) 

Height and length of primar!IWa!.'e (according to Bomba !I T. P. 
No. 4:1, p. 58 et seq.) 

= ::3·5 X I·!J = ti•(ji} ft . 
. ·. Divide walls should be raised to 5o·5 + G·til) = ti;"d, say titi·O H. h, 
for a length L given by 

L/D =6·0 (IJ.g/D) 1
"
18 

= G·O (1•72)1' 18 = GO X l•!J = 11·-J, SILY l'J ft., 

or 10 ft. on either side of hallie. 

ll-(i·i) 3. l\InmruM WATEI\WAY m:QUillEn FOH1'm: Sw1, 1\uAI\A ANil 
SuKm BnmaEs-J onm·un-UAHEs oF APVIUB \\Tl'lltlt:·r 

MODEL EXI'EI\DIE:-.'I's 

37 

The Jodhpur Rail wily Authorities soug.ht ad~I~e ns regnr<1s prol>t•dion workK 
for bridges over the Sagi, Kham and Sukri rivers. Tho dnt11 ~upplio<l ditl not 
give the information required for a considL•rcd opinion. 

From such data as was av<tilable, it was evidt•nt that Uw prt'H<mt nK well 
as the proposed waterway of the ~kew briclges neross the Rngi an<l Lho 1\hnm 
were insufficient to pass the probable maximum fio()(l without dtllllngo nt ~Oillll 
future da.te, particuhtrly in the absence of tr~t.ining works. 

In the case of the Sagi, it was found advis>LbltJ to reeomuH·ntl {j IIHlro HJ>ILIIH 
on the left bank in additwn to 4 already proposed by the locttlauthoriti<•H in 
order to pass a flood of the order of 1,00,000 cuHecs. 

In the c~t.se of the Khara rivPr, it was even more diflicult to IIHH<'HH tho 
maximum discharge and hence the minimum requirecl WILterway; uncl tltu heHt 
measure in the interest of safety was couAitlt~red to btl to Apan tho rivur fro111 
bank to bank, i.e. a distance of -100 ft. as agaiust 2H1' propoHrHl hy tlw locttl 
officers. As the bed was, as indications showed, hard material whieh will not 
allow deepening of the bed during floods, adequate WtLterway WILH 1dl tho ruoro 
necessary. 

In the case of the Sukri River Bridge, to pass tho estimntetl llo0d of tho 
order of 1·0 to 1·5 lakhs cusecs it was considered neceHsary to oxtuntl by 12 HJmns 
of 40ft. or preferably by 5 spilus of 100 ft.-in any caso the end HJlllll Hhoulcll)(J 
1 ~0 ft.; thus making the total waterway of rtbout 1,11)7 ft. 1111 againHt 1,0:32 ft. 
required according to the Lacey forrnuht. This increaso of watcrwr1y wn11 
necessary, firstly because the Jodhpur riverH are flashy and they wicl<m rnthor 
than deepen-having a high width: depth ratio-and Hecondly IJCCILIIHu tho 
existing foundations are very shallow. 

In addition to widening, it was also consitlewd necessary to recoruuH:IItl in 
this case, a correctly ..!~signed guide bank on tbe right bauk. 

II-(ii)-4. DEsiG:;o OF VEx·r APPROACHEs AND ExiTH rJlo' HoAIJ CuJ,vr-arrH 
(ADVICE WITUOI;T EXI'EHBIENTH) 

The Consulting EnginPer to the Government of Inclia (HnaclH) H011ght 
advice of this Station in regard to the best dc,sign of approaciH:H rt11rl c,xitl! 
of masonry culverts. 

In respect of the approaches, it was rccorn::Jendecl that, from the poiut of 
view of minimum loss of head, a bellmonth upstrr:arn and a 1 in ](J divergrmc<: 
downstream woulcl be sound practice. A bellruouth upstrearn, howevr,r, inerr,aHcs 
constructional difficulties arising from the eiTect~ of surehargo from tlw ''arthen 
bank, and increases the length and hence cost of the wing walls; anrl ao u Hplu.y 

8 41-10 
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1 may be steepened to 1 in 3 for 
of 1 in 5 may be adopted ins tea?· c~n~~::e~~e is not . too sharp for the water 
the smaller culverts where this 

to follow. h t ,. g walls with hyperbolic expansions, 
· · uggested t a "' m 1 th b t b t h For exits, 1t was s d fi tor are general y e es , u w ere 

together with a baffle wall ~nd at ~ ~~ di;eraences of 1 in 10 with a baffle 
economy is a major· consideratiOn,~ ~~gd Without model experimentation to 
and a deli ector need only bet prov~ ~i;ercrences would be unwise. 

I the required measures, s eepe b 

evo ve d bellying are anticipated below the 
Where severe a~tion, b_ed 

5
scour anoinmended up to the optimum floor 

I . I CIS at 1 Ill was rec f a· . t. f culvert, a s opmg g a , b formation of a standing wave or ISSipa IOn ~ 
level necessary to ensure t ef ther be stabilised by a baffle and a deflector, If 
excess energy. The flow can ur 
so required in specific cases. . 

. d t· e supplied complete design would be furmshed by . If the necessuxy a a ar ' 
this Station for any case. 

RIVER BEHAVIOUR AND CONTROL II. 

(iv) TIDAL AcTION INcLUDING EsTuARIEs. 

Il-(iv) 1. MEASURES ADOPTED TO REDUCE TURBULENCE IN THE HooGHLY 
RIVER DOWNSTREAM OF THE KNUCKLE AT THE TITAGHAR 

JUTE MILL (BENGAL) 

1. Synopsis-
The note describes experiments carried out with 1/300 : 1/60 scale model 

and 1/150 : 1/80 part model of the Hooghly.-
(a) to investigate the present conditions downstream of the knuckle; 
(b) to see if accretion can be induced in the scour-hole downstream of 

the knuckle by means of piles, i.e. to see whether the treatment recommend
ed for the Dunbttr Cotton Millu1 would be equally effective in this case. 

As results in (b) were not promising, 
(c) experiments were done with pitched "attracting" islands so placed :ts 

to attract the fiow towards· the opposite right bank, thus reducing turbulence 
in the knuckle. These experiments are still in progress .. 

2. Pl\ELIMINARY EXPEIUMENTS IN THE 1/30(}: 1/60 MODEL AND IN THE 
PART MODEL TO DETERMINE TH& SCALE RATIOS OF THE LATTER 

Lines of flow and velocities were observed in the 1/300 : 1/60 scale model, 
which was htid in V sand to the 1939 survey and the continuous ebb discharge 
of 1·34 cs. ( = 1,87,000 cs. observed in 1941) was run with W. L. at Konnogar:: 
13'5 ft. above K. 0. D. S. (Kidderpore old Dock Sill as datum). 

A hol'izont~l scale of ,11150 was chosen for the large, part model, so as to 
represent 1·8 m1les ujs of ~1tag~ar Jute ~~111 and 2·1 miles downstream. When 
this model was run under Ide?-tiCal cond1t10ns of contours, discharge and W. L., 
as in 1/300 scale model, w1th a depth scale of 1/100, (i.e. V. E.= 1·5), and 

"(_1,87,000 1,87,000) 
Q =1·25 cs. = LD.JD 1~0 x lOOvlOO· , heavy scour o.:!curred. So dam sand 

Fi~. 1 tal was replaced by Londbn sand (ru==0·3o mm.); the bed movement was very low. 
~~-~.~ (bJ Hence the depth scnle was altered to 1/80 (V. E.== 1'8), and Q = 1·7 cs. 

Figs. 2 (aJ ( ::= 1,87,000 cs.) and.tbe movement of bedma~eriul improved. The lines of flow and 
~~-~.~(b)/ isotachs are shown m figs. 1(a) and 1(b)/li-Iv r_espectively. A wooden grid was 

also ~se~ at the up,stre~m end of ~he m?del .to Improve the velocity distribution. 
Considering the d1.~tortwn of. eros~ sec~10ns In the large model, isotachs and lines 
of flow compare fairly well With those m the 1/300 model. 

(1) t W.E. Stn., Annual Report (Tech.) lor 1944 (P. 7), 
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PART I-EXPEU!::UE~TS WITH PILES D! 1/I.iO: 1/Si\ illtli'EL 

3. Introduction. 

. After ~ompleting the expt'riments to prtWLl thn lwh:Hionr of tlw pnrt ll!Odt•l, 
It was decided to see ~he eiTt'ct of subu~t•rgt•<l pilt•s in v••rious po~itions. 'l'h,, 
same procedure of expenments was adnpt.-<1 as in tilt' oust' of l'Xpt•riuu•nt.s ut th,~ 
Dunbar l;otton :Mill knuckle. 

Londha sand (m ""0·2:2 mm) was injectt•tl in allexpPrimt'nt~ 11t tht• rat.,, of 
2 cftjhr. (i.e. 0·4 parts per 1,000). 

Duration of experiment was '24 hour~"' 1G thys in all exp••rilm nts. 

4. Experiments. 

Experiment no. 1.-In this experiment tlw L (longittHlinnl) l"t'\1' of pi!t•-1 wn~ 
constructed as shown by position 1 in Fig. 3/II. iv. 'l'ht• alignnH•nt of l'rnss·row I•'•H· ~flllv. 
of piles was arbitrarily fixed keeping the top ·I ft. bolow K.O.I1.S. nllowing 
thereby 10ft. draft at low water. Tho lougiuudinal pilt•s wert' eonstnit'tt•d wiLh 
the top level 32 ft. below K.O.D.S. 

Observations:-

(a) Lines of flow are shown in Fig. 4/II.iv. As emnpnrtJCl with t.ho 
experiment without any pilos, and under similar comliLiollR, tho gt'llt•ral 
nature of surface lines of f:low did not show any umrlwd chaugl'. 

(b) Bed contours are shown in Fig. 15 (b)/Il.Iv. When eouqmrt•d with 
the previous experiment without piles tLud undt•r similar conditions [fig. fi 
(a)jll. iv], itwm; seen that the 50 ft. contour PxtelHlecl tuwards tho right bank 
showing thereby the tendency to scour on the right side of t~•o lonu·ldt~. 
Scour also occurred djs of the knucldo at C. S. fi, 4A, de. 

(c) Soundings were taken at C.S. 5B to see the HJuonut of HilLing 
downstream of the knuckle. There was siJt,in~ and scour within the bight; 
but silting was not uniform. The depth of silting also was Rlnall, only of 
the order of 9" or so in prototype. 
It was, therefore, decided to shift the cross piles downstr~aru, wlu·ro the 

depth is greater-thereby increasing their height anc! making tlumt more 
effective, while keeping the top at the same level as bc·fore. 

Experiment No. lA. 

Cross piles ·were shifted= 30 ft. downstream keeping tlw L. piks in thn 
same position. The bed was adjusted to the original conditions and tho cxpuri
ment was run for 24 hours with injection of sand as before. 

Fl~ ·lfll·lv. 

li'ig:. ~ (11) ,\:, 
(l>)jll.l\·. 

In 'this experiment, soundings at C.S. 5B were only takun. Tlwso Hhowuc] Fiij. 7fll-lv, 

uniform silting in the bight, though not sufficiently deep. 

Experiment No.2. 

In this experiment, the cross-row of piles was kept a,~ in expcri111ont 1 A and 
the alignment of L. piles was changed to position no. 2 as shown in Fig.3jll.iv. 

Observations:-

(a) The surface lines of flow downstream of the knuckle shifted away Fiv,.Hfll·lv. 

from the knuckle. 
(b) Bed contours show that there wa~ scour between C.~. 5A_ unci 5 I•"iv,. Ufll·lv. 

towards the left Bank: GO ft. contour wh1c:h was not ubtarned Ill the 
previous experiment was obtained in this experiment. 

(c) Soundings at cross section 5B show tha·t there was no tcndeuey to Ftg.IOfli-Iv. 

silt. Slight scour was, however, observed. 

Experiment No.3. 
In this experiment, the cro~s.-row of pil~s was ~s in experiment lA and 

L. row of piles as is shown by posttwn no. 3, F1g. 3/Il.Iv. 



Fig. 11/Il·iv. 

Fig. 12/Il·i v. 

Fig.l3/II-iv. 

40 ANNUAL REPORT (TECHNICAL) OF WORK DONE DURING THE YEAR 1946 

Observations :-
(a) Lines of flow showed a concentration of flow at C.S. 5, which 

might result in a formation of knuckle at that place. 
(b) Bed contours showe~ that ther~ was scour within the bight _and 

outside the L. pile-to the right of L. p1les. 60 ft. contour was obtamed 
in the bight. 
Sounding at C.S. 5B confirmed the scour in the bight. 

Experiment No. 2.A. 
Fig. H/II-iv. As the scour was observed outside the L. piles, an additional row of four 

piles, with tbe tops 8 ft. below the tops of L. _Piles,. was constructed. 
Fig. 14/II.iv shows the effect of such piles on the detailed lines of flow. The 
bed flow outside the L. piles was deflected away and, consequently, would tend to 
protect these piles. 

Fig lb/ll-iv. 

Experiment No.4. 
In this experiment, one row of L. piles was c~nstructed. as in positi~n 1 

and two rows of cross piles were constructed as agamst one m the prevwus 
Pxperiment. This was done to see if the silting tendency could be accelerated. 

Fig. 15/II.iv shows sounding at 0.8. 5B; silting was not, however, 
satisfactory. 

5. Conclusion:-
Position No. 1 of L. piles was the best of the three positions tried; but depth 

of silting obtained in the bight was equivalent to only 1 to 1·5 ft. in the river 
with a continuous ebb tide running for 15 days, which was not satisfactory or 
sufficient. 

The reason why piles did not prove satisfactory in the case of the 
knuckle at Titaghar Jute Mill appears to be due to the "change over" of the 
flow occurring immediately upstream of the knuckle, leading to more turbulence 
downstream, whereas in the case of the knuckle at the Dunbar Cotton Mill, 
the change over takes place long before the flow approaches the knuckle; and the 
difference in velocities along the left bank upstream and downstream of the 
knuckle is less at the Dunbar Mill than at the Titaghar Mill. Moreover, while 
at the Dunbar Mills the trouble is only due to too sharp a curve for the dis
charges, at Titaghar, the trouble is also due to throttling and distortion 
immediately downstream. It was considered that "at.tracting" islands might 
be effective in causing the "change over" of flow further upstream of the 
Titaghar Jute Mill knuckle. 

PART II-ExPERii\IENTs WITH IsLANDS 

6. Introduction:-

Experimen~s with islands described in the note :-vere done in 11300; 1/60 
mo~~I of the ~ooghly so as to _get qmck and comparative results with various 
positiOn~ of Isla_nds ~nder t1dal fio:V c~nditions, the · time required for 
comp~etmg one ttde ?mng mu~h less m this model (viz. 19 minutes== 12 hours 
18 m1_nutes for on~ ttde) tha? m the 1/150: 1/80 model (viz. 43 minutes). In all 
l'Xpen:nents, the stz,e of the 1s~and was kept the same, viz. length=:300 ft. with 
t?p 2a ft. above R.O.D~S., 1.e. 4ft. above H.W.L.; width=: 112·5 ft. (semi
c~rcular cut-wa~~r and 45 ease-water are included in the above length). This 
size can be modified later. 

It is believed this is the first time "attracting" i~lands are ever be· . . d d f . t . . . a 1 mg con . s1 ere or nver rammg of tt a and·navigational rivers. The island ld 
be located on existing shoals, far from the. re~ch of the navigational c~a:noe~s. 
so that there can be no warrantable obJectiOn of obstruction to' a · t· ' 
"\Yh"l " tt f " . 1 d h b · n vtga IOU. 

f t
l e. ~ raflc mhg ~s an s have een de~ned by the Station as being unsuitable 

or rammg as y nvers sue as the Lum near Samdari (Jodhpu R ·1 )''' 
where the high formative discharcres occur for too short a durat1·0 rt a11

1 wayth 
· 1 d t I "t · · " n ° a ow e Is an o eave 1 s 1mpreos on nver configuration, this Station considers that 

(1) I.W.E. Stn., Annual Report (Tech.) for 1946 pa.ra. II. vi. 1. 
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islands of suitable desig~, thoughtfully locatP.d and alig-ned in rt•lat.inn to tlh• riwr 
mean?ers and the flow lines, han• grt•at potential promise on tidal riwr~ wh,•rt• 
the h~gh a~d prol?nged freshe:; il~w gives tht•m mnp],, senpt• a~ in tlw 1l'nst• of 
n?n-tidal nvers With a long duration of flood flow. The i~lan<l~ can bo <'onw
me:r;ttly C?::Jstruc~eil out of dre<iged cuts, the cuts tlwmst•ln•~ lnel\tt•tl IIIHl 
designed m the nght places and of the ri"ht si:t.P so th•tt tl~t•y wnul<l ht•lp llr•/ 
hinder, the action ~f the islauds in rt>!{uL7ting an'a mai;1taining the d,•,•p ~mkr 
channels. T~e actwn of "nttmcting" islancl,; in ticlal ri,·ers is similar to thnt 
alrea?y explamed for non-tidal riwrs el(c<'pt that their ,],•sign antlltwat.inn lllnst. 
take mto account the two-way flow, wht>re both an~ import:mt in t.l~t•ir l'ITt•t•t on 
the river course. 
Experiments. -

7. The model was laid to tho HJ:3D-·10 survey. V sand (m=Ll-:20 mm.) 
. was used as bed m:tterial. Freshet spring tide observed in tho riVl'r on :2:lnl 
September 1941 was re-produced nne! repeated 10 times in Paeh exp<'rinll'nt. 

Lines of flow were invariably observed under 3/4 ebb flow conditions nftPr 
10 tides were completed in each experiment. ' 

.vVater level recorders were fixed at Damurdah>t (n/s l'ntl of nJOtlt•l), nt 
Coss1pore (downstream end of model) and at Kounngar near the knuckle of tho. 
Titaghar Jute .Mills. 
Experiment No. I.-

The island was constructed at C. S. 8 us shown in fig. Hi/II-h·. Out of Fl~. 111fT I iv 

the six surface lines, two lines pa;Eed over the shoal m;;tr tlw right bnnl\ 
upstream of the islnnd. 

Experiment No.2.-
The downstream end of the ishtnd was pulled toward~ the right hrtuk Ho 

t.bat the island faced the high velocity flow more obliquely than in thl' previous Fig. 17JII-Iv 
case. Three surface lines passed over the shoal on the right bank, thus iucli-
cating a definite improvement. Bed lines were also deflt>cted toward~ the 
knuckle. 
Experiment No.3.-

As the island in experiment 2 was constructed in a deep channel where the 
dapths were 16 to 20 feet below local zero (i.e. 20 to 24 feet below lowest luw 
water level), it was considered desirable to shift the island towards tho left l•'iH· THfii ;, 
bank, where the depths were considerably les::. · The results were not BatiH-
far.tory; as the island did not ~>ct. 

Experiment No.4.-
In this experiment, the island was shifted upstrenrn so as to be at a dist1LBCO 

of Mt/4 from the knuckle. The islnnd was not, however, effective in attracting 1, IOflll 
the flow towards the right bank opposite the knuckle. Lines of flow were 'H· ' v 

observed in this experiment, also under flood condition. The ielancl was tlwn Fig. ~Ofil-lv 
removed and .the lines of flow ag~in observed under llood condition. ThiH Fig. ~ 1111 . 1 • 
e"Kperiment clearly showed that any Island so far upstream of the knnukle would 
have too·littlE> effect on flow conditions nenr the knuckle. 

Experiment No._ 5.-
In this experiment, two islands were tried: (1) Island A ~s in exprri-

ment 2 and (2) Island B (between C. S. 7 and 6A). The high veloctty flow near Fig. ~~/Il-iv 
right bank at C. S. 8 flowed along the right side of the island B; but further 
downstream, it swung back towards th6 knuckle. 

Experiment No. 6.-
In thi8 experiment, the island B was ~onstru.cted more towards tho right 

bank thnn in experiment 5. Results were fairly satisfactory, as scour occurred OII Fig. 2:lfll iv 

the shoal near right bank between C. S. 7 and 5A. 

Expe1·iment No.7.-
In this experiment, a third island called 'C' was constru.cted a~ shown. in 

figure 24/II-iv the object being to get advantage of sconrmg actton dunng Fig ~1/ll-lv 
flood tide. t;o' the semi-circular end of the island was made to face the flood 
flow. 

841-11 
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. th . lines of flow under flood condition. AU the 
Figure 24/Il-Jv shows ke d there was no indication of scour on th 

flow was huggin~ _the leftth~a~ I· a~ . and so the phird island was ineffective. 
6 

shoal by the addJtJOn of IS IS an ' . 

Experiment No._Bd.-d th t islands A and B were too far apart; so a third 
It was cons! ere a 

island 'C' was constructed in between. . . . 
t . cted so as to form a contmuous lme. Th1s it 

:!<'ig. 25fii-iv The_i~Iands we~~ so s~si~~ formation of cominuous deep channel, attr~ct-
was conswered, wou re_aht bank opposite the knuckle and reducing concen-
ing part of the flow on rio · 
tration of flow on the left bank. . . 

. ht ·a f ·sland A where already a deep channel existed and with 
On the r1g SJ e 0 1 ' k I Th fl. b 

a steeper side slope given to the island, dee~ sdcoBur) toho dp acte. d e otw eing 
h' h ( 'thout the islt~nds C an a a en ency o move 

the lasdt otfhebkb w ki~e f;;m island A hit the island C on its left face and in spite 
towar s e nuc ' d r was obt d h' of the flatter slope given to it to reduce scour, eep scou . a1ne on t Js 

side (left side). . . 
Between islands c and B, ~imilar a?twn took place. The effect, m sh~rt, 

8 deeper scour on the left s1des of Islands C and _B and hence the h1gb 
:e~ocity flow was still away from the right bank-opposJte to what was required. 

Experiment No. 9.-
The position of the island A in experiments nos. 1 and 2 was such that the 

depth at that place was 30 to 35 feet below lowest . water le~el. T~e construc
tion of such an island would be difficult and so the Island A m expenment 9 was 
constructed on the shoal and the right side of the island was dredged to the 
practical poRsible depth (i.e. 20 below K. 0. D. S. or 30 feet be~ow lowest water 
level). DrAdging was also done from C. 8. 8A to 8-a d1stance of about 
1/3 mile. 

Fi~. 26fii-Iv Figure 26/II-iv shows the lines of flow after 10 tides. Island A was not 
in action. Island B was in good action and showed appreciable movement on 
the shoal on the right bank. The ripples were then removed and 10 more tides 
were run. The movement was again observed on the shoal. The ripples were 
again removed and the procedure was repeated for the third tim~. This experi
ment showed the possibility of the development of a channel on the existing 
shoal. 

Fig 27/II-iv Figure 27 /II-iv shows the lines of flow after 30 tides. The surface flow 
was drawn towards the right bank. 

Results of experiment 9 appear to give most promisin~ results so far, 
except that the iRland A to be really effective should be moved towards the right 
b~nk! and to keep down the cost of construction, it may be a submerged island, 
With Jts top_ 10 feet below L. W. L. so as not to interfere with shipping, provided 
submerged 1slands are found equally effective in tests proposed to be made. 

The same e~periment will have to be carried out in the large, part model 
(1/150 : 1/80); I~lan~· A, cannot, however, be constructed due to insufficient 
upstream len~th 1~ th1s model ; so lines of flow and velocity distribution, say at 
9· ~- 7A obtamed_n~ th~ 1/300 model will be simulated in the 1/150 model and 
Jt will be seen by IDJectmg fine material whether silting will occur in the bight 
of the knuckle>. 

Further positions and behavior of islands are also under Investigation. 

II-iv-2. 
PROTECTING THE FoRESHORE OF THE ANGLO INDrA JUTE MrLL 

ON THE HooGHLY RrvER (BENGAL) 

Introduction 

Fig. 28/II-lv. Figure 28/II-iv shows the plan of th H hl f · f 
Bansbaria to Konnagar Th' fi e oog Y rom 6 m1les upstream ? 
Jubilee Brido-e the river·J·s f· -11s gtur~ chlealy shows that upstream of the Victoria 

" aJr y s raJg t· wherea a t f ' b ·aae the river is meandering into sbar ' . s owns ream o tne n."' • 
due to human interference wl curves. Th1s ~as been found to be mamly 
protruding jetties at numero -

1
h theb natural nver movements. There are 

. us P aces elonging to the various fac-tories on both 
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banks of the river and several brick kilns erected at m1mv places· tlltl ..,,,nernl 
d b . t . J ' ... ten_ ~~cy emg o eucroacn upon the riwr as much as pos~iblc to have maximum 

fa01ht~es of watPr front~ge etc. All these rigid encroachments net ns groyncs 
and p1tched ba~ks, whJCh attract the flow and upset the How conditions; in 
places such as JUst below the Titaghar Mills, the di~tortion caused by t'XCPssive 
contraction is substantial. 

The river is practically held on both banks - espt,cil~lly on the outsidtl of 
curves - where stone revetments have been constructed for bank protection. 
During the inspection in May 194:j by the then Director, Rn.o ll1thndur Jo"lt'lmr 
with Mr. Kilford, River Surveyor, and :Messrs. Gbotankar and hlult~lmr (m~mlwr~ 
of the Poona Staff), the following observations regarding erosion of b1mk on out
side of curves were made: (Banks where erosion wns tnkina place are shown in 
hatched lines in Figure 28/II-iv). 

0 

l'iN. ~o<flHv. 
(1) Along the left bank upstream and downstream of Punlmtti. 
(2) Left bank near the Titaghar Jute l\Ii!l. Tho downstrm111 end of 

the drain upstream of the second jetty had collapsed. ''The Sea Wnll" 
of the Mill was badly unqercut in several places. 

(3) Very severe erosion was taking place along the right b1mk at 
Ballampur and Chatra, that at Chatra being the most severe, 'o'lhl're in runny 
cases the" Sea ·wall", walls of buildings and ghttts were found severely 
damaged. 

(4) Severe erosion along the ~eft bank between Palt1~ Waterworks and 
Nawabgunj. 

(5) Erosion near Dunbar Cotton Mrll. 
(6) Erosion along the right bank between Gondttlpnm and Chantlra

nagore. New embayment had formed along the right bank opposite Anglo 
India Jute Mills. 

(7) Erosion along the right bank upstream and downstream of the 
Victoria Jubilee Bridge. 

Three cases for protection against severe threats were referred to the Station 
by the following authorities:-

(1) Anglo India Jute Mills, 
(:2) Dunbar Cotton Mills, 

and (3) Titaghar Jute Mills. 

Of these, experiments for the Dunbar Cotton Mill have been completed nud 
described in the 1944Annual Report (Tech.). Those in connection with tho Tita
crhar Jute Mill are in progress. An inspection at the site showed that tho trouble 
fn the case of the Anglo India Jute Mills was purely of a local nature and that 
the river conditions upstream and downstream were not at all sovertl and could 
not have led to the collapse of the foreshore by 12 feet on 21-2-1912. The 
collapse of the bank on 3rd and 4th March 1944 was very severe, being moro 
than that which occurred on 21st February 1942. Both these occurred about 
the first of neap tides and the previous springs had been "Apogee " spring~ and 
consequently had small range without any bore or even strong ruHb of tide. 
Mr. Kilford suggested that the trouble might have been due to the high subsoil 
water level. Subsequently, pits were taken at various places in and around the 
mill area and water levels were observed at frequent intervals. The data of 
water levels in the pits were analysed and it was found that the subsoil water 
level wa8 26 feet above the local zero, the local zero itself being 4'5 feet above 
K. 0. D. S. (Kidderpore Old Dock Sill). The least water level determined from 
simultaneous tidal curves observed on 25th March 1940 was 1'-!J'' above local 
zero. ~I:his gave the maximum head due .to ?ubsoil _wat~r equal to 24'-3" and 
a saturation gradient of a~o~t 1 : 4.. D~nn~ mspect10n, 1~ was found that t.he 
floor of one of the mill bmldnigs whrch IS qmte near the rtver bank had subsrd
ed in.many places. It was also noted that the foreshore was made up of ashes, 
clinkers etc. These also contributed to the collapse of the foreshore as particles 
of these~ materials offered -very little frictional resistance and were thus un-
stable. Figure 29/II-iv shows the foreshore of An_glo India Jute Mill and the Fig. 29/ll-lv. 

line of collapse. Figure 30/II-iv shows cross sectwns. Fif!.IIOfii-Iv. 
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Recommendations 

The existing material, namely, ashes, clinkers, etc:, should be. re~ove~ a.s 
far as possible to a depth of 2 t_o 3 feet an~ n~w banks I_n sand slopmg m 1 If!- 3 
should be made as shown in Figure :30/II-Iv m red. Thi~ should be covered wrth 
2' thick" one man stone" (weighing 70 to 90 !bs)._ Thrs should be followed _by 
sloping stone apron 4' thick near the toe, wh!ch Will :protect the_ lower p~rtwn 
of the bank and will also lower the saturatiOn gradient by su_Itable dramage 
material at the toe. This apr9n will, of course, have to be ?e l~Id at the lowe3t 
W. L. It is also recommended that below the bottom of 2 thick stone, the~e 
should be a six inch layer of graded stortes as in a water :filter, so t~at there JS 

no danger of sand filling up the intE:rstices of s!one and obstructmg the fr~e 
drainage. It will also bfl noted that the stone p1tched bank proposed above IS 
designed so as not to interfere with Navigation. 

II. RIVER BEH.A. VIOUR AND CONTROL 

(V) F~oon CoNTROL 

IJ-v-1. REDISTRIBUTION OF SAND LOAD BETWEEN THE MAHANADI AND 
. lUTJURI SYSTEM AT ·CUT TACK (ORISSA) 

1. Introduction 

About 12 miles above Cuttack, the :Mahanadi with its peak flood of 15 lakhs 
Fig, Ifii·•· cusecs passes through the gorge at Goil Bank to flow through a wide stretch, 

upstream of the second gorge at Naraj about 5 miles above Cuttack. Below 
the Naraj gorge it bifureates into the Katjuri, the Mahanadi flowing northwards 
for about a couple of miles and then turning eastwards to flow along the North 
bank of Cuttack. The Mahanadi further bifurcates into the Birupa river just 
upstream of the Mahanadi Anicut At J obra. The Katjuri, after taking off from 
the l\Iahanadi at the Naraj weir, is separated from the Mahanadi by a dividing 
embankment about 2 miles long. At Naraj, 56 per cent (8·4Iakhs cusecs at peak 
flood) of the high river discharges flows down the Katjuri. On its left bank, the 
Katjuri spills 4·67 per cent of the flood (70,000 cusecs at peak flood) into the 
Mahanadi, through the Birnasi gap between the dividing embankment and the 
Cuttack town; whereas on the right bank, it spills 6·67 per cent ( == 1·0 lakh 
cusecs at peak) of the flood, which finds its way, mainly back to the Kuakhai 
river above the Kuakhai Railway· Bridge. Downstream of the Banki Road 
spill, th~ Katjuri bifurcates into the Kuakhai, Surua and and Katjuri loop; 

2. The Model 

The model reproduced a reach of the river from Go:! Bank down to 2 miles 
bel?w the Jobra Weir on the North of Cuttack and 2 miles below tho Katjuri 
Rail way Bndge on the Sou~h. of Cutt~~;ck. In this year's experiments, the length 
of the reach of the Kuakhai nver was Increased from 2 miles to 5 miles below its 
head. The 5·5 miles long reach, between the gorges at Goil Bank and N araj 
served as an entry length for the model and was found to be adequate. ' 

The scale ratios of the model were:-
Discharge scale ratio 
Length scale ratio 
Vertical scale ratio 
V.E. 
B. S. E. = S. E. 

1/160,000 
1/400 
1/66 
6'06 
5 

. Though from the po.in~ of view _of ease in operating the model and inter-
pretmg water levels etc. It IS convement to have V. E.= S. E.= B S E t 
h b b d t th. St t. ·t . . . ., ye as 

as een o serve a. IS a IOn, 1 I.s very_rarely that. this condition is obtained 
and almost all the r1ver models at this Station are in effect "tilt d " d •t · 
only by_ ?hance, when the bed ma~e~ial availabie for the models is .i~st rig~~ to 

1 i~! 
the desued slope for the charge IDJected, that we get V. E. = s E _ B ! E 
It may be argued that by manipulatino- charge we can get . a· :- a· 1. . · h' · b · <> • any esrre s ope 
w1t 1n a range; ut, m that case, the Width of the channel becomes either too 
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small or two large depen~i~g on whether the chn.rg<> is lt,<s or moro tl11tu tho 
correct o_ne. Moreover, It Is onl.Y at one stage of designed diseharge that ono 
can obtam V. E. = S. E. = B. S. E. 

In the present case, the scale ratios noted above were found to give satis
factory conditions. 

3. Experiments 

The experiments reported in the Annual Report (Tt'ch.) HJ4;3 wrro muiuly 
done to find out the afflux caused by shutting of the Banki Road nnd BiruaRi 
spills either singly or both together. It hnd bet'n, however, obsPrVt'd thnt shut
ting of the spills would cause excessive afflux in the Kntjnri system whieh 
could be set right by reducing its discharge at the Naraj weir. ' 

· It was, however, argued that it may be too dmstic a Rtep to shut oli tho 
spills completely, because, being high level spills, they carry relatively sand-free 
water whiCh eventually goes to make the mix in the Mtthanadi and Ku!lkhtd 
leaner than it would otherwise be. Further, by reducing the discharge of tho 
Katjuri system, the changed discharge conditions may canso a curvature of flow 
which may be more adverse to the Kuakhai than at present, thus mukiug it 
deteriorate rapidly. Moreover, closing Banki Road Rpill completely WttR 
objectionable, because occasional flooding in the Puri District, into which tho 
Kuakhai spills, was considered a desirable feature. 

A series of qualitative experiments were, therefore, carried out to find tho 
effect on distribution of sand load due to the varic>us modifications. 

They were:-

SERIES I 

With unreduced length of the Naraj Weir 

Experiment 1 : 
Experiment 2 : 

Experiment 3 : 

Experiment 4: 

Experiment 5: 

Experiment 6: 

Experiment 7 : 

With existing conditions. 
With Birnasi gap full open and Banki Road spill discharge 

reduced to 50,000 cusecs. 
With Birnasi gap full open and Banki Road spill discharge 

reduced to 33,000 .cusecs. 
With Birnasi gap closed by an embankment ending in n. 

spur111 and Banki spill full open. 
Same as Experiment 4, but Banki Spill di~charge reduced 

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

to 33,000 cusecs. 
With both Birnasi and Banki spills closed completely. 

SERIES II 

With length of Naraj Weir reduced so as to cause no afflux i~ 
tlze Katjuri system at peak flood of 15 laklts cusecs above Nara; 

Experiment 1: With Birnasi gap open and Banki Road spill discharge 
reduced to 50,000 cusecs. 

Experiment 2: With Birnasi gap open ·and Banki Road spill discharge 
reduced to 33,000 cusecs. 

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

Experiment 4: With Birnasi gap closed and Banki Road _spill discharge 
reduced to 33,000 cusecs. 

3. Procedure 

In each experiment the model bed was moulded according to the survey of 
1943 and flood cycles, rising from 6 Iakhs ousecs to 15 Jakhs cusecs and falling 

--1.-indi&n Waterways Experiment Station. Annual Report (Tech.) 19'6· 

s 4!-12 
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back to 6 lakhs cusecs again, were run till the quantity of be_d sand collected in 
the sand traps at the downstream end of each branch. remamed the sawe ~or 
two consecutive cycles. Due to the very short _duratiOn of model flood d_Is
charges it was not possible to measure the quantity of sand at each successive 
stage of the flood. It was, however, considered that ~easonably c?rrect results 
could be obtained by measuring the sand accumulated m the sand pits at the end 
of the final flood cycles. 

4. Discussion of Results 

Fi~iii\~and (i) Figures 2, 3 and 4/II-v show the water levels observe~ i~ ~he model ~t 
the Kazipatalla, Collectorate and Bellevue gauges of the KatJUri Ill the experi
ments of Series I. 

It will be seen that with Birnasi spill shut off completely and the Banki 
Road spill discharge reduced to 50,000 cusecs, the affiux at the Kazipatna gauge 
was 4·4 feet; whereas that at the Collectorate g-auge was 4"2 feet and that at the 
Bellevue gauge was 3"6 feet. With only the Banki spill discharge reduced to 
50,000, the affiux was 2 feet which increased to 3 feet when the Banki spill dis
charge was further reduced to 33,000 cusecs. 

Considering the present conditions with the peak flood levels, this high 
order of affiux would be undesirable. 

In Series II, when the waterw'ly of the Naraj Weir was reduced to counter
act the affiux in the Katjuri system, the gauges on the upetream side of the 
the Naraj Weir and at Jobra recorded higher levels than under existing 
conditions. 

(ii) Increase in the a:fflu.z at the Jobra gauge of the Mahanadi .Anicut. 

Fig. O/Il·• Figure 5fil. v_ shows the velocities observed in the model, with peak 
flood along a sectiOn parallel to and ==200 ft. upstream of the N araj 
weir: Computing f!om _th~s the disch~rge that flowed through the reduced 
portwn ?f the NaraJ. we~r, I.e. 35 %<11 _with bo~h spills completely closed, 24·8 % 
m experiment 3 (Senesii), and 15·5% m Expenment 1 (Series II) the additional 
discharge passed down the Mahanadi on reducing the weir length would be-

I·421akhs cusecs with 35% reduction of Naraj weir waterway. 
0·985 do. 24·8 do. do. 

Fig. 6/II-v 0·523 do. 15·5 do. do . 

. In the expe~iments 1 and 3 ?f series II, therefore, the discharge of the Maha
Table 11 II v nad1 below N araJ and below the Birnasi gap was as shown in table 1/II -v below:-

TABLE 1/II-v 
_Showing the discharges of the l\f ahanadi below N araj and below Birnasi 

gap m lakhs of cusecs. 

I I Total a~ove ~~:ti!~ :t Mahana.di . . · M:~ha;D-a.d~ I Nar•J. Naraj weir I below Naraj.jllirnasl gap./ below Btrn..st 
I gap. 

According to Rhind (existing 15"00 Nil. 6"58 C·64 7•22 conditions). 

Series II, Expt, l, Birnasi g-ap 15•00 0·523 7•103 0·64 7•743 open, Banki Road spill Q = 
50,000 cusecs and Naraj 
Weir length reduced by 
15·5 per cent. 

Series II, Ex pt. 3, Birnasi gap 15·00 0·985 7"565 Nil. 7"565 closed, B>Lnki Road spill 
Q=50,000 cs. Naraj weir 
length reduced by 24·8 per 
cent. 

(1) Indian Wnterways Expt. Station Annual Re r po t (Tech.) 1945. 
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PART II .J7 

. A~sumi.ng tha.t the M~hrtnadi and the Bm1pa shl\re the dischnr~t\ bt•lll\V tho 
~Jrnasi gap 1.n the same rR.tw as under existing conditions, vi.-.. G·I h khs <'ll"l't'S 

m Jl.~a!mnadt a~d 1·12lakhs cusecs in Berupa, then tho dischurgt• of tho l\luhl\· 
nadJ In Experiment 1 of Series II:::6·6::Jlakhs cusecs nod in Expt•riml'nt 3 of 
Series II= 6·46 lakhs cusecs. 

Under existing conditions the averarre coeflicieut of the Muhunndi nniont 
works out to 2·35 as shown below :-

0 

Length of weir =6373·5 ft. 
Maximum W. L. =75·0. 
Sill R. L. =64·27. 
h. or head due to velocity of npproach= (7·.Jj5o)•= 1·10 ft. 
D=D,+h.=10·73+1"10=11'83 ft. 
Q over weir=6·IO lakhs cusecs. 

6·1 x 1o• 
'', C 6373·5 X (11'83) 1'6= 2'35· 

_Hence, to pass 6·62 and 6·56lakhs co sees, the bend rrquired will hP l ~Hfl ft. 
and 12·30 ft. respectively. Thus, the afllux in experiment 1, wonlll !JlJ 12··1!) 
-11·83=0·66 ft. and in experiment 3 it would be 12'30-11·1:!3=0·47 ft. 

As, however, the weir is short-crested and is in a drowned condition, the 
actual '0' will be less than 2·35 and the calculated atllux fig-ures wonld be 
slightly higher. The affiux observed in the model wns, howev<•r, O·fJ.Ii'i ft. in 
experiment 1 of Series II and 0·806 ft. in experiment 3 of Series II. Both tho 
figures were higher than their computed values, which was due to sculo 
effect. 

The affiux in the prototype is, therefore, likely to be about 0·7G ft. 1L11d 

0·50 ft. under conditions of experiments 1 and 3 respectively. 
A test was also made with the .proposed road bridge, 1!2 mile below, 

parallel and similar to the existing Kat juri Railway bridge, to see if nny iucronse 
in the affinx is caused by it. The model did not show any increase in tho 
affiux. 

(iii) Ajjlttx at the N araj ttpstream gattge 

When the length of the Naraj weir was reduced in various experimentH, 
there was a rise in the water level at the upstream Naraj gduge as compared 
with the existing conditions as shown in table 2/II-v. Tab:o•Jtll-v 

TABLE 2/II-v 

(Showing the rise in water level at the Naraj upstream gauge, 
' at peak flood of 15 lakhs cusecs.) 

Rise ln wRter Jcvol. 
Experiment. No. Experiment. 

Reduction in No.ra.j 
--~-

Series III. weir waterway. 
Model. I Prolotypo. 

("'JDlvolenl riRc.) 

1 Birnasi gap open and Banki I 15'5% ·021 ft. I·as ft. 
Q=50,000 cs. 

2 Birnasi gap closed and Bank. 24•8% •029 ft. l·!JI ft,, . 
Q=50,000 cs. 

The model rise compares fairly with the calculated rise, thus:--
Under existing conditions, the conditions at the Naraj weir with .peak flood 

of 15 lakhs cusecs are as follows:
Q=8·40 Jakhs. 
B, i.e. length of weir=3,900 ft. 
Sill R. L. = 72·6 
W. L. with peak :flood=91·0 

. (10·5)i 
h. i.e. veloCity of approach= 50= 2·21 ft . 

. ·. D=D,+h.=(91-72·6)+2·21=20·61 ft . 

. ·. C=Q/BD'·•=2·30 
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When the Naraj waterway would be reduced by 24·8% or 15·5%, the dis
charge in the Katjuri would be reduced by ·98~ lakhs cusecs or ·:523 lakhs 
cusecs, respectively; with 0=2·30 the head reqmred to pass the remamder from 

Table ?fir •• the 8·4 lakhs cusecs will be as in table 3/II-v. 

TABLE 3/II. v 

Reduction in ~ater·l Q passing into the Katjuri.l D= ( Q_B.) 
2
/
3 

(ft.). 
way at NaroJ. ~-3 x 

Increase in affiux (ft.). 

Nil. 8·4 lakhs cs. 

7·877 " " 

7·415 " " 

20'lil 

22•10 

22·90 

1·49 

2 29 

The model rise was slightly less (see Table 2/II. (V). Model figures may, 
however, be taken as more correct, considering that the weir in the model was 
adjusted to get the relative position of standing wave downstream and the coeffi
cient of discharge the same as in the prototype; besideB, in the above calculations 
for the prototype, a straight approach is assumed, whereas there is a sharp 
curvature of flow upstream of the weir which the model simulates. 
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PART II 

Table 4/II-(v) showing the T<ltio of _tl•e sa.1el dratm by the Mal11111adi llfl<l its bmt~clus 
to the t1me-avcrage discharge 

- Total quont. 
ity of sand 

Mahanadi. Kntjuri loop. Surua. 
De~ails of experiments. 

collected in · \ \ ~ -
all branche~ IQ

8

Tt•r. ~'· ~ IQGT/1'·1 ~-- - -~- -~ ~---· 
-----1-----i---2---!------!------!---"-!---.'-~:__s. : I ~T(r ~;· ~ 
Series I-With unrestricted 

waterway of Naraj Weir. 

Experiment 1 with existin~ (a) H -000 
eonditions (b) ,, 
i e. Biranasi gap } at 
Q=64.000Bankspill "peak 
Q=1.00,o00fl?od. flood. 

Experiment 2 withBiranasi {a} 14·875 
gap full open. Banki Spill (b) 16-000 
Q=~.O,OOOcs. (at peak flood.) 

Experiment 3 with Biranas1 (a) 14·100 
gap full open, Banki Spill (b) 14-000 
Q=BS,OOOc•. (at peak flood.) 

Experiment 4 with Biranasi (a) 14 · 500 
gap Q nil. Banki spill (b) 14-000 
Q = 1,00,000 cs. (at peak 
dood). 

Experiment 5 with Birn.nas1 (a) 15-125 
gap Q nil. Banki spill (b) 14-000 
Q=50,000 ousecs (at peak 
dood). 

Experiment 6 with Biranasi (a) 16·000 
gap Q nil. Banki spill (b) 14-COO 
Q=33,000 cs. (at peak flood). 

Experiment 7 with Biranas· (a) 16-75 
gap Q nil. Ba~kispillQ=nil (b) 14-000 
(at, peak flood). 

B...Us II-With Naraj Weir 
Waterway reduced. 

1·390 

1-390 

1·400 

1·360 

1·370 

1-e8o 

1-390 

I - 1--
··~·"' •· :"' ,.~, " ':."I ' ~· . ·~ .. :·· " :" 

6-000 0-B20 0.7;5 S.2J O·oUGI 1-fiBA 4-l~~ 0-~10 0·610 

6-000 

5-s5n 0-7~U ... S-ifi61 o-775 ... 4-0IO 0·4'111 ... 

s.ooo 0-814. 0-772 I B-250 0-7n,! 1-~:JO s.6fl(l o .• ,.~ 0-610 
5-960 C-8081 ... 8-~:JOI 0-791· ... 8-470

1
1 0··:1~ ... 

6-000 O-B40jj 0-770 8-~00 o-sr.r,l!.o~n 4-000 o -ano o.~oo 
5·791> v·Bll .•• 8-8>01 0·8801 ... 8-H(;oj 0-·17:1 ..• 

6-000 0-83J o.soo 3·7'0 0-890 1·020 4-2r.o 0·4!1R o-,~A 
5-550 o-7~s ... s-470 o-b~B ... s-mJO 0·<60 ... 

6-0tJO 0-826 0-820 
5-250 0-722 ... 

6-250 0-855 0-830 
6-220 0-71• ... 

4 .ooo 0-9301 1-630 
S-b!JOI 0·~141 ... 

4·500 r-oso11-G50 
8·760 0·861 I ••• 

4·600 0·62r, 0·6H 
8·9·10 O·t6U .•• 

·l-37.~ o.r,on O·G60 
8·6GO 0·423 ..• 

Experiment 1 with Biranas; (a) 15-000 1·600 7-000 0-880 0-750 s.ooo 0-760 1·420 
"P fullopen. Banki •pill (b) 14-000 ... 6-650 0-8~5 ... 2-800 0·710 ... 

4-000 0-63~ 0-4G0 
8·720 O·<if.l\1 

Q=50,000 cs. at peak flood. 
Naraj waterway reduced by 
15-5 per cent. 

Experiment 2 with Biranasi 
gap full open ; Banki ~pill 
Q=33,000 cs. at peak flood 
and Naraj weir waterway 
reduced by 16·85 per cent. 

Experiment S with Birana~i 
gap closed, Banki spill 
Q = 60,000 cs. N a raj wei 1 

waterway reduced by 24 .s 
per cent. 

E1:periment 4 with Bira.nasi 
gap closed, Banki spill 
Q=33,000 cs., Naraj weir 
waterway reduced by 28 · 5 
per cent. 

(a) 16·750 
(b) 14·000 

(a) 14-50 
(b) 14-000 

(a) 17 ·25 
(b) 14-000 

1·580 

1-540 

1-600 

7-500 0-900 0-770 3-2.50 0-AOI, 1-320 
6-260 0-752 ... ~-7~0 0·6701 ... 

a.ooo o.Hn" 0·470 
2-UOO 0·87D ... 

I 
4-600 O-lln71 0·440 a.t::. 0·4'J:i ... 

s.ooo! o-77G11-4GO 
2-9001 0·749; ... 

7-500 0-92> 0-786 
7. 240 0-893 .•. 

s.c 00 0-950 0-720 
6-500 0-771 ... 

I I : , I 

Notes :-(1) '(a)' figures denote the quantity of sand and the ratios as observed in the mndr:l. 

I 

Q •. I 
IS 

X 

1·000 0-:170 

1-000 0-:17:1 
0·117·1 O·M6'1 

1-1160 0-00:1 
1·:1·10 0·4\IS 

1-000 0-37:1 
·900 OoiJtiO 

t ~~~ 
l·OlO 

l·MtO O.f'i!H 
10:110 O·dfJH 

1-fl~r. 0-~00 
l·ltCIH O.<itiK 

1-000 0-42"1 
.ua.J O·!l\1·\ 

l.t)()Q Q.(jRfl 

t·~ur.. o .• tJb 

1·000 0·401"1 
O·l'fi'-' o.aut 

1·260 0-W> 
1·010 0-4ar, 

, (b)' figures denote the quantity of sand and the ratios after correction to make total sand 
collected equal to sand injected. 

SU-13 

(2) Q =discharge in cosecs; Q5 =quantity of sand collected in eft.; 1'=timc m minutuH; 
X=charge in parts per 1000 (by weight)= Hatio of Q~ to "i.Q'l'/1', whcrfl "i_QT/'1' 
is the weighted mean discharge with respect to time, computed by taking the suru 
of the products of each stage discharge >IOd its time of duration and dividing by the 
tot»! time of the flood cycle. 

(5) Col. 5 = 0·19 x col. 4/col. 3. 
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(iv) Distribution of sand load in the various branches: 

Tuble4JII-v. Table 4/II-v.showsthequantityofsaJ?-d collec~ed in the ?ownstream sa~d 
it of each branch, the "time average" drscharge, 1. e. t~e werg~ted mean drs

~harge weighted in respect of time, and t~e san~ charge m ~he di Eferent branches 
relative to the time average discharge m variOus e~~enments, both_ (~) as 
observed and (b) as corrected for final completed stabrhty when the InJect~d 
charge equals that collected downstream. Thus,_ the fig~res denoted by (a) m 
table 4/II-v are the quantities actually callected m the ~nts and th~ correspon_d
ing sand to weighted-mean-discharge ratios in the variOus e_xperrment~: while 
those denoted by (b) are corrected values to enable a ~a~r companson by 
making the total sand collected equal_ to t~e tot~l. sand m~e~ted In a~l the 
branches (14 eft.) as in Expt. 1 of Serr~s I_ (r.e. exrstmg ?ondrtwns). Obvrously, 
these corrections become less and less JUStifiable as the difference between the 
aggregate sand collected and injected becomes larger. 

Experiments 1 2 and 3 of Series I done earlier during the year of report, 
were repeated so as' to form a complete comparative series. This_ was. found 
necessary because due to constant running of the model, fine partwles m the 
bed sand had b~en washed away and the model sand, which bad originally 

Fig. 7/II-v. its mean diameter of 0·314 mm. now gave m =0·389, with consequent observed 
increase in slope exaggeration hom 5·00 to 5·44 and reduction in observed verti
cal exaggeration from 6·06 to 5'13. 

Analysing the corre~ted figures, i.e. (b) .o.f table 4/II-v, it will be se~n that 
in experiments 1 to 3, Serres I, the Mahanadr Improved, as compared' wr~h the 
existing conditions, as the Banki spill discharge was reduced. This was appa
rently because of the Birnasi gap passing increased quantities of the surface, 
sand-free water, thus making a leaner mix in the Mahanadi consequent upon the 
rise in the Katjuri levels due to the :Banki Road spill being curtailed. 

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

In experiment 7, with Birnasi gap closed by means of an embankment 
ending in a spur!ll, the effect as regards relative sand load in the Katjuri loop 
was bad, whereas that in the Kuakhai became even worse than in Katjuri loop 
when Banki spill discharge was reduced to 33,000 cusecs. The Surua, h,owever, 
drew 7·84 per cent less relative sand charge. 

The Mahanadi showed progressive improvement in these experiments, even 
thoul;lh its share of the relatively sand-free Birnasi gap spill discharge was cut off. 
This ~ay probably ha~e been due to the a:ffiux in the Katjuri system, which in 
~xperrment ~ w~s as hrgh as ~i _ft. at Cuttack, diverting bigger sand quantities 
mto the KatJurr system. Thrs IS also clear from the fact that the total quantity 
of sand drawn by the Katjuri system in experiment 4 was 8·5 eft. as observed 
(and 8·25 eft. as corrected) which gradually increased to 10·5 eft. as observed 
(and 8·78 eft. as corrected) in experiment 7. 

In experiments 1 to 7 of Series I, a general feature observed is that the 
Banki Ro!ld spill discharge need not be reduced to more than 50 000 cusecs to 
maintain existing sand charge conditions in the Kuakhai · ana' also that on 
account of large discharges passed down, the Katjuri lo~p below the s'urua 
head was the main "sand-drawing" offtake. 

. In Series II, the discha~ge ~f the Katjuri system was reduced by contract
mg the wa_terway o~ theN araJ ~err from its upstream right end; so as to coun
teract the mcre~se m a:ffiux ~hrch woul~ othe~wise be caused in the Katjuri 
system by shuttmg off the spills. The rmmedrate effect of this was to divert a 
greater portion of the bed water into the Mahanadi than it draws under existing 

Fig. SJ!I-v. conditions. -

. Comp~ring correct.ed rela~ive . sand charges of experiment 1 (Series II) 
wrth expenment 1 (Serres I), rt wrll be seen that whereas in expt." 1 (Series II), 
the Mahana?i and the Surua sand charge was almost the same, the Katjuri 
loop drew slightly less and the Kuakhai 6·45 per cent more. 

(1) Indian Waterways Expt. Stn. Annual Rep>rt (Teoh. ), 19,5, 
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PART II iil 

In experiment 3 (Series II) th 'I h a· t k 
d h . , e '"' a ann 1 oo · 8·!) per t'Pnt more rt•latin' 

san c arge as compared wtth experiment 1 (8 · I) Tl. 
the shutting off of th M h · enes · 11s wa~ partly dut' to 
t th a· . f the b a a:md! share of the clehr Birnnsi "RP wnter and pnrtlv 
o e tivertsion o e ed water into the Mnhana.di due to ~hnttin" tll' t'·,, ·~·I·H 

per cen wa erway of th N · · I · " ' u w ~ . d d"t" . e araJ wmr. u the Katjuri river system tho Snrutl 
Imp~oie i son. I liOns Ill the Katjuri loop were almost the RIIIUO 1\~ in l'XlH'l'i· 
mhen ° enes 'and the Kuakhai drew, reln.tiwly 5·7 l>er cent moro. s11ud 
c arge. ' 

t th Rlsults ~-:oth experiments 2 and 4 appear to be anomalous, probably dut• 
o e. _arge I erences b~t'Yeen the a~gregate collt•ctcd a.ud injPetml saud 

quant_Ities. The anomaly IS m resp_ect ?f Mahanadi whir.h improved in both 
expenments, wher~as the ~urua whiCh ·~ none of the expt>rimonts drew higgt'r 
sand ?harge than m experiment 1, Sones I, did so in experiment 2. 'l'ht•so 
experiments need repetition. 

(v) Effect of reducing the Naraj weir length:-

Figures 9 and 10/II-v show the lines of flow with (i lakhll cuHl'CB Jlood in ~~~· u •ml 
the experiment with_Birnfi:si ~ap ope17 a17d Banki spill disclmrge reduced to JUJII.v 

50,000 cusecs, (a) with ex1stmg NaraJ we1r waterway, and (b) with Namj woir 
waterway reduced by 15·5 per cent. 

It will be seen that the surface lines entered the Katjuri at a more ubliquo 
angle acrosE the weir to follow the left bank and the bed lines tencled to follow 
the right bank, when the Naraj weir waterway was reduced. At KJL:drmt,ma, 
the surface flow was towards Cuttack side, i. e. left bank, whcrea~ the bed How 
Vias towards the Kazipatana side, i.e. right bank. 

The effect of reducing the Naraj weir length on the Katjuri system WtlH to 
increase surface flow to the left bank and bed flow to the right bank. 

Except at the peak flood, the river levels in the Katjuri syHtc•rn will be 
lower than under existing conditions, thereby giving a longer period for tho 
river to flow within its banks and scour awtLY the excess sand alreJ1dy 
accumulated. 

On the Mahanadi side there ciid not appear to be any marked change in the 
conditions except that there was more bed flow in it due to its diveraion cn.usod 
bythereduction of Naraj weir length. 

(vi) Conclusions: 

(i) The experiments carried out were with unrestricted flow of sand and 
water from the catchment of the river down to the sea. When the prc>poHed 
dams and barrages across the river are conetruded they will alter tho su.nd lottd 
and discharge of the Mahanadi system and by themselves may modify conditions 
at Cuttack to an unpredictable degree, and may necessitate further expnri
mentat-ion in the light of the altered conditions. The conclm;ions given below 
apply ~o the existing 90ndii.ions of distribution of sand and water; but may he 
made useful, with due modifications in light of the ~<ltered conditions, if the 
distributions are not significantly~ected. 

(ii) An analysis of table 4/II-v. would appear ~o sh?w e_xperiment 1 of 'Mlo 4/ll·•· 

Series II-with Naraj waterway reduced by 15·5 per cent, B1rnasJ gap fully open 
and the Banki Road spill discharge reduced ~own to 50,000 cuaecs-us rnoHt 
promising. In this case, however, the benefimal effect of the embankment end-
ing in a spur, in coercing a deep lo:w ~ate~ channel towards ~he south_ of Cut tack 
will be absent. but conditions of dJstrJbutJOn of sand relative to discharge of 
water in the Mahanadi would remain more or less as they are at present; while 
those in the Katjuri system. will i_mprove. The improvement is likely to he 
better and quicker than indiCate~ m the wodel; because, whereaH,_ the effect of 
passing more clear water was to mcrease the _bed sand ~ovement Ill the_ model, 
in the river where much of the sand goes m suspenswn the effect Will be to 
make a lean'er mix at the bed, thereby reducing sand entry into the offtake. 
The area covered by the Birnasi spill cannot, under this proposal, be re~laimed 
for the possible extension of Cuttack. 
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· ·r should be fust restricted and if time does 
If it is adopted, th~ ~rai we

1
.11 may be closed partially in the following 

not permit it, the ~anki ~ sp~l conditions in the Katjuri system. 
year, without causmg ~ny a n~rm f increasing the carrying capacity of the 

(iii) From the_ pomt of vie~ 0 el towards the Collectorate gauge on the 
Katjuri and coer~mg a

1
/eep c ab~tter to shut off the Birnasi spill by the 

south of Cuttack, It wou appear 'de ex eriments Series II-but this is 
embankment ending itnh a Msp:r-~; itself !s it will then get a richer sand lllix. 
apparently harmful to e a ana . 
(see table 4/II-v). d th N · · 
· · 1 · d ted it would be necessary to re uce . e araJ Weir 

If this proposa IS ~ opd lso simultaneously to shut off the Birnasi spill. 
waterway ~y ~51 pelr cehn atn b a closed but this can be done next season if there 
The Bank! spil a so aH o e ' . h 
is not sufficient time to do all the three works Ill t ~ same_fiyeatr." f ( .. :> b 

(iv) The 0 timum solution would probably be a modi ca wn o · m, a ove, 
· to allow a c~rtain portion of the surface ·water. of the peak ~ood froiD: the 
IK.e.t. · · t thA Mahanadi by providing adequate high-level openmgs (slmces) 

a JUri m o ~ . · · h If I d d N · · 
in the embankment, say by keepmg Birnasi gap a h? ose ani ~raJhWedir 

d. 1 d d by about 20 per cent. Te'sts for t IS proposa are m an . accor mg y re uce . 
(v) The reduction of bed sand entering the ~atjuri, be?ause of Its eventual 

I · 0 ld lead to retrorrression and straightenmg m the length where 
eaner mix w u "' t b h b the del due retroaression would occur. This, however, cam;w _e s own ';! n:o 
to inherent model limitations. Downstream of this there Will be mcr~~sed 
secondary meandering I'> in a limited lengt~. Generally, however, the conditiOns 
in the Katjuri systel? may be expected to Improve. · 

II. RIVER BEHAVIOUR AND CoNTROL, (vi) LocAL TRAINING 

II/vr-1. TRAINING THE LuNr RIVER AT RAILWAY BRIDGE No. 3 
oF THE SAMDARI-RANIWARA BRANCH oF THE JoDHPUR RAILWAY. 

EXPERIMENTS IN CONNECTION WITH THE-

(1) Introduction:-
Preliminary experiments were described in the last year's Annual R~port 

Fig. I/II-vi. ('l'eehnimtl) of the Station. The Luni riv~r debo_uches. from hills near AJm~r, 
and co!ltJcting water on the way from various tnbutanes, flows west~ards_ t1~l 
it reaches Gole, where it turns southwards, and flows roughly straight till It 
meets the Arabian Sea. 

'l'he average width and depth of the river near the Rail~ay bridge, i:U 
flood, are 3,800 ft. and 8 ft. respectively, and its slope is 1 in 1,500. The 
bridge is 1,295 ft. in length and has a clear waterway of 1,160 ft. with 29 piers; . 
while before tbe construction .of the bridge, in 1927, the river w.idth at the 
bridge site was 3,100 ft. Thus, the present clear waterway is only 0·374 times 
tbe normal width of the river, and is only 0·856 times the Lacey's minimmn 
stable width of waterway [based on the estimated maximum flood discharge of 
1944=261,000 cusecs, as explained in last year's Annual Report (Technical)]. 

When the bridge was constructed, the high bank line. was continuous up 
Fig. 2/II-vi. to A, shown in Fig. 2/II-vi; a concave guide bund was constructed from this 

point to the left abutment for prevention of flooding .of the low level area 
behind the bund. Since then the river has been gradually eroding this bank. 

In 1939, high floods occurred in the river, the maximum recorded water 
level at the bridge being R. L. 443·5. The guide bund breached at the head; 
and another breach occurred in the nilway bank. Before the floods of 1944, 
this was repaired and the head of the damaged bund was strengthened by 
building a T head. A new retired bund was also constructed for checking the 
tendency of developing new channels. 

During the flood of 1944-the maximum recorded sin~e 1917 -the water 
level rose to.447·2, i.e .. up to the_ underside of the end spans; the flow was 
obstructed m the Imddle rortJOn, where the R. L. of the underside of the 
girders was 446·08. Large breaches resulted in the guide bunds and a 612 ft. 

(1) India.o. Wa.r.et\Ya)B Experimon~ Station Annual Reporc. (Techuical, tor 19i2-43, page 51. 
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PART II 

length of the railway embankme_ut was severely di\IUII~t•tl. Jie,wy damngt• w11s 
also caused to the three end pters on the left bank, one of whieh oolltlp~•·d 
altogether. 

(2) Experiments : 

Pr~liminary expe~iments described in la~t )'Par's Annual H••port 
(Tec~mcal) were car~Ied out to reproduee the existing contlitions. 'l'hoso 
experiments were coutmued during the year to obtain optimum !low t'tlll<litit•IIS 
at the Railway bridge. 

The Serie~ of experiments ha_ve been sub-dividt•d into Parts I, II allll HI. 
Part III exp_enment~ were necessitated by a discrepancy in the origi111d Aurvny 
plan of the nver, '_"hiCh came. to notice only at about the end of tho expt•rinwnts 
m Part I, on receipt of the air photographs. The labom ovt•r tho expt•riml!nts 
was, however, not totally wasted since they provided information r••garding the 
inadequacy of artificial, pitched "attractive" islands in training l!t\shy rivorH 
like the Luni, though such islands are recommPnded by the Htation iu nndor 
more favourable circumst.ances. Experiments of Part I h1tve, tlll'rl'forA, bcon 
summarised below:-

Pad I: Experiments. 
(1) Preliminary experiment with existing conditions. 
(2) Waterway of the bridge ox tended by 2· 5' = 500'. 

1•'1~. 8(<1)/11· 
\'I, 

(3) Waterway ext.ended and with two ishtnds, side by side, poHitionod on I•'l~." (b)fll 
the existing natural shoals. ••· 

(4) Same as experiment 3, but with T headed groyne cut lmck by 2'"' ·.liJO', 

(5) Same as experiment 4, but with one, left, islA.IHl only. (G roy no cut 
back by 400'). 

(6) Same as expAriment 4, but with two islands in a linn. (Uroyne cntFig.:l("lJII.vl 
back by 400'). 

(7) Waterway exteaded, head of groyne cnt b11.ck ancl with iHhtnd helow Flg."Ji•IJfll-•· 
the bridge. 

(8) Waterway extended, head of groyne llUt ba.c.k and with IL Ktmight guirlo I•'lg.JJ(u)lll·vl 
bank on left side. 

(3) Analyses of the expeTiments-
The object of all the experiments was to reduce the n.fllux and to centralil'le 

and distribute the iiow evenly in all tho spans, thns avoicling eouccmtmtion 
and consequential local scour at the Jlanks. 

'l'he conditions obtained in the various expcrimentH are hriully sd 011 

below (Scales, 1/1:100 : 1/40; V. E. =5) :-
Results ot the Experiment No. (1) have IJI'eu given in the Annn::l Hcport 

(Tech.) 1945. 

Experiment No.2-
. With increased waterway, the maximum veloeity thr.;ugh tho hridgu ''i•: ·11,.)/Jf.vl 
dropped from 8 ft./sec. to 6·5 ft./sec. Coneentration a.t tho llanks still, howuver, 
persisted; but the bed did not scour an}where to a level lwlow the pw~l'nt 
foundations ; the deepest scour-R. L. 41:lt·40-occurred at tho ldt alJIItiJJeut 
due to sharply curved iiow there. 

The affiux for the maximum discharge of :.l50,000 cs. was "lfH ft· ~ ~·;)fi ft. 
Eddies and return tlow formed at the T he.Hl of the groyne and in the urea 

between the left abutment and the guide bnnd. .\o appreciable sconr Wll.H, 

'however, noticed along the guide bank except at the'£ head, as in expc:rilllent 

no. 1. 

Experiments Nos. 3 to 7-
It was expected that an ·island or islands, suitably positionr~d, would 

attract the flow and control its distribution through the bridge. Varioul! 
positions of islands ·over~, therefore, tried in expr:rimr:nt~ nos. a to 7 :..____It was, 

(lJ 1. W. E. S. ~onual J."«:poct. toe l~H, (1'. U7). 

s 41-14 
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however, observed that islands cannot be fuD:y effective _in .t flashy ri_ver, such 
as the Luni, because of the very short duratwn of the h1gh floods whiCh cannot 
lJring the islands into full action. 

Experiment No.3-
Two islands were built on the existing natural s~~als, about 3!000 ft. 

upstream of the bridge. These improved the flow_ e?nd1twns. at the b~1dge by 
sliahtly red1icin" the side concentration and by sh1ftmg the h1gh veloCity flow 
a little towards the centre spans. There wa_s also a tendency to forr_n a shoal 
in the centre; this tendency will be greater m the probtype as accretiOn occurs 
relatively more slowly in the model. 

At the section across the islands, the right channel deteriorated, while the 
left one developed and carried about half the total discharge. 

The islands had practically no effect on the return flow and scour at the 
T-head of the groyne. 

Expe1·iment No.4-
The T-headed groyne was cut bacil: by 2'=400'. This checked the develop

ment of the left channel and the main flow was "captured" in between the 
artificial islands at the section across the islands. 

Fig.4(blfii-vi A big shoal, however, formed balow the left island which extended up to. 
and beyond the bridge. 

Expe1·iment No.5-
The effect of one island-the more central left island-was examined in 

this experiment with a view to divide the river stream into two channels on 
either side of it, and prevent a central slack channel leading to shoaling. With 
the T-headed groyne cut back, the uttracting effect of the rocky, right bank· 
pulling the river towards the right side would also be ,counteracted by an island, 
set slightly towa.rdH the left; this was another reason for positioning the 
island slightly on the left side. 

The island over th'l left shoal successfully attracted ~he-Iiuw and kept it 
cr,utral till section 6-1,550ft. upstream-below whic;C.-1n'us effect was, however, 

Fig. 4(c)/ll-viDot perceptible. A shoal similar to that in the _ _prevlous experiment, but smaller 
in extent, was formed at the bridge. This--appeared to show, as in the previous 
experiments, that the island or):;lands were rather too far upstream to havt the 
desired effect at the bridge._.- Had an additional island been positioned near the 
6th section the conditi9DS' might have improved; but the cost of three islands would 
be prohibitive; ou/tlie other hand, a single island near the 6th seetion alone is 
not likely to <_;Nne into action, since th8 rocky right bank would then be the 
dominant ?.tb'racting feature. 
E:cpP,rin;ent No.6.-

. Two islands-one on the left shoal 3,500 ft. upstream and ~he other at cross
Fig.<(d)/II- .;section no. 6, 1,550 ft. upstream- were, therefore, built. Out of the experiments 

with islands, this gave slightly better results than the others. 
The high velocity flow continued along the centre line down to the lower island 

ancl then di_strib~1tecl itself at the bridge fairly uniformly, producing practically 
equal 'lielo01t!es JU all t~e span~-average surface v~locity b9ing about 1'0= 5ft.f 
sec. !he chschttrge dJ_stnbutw~ t~rough the bndge was, in general, better 
than m the other expenments wnh 1slands, although it was not entirely even 
clue to a small shoal formation in the centre. The scour at the left abutment 
was also less-up to R. L. 4:2:3·80-but concentration of discharae and scour in 
the left end span persisted. "' 
. . A shoal also formed below_ the bridge which, by elongating backwards may 
JOll1 th~ one a?ove, thus d~featmg_ the purpose of centralising the flow. As the 
mod~l 1~ rel~t1vely slower m shoalmg, the effects or efficacy of islands would be 
less 1~ tue r1yer t~an_ shown by tJ:e models ; and due allowance must be made 
for th1s fact m we1ghmg the relat1ve advantages of various measures . 
.Experiment no. 7.-

A comm?n phe~ome~on observed in all experiments with artificial islands 
was that an 1sland mvar1ably forms a deep channel at its nose and along its 
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flanks d1~e to its a.ttractin~ e.ffect; while, <lownstrt'lllll of tht• iRI:Int!, tlt•spitt• t.ho 
stre~ru- I!led.shapmg of ~he Island, tlwro is an Ullllli><takt•nbl,• kllllt•n•'Y lt>wnrds 
shoal-forma.tw?. Eve~ ~f due ttllow.mce is mndtJ ft>r the mo<ld limiLtti<>n of t.h,, 
scoured materu~ depos1~mg tlownstre<tm anti unt getting Wl\><ht•tl IIW:t\' Lt> tho 
same extent as m the rl\'Pr, thPre is still u dl'!iuitt• t,•!Hlellt'j' ft>I ~hn:d~ to ftlrlll 
dow!lstream ~f "attmcing'' ish~nds. Such shn•,ls wnuJ.I vi tin lt• purtnf th,• go1><l t.hnt 
th~ Island~ m1ght do. Expt:ruuent ?\o. 7 wa:< th•signotl to St'<' wln·th.•r un isl:.nd, 
smtably s1ted be~ow the bndge, would prmluet' n<lvnntn.~··nu>< t•ITt•ds wit.lltlut 
the accornpanyll~g undesirable efTect.s of 1t slwnl upstn•nm of tlw bridgo. 
A downstream Jsl,tml sh?uld n?t lw too far dtlWustr,•n!u, ) 1~,;t tht• pulling 
effect does not reach the bndge; 1t shouU also not ht' tun IHHtr thu brid"t'. in 
case the pier foundati?ns are endnngered by t>XCPssiYe bed seonr w~rking 
upstream by retrogressiOn. In the motlel, as u eompro1nise h..t.\\'<'t•n th•so 
opposing requirements, the island was constructed ;"j ft."' l,Uill) fL. dol\'nstr,•am. F·~·ll•)/11· 

\'I. 
. The di~cha.rge ~listribution obtained was not, I.Jow<'vor, sn tis[,Lcttll'j nor 11s 

umform as m experunent no. 6. Thertl was ucuto concentration of tlisdutrg<' 
and heavy scour in the left end sptm. Moreover, a sho•tl fornlt'd hutwt•t•n Llw 
bridge and the island, indicating that the pulling l'ITt!Ct of the ishtnd was nut 
being felt up to the bridge; but phtcing the island nearer thP hritlgo WllS nut 
considered desirable for the re<tsons stated above. 

Part II, Experiment 1-
The length ()f the left guide bank was kept the sume aH in Pxporiuwut 8 of 

Part I; but the alignment was flared, being made symmctricttl to tho right PIR. a UIJll· 
natural bank, which Hares at an angle of 17'. •1 

·with 2·5 cusecs ( = 100,000 cs.), couditiona wore very nearly the AIUUO ttt 
the natural island; at the bridge, however, the change in the aliguull'ut iutluoetl 
slightly better results. 'fhe discharge diRtribution became muro uniform and 
the cross-section more even. The tendency to shoal formation in the coutro Fi~i • (q)/11· 

was relatively reduced. No scour was noticed at the loft ubutmuut. ·v · 

(4) 'Uonclusions of experiments in Parts I a:nd I I 

(a) The best results were obtained with a·fht.redleft ruido bttnk, incrcasml 
waterway, and the T headed groyne cut back by 2' = •100 . , 

(b) In a flashy river l.ike the. Lnui, full .e!Tie~cy of isl~tndli is doub~ful. 
For coming into full actwn the Islands rcgn1re h1gh lloods of long dumtton: 
while in Hashy type rivers such Hoods are rare, the Jluorls !wing gr>~wmily Hh<>rL 
sustained. Also, the lfnv floods flowing fur a longer pt,riod nnd rJniek drops 
in dischar"eS wotild silt up the scour along the islands, rmlueing thuir pnllllud 
hence the~ usefulness. 'l'ne optimum location of an island iu thiH CILHu WILK 

apparently at about 1,500 ft. upstream ol. t.he britlge, as in. that position it wo~ld 
be most effective in influencing the coud1twns at the lmdgu; but eveu so 1ts 
effect was small and in nature, would be smaller still. 

PART III 

(5) TVhy it was necessary to upeat the e.cperiment.,! 

Ou complt>tion of the eliperiments rlescribed .abovP, air photog.raphH uf tho 
bridae were received which showed a d1iierent abgnm•·nt of the rtght bnnk to I'·~· flJII·vl. 
that"shown in the oriuinal survey. 'fhis discrepancy waH sul"erJiltmtly cuulirmud 
by a fresh survey. As this change. in th.e right hll:nk w:ts eviduutly sullieir,ut t? 
affect the flow conditions at the bndge, 1t w~s dec1ded to repeat thosCl experi-
ments which had givep promising results in the previouH series (PurtH laud li). 

(6) Experiments, Part III 

As a result of the change in survey, the following experiments were 
carried out :-

Expe1·iment No.1- !'.~. 7/Il·•l. 

With existing conditions. 
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Experiment No. 2-
With existing waterway but with existing left guide bank removed. 

Experiment No.3- · 
, With conditions a2 existing in the prototype_ but ~ith _left gui~e bank 
Fig. 7/ll-vi.removed and an •' attracting island" positioned as s.i:J.own m Fig. 7 /II-VI. 

Experiment No.4-
With existing conditions but with a ]eft guide bank symmetrical to the 

existing right natural bank. 

Experiment No.5-
Waterway of the bridge increased by 500ft. and with a left guide bank as 

in experiment No. 4 above. 

Experimer.t No.6-
Waterway increased by 300 ft. and with the guide bank as in experiment 

No.4. 
(7) Observations on resnlts of the experiments:

Experiment No.1 with conditions as existing in prototype 

The repetit.ion of the Experiment No .. 1 of Part_ I was expe~ted t? yield 
more enlightening results, as the breach m the gmde, bank omitted Ill that 
experiment was reproduced now. 

Unlike in the old experiment No. 1 of Part 1, the high velocity flow 
F::Jo:o~~~5 hugging the concave gui?e bank was materiaJly assisted by water rushing 

throu()"h the breach in causmg an enormous scour near the left abutment down 
Figr.s~nd9to R.L. 411·80, against the corresponding bed level of R. L. 416·63 in the 
(a)/Il-l· river. This confirmed that the concave curvature of the guide bank is an 

important cause of the scour at the left abutment-the other principal cause · 
being the ina.dequate waterway. In spite of high velocities persisting on t,he 
right bank of the river upstream, the concave curvature of the left guide bank 
pulled a bigger discha.rge to pass through the left half of the bridge. 

The dimensions of the scour-hole in the model depend upon the vertical 
exaggeration, the depth of the scour and the angle of repose of the material and 
are not susceptible of direct correlation to the dimensions in the prototype: 
it was, therefore, not expected that the profile of the bed would be exactly 
simulated in the modeL 

With G·25 = 250,000 cusecs, the scour at the left abutment and the 
unequal distribution of discharge persisted and the conditions were in no way 
improved. 

Experiment No.2 with existing conditions but with left 
guide bank Temoved 

Fig. 7/II-•i. 

It was evident from the first experiment that the scour in the left end spans 
could be reduced, if not eliminated, by either suitably realigning the existing 
left guide ban~ or even possibly by doing >~.way with it altogether. It was, 
tht>refo~·e, dt;cided to test, first of al~, the conditions obtained without a guide 
bank, smce It would be more economical and also desirable in certain respects 
to do without a guide bank, if possible. 

~he moclel result_s, however, showed that by merely removing the guide 
bank It was not possible to reduce the scour. At section No. 10-across the 
n~tural islands~ the left channel sli~htly developed to carry 6·7 per cent more 
d!scharge t?an m the_ pr~v1ous expenm~nt. At the ~ridge, however, the condi
tiOns deteriOrated as md10ated by the d1scharge distribution which now became 
more ununiform. 

E.Tperiu~ent No. 3_with conditions as existing in tlte prototype but 
u:~tlt left gu1de bank removed and an artificial island 

positioned as shown in P.ig. 7jii-vi 

. T~e possibility_ of getting satisfactory conditions by mere removal of the 
left gUide bank bemg thus ruled ont, it was decided to test an "attracti~" 



Bafiway Bridge No. 3 of the Samdari Ranlwara Branch of the Jodhpur 
· · Railway, on the Luni River 

Upstream 

Upstream 

Photo 306,1. Scour ~t the abutment with a breach 
in the ex•sttog left gUJde bank (Expt. 1, 
Part Ill). 

Photo 3066· Deep scour at the left abutment 
obtained by the removal of the 'lp
stream present guide bank (Expt. 2, 
Part III). 

Lo!t abutmen~ 

Downstream 

Downstream 



R.a. 

AT TI-lE BRIDGE. 
$C. ALE HOR. t.,~ I,=- ~o"l 

VER.t=4;:: 2.0 

M'l 'S01SO 

\.W.l!.'XP~. 5"1;.!'1 "POOAA 

l-r--1Jol5 ---1--- IZ·9!S ,_..J-. · 12.·G:S-+-- l2.·l50~ 1"5·GO--~ 17·1S- -1-- zo.so_.j "/., OISC\iAiiGE 0\STRISUT\ON 

I•IS 

R.B. 

I·CIS HI \·OS 

AT SECTION N?. 6 

FIG. 8ftt.vi 
PART JJr EXPT 'N':'. l 

WI'TH E.XIST\NG COND\TlONS 
ISOVELS ~ DISCHARGE DlSTRlBU'TlON 

WITH Q = 2.·5 = too,ooo Cs. SCALE HOR.. I = a. E. 400 
'V£R. In= 'i' :=. 2.0' 

VI;.L. SCALE I •YsEc:. :::: s F''I./s~c.. 
~:5·:10+ l:S·:SS + IZ-Go+l!l-co+rz.as+rz.zs+ :>·ao-+:!HtZ+ 5·".,.. 2-67_, jt; OISC.HARGE 0\STRIBUT\OM 

•87 

A.T SECTION N~ 10 
SCALE HOI'.. 1 = z !1400 

YI:R.t11 =~' 11. zo' 

~------- 2.3·&0----+T------·48·50 -------.-+-t<---28·5- ';( CISC:~AR6E OlS'tR\&J"TlOH 

W.\...442·14 

L.B. 



REI'EREHt:ES. :-

FIG.9 

"''608Jl 
I.W.:EXPT:STN/1 

- CEHTRE L/IVE 0/: DEEP CI(AHNEL. 

~EDGES OF DEEP t:I(ANNL.. 

~,SCOUR. 

. 1 :rr. ~·7 
'f200: 1/40 LUN/ MODEL. 

<®""' .SILT/Nt;;. S!L T!NG,- SCOUI<ING & CENTRE LINe 

ANO £06£5 OF fJ£EP CHANNEL 

IN £XPTS. N~ 1•4 -!6,-PART Ill 

pART III; EXPT. I; WITH £X/STING COIVDITIO'H:J 

(b) 

PART Jl£; EXPT. d EXISTING CONIJ/T!ONS WITH 

A SYMMETRICAL LEFT GUIDE BANK. 

~---r----

(c) 

PART .10; EXPT. 6; WITH WATERWAY EXTEN0£0 BY 

:soo' .STRAIGHT aUlD£ BANK & EXISTING T HEADED f 
GROYNE. 



PART II 57 
island, sited 1,550 ft. upstream of th b ·a . 
for cent!alising the flow. This had be:n {' ge:l. ns Ill Expor.ir~wnt No. G, Ptnt I, 
the earhar tests. ouut the best pos1t1ou fllr nu island in 

The island, thou!Yh successful in tt t" 
scour at its nose, was "however iueff :. ra~ mg 

1
tho_ flow towanls it by causing 

ment; and there wer~ indica.tio~s of sh~ 1 ~e m rt:l ncmg th~ scour. ut tlw nhut
ments with islands, which was undesirabl~~g, 118 

Ill the prL'VIOUs Sl'T!t'S of OXIlt'ri-

. This test, h?weyer, conclusively showed ll''ain th{\t . tl 
twns at the Lum Bndge, a guide bank is pnifen~ble to nu' i~~~lll~~ existing contli· 

Experimenp No. 4-wi~h conditions as e.dstillg ill ih8 proloil >tl 

but w~th a left guu~e bank symmetrical to tlw existing Yl 
nght natural bank 

. A left guide_ bank being thus _proved necessary, experilllL'llt No. ·1 w118 
designed to demde whether a reahgned guide bani' , .. 1·t'·ot t · · th " t' t "th · ' " U I lllCrl'llSlllg tJ 
ex1s mg wa erway-w1 a v1ew to minimize cost-would be sutlicient. 

At section No.10-:-across the islands-the distribution of disnhargo in tho 
~hree chanJ?-els was shghtly affecte?, the right channel duvl'loping to t•urry 
mcreased d1s~harge.. Belo":, _at sect1?n No_. 6, the flow redistributed equ11 lly nml 
passed t~e bndge w1th c?nd~twns whwh m1ght have been idetd, wore it not for 
an undesirably deep sectiOn m the central BIJans. Since with OVl'U dist1·iln1t"10r1 
th. d d "t d · · 1 

• 'FIR D (I) 
IS eep ncour occurre , 1 prove that the ex1stmg W!tterw1ty wa~ insullicit•nt. 1i.v1.' 

Experiment No. 5.-Existing waterway of the Bridge -illcrease1l 
by 500 ft. and with left gnide bank alig nmcnt a8 in 

experiment No.4 above 

Since it was clear that the existing waterway of the brid"o wus inHufllci
ent-and since the piers were not sufficiently deep or fou;ded on rock-1m 
increase in the wa_ter-way ~as evidently desirable. As previous cxperimt1nts 
had shown that an mcrease m waterway of 500 ft. together with a left guido 
bank gave the best results of all the measures tried, this nrrnngomeut was 
again tested with the modified survey reproduced in the present series. 

The modified bank line, however, did not appreciably altl'r the conditiontl 
at section no. 10, across the natural islands. The main flow perRistcd in tho 
central channel which, after gently swinging towards tho nose of the shrtrp bond 
on the right bank at section No. 6, about 1,500 ft. upstream, ag1dn rodiHtri
buted at the bridge. Unlike in Experiment No.8, Part I,gre1.ter coneontmtion 
of flow was, however, obtained in the right half of the bridge. No dangerous Fl 10111 1 
local scour was perceptible near th'l abutments or in midsp!LDS, although compn.- H· ·• • 

ratively heavier action was n0ticed a.t the third right pier. Maximum velocity 
reduced from 1·17 (in the corresponding experiment of the previous serieH) to 
1·04 ft.jsec. and the velocities throughout the section were more uniform. 
These results were, however, offset by the formation of a shoal in the loft h1df 
of the channel, extending from the left natural island down to within 1,000 ft. 
above the bridge. As in oth~r experi~ents with extended w~terw11y, this sho1L! 
formation indicated that the mcrease m the waterway provrdod was probably 
more than required, in spite of the duration of the higher, scouring dischargt!B 
being exaggerated in the model. 

Experiment No. 6.-Exist~ng waterwr:y increased. by ,'JOO ft. 
only with left gu~de bank altgnment as ~~~ 

experiment No. 4 above 

True to expectations the reduc~ion of the proposed increase in. waterway-;
say of only 2 model spans:300 ft., 1.e. total waterway equal to_I·1 t1meR Lucey H 

minimum stable width-resulted in markedly _improved condJt.ionR. Velocities 
and discharges in the different spans were pratwully equal; the f!ed profile waH Flg.llfll·vi. 

more or less uniform; and uneven or he~'~'Y Joe~! sco.ur was _consprcuou~ly abHent. 
It is true that the maximum velomty for don;.mn.n~ d1schurge 2··J"'100,()(J(J 
cusecs increased slightly, from 1·04 ft. sec. (=.:~·20 m. expemuent No.4) to 
1·25 ft.jsec. (=6·'25 ft.jsec .. in the_ prototype) but th1s_ was not execssivB. 
The conditions with the max1mum drscharge of 6·2.5 c~.= 2'JO,OUO cs. were alno 

satisfactory. 
s 41-15 
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d
't' ot appreciably altered at section No, 6. Closing th 

Flow con 1f E!Ons ~ere ~ No 4 apparently affected the conditions at sectiOJ 
left end span o xperunen · , h f th 1 ft cha 1 'th 

1 
, d' t a b the reduction in d1sc arge o e e nne, WI 1 

No. 0, as m ,wa e J , t tral channel discharge. 
corresponding mcrease m the adJacen cen . . . , 

Action along the guide bank, probably due to the flummg Imposed, mdJCa· 
ted the necessity of an apron, especially at the curved ~ead of t~e bank. 

Immediately above the bridge, a?tion was substantially umform along the 
bed aud no shoal formation was obtamed. 

(7) Concl!.sions from experiments in Part III 

(A) The model showed that the alignment of the left guide bank had all 
important bearing on- . 

(z) the prevention of the dangerous scour at .the left abutment; and 

( ii) the flow conditions at the bridge. 
. . (B) The model also convincingly proved the justification an~ advisability 

Flg.l2/II-VJ. of increasing the waterway-by about 300 ft. only-for the followmg reasons:-
(a) it gives uniform distribution of dischargo through the bridge; 
(b) helps prevention of deep scour at the abutment and the piers; 
(c) causes reduction of the present inordinate afflux; and 
(d) results in absence of undesirable shoals upstream of the bridge, 

which occur with a larger increase in waterway. 
(C) The guide bank would require an adequate apron, especially heavy. 

Appendix r. protection along the curved head (see Appendix I). 

(8) Recommendations 

(~) New spans providing about 300 ft. of additional waterway should be 
constructed on the left side. 

(ii) Consideration of the safety of the piers dictates that the new piers 
should be carried down either to hard stratum or atleast to R. L. 397·00. 

(iii) New guide banks, upstream and downstream of the bridge, on the left 
bank should be constructed. Suitable alignments and se0tions for these are shown 

Figs. 18 to 17 in figures 13 to 17/II-vi. Two alternative alignments of the guide bank are 
II-vt. proposed. The upstream guide bank should preferably be carried up to the 

retired buhd and peg?ed iuto it, t~us protecting the left approach bank and the 
New B~md (part) agamst .any poss1ble attack by floods; or it may be ended (as 

FJg· 13/II-vi. shown m the fig. 13/Il-vl) at an angle of120o, if this is found to be substantially 
more economical. 

:r'~e above me.asures, it is hoped, will considerably improve the present 
cond1t10ns at the bndge and lessen the action all along both the banks. 
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APPEXDIX I 

DESIGN OF THE LEFT GUIDE R\XK OP THE H.ur.W.\Y J3Hn>m; ona; Lt'X! 
NEAR S.umAm (Jot>IIIT!l RuLww) 

(1) Alignment of the guide bank to bt> as shown iu tignr,• 1:!, II-vi. !'is. t~<ll-d. 
(2) Length of the guide bank from bridge:-

Upstream length l ,400 ft. Downstn'a.tu l,•ngth :lllO ft.. 

(3) ~op R. L. of the guide hanks :-At the cun·etl bt'll<lof th,, guid" hank, 
H. F. L. tn 19~4 floods wa~ 448·00. Iu vit>w of th" propnSt•tl :loo ft. itH'l'<'nsp 
in waterway, gmde btmk top may be kept at R. L. -liil,OLl, i.e. fr

1
•n hn:

1
rd 3'. 

(4) Side slopes of the bank:-These shoultl· hn kt•nt at ~: 1 nn tht• rivt>r 
side and 3: 1 with rear berms 8' below top, on thr latH! si'tJ, .. 

(5) Top width-SO ft. {G) Thickuess of pitehing-:3 ft. 
(7) Thickness ttud width of aprou :-

(i) at the cnrved head (i.e. bPtween YY nntl ZZ). 
(ii) at the shanks (i.e. dowustreum of YY) ant! 
('iii) at the reach adjacent to the l'l'tired bank. 

For determining these, maximum probablo seour must bo c·aleulatt•tl. 
By Lacey's formula R=·-17 {Q/f)'''; 

with Q == 25u,ooo cusecs. 
f == 1·76.jm == 1·7G.j·2G= ·895 . 

. ·. R=30·6 ft. 

Actual depth of water at the bridge aftrr the 10 H floods WIIA l fi fL. 
This difference in the actual and calculated vnlut•s of H is d11u parf.ly to 

the nature of this river, which has a teuc1enc·y to widt•n ratht•r than !lt!O]l•·n, 
attributable mostly to the sudden rise of iloods '-':hich do not Hnst.ain long 
enough to allow the bed to scour.1'1 . 

Generally, the maximum scour at the head of guide bank is ILHSIIIIHHl to boApp. 1. 

-~R; in the present case, 1·6 R may be assumed, for reasons t•xplninl'U 11bovu; 
along the shank, the depth of n::aximum scour may bo a~sunwtllts r1•dueing 
from 1·6 R to 1·0 R below YY. These factors give,-

(-i) Maximum probable scour at the upstrea1u cnrvccl hvad of tho g11itlo 
bank-49·5 ft., say 50 ft. between YY and ZZ. 

(ii) Maximum scour at the shank-
Reducing from 50 ft. to 30 ft. at YY ancl below. 

(iii) Maximum scour between ZZ and rdirecl nPw buncl 30ft. (o.g.- 1 ,· 1 ~. 1
a
1 c.s. XX in fig. 13/II-vi. 11,.,.~, 

Cubic contents of thEl apron per foot run are to be such that after launching 
the slope will be covered by stone of 1·2-5 times the thiclmess of the pitching'''· 

Section of the guide bank at the curved head. 

ToP t!.L. 451•00 F"tG. 14/n, vi 
H. F. L. 448•00 

.......... 
~...... BE:.O AC'TE:l1 i'UL.L. SC.OUR 

Q~...... DE:VE:L.OP£0 ,-o 

...... ...... Q.L. '3:v'3·00• ...... ·•··· ............ ···• .. , ..... ., 
....... 7s' ........ 

(1) 1945 Annual Report (Teoh.). . 
(2) Page 46 "River Training and .Control" by F. Spnng. 
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. · ft -8" 2x 1·25 =212 eft. (i) At the head, cubic contents per . run - "x 
Width of apr?n provided = 38ft. 38 - 5· 6 ft . 
. ·.Average thiCkness of apron = 212/ leY 5·6 ft 
:. Apron 38 ft. x 5·6 ft; extra berm x . 

FIG· t SjlVJi 

H·l"· 1....447-oo 

(it) Section. along shanks below Y _y, Below YY, cubic contents per ft. of 
the apron of the guide bank. · 

=29'2 x 2xl·25=73 eft. 
Width of apron provided= 20ft." 
. ·.Average thickness of apron = 3·65 ft. 
:. Apron = 20' x 3·65' 
Extra berm = 10' x 3·65'. 

(iii) Section ojthe ap1·on in the region adJacent to the Junction of the 
· guide bank and the 1·etired bund (e.g. XX) 

Top R.L.4SJ 
F[G.. 16fr..t,Vi 

H. F. \... 44 a.oo 

~ pJ2E:.SENT s.:o R·L..44C>·O<>. 

................. < 
za' '~·-.t· Bt:O Af'TER sc:.ou~ 

~ ....... 
~-44' ···-----Jii 

Cubic contents per ft.= 49"3 x 2x 1·25 = 123 eft. 
Width of apron = 35 ft. 
:.Average thickness = 3·52ft. 
:.Apron = 35ft. x 3·52 ft. 

:. 4ra~oQ 

II-( vi) 2-TRAINING OF THE JuMNA RIVER AT DELHI GATE PuMP HousE 
BY MEANS OF A PITCHED EMBANKMENT-DELHI. _ 

(1) Introduction-

As a result of the adverse curvature, the low water course of the J umna 
river at the Delhi Gate Pump House recedes, after the floods, to the left bank 
away from the Pnmp House, necessitating heavy expenditure in bun ding of the 
low water channel and dredging a channel to feed the Pump and Power Houses. 

Experiments to train the river so as to attract the deep channel to the 
Pump Bouse bank by means of a pitched embankment were reported in Annual 
Report (Tech.) 1945. · 

A pitched embankment, which cut a portion of the existing downstream 
bank was found effective in inducing a low water channel, both under existing 
and the post-barrage conditions-Fig. 18/U.-vi-. This alignment of the em
bankment was not suitable to the Delhi Power House authorities in view of the 

·projected extension of the Power House. Further experiments were; therefore, 
carried out to evolve an alternative suitable alignment of the embankment 
which did not deprive the Power Ho.use of any valuable land. 
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After a few trial and error test' the r . 

(which also shows the low water cha~' I b 1 ~1111H'?t shown m Fi;!. lK ·n.-vi Flg. 1s; u. 
bankment but without barrarre) . te ~ tamed m t-ho expt·rin~t•nt with I'll\· '

1
· 

reported l~st year. · 0 "a3 oun to be ewu better thtln tlmt tllrt•tll!y 

Subsequently, however, at the meetiu•T held ·-th l . l 
consider the problemQ connect d 'th tl 0 on ° lllll bt 1 Jnnll l\l!li ttl 
was decided as unde~ :- e WI le Wt~ter-supply at Dt•lhi, i11f,.,. a lin, it 

"The pitched embankment propo d b th I d · \ · 
ment Station Poona h b se Y e n 11111 \ atl'lwuys F.xpt•ri-
the river sur;e of l9as een ev?lved as ~_result of l'Xperinwnts hust•d on 
for su li yt D- . 41. The nver conditiOns worn tlwn nhnut tho worst 

PP es_ pas elh1 Gate. It could, therefore, be nssmnllll tlmt it would 
;tork eff:ct1vely und~r the nver conditions that would prevail snhsi'!Jih'ntly 
s· w:-s, owever, deCided that the Director, Indi1m Wat.Jrwa.ys Expt•riln<'nL 

tra 10n, Poona, sh~uld carry out fur_ther experinll'nts on th 11 basis of tho 
surveY: for 1945-46 w1:h the prop?sed 1~hgnmeut of tho pitelll'd Pllllumlmwnt 
and WJth another. ahgu~eut GO_ furthet towards the river, nnd n•port ro
sults. The Supern~ten~mg Enf7I~e~r, Delhi Province, Wtt~ n•qupstotl to RPt 
the ~urvey of the nver m the VJCtmty of Delhi G11to eomplntl'd M Ptnly t\~ 
pos~Jble after the floods of 1946 and supply a copy of tlmt to tho Dire<'lor, 
Indtan Waterways Experiment Stn,tiou, Poc,ua, not btl'r than tho end of 
Sep_tember 1946, so that the latter may run a few te~t oxpcrinwnt~ on the 
bas1s of that survey as well, to confirm that the pitdwd nmlmnkmont n>~ 
p_roposed already needs no modification in view of tho chan~etl river condi· 
t1ons ...... . 

_"It was decided th~t the J?irector, Indinu Wnterwnys F.xpPrinu:mt 
StatJ~n, Poona, wo~ld, wh!l~ carrymg out. tests of the pitched omlmnlmll'nt, 
also mclude two mtake p1era to ascerta10 how these eoul<l bo~t bo )0 ,,1\ll'<l 
in relation to the pitched embankment so as not to vitiu.te in nny way thn 
purpose of this embankment." 
As a result of important discrepancies pointed out hy tho Director, Inclian 

Waterways Experiment Station, Poona, in the survey oftlw river nftur tho llooclH 
o~ 1944, which could not be reconciled, it was decided by tho Superintcn<ling l•:n
gmeer, Delhi Province, to have an accurate triaugulJLtiou survPy macle. 'l'ho 
plan showing the results of this survey were received complete with tho neces
sary cross-sections on 27th December 1946. No dependable survPy of rivor 
conditions after the floods of 1944 being thus available, this report rclatoH only 
to experiments made with the accurate survey of bhe river courHe afler the flood~ 
of 1946. . 

Fig. 19/II-vi shows the incorrect surveys of Hl4•1 on which tho previous Fig. lltfll.· 

experiments reported last year were based-superimpoBcd on the recent accurt~tu •1
• 

survey of the river course after the floods of 19,16. 
Thoucrh at a first glance, the new survey appeared to be more favouraLJn 

for the e.r~h~nkment, because of the more easterly ~t!ignment of the left hank 
above groyne 4 yet a closer study showed that the apex of tho meander, aH tdsu 
the shoals and' confluences of channels, in the new snrvPy have moved furtlwr 
downstream-i.e., there is a bodily downstream movement of the river con rHo
facts which counterinfluence the apparent improvement. 

It will also be observed that the old, incorrect survey showed tho nr,so 
of groyne 5 jutting 160 feet more into the river. It m~ty be r_ccallecl that in 
experiment N 0 . 6-Annual Report (Tech.) 194.5- the noHe of th1H groyne had to 
be receded to reproduce the flow condi~ious; the m_odel nose was actually rer:edr:d 
by 60ft. more than as existing in the river, accordmg to the correct su~vcy_; tluB 
was because of the compromise which ha~ to be made h_dween gr:orncMJc Hlmlil~
rity of the action of the nose and the :'ertJCal exaggc:ratwn of. the reHt of tho 
model-a model limitation and tech01que. Secondly, the rtght_ lmnk c,f . ~lw 
river below the Pump House !!ear Culvert No. 12 was 4-10 ft. rlv.,r·warch, 1.1'. 

eastwards in the incorrect survey. The rnodel, hc,wever, ha.cl lH:cn ?JH,rat~J<l 
to yield it~ own configuration, which, it is interesting to observe, tallu:ri unth 
the correct survey. . ... 

These points clearly bring out the ?ften-~tres~cd, but much cntiCJrif:d statr:
ment of this Station that model expenment10n IS an art and not an exact 

s 41-16 
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. th resent limited knowledge of the various phenomena 
science-at least utnderd 1 ~ Pd.c· tions are often more dependable than data of 
involved; and tha mo e Ill 1 a 
doubtful accuracy. 

(2) Experiments- . . 
The following further experiments were ca~r.Jed out.- . 

E · t 15. With existing conditiOns, the model bed bemg initi-

ll 1 
.xdptentmhencorre.cl survey of the river course as after the floods of 1946. 

a Y aJ 0 e 1 b ~ dd' 't h . Expe?·iment 16 :~.Same as Experiment 5, Uo a mg pi c ed embank-
ment adjoining the Pump House bank_- . 

E · nt 17 ·-Same as Exper1ment 16, but With a Barrage added 
xpenme · R L 58 5 d 'll f th. at Purana Killa (Sill of the barrage _at · ·. · ; an SJ o e under-

sluices at R. L. 56·5, as stated in earher expenments). 
Experiment 18 :-Same as Experiment 17, but w~th a modified align-

e t of the pitched embankment to conform more w1th the downstream 
~v:r course as well as the expected river course after construction of a. 
Barrage at Purana Killa. 
Experiments were also mad_e with two Intake Piers ,by themselves ~nd t~e 

Piers in conjunction with the pitched embankment. 'lhese are descnbed m 
para. 5 below. 

(3) The model and procedure of expe1·iments. 
The model which represented a reach of the ri-:er from just_ below Wazira-

bad Pump House to the Okhla Weir had the followmg scale ratws :-
Length scale ratio 1/150 
Depth , , ... 1/46 
Discharge ,, , 1/22,500 
Vertical Exaggeration = 3·26 
Surface S. E. = Bed S. E. = 6·18 

Before commencing this series of experiments with the correct survey, it 
was verified that the optimum bed movement and proper flow conditions were 
simulated with the tilted model and scales adopted. The existing inlets and 
Pump House bank were reproduced in a cement-plastered, vertical bank. 
Before starting each experiment, the model bed was moulded to the conditions 
after the 1946 floods, and flood cycles rising from 40,000 cs. to 90,000 cs. and 
falling back to 40,000 cs. were run with appropriate bed sand charge till the 
model stabiliz.ed. · The rate of sand charge was ·05 parts per 1,000 with 40,000 cs. 
risin;: to ·075 parts per 1,000 for 90,000 cs., based on initial "trial and error" 
tests. 

Note.-The model could not be run to discharges lower than 40,000 cs. while scour in 
the river occurs down to discharges as low as 1,000 cs., so that success of a measure for 
inducing scour should be greater in the river than indicated by this model. 

. (4) Discussion of results. 
~~h;i~ to Figures 20 to 23/II-vi and photos 5068, 5070 5071 and 5074 show the 
;;,~,os 6~g;i lo": water channel in experiments 15 ~o 18, from w'hich it will be observed th~t 
and 5074. while. a sand ban~ was thrown up agamst the upstream Pump House inlet. 10 

Fig. 20/II-vi expe_r1ment 1~ (w1tho~t embankm~nt), the deep channel hugged the Pumpmg 
~·ig. 21/II-vi Statwn ba?~ m expenment 16 (w1th embankment). In experiment 15, though 

flow conditiOns ~ere app~rently favoura.ble, the low water channel appeared to 
touc.h the Pu~pmg Statwn b~nk near the downstream inlet, this being due to 
the reproduct1?n of the Pumpm_g S~ation bank in masonry-which attracted t~e 

. . flow to a certam extent; but th1s Will not occur in the prototype. In experJ· 
F•g. 

22
/II-v• me~t 17 (with embankment and Barrage), though the deep channel was slightly 

away frofi!- the embankment, compared to experiment 16, yet a shallow depth was 
noted agamst the embankment; and a shoal was also thrown up in front of the 
downstream inlet of the Power House. -

. In experi~e~t 15, as visual o?servations showed, adverse curvature effect
' 1.e. bed flow hem., thrown to the nght bank and surface flow away from it,-was 
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THE JUMNA RIVER AT DELHI GATE PUMPING STATION 

5067. Photo showing lo": water ohan~el 
observed in exper1ment ltl With 
pitched embankment only. 

. I water channel in Expt. 17 
5070. Photo showing o~ of Expt. 16 and barrage 

with embaJt:Jen Note the shoal in front of 
at Pamna 1 11

• • 1 t (i e downstream of X). 
the downstream Jn e · · 

Pump Uouso. 

EmbMkmcnt. 

Pump House. 

Embankment. 



THE JUMNA RIVER AT DELHI GATE PUMP~NG STATION 

5071. Photo showing the low water channel in experiment 18 
with modified embankment and barrage at I>urnn11 
Killa. Though there•wa.s water aglinst the ewbankm~nt 
yet along it there was 11 small sand bank; the docp•·•t 
portion of the channel being away from it. Tbe shc.11l 
in photo 5070 did not appear in this experiment. 

5074. Photo sho~ing condi~it)ns obtained when in 
Expt. 18 with mod1fied emba~kment, the 
barrage was removed and expenme.nt con
tinued. The deep channel w.n ngamst the 
embankment. 

l'uwp DouR<'. 

Embankmt•nt. 

Pump BouKo. 

Embankmcut, 
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obtained from the upstream inlet to a point 11bout ·!iO ft ,, ·t . 1 (' · . 
wards) The main hi h 1 ·t ' · ~·1 ' ·11 11 r• s t.e. fl\ <'r-

f
. th p' ' g -ve 001 y, fonmrd flow and tho dl'<'P olmmwl \Wrt' W<'ll 

away rom e ump House-a result n·hl.l'h · · · d · 1 · · th t t " "lis Ill nceor tmee w1t 1 th,, <'Xl'l'rl-ence m e pro o ype. · 

Whil~ in t~e pwtotype, the low river channl'l croRgt•s O\'l'r to tlw ri·•ht hank 
from a pomt m1dway bet\~een groynes 3 and -!, it 11itl not tlo 8 .) in tho ;~ltHh•l on 
a~count of a sanil ba~, wh.wh formed during high flood; but <lid nut senur nW>\Y 

w1th the low ~oo?s,_ m sp1te of the chan~el. bel_ow the har lll'in~ J,.,,pt>r than nn 
the _left ban~, th1s IS due to the modellnmtt1t10n that it could not bo run to 
~qmvalent d1sch<trges l?wer th~n 40,_000 cs., while bed lllO\'L'llll'llt -•\tHI so ~··om
In~ of the bar-occurs m th~ nver n~ht down to river tlischargt•s of 1,lllll) OUR<'<'>', 
With the embankment, as m experunent 1G, howl'vt•r, this ndvei'A<' curvutur.' 
effect was marke~ly absent in that at every point alung tln• <'lllhanknu·nt, tho 
surface and bed lines flowed parallel to each other as in a straight elulllli!'l. \\'ith 
t~e embankment a~d barr11ge, as in experiment 17, the cunditions w1·nl not con
!ildered equally satisfactory because of the sho1tl formation in front of tlw ,] ·~ 
inlet. On modifymg the curvature of the embankment us in •·xp .. /i
m~nt 18, the sho8l did not form in spite of the Barrnf(e, 11ppare

1

ntly lll'<'IL'l"" thn 
lJ:hgnment of the embankment was_ I?ore in conformity with tho pro\mhlo hank 
lme under the post-barrage cond1t10ns. Fig, Q3/II -vi show~ the low WllL<•r l•'i~.; 1/ll·vl 

channel in experiment 18; in this experiment though tlwro was wat.•r tLgain"t 
the embankment, yet the deeper channel was a little away from tlw tnnlmn\;-
ment. When, however, the same experiment was continnod with tho barmg•~ 
rtJmoved, the sand bank scoured amty and the deep chnnnl'l brgan to hng lho 
embankment as in experiment 16-vide Fig. 24/II-vi-wbieb ~hows tho crosK l•'iu ~lfll vi 

sections Nos. 12, 14 and 16 obtained in the model before and nft"r r<'lllllVIll of 
the barrage. It should be possible to eliminate tho adwrse e!Tet:t canKntl by 
the barrage-of having the deepest channel section a littlcnWILY from the hank-
by modifying the design of the barrage so as not to distort tho n•Ltnr•Ll diHtribn-
tion of discharge intensity to any apprccittble extent. In the design tt•stt•d tho 
undersluice crest was only 2ft. lower than tbe Barrug11 crest; tbi~ umy bo 
insufficient to _give the same discharge distribution as in tho rivl'r without a 
Barrage arid may thus cause distortion which prevents tho forumtion of " 
deep channel. Experiments to test this' point are still to he matlo. 

Figures 25 to 27/II-vi show the lines of flow in the noigbhonrhootl of tho I'iH· ~;o~o~7J 
Pumping Station in experiments 15, 16 and 17 with " flood of_ ·lO,UOU vn_seeH. In 

11
'' · 

experiment 15 there was return flow at the upstrmm llJlt•t, wlw:h hLI.nr 
disappeared as the bed built up. The return flow w:.tH prol~ably duo to tl!u 
initial dredged conditions to which the modd was hwl, wlueh wor<' _not !n 
conformity with the general curvature of flow. ~be trend of the surj11ce ltneH 111 
experiment 15 was to flow more to the east, _I.e. left ?f th~ eorre,.;pondtn~ lwtl 
lines-an adverse curvature effect. In experuuent lU, thtH c!Tc .. t WitH ult,.·nt 
and bed lines were thrown more to the east. In experiment 17, tho flow con<li-
tions, though better than in experiment 15, were infurior to cxperiuu:t•t Hi. 

In experiment 18 lines of flow were similar to those in experiuwnt 17. 

(5) Intake piers.-
. h · ll I 1 f 1 l I t·''"' 'J< .t Figs. 28 and 29/II-vi show the cont?urs 10 t e l!'-'lg t Jour_lOo< o n 11 w ~0111 , 1, 

piers tried in experiment 15 and 16, i.e. wtthout and ~vtth the_ p1tdw~ t•utlmnk-
ment respectively. It will be observed that though, m exporu~wut 1·'• the l''"rH 
were fixed with their longitudinal axis parall~l to tbu flow hrul nud wc,re well 
apart (1 ft = 150 ft. apart) so as not to neutralise the c!Iect of each o~hur yet, 
in this exp~riment, as judged by the G58'5 cont?ur, t~~ adion of tho yu,rs ':·a_H 

urel local· and by themselves they would be msuflicwnt: wbNcaH 111 cxpc.rt
~en/ 16 (with the embankment), they added to the pull of the ernlJnnkmcut 
and helped in scouring the channel along the P. S. bank. 

(6) Conclusions.- . 
(1) It peared that under existing conditions the cmbat~kment of cxperr

ment 18 w~~ld be effective in inducing a deep water channel along tha l'uwp 

House bank.' 
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(2) With a barrage of the design tested, the .effect of the embankment 
slightly deteriorated in that the ·deep channel was slightly away from it. The 
narrow, low level, intermediate sand bank along the embankment should not, 
however, be of significant consequence because, even if the deep channel is 
a little further away, the pond level would in all likelihood cover the bed in 
front of the Intakes. The Barrage can also probably be suitably redesigned so 
as to give the same conditions in respect of the low water channel as obtained 
with a pitched embankment without the Barrage in experiment 16. 

(3) l:ntake piers would have a benefi.cial effect on the action-of the pitched 
embankment, but without it, they will be of little use; because the predominating 
factor is the adverse curvature of flow which is not "corrected by the local scour 
round the piers. 

II-vi-3. TRAINING THE WATRAK RIVER AT KAIRA 

(BOMBAY PRESIDENCY) 

The Watrak flows in an alluvial bed of fine sand (m = 0·26 mm.). There is 
Fig.SOfii-vi. a sharp right-angled bend from about 1i miles to 3 furlongs upstream of Kaira 

town. For 20 years or more erosion has been taking place; but until 1923 it 
was so slow that it did not cause alarm. The earlier erosion appears to have 
been slower on account of curvature being less sharp than now; and also because 
the' bank was partially protected by a "ma.n "-like material made up of 
a mixture of slightly consolidated cla.y and silt. After the floods of 1927, four 
groynes were constructed along the concave bank above the town. These 
consisted of teak piles connected together with bullies, filled in between with sand 
bags and brushwood. Two of these were washed away in 1930; and the remain
ing two groynes, together with 530' of reinforced brick pitching protecting the 
Provincial road, and also part of the road itself, were washed away, bit by bit, 
subsequently. 

Fig. SlJli-vi. 

In August 1937, the local officers wrote to the Director that the river had 
further eroded its left bank upstream of Kaira town and that there was a grave 
danger of its damaging the north-west corner of the old Fort wall. Experiments 
were accordingly carried out!1J- and 3 alternatives were suggested:-

(1) A bridge-submersible or high level-projecting from the north
west corner of the town at so· upstream, the bridge portion starting 500 ft. 
from the town wall, with a clear '!aterway of 300 ft. and a depth of 
7 ft. overflow at 1 la;kh -cusecs, which was the maximum estimated flood 
discharge. · 

(2) A groyne or spur 180 ft. long, sloping down at 1 in 5 from the 
north-west corner of the town pointing upstream at an angle of 35•, and 

(3) to deepen and strengthen the comer of the town wall by pitching. 

It was, at the same time, pointed ouii that this last alternative, though 
costing least, was objectiona:ble; because it would hold the ~iver permanently at 
the comer of the old Fort. wall, thus perpetuating the dangerous swing ufs and 
downstream and because the afflux would be shifted towards the north-east 
corner of the town and the protective strip of land north of the town would be 
reduced considerably if scour extended. 

Actually, the second proposal of constructing the sloping spur was at first 
approved by Bombay Government;- but, subsequently, it was rejected in favour of 
the third alternative on grounds of cost. . . 
· Not being satisfied with the measures adopted, the Director inspected the 
site in April1940 and proposed that further experiments should be done to check 
the erosion of the left bank upstream of the town. It was, however, decided by 
the local officers that the experiments might be postponed till the effect of the 
pitching had been sufficiently watched. As predicted by the Station, there was 
further trouble. -Had either of the alternatives (1) and (2) mentioned above 

(1) OIB" Annual Report for 1987-88 (page77) 
1988-89 (page 16). 





//30 SCALE MODEL 

Of: WATRAK RIVER. 
5ERI£S II. 

AT KAIRA .( PART-W!OTH MODEL.) 

{
I -

SCALE:... " 
I : 

]3y,, N.S.NAJI< IB·B•.U. 

300 AI10l'o. 
10' llfODCL. 



P.\ar n li;i 

b~en adopted, they would ha.ve been very effective in rt'p<'lling the .. tt,\Ck of thtl 
nver awa:y from the left bank upstream of Kaim and. the Fort wnllnntl W<>nld lu1ve 
also straif?htened t_he course of the river downstream. Inst~ad, the• Furt wa1U is 
now ~eggmg the r1yer down p~rmauently at tlle point, while the up~trt•>IIU· lt'ft 
bank IS always subJect to eros1ve attack. After lean·ing tl!t• Fort wnllt't>rilt'r, tlu• 
river has gone over to the right bank downstream. \\ ht•n till' rt•iuforct•tlet>Jwrl'lo 
bridge was ·subsequently constructed •lownstream of tlle town in Hl-I':J--13 tho ~-, · •· n'l .t 
righ~ bank "cold _weather" _cllaunel had to be blocked by an t•mbamklllt'nt, with '"111''

1
' 

the Idea of forcmg the r1ver through tlle bridgt!. Actually, thi~ r,·~nltt•tl in 
a breach of th~ approach bank virtually outflaukmg the bri•l;.:-~·- Tlw appro''"h 
bank of the bndge had then (in HJ-44) to he very strongly annonr,•<l with pikhin;.: 
on the slopes and a heavy apron at the toe, at :t cost of 1\s. :!,:l.i,UOO. From tlw 
above it will be clear that river curvature is bl'iug sew rely t!istorlt•tl with tlw 
result that the right bank area of the Hariab1 village upstrt•am of thu hri•l."u has 
begun to be eroded and au avulsion of the river into tlle low lyi11g nre:1 ,,f tho 
village has been feared. 

The local officers again approached tlle Director for IHlvice during the y.•:1r 
under report. The site was inspected in Dt>cembt•r 1!1-lfi nml thn Bo1uhay 
Government was informed that further model experin~t•nts wonltl he m•ct•ssary 
for the suggestion of a permanent remedy. Bnt, in view of the nrgt•ncy of tho 
problem, a temporary solution for training the river wit_h pt~nueablt•. (timber) 
pile groynes or with tree groynes-which would not confbct \nth tho hlliLl solu-
tion as indicated by the model experiments-was reconnuendt•d. •···~· 111111 ·•·1. 

As trees were available within a reasonable lead, the pr?pos1L~ of treP_groyne~ 
as recommended is, it is understood, being adopted. Dettuled ~~strnd1ons for Appon·h'"' 

both types of construction-vide Appendices I and Il-were furmshed. •••d 11· 

s 41-17 
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APPENDIX I 

(Tree Groynes) 

h Id be 200 ft. lona and originally laid to f· 
E~c~ tr:e groy~rt; ~e~erence to the b;nk; so. ~hat ''.'hen the gro;lce 

,;ome bO updotrbeam es sand-bound it assumes a position still ftteing sligl;tnl: 
launches :tn ecom ·k · · eabl a· · l sa 70' to the bank. Un!J -e <Lll Imperrn ' e oroyne which is 
upstream, dy t f GO' urJstrearn a permeable groyne should not face so mu ·h 
generally rna e o ace '. · ., · ·t ·t·· f . · " . ·t Id collect tloatmcr debns agams 1 , ace, convertJurr itt 
upstream SJ~ce I won l 'th o ttendant disadvantages in th' b. o 
an almost nnpermeab e tvpe, WI a . , •S case. 

Af I 
· h' ·t hould also not however, face downstream lest It ' attract'" 

ter anne mg 1 s ' · d 'lt t' ' 
th fl to the bank upstream of it, and only m uces SI a JOn below itself. 
T:e 8~':gested initial alignment an~ position of the th_ree tree groynes is shown 

. . . F' b34/II · . Thev are arJIJroxnuately 300 ft. distant--a distance which 
F1g. 34fii.n·. lll · Jg. .lV, J a 

,hould be easily protected by 200 ft. long "roynes, as a groyne generally 
protects 2 to 3 times its length. . . , . 

Each tree groyne should consist of a thiCk w17e rope (~/4 di_a.) very firmly 
anchored at one (fixed) end to the ban~ to a sufficiently strong_ girder or beam 
or block of concrete, de2ply embedded mto hard grou?d; an~ tied_ at the other, 
free end to a heavy buoy or concrete block (about l2 tons m this _case). The 
length of the main "·ire rope ''ill be the_ length of the groyne, allowmg extra for 
the sa(f which will occur due to the we1ght of the sand-bound trees; approxi
mate!; one tree (:20 to 25' long) pe~ Rft. of groyne should be provided. In 
construction the free end of the Wire rope attached to the buoy would be 
dropped into the river somewhat upstream of the position it is finally to take; 
then from the bank the \\'ire rope is pulled taut by a wmch and anchored to the 

· fixed end. This encl has ultimately '' tremendous strain on it and must be 
strong enough to take the full load. The work of fixing trees must then begin 
from the ,bore end, proceeclint:· ontwards to the free end and upwards from the 
bed to ahove \Yater level. \Yhole leafy trees with :tbundant branches, such as 
will not quickly rot in mtter (e.g. babuls, "acacia arabica"), are required for the 
purpose; it is the root, branches and twigs, not the stem or the leaves, that 
help to trap a,nd reinforce the seclimentatioL, by retarding the velocity of flow 
and intercepting the sand and silt. About a foot up the stem, a hole is drilled 
through each tree, through which an iron ring is drawn aud att~tched either 
directly or by subsidiary pendant wire ropes to the main rope. The trees soon 
sink when they becowe heavy with detritus. The trees should be pa.cked as 
thickly as possible both close to each other and over ea.ch other from the bed to 
above water level. 

The tree groynes should be completed before the early freshet floods in the 
river; as it is dnriug these freshet-floods transportina a super-eharrre of bed-sand 
and debris that the groynes get earth-bound and best serve to deflect the birrh 
velocity flow away from the bank. Sueh tree groynes constructed in Sind under 

'N~. 62'3'3. 

FIG. 35/IT. Vi t.W. E..S~':' POON.A. 

SKETCH OF PERMEABLE TREE GROYNE. 

8.6.D.!H·A7. 
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very arduous conditions have been successful H· ·dl h d th b 
I t d h th · '11 Y a e groynes een 

camp 8 e w en ere was h_eavy sedimentation, both upstream ani! downstream 
of them, completely embeddmg the trees; so that they were later full reinforced 
under extremely severe conditions not merely to withstand erosion ~f a severe 
fl.0od, but to deflect the current away from the bank to be protected. 

APPENDIX II 

(Timber pile groynes) 

1. Main V~rt_icals.-Country timber, piles, 8" minimum diameter, should 
be embedded a mmimum 8 ft. (and pref~r.a,Jly 10 ft. or more) with top of half 
the ~ength of groyne ~t R. L. 80·0. Thts top level is suggested with a view to 
re~tnct the reqUtre~ ptle l~ngths to 25 ft. without reducing the penetrations; 
mth _longer ptles bemg avatlab_le there should be 1 ft. extra penetration to every 
2 ft. mcrease of hmght; _and with sh_orter piles or larger depths the top level 
may be lowered,_ dec~e~smg the effimency, but penetration must not be reduced. 
For ~ase of. driVIng It IS _suggested that the piles should be tapered at the base 
and, If possible, shoed with 30 lb. Iron shoe. As the bed alan" the high bank is 
probably nearly dry, driving will p1esent little difficulty. 

0 

2. Intermediates, transveues and Struts.-There will be two rows of 
verticals, spaced not more than 4 ft. apart in each row, the rows being also 4 ft. 
apart. In between two main verticals there will be two intermediates 
(2"-4" dia.) embedded not less than 4' below bed. Each row should be either 
closely intertwined by "lai" brushwood branches going in and out around each 
vertical', or horizontal walings, 4"-6" diameter rafters spaced an equal distance 
apart, should be nailed or screwed on tbe main vertical, or an expanded metal 
mesh fixed to the upstream row. The upstream row should be braced back to 
the downstream row by both transverses and diagonals, which should b') of 
4" -6" diameter rafters. Every other main vertical of the rear row should be 
strutted, the strut being embedded a m:nimum of 8 ft. below bed (measured 
vertically) and squarely clamped and liolted to the main vertical. Fig. 36/II-•1. 

3. Filling.-Between the two rows there will be filling of brushwood, 
preferably "lai" branches, closely packed and tamped. Preferably the entire 
quantity of filling should be ''lai" brushwood; but if sufficient and suitable "lai" 
for tight packing of all the three groynes is not available, the filling should 
comprise of alternate layers of 6 ft. thick brushwood weighted down by 2 ft. 
thick rubble stone (one-man-stone). The whole filhng should not be of stone 
since the groyne is intended to be, to start with a permea,ble, not a semi
permeable or impermeable groyne. 

4. Mattress or apron.-When properly designed, constructed and func
tioning as a permeable groyne, there should be no tenden~y to sco?r r?und the 
nose of the groynes or for the piles to scour out; but because debns will collect 
upstream, and the groynes will even get sand:bound, the groyn~s become more 
or less imperme•tble in time. To protect agamst scour occurrmg .under such 
conditions, it is desirable to protect the bed, both upstream and downst:eam of 
the groyne, and around the nose w1th a mattress or stone apron 3 ft. thwk for a 
width of 10 ft. along the shanks and 20' along the nose. 

5. This typd of groyne has t~e a~v~ntage th~t i~ can be built out stage by 
stage, but for satisfactory constructwn 1t 1s best bUtlt m dry or when the depths 
of flow are small. 
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could not b~ completed within the time available for it. The present position 
is that the Isolated groyne head has caused heavy accretion below it while there 
has been further erosion of the left bank upstream of it and the railway sidin" 
is now barely 160 ft. from the river bank. ' " 

Before the flood season of 1946, the local opinion appeared to rely on the 
chances of a cut-off occurring, _as the ratio of arc/chord of the Samasata loop 
was 2·8. · (A cut-off occurred m 1943 when the ratio was 2·9 ). The minimum 
distance across the neck of the loop was 6,200 ft. in 1945; and it has reduced F;fc.~ii'?,.t•d 
further·to 5,800 in 1946; nevertheless, comparing the 1946 loop with the 1942 
loop, it will be seen that conditions !are still not favourable for a cut-off, which 
the model has later confirmed. Besides, it is dangerous to depend upon the 
occurrence of a cut-off merely because the arc/chord ratio has a value at which 
a cut-off occurred in the past: it may be recalled that a cut-off did not occur in 

'1923 and 1924 even though the ratio was as great as 4"0. The Director and 
the Chief Engineer, N. W. Railway inspected the site on 22-9-1946 and on the 
former's advice it was decided to carry ont model experiments at 
Poona to assess the likelihood of a cut-off occurring through the Sharabi . 
Nala-see Fia. 40/II-vi-, to test alternative measures to protect the bank p;g.o\Ofll-vl. 

from further ~rosion, and to evolve measures which would assist or accelerate 
the occurrence of a cut-off. 

length of cold weathe1· channel 
Table 1/II-vi.showing tortuosity direct length 

of the river Sutlej at Samasata 

Length along cold Direct length. Tortuosity RemBrks. Year of Survey. weather channe1. (Col. 2fCol. 3). 

1916 40,000'- 24,000' 1-66 
1917 40,000' 24,000' 1"66 
1918 48,000' 28,000' 1-71 
1919 50,000' 28,000' 1-89 

1920 88,000' 42,000' 2•09 

1921' 88,000' 38,000' 2·31 

1922 96,000' 38,000' 2'52 

1923 104,000' 48,000' 2·17 

1924 88,000' 54,000' 1•63 

1925 88,000' 54,000' 1-63 
. 88,000' 54,000' 1·63 

1926 1•33 Bell bunds cons-
1927 72,(100' 54,000' 

tructed this year. 
72,000' 54,000' 1·33 

1928 1'70 
1929 99,000' 58,000' 

1930 
} Plans not avail able. 1931 

1932 64,000' 1-44 
1933 92,000' 

64,000' 1-44 
193! 92,000' 

1'46 
1935 88,000' 60,000' 

1-65 96,000' 58,000' 
1936 58,000' 1-65 
1937 96,000' 

58,000' 1-65 
1938 96,000' 1-62 
1939 104,000' 64,000' 

1"62 64,000' 
1940 104,000' 

6!,000' 1'62 
1941 104,000' 

64,000' l-62 
1942 104,000' 

64,000' 1'40 
1943 90,000' 

64,000' 1'48 
1944 95,000' 

64,000' 1'48 
1945 95,000' 

64,000' 1'48 
1946 95,000' 

S 41-lS 
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PART I-EXPERIMENTS rnA VERTICALLY-EXAGGERATED MoDEL 

2. Model Experiments 

The scale ratios initiaily adopted for the model were: 
Horizontal 1/250 
Vertical 1/80. 
V. E. 3·12. 

(S6e Appendix I for details). · 
Appcudix-1. Considerations of the discharge, wjd ratio, charge and grade of the material 

in the model (relative to the prototype) Jed to the adoption of a slope-_exagge
ration of 8·0-in other words, a tilted model was necessary-see Appendix I. 

Experiment I. Existing conditions. 

Fi;. 40JII-v After laying the model to these scales according to contours in figure 40/II -vi 
it was run to stu bility. As the survey did not extend far enoug_h_ upstream 
the model was suitably extended so as to ensure correct entry condrtrons. The 
scales to which the model adjusted itself were: 

depth scale 1/65 or V. E. 3·85 and S. E. 10·0 
These scale ratios were adopted when the model was relaid in various 

experiments. 
Sand charge required to maintain correct conditions (i.e. appropriate flow 

conditions, bed movement, and slope) was found to be 0·083 parts per 1,000 (by 
weight). 

Fi"''IJ(a) Figures 41 (a) and (b)/II-vishow lines of flow and isovels with Q=2·4cs. 
(&IJII-,-L (=150,000 cs.) with existing conditions. These were taken as the basis of comparison 

with other experiments. The mole head of the breached spur was retained in this 
experiment. It was noted that the high veloeity flow hugged the left bank and 

Fig· 4!/(a) some of it was attracted by the mole head. Sharabi N ala across the loop was 
11-vi. reproduced in the model as a cut-off was expected to occur through it. 

Experiment 2: To test measures of improving the Sharabi N ala 
so that em·ly avulsion would take place throu-gh it , 

As in the prototype, the mouth of the NaJa was moulded in stiff inerodible 
clay and the rest of the reach in semi erodible material which as expected 
could net stand the steep bank slopes dictated by the v~rtical ~cale and tb~ 
Nala soon widened considerably below the mouth. This model limitation should 
not be mistaken as an indication of the likelihood of the' rapid development of 
the Nala. 

This could not, however, affect the discharge of the Nala which was o-overned 
by the water surface slope and the cross-sectional area at the entry which were 
correctly reproduced in stiff clay in the model. ' 

Percentage river discharge carried by the Sh£>rabi NaJa* at different flood 
stages, in the model were:- ' 

TABLE 2/II-vi 

Equivalent river Per cent discharge 
Equiva.len~ of Model discharge discharge in carried by the 

in cusec~. cusees. Nala in the column No.3, Remarks. 
model. ·in the river. 

I 2 3 4 5 

1·08 cusecs. 67,500 cusecs. \ 5·55 per cent. Not known. 

1-28 
" so,ooo .. I 6·o .. Not known. 

2·40 
" 150,000 

" 6"04 
" 4:5 per cent. • About correct. I -. 

Appendix IL '' Calculations for the Sharabi Na.la discharge are given in Appendix II. 
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PART II 71 

It was obs.ervcil that a consiilerabie quantity of beil sanil was dmwn into Fig. ~SJII·•i· 
the N ala. This was apparently ilue to the following factors:-

(a) the ~eep scour up to ·6' below normal beil level at the protruding 
nose of the. n~ht bank ~t the mouth of the N ala attracteil the bed materit1J 
anil threw It m suspensiOn; and · 

.Cb) the curvature e~ect was subilued at the mouth owing to its position 
relative to the meander, I.e. the month of the creek bein.., at the transition 
was iJ?- an unfavourable position in . respect of curvat;re. This per hap~ 
explams why the N ala has not suffi01ently ileveloped thoucrh existing at 
least since 1943. ' b 

Experiment No.3 

The banks at the mouth of the NaJa were cut back, as in figure 37/II-vi, 
to R. L. 360.00, the total excav~t~on being approximately = 25,20,000 eft.· 

At the mouth, the depth of scour on the left bank (near !"- in fig. 44/II.-vi) Fi•. 
41 

n.vt. 
was much redueeil-·24 ft. agamst ·6' m the prevwns expenment. The ileep o 1 
channel in the NaJa was, however, maintained along this bank and all the 
sand moving along the beil was deflected to the opposite side; thus, it was 
apparent that widening of the mouth should all be done on its left bank so as 
to iniluce the maximum possible flow into the NaJa. Heavy action was noticed 
along the left bank immediately below the entry, indicating the natural tendency 
of the Nala to widen on that side. 

Figure 44/ll-vi clearly shows the effect of widening the month on the Fig. HJU·vi.i 

flow conditions immeiliately above the entry. 

Increase in the discharge of the nala at various flood stages, ilue to increase 
in the cross-sectional area at the mouth, was as in the Table 3/II -vi:-

TABLE 3/II-vj 

Per cent river 
di11cbarge in the 

------,----1---~~--- Nalain Expt. No.3. 
Proto. \ :Model. Proto, _ Model, 

River discharge 
in t:Usecs. 

N ala discharges 
in cusecs, 

i 
67,500 ' 

80.000 1 

1so,ooo I 

1·08 

2•40 

·09 

·12G 

·335 

5,620 8·34 per cent. 

7,850 9·85 " 
20,95.0 13·95 

" 

Per cent river 
discharge in 
the Nah~ in 
Expt. No.2. 

5·55 per cent. 

6·00 
" 

6·04 
" 

I 

Increase in the 
per cent diAcba.rge 

in the Nala. 

2·79 per cent .. 

3·85 " 
7•91 

" 

. . t t · however that the increase in discharge will be 
It IS Importan o reco!!mze, eZ, n;ore bed sa.nd entering the nala and 

reduce~ to .some exte?-t due to relattTh~ ex eriment also showed that the mouth 
retardwg ds de~eloptng tende

1
ncy.th' "thep entrance along the right (or up

shoulil not be wideneil by bel mou mb 
stream) bank of the nala. . . 

. th cut-off channel the best chance of qmck 
In fact, in oriler ~o gJVe .e. ·se the entry of coarse sanil into th>~ nala; 

development, it is desirable to mm;mi 1 raise the bed and choke the nala, but 
because this. coarse sa.nil would not 0%e!elo ment since it cannot be washed away. 
would also impede 1ts subsequen b d s:ould be constructed at the head of the 
It was, therefor~, su.ggested t!•t;t fev~~f the adjacent banks of the nala, made 
Sbarabi NaJa, With Its top\ ed ing alon" the left (ilownstream) bank of the 
up from excavated material Y WI e~h heavy supercharge of sand are excludeil 
nala, so that early freshet~ carrvm.g t ~he loop to raise its bed; so that, at 
from the nala and moved mstea~ ~~ 0head will breach forcibly and will open out 
3/4ths to high flood, the bnnd a e 
and deepen thenala rapidly. 
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Conclusions from experiments 1 to 3 

The model has shown the unlikelihood of the Shambi N ala quickly 
developing as a cut-off cbaunel, with or without . further inducemen_t by 
other training measures. Unfortunately, the Sharabi N ala happens to _Ire .m 
an unfavourable position . for the early development. of a cut-off; In Its 
present ali"'runent it tends to draw heavy bed sand whwh would not favour 
its develop~ent. ' 

Were a similar cut-off channel available in some such position as XY shown 
Fig. 39/II-vi. in fig. 3U/ II -vi, it would require little o~ no. inducement f_or an avulsion to occur; 

because not only would it then short Circmt a more constderable length of the 
river channel but what is more import ant, it would draw only the surhce flow 
free from the adv~rse effects of bed sand on cut-off development. A pilot cut 
along XY to induce avulsion, however desirable, would be prohibitive i~ e_xpense 
and would involve earthwork which cannot conveniently be done wrthm one 
work.ing season. In the event of this cut-off occurring in future, the ri~e~ is 
expected to increase its length both upstream ani! downstream. As the rrver 
will be held .. t the Railway bridge upstream, it may form a loop towards the 

· left bank between the bridge and the upstream end of the cut-off channel; 
these developments will have to be watched carefully and necessary corrective 
measures taken in time. 

The strongly armoured mole-head of the breached spur, as it stands, is 
acting as a pitched island, attracting the flow; and it is, therefore, counter
acting the tendency for the cut-off to occur. In the existing conditions, the 
river is likely to acquire, during the next flood season, a permanent set on the. 
left bank, in the vicinity of the Station yard; and in spite of the length of the 
loop being about 2·8 times the length of the chord, there is little likelihood of 
an avulsion occurring before there is further serious inroad by the river 
tuwards the Station yard. 

The :first essential, therefore, is to take immediate measures to strengthen 
the ring bund round the Samasata yard ·similar to the measures adoped for the 
protection of the main line near Rohri; but this is to be considered only as 
the last line of defence and it is essential to remove the attack on the river 
bank by a repelling spur, before a cut-off occurs upstream and before the 
river attacks the ring bund of the Station yard; because in the latter event, 
the apron will launch and there will be a strong and constant "attraction"
even a permanent set-towards it, making future countera6tion very costly 
and difficult. 

So, further experiments were done to determine the effect of removin"' 
the mole-head and to evolve the optimum design of a repelling groyne. o 

Experiment 4: Effect of removing the mole-head on existing conditions 

F;gs. 42 (n) ~xperiment ~ was repeated without the mole-head. Sli~htly lower 
·~d (b)III- veloCities were obtamed along the left bank and the conditions of flow were 
••· slightly better without a mole-head than with a mole-head· so the conditions 

may . be expe~ted to impr?ve; but the di_fference in velocities being small, 
the difference m bank eroswn, and the difference in the rate at which cut-off 
will occur, will also be small. 

]i';g. 45/ll· 
vi. 

Experiment 5: With a repelling groyne and without tlte mole-head .. 

As it was evident that scme measures were required to protect the dn"' 
bund and to accelerate the cut-off, a repelling spur was next tested. 

0 

. It i~ eviden_t ~hat the best position for the repelling spur, in the present condi
tiOns, ISm the vwmrty of the breached spur. The repelling spur could not however 
under present c~nditions, b_e loca~ed jus_t upstream of the scour-hole cau~ed by th~ 
breached spur witho~t causr:rg senous di~culties in holding the new spur because 
of the steep hydrauhc gradrent through It. It was, therefore, decided to align 
~he ~pur dow~stream of the prese~t mole-head, in the position ODE shown 
m Fig. 45/II -"!I, of cou_rse after removmg the mole· head asin experiment 4. A very 
flat nose slopmg at 1 m 10 was provided to reduce the scour· the groyne m de 
an angle of 60° to the upstream bank. ' a 
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PART n 

Conditions markedly improved both as regards flow and velocity 
bution. For example, the maximum velocity was reduced from-

1·87 ft.jsec. to 1·48 ft./sec. at Section AA. 
1·59 1"44 BB 
1·73 1·09 cc 

The fast moving current was also deflected towards the right bank. 

Experiment 6: (with a sho1·ter impsrmeable groyne and without 
mole-head) 

73 

distri-
Fisa. 4l(b)/ 

ll-vi, and 
46(b)/ll.vl, 

In experiment 5, it was noticed that the throw-off of the current to the 
opposite right bank downstream of the nose was too severe. So, in this experi
ment, the length of the nose was reduced from 500 ft. to 300 ft. and the align
ment of the nose was slightly altered, so that it made an angle of 70' upstream 
instead of 60' as in the previous experiment, vide CDD'E' in figure 45/II-vi. Fig. 451n. 
As it was found that gulleting''l would occur, if the slope were flatter than vi. 

1 in 3, the nose was given a slope of 1 in 3 down to 1/3rd the depth of water 
(i.e. in a length of 30 ft.) and the remaining 170 ft. length was given a slope F' ) 
of 1 in 10. ;f:~~(' I 

The throw-off was reduced, while, at the same time, the satisfactory . 
conditions upstream, both as regards the flow and velocities, were maintained. F~~d'Uli~r
The backwater effect due to the spur would extend beyond the Sharabi nala · 
and would thus help an early cut-off. The afilux upstream of the spur was 
found to be equivalent to 3 ft.; while it was"' 2 ft. at the mouth of the 
Sharabi Nala. . 

It is extremely important to protect the mole-head (nose) of the new spur 
as well as the portion of its shank facing the existing scour-hole with a pitching 
and a falling apron. Protection must be provided on the downstream as well 
as the upstream side of the new spur; the mistake made in the previous yea.rs 
in not providing sufficient protection on the downstream side of the shank 
should be avoided, as there will be some action on the downstream side, though 
in a repelling spur it should not be so severe as on its upstream side. As the 
spur faces upstream and is designed to have little scour at its nose, in this posi
tion it will aetas a repelling spur and will not attract the flow to the left bank. 

If constructed wholly of stone (for convenience of construction), the section 
of the spur could be made lighter.. For testing. the widt~ and depth of the al?ron 
required, experiments were done m a geometncally-sJmllar model, as descnbed 
in Part II of this note. · 

Experiment No.7: (with one long permeable tree groyne) 

As it may not be possible to collect the material required for adequate Flgs. 4stal 
protection of the spur or complete the work before the next flood season, an •?d (biJII

alternative suggestion of a permeable tree groyne, 1,650 ft. long (800' + 650' + vi. 

200' along DE) was also f~und necessary .. Tree groyn~s have been found very Fig. 45/ll· 

successful in Sind in repellmg the attack, mde pa~a. II-v1 (6). The leaves, bran- vi. 

ches, thorns, and twigs trap the coa~se sand. movmg along the bed as well as hold Para. u.vi. 

back the fine material in suspensiOn whwh cements the trapped bed sand, a ·~ Ibis 

causing accretion both upstream and downstream; ~n~, eyentually, the _sand- i:."t"ri.A, 
bound spur becomes impermeable. Due ·to model hmitatwnR, however, m the 
model water continued to flow through the tree groyne, though with reduced Pm. 

1
'
8
' 

velocities; it is expected, however, that the tree groyne would be much more 
effective in the river than, shown by the model. 

Experiment No. 8: (with short tree groynes) 

In case neither of the above two suggestions, viz .. a long. impe~eable 
groyne or a long permeable tree groyne, are practicable m the tnne a va1lable, 
a third alternative of short permeable tree groynes was su!lgested. Shor~ ~ree Figs. , 9 t• 

ro nes were tested in experiment No .. 8. The best ahgnments, p~sJtJO?s ".'!~ ~~JI· 
~nllengths of these groynes were determmed m the model, as shown m F1g. Fig. 501u. 

50/II-vi. 
(l) 0. r. aod H R. Annual Roporl (Teoh.) for 1989·'0, PP· 18, 19. 

s 41-19 
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Further, in this experiment, a short attracting i~permeable. groyne, 500' long, 
facing 45' downstream, was fixed at Z, to intensify bank erosiOn upstream of the 

''~·50/II- Sharabi N ala and accelerate the occurrence of a cu~-off. Though th~ model 
:P'~~ •. I·S o.f iudicatedmore intensive action in a general ·manner, tt .could .not quantttattvely 
this r•••'s reproduce the expected bank erosion for obvious model limitatiOns see para. 1·3_ 
ART. · 

The short tree groynes were found successful i~ repelling .the high velo.city 
· . flow away from the left bank, while. at ~he same time reducmg the veloctties 

Fig. <9 (a) &: both on the upstream and downstream Bides of the groynes. 
(b)/II-vi. 

It must, however, be made very clear that the tree groynes are suggested 
merely as a tempora1·y protection_ ~f the left bank, for one or two seas.ons only, 
for the immediate purpose of avotdJDg the extensiOn of the bank eroswn up to 
the Ring Bund of the Station Yard. These groy~es by themselves are little 
likely to accelerate a cut-off, as they have only a hmtted throw-off; but they Wtll 
certainly be better than nothing, till a Ion~ impermeable (stone) or permeable 
(tree) groyne can be properly constructed, Wtth the necessary protectiOn. 

Fig. uO/II-vi A short "attracting·~ impermeable spur at ZZ was also recommended as it 
promises to be helpful. It will cost little and can be quickly constructed; and 
by virtue of the scour-hole it will create at its nose, on account of the steep 
slopes to the nose, (say 1 in .2), and by virtue of ~ts downstream alignment and 
posit·ion along the meander, It should attract the nver n/s and dfs of It, thus 
accelerating the cut-off. 

Fig. 39/H·Vi. Experiment No.9 (with a cut-off channel along XY shown 
in Fig. 39/II-vi) 

A qualitative experiment was done with a pilot cut along XY to observe the 
varying percentages of discharge that can be carried by such a channel as it 
tends to develop. In practice, a cut-off channel develops more by retrogres
sion from the downstream end; as these conditions could not be reproduced in 
the model, artificial deepening of the bed at downstream end was done; and it 
was found that the cut which originally carried only 5 per cent of the discharge, 
soon increased to 50 per cent, thus justifying the assumption that XY is about 
the most favourable alignment for a cut. This tendency of rapid development 
was not evident when the same procedure was adopted with the Sharabi N ala. 
Actually, in the river the development would be more rapid with a pilot cut 
along XY, because a large portion of sand-free surface water would break 
through the neck of .the loop while the loop itself would get rapidly accreten 
with the remaining flow moving with a lower velocity and carryincr almost all 
the bed sand. For obvious reasons, model limitations preclude the" simulation 
of this cutting-back effect. 

PART II-EXPERIMENTS WITH A GEOMETRICALLY-SIMILAR MODEL FOR THE 

DESIGN OF THE NOSE OF THE IMPERMEABLE GROYNE. 

Design of the nose suggested in experiment No. 6 was tested for stability 
in a 1/80 geometric>Llly-similar, part-width model of the Sutlej. Part of the 
groyne and of the nose were reproduced in the model. Curvature of flow at the 
nose-as obtai~~d in t~e vertically-e~aggerated model-was imposed by altering 
the entry conditiOns. smtably and a dtscharge "" 250,000 cusecs (the maximum 
discharge) was run. The following designs were tested:-

( i) Slope of nose (longitudinal) 10 : 1, side slope 3 : I. Though such 
flat slopes reduce the depth of scour at the toe of the nose, the stones from 
such flat slopes ~re less stable and have a tendency to be easily washed 
away, thus formmg a" gullet". 

With the a?ove slopes, heavy gulleting occurred in the model along the 
3: 1 upstream side slope, as well as at the toe, and stones were washed down
stream. 

(ii) Slope (longitudinal) 5: 1, side slope 3: 1. 
The action at the toe was much reduced. Gulleting still occurred . 

along the upstream face of the nose. 
(ii~') Slope (longitudinal) 3: 1 from R. L- 380 to R_ L. 370 and 5 : 1 

from R. L. 370 to R. L. <J55. Side slope 2 : 1. 
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This design was found to b ·t t" 1 either along the side 1 t ehqm e sa 18 actory as no gulleting occuned 
s ope or a t e toe, for 250,000 cusecs flood discharge. 

Recommendations for the protect" ,~ tl · wn OJ 1-e nose of ~mpe1·meable groy11es ;-

. Fig. 51/II-vi shows the plan and cross-sections of the proposed nose. The Fig.5Ifll-vi. 

entire nos.e and 30 ft. of the shank should be made of "one-man-stone" i.e. 
stones we1ghmg not less than 70 to 90 lbs. ' 

The proposed nose be given a longitudinal slope of 3 : 1 down to R. L. 370 
and 5; 1 below . 

. As 2: 1 side slops did not show. any tendency of gulleting in the 25 ft. 
portiOn of the_ stone shank, a steeper Side slope be given for economy, viz. 1} ; 1. 

The portiOn of the nose below R. L. 370 be given a side slope of 2 ; 1. · 
The depth of scour at the nose reached R. L. 310 and the scour-hole had 

an elonga,ted shape. The Station generally recowmends the stone to be laid 
conforming to the shape of the scour-hole-thus lining the scour-hole; but as 
this would be very expensive in this case, as it would involve exc~tv>etin<> the 
scour-hole acc.ording to its shape and depth, a horizontal apron as sho\~n in 
figure 51/II-vi was re.commended. Some of the stones are likely to be washed Fig, 5Ifii-vi. 

away before the apron launches; so an extra provision of some 50 per cent stone 
was advised. 

Due to the changed slopes, the length of the nose wo,s reduced to 80 ft. 
instead of 200 ft. for the 10 : 1 sloping nose. In order to get the same effective Fig. 45/11-vi. 

throw-off, tbe toe of the nose should be atE' and, therefore, the length of the 
horizontal portion increased from 100 ft. (previously proposed) to 220 ft. 

Final Recommendations 

(1) An impermeable stone groyne along CDD'E' as shown in Fig. <5/II-vi. 

Fig. 45/II-vi. 
- (2) Alternatively, if it is not found possible to collect the material for 

completing the construction in tile time available before the next flood season, 
a permeable tree groyne may be constructed along the same alignment. 

(3) Failing (1) or (2), short tree groynes shown ii?- Fig. 50/II -v~ may Fig. 
50

/II-vi. 

be constructed merely as a temporary measure, peudmg the collectiOn of 
material etc. required f!lr the designs (1) or (2). 

(4) 'An apron should be provided to the Ring bund of the Station 
Yard, only as an additional line of defence. 

· ( 5) In order to accelerate _the cut-off channel across the loop, the en~ry 
f the coarse sand into Sharab1 NaJa should be prevented by constructmg 

~ bund at the head of the NaJa with its top level at the levels of the 
ad· acent banks of the N ala. This bund shouJd be all? wed to breach at 
t~ee'-fourths to high flood so as to deepen the N ala rapidly due to rush .of 
sand-free top water entering it. 

6) A short impermeable groyne at" ZZ" sho~ in F~g. 50/II-vi ~ay Fig. 50fii-vi 

I b
( t t d t in rease the river curvature by mtenslVe bank erosiOn 

a so e cons rue e 0 c 1 t f th t ff 
upstream of it, thus accelerating the deve opmen o . e en -o . . 

· · · f on of the cut-off channel IS along the ]me X Y; _ 
~he most promism(g5)posidi(6) the maximum chance is given to the develop-

. but with the measures an ' 
ment of the Sharabi NaJa. 
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APPENDIX I 

(Scale ratios of the Sutlej model at Samasata.) 

{a) River data:- . . . 
(1) Average width of nver KhadJI m the model 

reach. 
(2) Average depth 
(3) Average maximum discharge 
(4) Average surface slope in floods 
(5) Average bed slope 
(6) Mean diameter of the bed sand 

As regards item (3), the data was as follows:

3,875 ft. 
11ft. 
1,61,554 ousecs. 
1 in 8,000 
1 in 5,500 
0·17 m. m. 

Hydrographs of the Sutlej at the Empress B_ridge near .A.damwahan 
are available for the years 1942 to 1946, from whwh the frequency curves 
were prepared. Analysis of these is given below: 

TABLE 3/II-vi 

Days for which discharges were> 

Year. 

I I 60,000 cs. 80,000 cs. 100,000 cs. 

1941-42 49 33 21 
1942-43 40 32 20 
1943-44 27 13 3 
1944-45 33 12 4 
1945-46 27 20 14 

Maximum discharge in, 1942-238,017 cusecs. 
1943-169,036 cusecs. 
1944-104,97 4 cusecs. 
1945-172,745 cusecs. 
1946-123,000 cusecs. 

Average maximum discharge=161,554 cusecs. 
(b) Model scales:-

I Remarks. 

Oct. to Oct. 
Oct. to Oct. 
Oct. to Oct. 
Oct. to Oct. 
Oct. to Sept. 

Longitudinal scale: To get a model of workable size-neither too 
small nor undesirably unwieldy-scale of 1/250 was adopted. 
. Discharge scale: Where meanders are th~ essence of the problem, 

smce ML a:nd Mn, meander length and belt rc v'Q,(!1 for simulation of river 
meanders m model, Q scale should be= (Horizontal scale)' · 

. . Q scale=L'= 62 ~OO 
' 

Vertical scale:-

Vsand (m=0·2I mm.) was used for laying the model and for injection . 
. ·. fm=1·76\/' ill =1.76\/'0•21=1·76 X "457 =·805 and {

0
=1·76\/' 0·17-

1·76x ·412 = ·725 · -
(1) By Lacey formula, d= 0·473 (Q/f)'"; 

[ 
1 •725]'" •473 1 

d,= "473 62,500 x ·805 =41 =86·5' say 1/87; 
250 

. ·. V. E.=87=2·88 

(2) By Manning's formula, assuming same 
grades of sand are not much different; 

d L
,,. 1 1 

s= 8 =250'1' = 62 
250 

. ·. V. E.= !ill= 4·02 

(1) Page 10, Annual Report (Tech.) 1939-40 of I. W. E. Station. 

"n" for model and river, since 
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Slope scale:-

By Lacey formula, S. E.= {f)'" x ( ~) '16 

'805 6/3 P Qm 
= ( •725) X 62,500'1'=1·146 X 4•3 X 2•16 

=7'9 or say 8 and was adopted for initial laying. 

Discharge Cycle:-

To test the efficacy of various measures designed to expedite the develop
ment of a cut-off unde_r t~e lowest possible flood conditions, 1944 hydrograph 
was selected for adopt1on m the model as being the worst . 

.A. discharge cycle from this hydrograph, with time scale caloulated according 
to tractive force method, was worked out. A hypothetical discharge cycle finally . 
designed (see Table 4/Il-vi below) was based on this and modified in light of the Table 4/il-v• 

experience gained at the Station, that low discharges are -required to be run in 
models for longer periods and high discharges for smaller durations to counteract 
model limitations. 

T.ABLE 4/II-vi 

Model times. \ Pro~o. disoharges~U~del discharges! 
1n cusecs. m cusecs. Remo.rks. 

( 10 minutes ... 25,000 0•40 These should be run longer ; but 
I they have little effect. 
115 minutes ... 40,000 0•64 

Rising-{ 20 , 67,500 1-08 
flood I 

80,000 1"28 
112 ' 
L 3 .. 150,000 2'40 

r 6" 80,000 1·28 

Falling<( 12 , 67,500 1•08 

flood I 
40,000 0•64 llO , 

6 " 
25,000 0·40 

Sand charge:- b'li th d 1 · 
· d t maintain the bed slope and sta 1 se e roo e was Sand charge requue o 

determined from preliminary model runs. 

APPENDIX II 

. f a· h rge of Sh:uabi Nala with a flood of 150,000 Computatwns. or 1sc a 
flowing down the nver. 

cuseca 

TABLE 5/II-vi 

I Sectional areal Average depth I Velocity Discho.rge 

I 
Remarks. 

Cross- I H. F. L. with I up to J!, F. L. in ft. insq.Jseo. in cs. 
Section No. 150,000 cs. in sq. tt. 

9-95 5-2 0,675 Mean dhchar~o 
575-50 1,095 AA 

5-2 8,275 ::::6080 OS. 

572-U 1,594 9·95 
BB 8,625 8-65 4·75 
1 572-16 1,812 

5,815 1-59 ~-94 

2 

I 
371-15 1,366 

4,950 6-09 5-1~ 

3 370-45 1,32~ 

s 41-20 
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Nala discharges at each of the cross-s~ctions w~re worked out by the Lac~y 
formula, V =16·5 R'1' 8'19 with S=2·83 ft. m 8,000, I.e. 0·35 per 1000. · 

Thus Nala ·discharge with 150,000 cusecs iu the river=6,680 cusecs=4·45 
per cent o~, say, 4·5 per cent of the river discharge. 

II-vi·5 THE RuPNARA.JN RIVER UPSTREAM OF THE GOODS YARD, KoLAGHAT RAILWAY 

STATION (UPSTREAM OF THE B. N. RAILWAY BRIDGE), 

MEASURES TO REDUCE RISK OF ATTACK ON THE RIGHT BANK OF-

Since the construction of the spur on the left bank, about 4,200 ft. upstream 
of the sharp bend above the railway bridge, deposition of sand has taken place 
all along the left bank both upstream and downst~eam of the spur _to a consider
able depth. Prior to construction of the spur, this ~ank was su bJ~ct to severe 
erosion· most of the flood tide now goes up the nver along the right bank, in 
contrast to conditions of flow prior to construction of the spur, when flood 
tide used to split up at the sharp bend above the bridge, part going up along the 
left bank and part along the right bank, the right bank channel has now 
developed into tl)_e main channel. Absence of freshet floods of appreciable 
intensity for tbe last two years has also indirectly hel~ed the deyelopment of 
the ri()'ht bank channel into a main channel by retardmg the desu-ed develop
ment ~f the central channel; as a result the bed levels, in general, in the right. 
bank channel have been deeper. 

It was feared that due to increased depth and consequent increase of con
centration of ebb flow along the right bank in the approa.ch channel to the bridge, 
the pitching of the right bank, protecting the goods yard at Kolaghat might fail 
and measures to check the increase of concentration of flow on the right bank 
may become necessary; the local officers requested the Station for advice. 

The present conditions were studied in the pilot model (horizontal 
scale=l/3000; vertical scale=l/ilOO). The model bed was moulded to April 
1946 survey and ebb and flood flows equivalent to 200,000 cusecs were run in 
the model. It was considered undesirable to control the river at this site by 
permanent spurs; only semi-permeable tree groynes were tested in the model. 
These groynes 111 ha\e been found very effective in warding off attack in 
Sind; morsover they can be easily cunstructed in a short time, and at much 
lower cost. 

After several trials in the model, it was found that two or more effectively 
~hree, such tree groynes, e:l(tending about 300 feet in the river, at positions shown 

Fig.52fii-vi 111 the Fig. 52/II.-vi, would reduce the attack, if any, and protect the river bank 
between XY -chain age 1,500' to 4,500' from the Bridge. 

The local officers, however, after further e:l(amination of the right bank, 
considered that the danger is not immediate; and so have not adopted the 
recommended design; but it is advisable to keep the arrancrements ready so that 
the groynes could be launched without delay in case of fu;ther development. 

{1} :For details of construction and launching of groynes please see paras. II-vi. 3 and IJ.-vi. 6. 
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' PART II 

Il.-vi-6 TRAINING OF RIVERS WITH PERMEABLE, TREE GROYNES 

Introduction 

70 

Tre~ groynes ~~ve been .very successfully used in Sind for river training, 
under smtable con<htwn3, as Will be seen from the note below:-

The J?irect?r! :While . he was in charge of Begari Canal and Development 
and Research DIVISIOns, Smd, had personal expenence of the method of construc
tion and the be.havwur of. the tree groynes during and after floods. It is hoped 
that the followmg note Will be useful in analogous river problems. 

Impermeable groynes-constructed either wholly of stone or iu sand with 
stone armoured ~hank~ and nose-may either he "repelling" or "attracting" 
accordmg to thmr design and position and their most effective position ettn, 
with our present knowledge, only be entirely S!!.tisfactorily determined by model 
tests. They are more or Jess of a permanent nature and may produce br-reach
ing effects. It is also absolutely essential to provide sufficient protection to the 
nose and sh:tnks of these groynes-not only upstream but also downstream of 
the spurs; otherwise there is a aanger of their being outflanked. Iu urgent 
cases, it may thus not be possible to collect in time the materials required for 
impermeable groynes; in other cases, impermeable groynes may have secondotry 
results· which must be avoided or which cannot be sufficiently clearly foreseen; 
in all such .cases tree groynes would be very useful. 

It is often advisable to decide the position, alignment and optimum length 
of long tree groynes by lliOdel tests-much the same as for- imper~eable 
spurs; but the disposition of short tree groynes can generally be fixed by msp~o
tion of plans. The most smtable tree for thes.e groynes IS Babnl (acac.ICa 
arabica). The thorns, twigs and branches of this tree catch the sand movmg 
alon<Y the bed and ·also trap material in suspension; after the first freshets, 
the p~rmeable groyne approximates to an impermeable groyne, if properly located, 
and is then most effective in protecting the bauks. 

Tree groynes have been recently reeommended by the Station in the 

following cases :- . . 
(1) In the case of Rupnarain, upstream of the Railway Bnilge 

(B. N. Rly.) at Kolaghat, to prevent erosi~n of the Right Bank upstream 
of the Railway Bridge-see paragraph II.-vi. 5. . 

(2) In the Watrak at Kaira (Bombay. Presidenc~) to prevent erosiOn 
and washing away of the area in .Hariala v!llage on Right :Sank upstream 
of the newly constructed Road Bndge, vzde paragraph II.-VI. 3. 

(3) In the Sutlej at Samasata (N. W .. Rl~.), para. II.-v1. 4. 
(2) Was advised without experiments; while m the case of (1) aud (3), 

model teets were actually made. 

Nate on b·ee groynes · 

bl aud are built ·for the purpose of training 
Tree groynes are perm~a e sp~rs or in front of the line of the groynes. 

the river by causing accr.eti.ont behmd, for which ~ore or less different types 
Th th rather d1stmc purposes 

ere are ree d . 8. d with varying success:-
of tree groynes have been use 10 m · · 1 th t · · . t d fl t the current which 1s direct y rea emng 

Type (a): to d1ver or e ec 

an erosion of the band ; . b e- · er near th~ bund in order to 
. Type (b): to deaden the flow 1n onhe b r~~ 

th bye river away from t e un , 
open out ano er . - h 1 of the river at its source by checking the 

Type (c): to silt up a c anne 
flow in it. 
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Each of these types is described below:-

Tree groynes for local deflection of C1trrent. 

This type was constructed at mile 3/5 of Ghoraghat Bund in 1940-41 and 
has proved quite successful. 

FIG. 53/ll. Vi 11·'"!6335 
'·"·r·rt! 

TREE SROYNt:S FOR LOCA.L D'EF"LECTlOH OF" C::URRENT 

(TYPE:. (.o.)) 

C:QOSS SECTION OF ..JUC:KWO'Rl( ON AS 

LA! 5UHCL£:S 
Ji!,'>:R.M 

TYPE: OF ..JUCJ.ol WOtll'; 

PATl'tE'S 6 .. 1"0 a ... 0\~. 

----""""11'1111 

~~--~~~~~~f-~~-~-·OZ~a~,.~~~-~~~~ ~ 
1 

/ 

."> f ·<:"" -...../---40. ________ .,. 
l"R.E.t.S 'WE:R£. PUT !J.l'i \'~C C:OMPAR'tl'ri.E'HTS 1! , 
~E~UREO WITH COU~. ~aPC Ptcc:e:s TtE.t) foQ.Ol~Y S"t' .... l<t:.S. '3""'t'o A." t)\A.. 

To PEGS Cl't!VE:N \N TO THE GtlOUI'!Q. L..,~ I ~ooT AP"11.1:. 

Jucks (cross groynes) were constructed about 30ft. apart. Each of these 
groynes consisted of strong vertical stakes (" munas "), driven about 5 ft. in the 
grounds, at 10 ft. centres, held in position by strong, back diagonal stays and 
guy-ropes secured to strong pegs well embedded in the pucca bank. The 
"munas" (main verticals) were connected to each other by transverse pieces 
("patties") having holes drilled in them to take the tapered ends of the verticals. 
"Panjars "(intermediate verticals), 1 ft. apart, were placed between the vertical 
posts. The entire juck-work was made watertight by lining the groynes, on their 
upstream side, by "lai" bundles, 2' in diameter, well tamped down by divers 
treading them in with their feet. The space between two such rows of groynes 
was thickly filled in by trees, held in position by means of coir rope pieces tied to 
pegs driven in the pucca ground on the bank. The depth of scour was 
ron ghly 7 ft. 

The result was successful: the current was deflected and a portion of the 
berm width which had becln previously scoured was reclaimed and the edge of 
river held as desired. 
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Type (b)-1',·ee groyne fo1· l . . 
ai<l op· . " ostng u.p one ·rivtr channel 

enmg out anothe,-. 

Thi s type was constructed . 
Sukkur-Begari Bund in the col~crosst~be nver at MN, opposite mi le 2 1 of the 
purpose of opening out the other bwea . er of l939·40. It did ·not succeed in its 
of the main current outward Je-r,ver JK ; It, however, dEflected the thrend 
towards the ri ver bund. an prevented a more mpid inroad by the river 

n~.54/rr . vi 

TREE GR.OYNE TYPE (b) 

Scalt :- i',. J mile . 

" ' E>304 t .w .CJtPT. STll . roo., 

1939-40 ~ 
1940 -A l :::~:;:~ 

I t '' I so aiJorded usefu l experience of the difficn lti es that "re to be encoun ter
ed iu CO LlSt ructing sucll a groyne in the •' lmtcha" on "'ccount of difficulties of 
finding " snit~tble anchorage aud of constructing the groy ro e, in sit u, in tile 
IOJdd lc of" wid e ri ver bed. 

The method of construction was, briefly, as follows: -
The site was selectPd on three considerations: (a) the tree groyne was 

required to oppose the main current as near the entrance of the b.ve-river 
as possible; (b) the reflex "'ction should not lead to another cun·e below the 
oite of the groyne ; and (c)tbe tree groyne was require.l to lead t he river into 
one of the old ri ver courses . Accordiqgly, the site MN was selec ted for 
the groyne. I nspedion of the site also showed the possibility of developing 
tb e "dhor o" (low river channel) XY through the course PRX, because the 
soil between it and the pre- I 938 river course was sandy and appeared such 
as wo uld be easily scoured out. This weant deepening XR in a cen t ra l 
20 ft. width and widenin" of " dhoro " RP to about 400',- the widening to be 
done on the left bank ~vhich was in clay to admit through it a scouring 
discharae, whicb it was hoped, would open up the "dhoro " owing to the 
exi s ten~e of a de~p "kumbh " (p it) at H. 

841-21 
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· t d f two concrete piles 100' apart, driven in series by 
. . Anchor~=t~~~~~:r ~essure in the sandt kat·cha. It was hoped to sink 
JPttmg :W1th 40 ft d thpbut with the pumps available, they could only be taken 
these plies to · ep . f b ] k t h 1 vel On th' · f 24 ft the tops thus bemg only 2 t. e ow a c a e · IS 
to a depth o b . d:• horacre was provided by connecting the piles to 

unt a su s1 mry anc o · h k t h acco ' h d f tree trunks laid in tbe pi:Jcca as rn t e s e c 
another anc or rna e up 0 ' · fill d Th 

55 II-vi) below. The trenches housing th1s ancho.r were ~ up. e 
(fig. I t d by 1-1/8" cable with trees twd on to It, at 10 ft. 
anchors were connec 8 · d d t t d fi 
intervals, as in case of a tree groy_ne. It was, thus, mten e o preven e ec-
tion of the current to the 1sland NJ · 

SEC"T\ON 

'IIlEI'ICH 

i 

F\G.SS/IT.Vi 
M".?'.&33SA 

1, • .,C.E.S~t• 

I '' .T.. ... M .... l'H Wl'RE. ROPE:\ 1/4 D\,0.... 

•SI~ BA.'BI..>L L.<>lioS. 

C:.QQS'S TR'E'Nt:.H \="OQ. 
FUUHG W1'A:s: RaPi:.,S. 

WII2E: RoPE.. 

-Will.£: II.OP£: 

The groyne was fabricated at the edge of the stream because of the difficulty 
of keeping the cable stable ucross a stream 2,000 ft. wide, with semi-rigid 
anchorage, and tying the trees in situ. The tree groyne was made up of whole 
grEen babul trees, about 20 ft. to 30 ft. high, spaced 5 ft. apart, tied to a G. I. 
Cable 1-1/ti" diameter, anchored at end :M: as described. Suitable arrangements 
for tying the tre2s to the cable by stirrups auU. every fifth tree by a damp >~.nd 
hold-fast bolt were made. It was intenrled to pull the tree end upstream at 45' 
to the direction of the current by the aid of power craft and then allow the 
current t.o ]auuch the groyne at roughly 60' to the direction of the current. 
This was intended to be done iu three stages. Actually, however, with the 
first pull two-thirds of the groyne launched itself more or less in the alignment 
desired. Efforts to pull the remaining third caused loops near its land end, 
which could not be disentangled. It has been estimated that this resulted in 
the effective length being about 10 per cent less than the designed length. 

After the groyne w:ts launched, the current actu>.Llly was diverted to the 
bye-river for a time. But later, the main river again became stronger and 
active erosion of the island resulted. The net result was merely a bodily shift
ing of the meander. 

Such groynes in the katcha, unless outfiankin~ can be prevented, are not 
likely to be effective for the purpose of closing up one bye-river and opening out 
another. 
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Type (c)-T1·ee groyne for silting a bye-river at ·its offtake. 

:r'ype (c), ?onstructed after the abkalani of 1937 opposite mile 5/3 of 
Kassimpur-Nabishah Bund th th ' . . . . , on e o er hand, appears to have been un 
unqualified ~~ccess In si!tmg up_ the bye-river (in which it was constructed) llt 
Its source (B 1gs. 56 and 57 (1I-v1.). (See p. 84). Figs. 

56 
&

671 
The site A. B (see Fill'. 56/Il-vi) was selected, after a detailed river survey, II-vi. • 

where there had been activeeroswnand themaincurrentwas directly striking the 
pucca edge. However, the launch (carrying the free end of the wire rope) drifted 
down and the Wire rope Wt:ts actually fixed along CB. On account of the 
downstream sag of the w1re rope and because the floating buoys along with 
anchors were dragged down, the tree groyne after completion actually adopted 
the line BEDC. 

Do~ble,B. 9'· rail ~2ft. !ong w~s first fixed in cement concrete (1: 3: 6) 
bloc:k, 5 X 5 x 8, at pomt B Ill the Island, 260 ft. away from the water edge, to 
serve as a temporary anchor and double B. G. rail was fixed similarly on the 
Pucca at <?• 600 feet from the water edge. For stretching the wire rope, 
a 10 ton wmch was firmly fixed in the pucca near C by 1neans of wooden 
sleepers buried deep in the ground and loaded by gunny bags full of earth. The 
sleepers were connected to the winch by means of wire ropes. 

An old, flexible, steel wire 1" dia. rope made up of separate small lengths 
into one length, 1,850 feet, was first tried but snapped; and a new rope 1-'/8" 
diameter, 1,850 ft. long, had to b.e used instead. One end of the wire rope was 
:fixed to the rail block in the island at B and the other end was then taken across 
the }.'iver by gradually releasing the wire rope which was kept coiled on S. L. 
''Madge". The other end was then fixed to the 10 too winch in the puoca, after 
being taken through rings, made up from old chains, for tying trees on to it. 
The wire rope was supported at regular intervals by boats and pontoons in 
order to reduce the added strain on the winch when the wire was submerged 
and to facilitate stretching. It was then stretched by the winch. Part of the load 
(after trees were fixed on) was released from the winch, by connectin~ the wire 
rope to the rail block by a separate piece of wire connected to the ma1n w1re by 
means of U bolts. 

Two floating buoys, connected to heavy anchors with strong. iron ch~ins 
30ft. long and shackles, were placed· on the upstream side of the Wire rope hne, 
one 5 owt. anchor 200ft. away and another 1 ton anchor 400ft. away from the 
pucca edge of the river, to hold the line of groyoes in position. · The anchors 
and buoys were fixed with due regard to the drag downstream by the currei?t 
pressing on the loaded trees. . The buoys and anchors were fixed to the mam 
wire rope with separate Wire pieces and U bolts. 

Babul trees, 2! to 3ft. girtb,'25 to 35 ft. lo_og, complete. \~i.th br~nc~es, 
wer2 selected from a forest above the tree groyne site, so as to faCilitate haul_age 
of the tree on country boats. The trees were ?ut nearly at ground. lev~! ,md 
the whole trees were carted on bullock carts WJth branches over~angmg at t~e 
back the carts being hauled by a team of bullocks and men. The trees were 
load~d on the boats by pulling the trunks up by means of pulleys, the branches 
left to overhancr on the side of boats. 

The trees ~vere unloaded and carted to the site in the same way. Holes 
" · b the bottom were drilled through the trunk:;. They 

1 dmmeter, 2 ft. a ove t d b · S. L. "Madge" to the upstream side of 
were then hauled on. pontoon_s owe" .Y 10 ft Jon.,. 3/8" dia., to the iron rings 
the wire ropes and t1ed by Wlre rop,_pwces · g. ios;'fficient as a larger number 

t · h · wire rope (the rmgs provm . 
or even o t e mam h t floated horizontally on the downst-ream side, 
of t:ees were required). .'T e rees osit of silt and katcbra trapped in their bran
until when overloaded with the dep . 1 t'cal It was found that as many as 
ches, they began to sink and get n~ar [ ;:~ ~lti~ately actually required against 
one tr~e per runm_ng foot of the gr !:10 Rft. Kandi trees, though much li~bter, 
an est,Jmated provisiOn of one treet P t nearly so effective as tho more tbwkly 
and, therefore, easier to transpor ' are no 

branched babul. . of the wire rope increased, causing a large 
· With the load, the saif and ~r~ft (I and 'on the winch. The wire rope bad, 

strain on the rail block B m. the r ~~~'at the winch, causing more and more 
therefore, to be eased from time 0 · 
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~ag. ~n const_riction of tue waterway, the island began to erode, as was the 
~ntentwn. Ultimately, the block B got eroded and submerged. The main rope, 
mtended t? be cut at E, was allowed to remain along with the rail block in the 
island, actmg as a heavy anchor and preventing the groyne from moving down
stream to any large extent. 

Throughout the operation the main wire had to be kept above water level by 
shifting the pon~oon ahead as the fixing of the. trees progressed. When the 
buoy began to smk, the pontoon was moved towards the island. Part of the 
main wire .rope was completely submerged with the weiaht of the trees. 
A subsidiary ~ire ~ope was, therefore, stretched from the first buoy to thll point 
where the roam wire rope was above water level and trees were fixed by 
stirrups to the subsidiary wire rope. Any remaining gaps were filled by trees, 
lai brushwood etc. being wedged in place and tied by strings and coir rope 
where necessary. 

After the tree.groyne was completed, the winch and pontoon were removed 
and the main wire rope fixed to the rail block in the pucca at C. 

Soundings taken before and after the groyne revealed a marked improvement· 
Since that year there has been no further erosion of the pucca and the flow 
alan<>' the bye-river is so sluggish as as to indicate that the river has silted at 
its s~urce. Fig. 57 /II-vi shows how successful the tree groyne has been in Fi~. &7fii ,; 

silting up the bye-river up to its off-take. 
Experience on the groyne has taught the following lessons:-

(i) Instead of attempting to fix the free end B as a tPmporary anchor 
to a rail block in the kttcha, it should be attached to~ ver~ h8avy anchor, 
say a ten ton block 10' x 5' x 3', where desired. Thrs Will not obstruct 
boat traffic and will prevent accidents wh1ch way lead to farlure. 

(ii) An ordinary pontoon is rather powerless for keep!nF the wire rope 
up; one of the 80 ton barges available in the Barrage D!VlsiOn would be 
more useful. 

(iii) Far more trees than estimated are required and provision should 
be made at one tree per Rit. Babul trees about 3 ft. m grrth and 
25 to 30 ft. long are the best. . 

(iv) This kind of groynes can be successfully made m ?epths of water 
about 15 to 20 ft. It must have at least one rig1d, uny1eldmg anchor fixed 

in pucca soil. . 
(v) The cost of the groyne was Rs. 14 per Rft. m1937-38. 

III. FLOW IN RIVER AND CANALS. 

ii FLOW IN CHANNELS IN INCOHERENT AXD COHERENT ALLUVIUM. 

III. ii-1 FLATTENING THE SLOPE OF ~HEN. W. CANAL-SIND. 

(Advice without experiments) 
In order to retard the deterioration in water levels of the Indus river above 

th L• kk B 0" ·twas suo-gested :tll 
e au ur arra,..,e I o West Canal, the full supply level can be 

"In the case of the North d f! tt in the slopes in the main canal 
lowered by excavating the bedt an ·~1 =~ea ~f hirrh level near the head of 
and Warah Brauch. At wo~s '·at s~~ This ho;,ever would be a small 
Warah Branch will be turne dIll ~ 1 

· of all~wino- free' tlow through the 
loss compared to the great a vanf ~~:kh cusecs, :a as to retard or prevent 
Barrage for discharges Ill excess 0 

further deterioration·" t the Executive Engineer, Barrage 
With reference to the abov~hst~tet~~~ slope which could be recommended 

Division made an enqUiry as to · he Ba h 
f h N' W C I and the Wara ranc . d "t 
or t e ~ . . ana d 1 'It entering the canals at the hea , I 

From the available data of gra e 0h SI hannel generally excluded from the 
was observed that the curved, ag_pro~~ll cmrn. diameter giving Lacey f=O·~S. 
N. W. Canal, bed sand coarser t an ace 's formula, with a designed bead di~
If this were correct, accordiDg toh L ld yhave a slope of o·055 per 1,000 or 1w 
charge of 5,047 cusecs, the canal-s on 

Cl) Annuo.l Report (Technical) for 1945. 

s 4!-22 
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18 000 provided all coarse sani is first 1'P.moved j?'om the bed-a treatment 
sit~i!ar' to that recommended for the Rice Canal'"· .Furth:r takmg m ooQ 1110

, m 
in the Warah branch, with a designed d1sch1~rge of 1,9'J·1~ cusecs, would be 
0·10 mm., i.e. f=0·56; and the slope, therefore, may be O·Ofn per 1,000, or 1 10 
15,400. 

The canal at present already runs at a fiat gradient, viz. 1 in 17,500, for 
a discharge of 5,000 cusecs; so the main trouble appears to be the vVarah Bmnch 
which takes off at high level. 

V. ACCURACY OF DIFFERENT METHODS OF 
TAKING DISCHARGES 

V-1 DEsiGN oF A nROAD cRESTED wEIR FOR THE RANGHOLI IRRIGATION ScHE~IE, 
BHAVNAGAR STATE. 

The State Engineer approached this Station for the design of a broad
crested section for the Rangholi Irrigation Scheme weir which has 7 5 automatic 
·gates each 20' x 5' in siY.e. With 62,000 cusecs (maximum flood), the depth 
over the weir crest being 6 ft., the coefficient of discharge for these conditions 
worked out to 2·82, with negligible head due to velocity of approach. 

A standard weir section having 1 in 5 upstream and 1 in 3 downstream 
slope with a fiat crest 5 to 6 ft. long, enough for the gates to rest on, which with 
clear overfall gives a dischr.rge coefficient of 3·2, was recommended with a cis
tern downstream to hold the standing wave which otherwise proves d>mgerous, 
causing scour and undermining. 

V-2. DEsiGN OF HIGH CoEFFICIENT WEIR PROFILE (HYDERABAD,DEcCAN) 

The Director, Engineering Research Department, Hyc1erabad State, 
referred to this Station for a high coefficient weir profile which, while having the 
crest at R. L. 100 with upstream ground level at R. L: 99 and the downstream 
ground at R. L. 97, would give a discharge coefficient of the order of 4·5; with 
a head of 2' to 3'. 

In this case, the ratio of the head over the weir to its height \Vorkec1 out to 
2 or 3 according as the head was 2' or 3'; and hence weir profile No. X<'' which 
gave 0=·1'69 when D/H varied from 4·79 to 1·38 was suggested, provided the 
weir worked with a free. overfall. It was ma~e clear that fresh experiments 
would have to be done m case the flow cond1t10ns are drowned, or partially 
drowned. 

V-3. DEsiGN OF A 410 cusEcs STANDING WAVE FLmiE FOR '£HE 
JAwAI RivER PROJECT (JonHruu) 

The Chief Engineer, .Jodhpur Suate, asked for a desio·n of a 410 cusecs 
Standing Wave Flume fOJ:' a lined canal having 24ft. bed,:·Wth, 5 ft. depth and· 
1:1 s1de slopes. The design recommended-based on Des1gn of Standing \Vave 
Flume"'-is shown in Fig. 1/V. 

V-4. vVATEI\ suuFAcE PROFILEs oBsEHVEn Ix A 5' vVmE STANDING WAvE 
FLtiME WITH PAll!.LLEL SIDES FOil VAHIOUS STAGES OF FLOW 

1 Int1·oduction 

Information was sought by Mr. A. R. Thomas, Executive Enaineer reaard
ing water surface profiles, observed in a long-crested, paral!el-sid~d weir, ~hen 
the downstream water level was raised through various st~tges hypo-critical 
critical and hyper-critical. ' ' 

Since this informati~n was not forthcoming from p11st records, it was decided 
to observe these pro~les m t~e L. B. Flum~ over the 5' wide, parallel-sided 
hump. A longitudmal sectwn of tbe hump 1s shown in fig. 2/V. 

(1) Annual Report (Technical) 19!5. 

(2) Annual Report (Technical) 1989-40, puge 47. 
(3) Annual Report (Technical) 1944, pau. 90. 
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PART II 
87 

Mr. Thomas wanted the various fil . t b I· L 
pro es o e observed for D _ ~ nnd 

L I 4'9·5 
-, L being the length of the crest in ]' " 

l'ii L L L Ine of flow; actually, profilt•s have been 
observed for D,=--, -c,- and l:. Th fi L 

. . 10 6 4 2·5 e pro le for D, = [5 could not be obsc•rved 
owmg to the madequacy of the flume to tal·e th h' h d' h 

, ' e Ig Isc arg-e (q=8·8 cs/ft. 
approJ>.). Even the profile for D,=_

2
L_, could not be 

drowned conditions. 
" observed under fully 

2. Discharges 
The hump forming the flume h· d · 1 · 

h , . a previous y been calibrated aaninst a 2' S 
W. F. T e wrmula denved statistically was n -3·03 B D'·" C " · · 

L . "ll- • onscquently, for 
D,=IO where L=3', q=0·48 csjft. 

L 
q = 1'049 csjft. 

q=1·95i 
" 

[D, = D , as head due· to velocity ofapproach was negligible] 

3. Procedure 

For each of the discharges, the downstream water level was "radually 
raised from clear free flow stage to critical stage when the upstream w~ter level 
was just affected by the tail water. The downstream water level was further 
raised until the flow conditions were partly and fully submerged, in stages. 
Water surface profiles were observed at each stage in the centre of the flume. 

4. Graphs and Fig~tres 

The profiles have been plotted on the same sheet for a particular discbar"'e 
to show the various stages for easy comparison-Figs. 3 to 6jV. A very bi~h F;,,, 3 to 

exaggeration of scales has been adopted in order to be able to distinguish "''· 
different profiles. 

Figs. 7 to 10/V show the graph showing the re!ati?Dshlp between th" I•''"'· 7 to 

(
D,-D, ) w,,. 

percentage Joss of bead --u;-- per cent and the upstream head over the ci!l. 

Figs. 11 to 14/V show relationship between the per cent drowning ratio and p;g •. 11 to 

the per cent error in discharge. The error increases with the increase in th'' 14/,. 

drowning ratio (see Table 1/v); the error up_to _90 p~r. cent submer~ence is, T«hic Ifv. 
however, small, viz. only 3 per cent. Above this limit It mcreases rapidly. 

5. Bes~tlts 

The study of the mechanics of flow over a _weir reveals t~at till the criti~al 
stage is reacheil, the upstream water level remams. ~uaffectedi_n spite of the nse 
in downstream water level; when, however, the cntw~l stage IS passed, the rise 
in upstream w:Lter ]eve! is fairly rapiil w!th _the nse m downstream _water level 
and finally a stage is reached when the rise m upstream water level Is the same 
as the rise in downstream water level. 

A al sis of the results shows that the higher the discharge, the lower 
is the I~I~;t;l~r limit, when upstream water level is just affected by downstream 
water level. 

With D,=~· 
L =u 
L 
4 
L 

=z.5 

D,fD, (critical)=87·10 per cent. 

= 86·50 per cent. 

=84·74 per cent. 

=85·13 per cent. 
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6. Position of Standing Wave 

Between 'u' and 'e', the surface rises rapidly and is much disturbed by 
spraying and spattering. The whole mass is so milky as to suggest the preaence 

Fta.rsjv 

6..R.P. 

of much internal impact.U' The milky condition of wa~er .reduces its specific 
gravity and accordingly the surface at the top of the nse IS above the norm~! 
level· but as soon as all the air bubbles reach the surface so that the water IS 

aga·i~ transparent, the surface becomes smooth and level. 
It must be remembered that the theory of pressure- plus- momentum is 

used in problems where the friction on the boundary layer may be neglected 
between two sections close together under conditions of horizontal motion. 
It cannot be applied to sections in which curvature is prominent, nor to sharply 
inclined flow unless a correction is made for the vertical component of velocity. 
Allowance has also to he made for other losses- e.g. loss due to shock in passing 
from the toe of the glacis to the flat bed of the channel, etc. The standing wave 
constantly oscill,lted backwards and forwards and caused Jiuctuatious. 

The actual profile will differ somewhat from the ideal owing to the follow
ing considerations t

2
'.:-

(a) Changes in stream lines cannot he abrupt on approaching a change 
of section; 

(b) A change of velocity or a change of depth postulates a change in 
frictional losses. This change in frictional losses is neglected in calcula
tions of ideal prorlle. 
This shows that the actual position of the standing wave may-and probably 

will-be slightly higher up than the theoretical position. 

7. Curvature of flow 

The experiments <'' to investigate the curvature of flow in the throat 
of a standing wave flume showed that the pressures at the end of the throat 
were less than the corresponding depths of water. The negative pressure on 
the bed at the end of the throat, which is a measure of the convex curvature, 
apparently increased for higher values of D. This has been confirmed by the 
present series oi experiments also. Last year's experiment also proved that 
at the entrance there was little difference between depth of water and corres
ponding pressures, even for D=1·2.F.S.D. The curvature at the entrance of the 
throat is thus less pronounced. 

The effect of this convex curvature at the end of the throat is to reduce 
the value of the critical depth (see Table 1/V) at the downatream end of the 
throat and to make the critical depth occur at a certain distance further 
upstream. · 

As explained by Bakhmeteff «J : 

"Experiments show that in actual movement over a broad-crested 
weir, the critical depth d,=q'13fg'1' is attained by the sudace at a certain 

(1) "Design of Weirs on permeable foundations" by A. N. Khosla, }.S.E. (page 159). 
(2) Energy o{ flowing water, Punjab Engineering c.Jongress, 1929. 
{3) I. w. E. Stu., Poona, Annual Report (Tech.), for 1945. 

(4) "Hydraulics of open channels", by Bo.khmetefi, p. 43. 
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TABLE N,p. 1/V 

Table showing pe1· cent erro1· in discharge and per cent drowning ratio for various values of D1 

--------------------~--------------------.------------------~------------------
Dt=¥o-=0·S'. D!=~=0·5'. Dt=~=0-75'. D1 =~=1-2'. 

0 1 lt. \3 .~8=BD1·58\ Actual\ peroent\ D8jD1 Dl. 18·0~=BDlo581 Actu•l I P" cent I I Q- Actunl I per cent I D1. 18 ·0~BD1.581A••unll percent/ Daj Dl. D d/ u1, Dl, 8·03 BD1' 58 D0jD 1, 
cusecs. Q. error. per cent. ousecs. Q. error, ousecs. Q· error, ouseos. Q, error. 

0·800 2·40 2-40 87·0 0-500 5·246 5-246 59·0 0·75 9-757 9-757 78·12 1-2 20-05 20·05 61·66 

o.soo 2·40 ~-40 46-67 0-500 86·~ 0-754 9-885 0_·8 84-?4 1-208 20-09 0·2 Bs-la 
0-802 2·428 2·40 1·14 87-10 0-606 6-248 1·85 88·7~ 0-759 9·988 1·81 85-89 1-207 20-20 0-75 87-92 

0·800 2·428 1·14 88·74 0·507 5-859 2·16 89-74 0·768 10·001 !a·64 87-8~ }.217 20-46 2·Cl5 89-74 

0·806 2-475 8·08 91·88 0-518 5·4Gll 4-00 90·Bt 0·772 10-17 4·28 89·52 ... 
0·819" 2·618 8·85 91-85 0-516 5-504 4·98 90·" 0·782 10-4.0 6·68 1:19·66 

0·828 2·657 11 ·10 98·19 

[D1 =D, as head due to vel"'oity of •P.Proe.oh was negligible.] 

"' ~ 
"' .. 
::: 
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distance before the edge of the weir and the depth d., over the edge i6 

somewhat smaller. The explanation lies in the fa?t that the critical 
depth d =q't'jo,ll' v,as determined under the assumptiOn of parallel flow. 
In othe:' words~ d,=q'13/g'1' corresponds to flow with a possible minimum 
content of energy in parallel flow. 

For curvilinear flow, the m:inimnm possible content of energy corres
ponding to a discharge q differs from content (minimum) corresponding to 
parallel flow. It is greater for concave flow and SJJ1&ller for ~onvex move
mwt. Also the critical depth determmed as the depth at whwh flow with 
minimum content of energy takes place is smaller than q'1'/f!} 13 

for convell: 
Htreamin()' and greater than q'13/g 13 for concave flow". 
The wat;r profiles at modular limit bring out the- following points:-

With an increase in upstream depths, 

(i) the profile became more curved; 
(ii) the theoretical :l/3rd depth point came closer to the entrar.ce of the 

throat (see also col. 4 of Table 2/V) ; · 

and (iii) the ratio of minimum depth at end of throat D, decreased and 
the divergence from the theoretical value ( = 2/3) increased (col. 5 of 
Table 2fV). 

Conclusions 

The experiments clearly showed the existence of curvature of flow. 

The curvature at the end of the throat increases for hirrher va.Jues of D. 
This is in agreement with experiments carried out durinO' th~ last year which 
also showed that the length over which the tlow rem,.ins"pamllel in th~ throat 
depends on D and decreases with increase of D. ' 

TABLE No. 2/V 

WATER SURFACE PROFILES IN 5' HU.IP 

Table showing actual depth of water observed on cenf1·e lines as compared with 
D, upstream over the cill. 

Depth of \ I Position wh"e 2/30 I 
I D:::::depth water a.t of flow was observed

1 Drowning 

ufs over the entrance to I 2/3 D1 ft. measured from the, Depth of w·ater at Ratio 

cill in ft. the throa~ I ufs end of throat 
the downstream (:\Iodular 

in ft. in ft. 1 

end of the throat 

I 
limit.). 

• I 
in ft. 

1 2 I 3 5 
I 6 

L 0·229 I I5 =0·3 0·200 2·82 0·195 = 0·65D1 

I 
87-10% 

!g.=o·5 O·ii70 0·3:33 :N7 0·310 = ·62D, 86 50% 

I 
J:,-=0·75 0·540 

I 
0 500 1•37 

I 

4 0·452 = ·G03D, 84-74% 

L-.=1·2 I 0·880 

I 
0·800 1·1 5 0·714=0·595D 2".) 85·13% 

D (' D a?. he'ld due o t veloCJty of approach was negligible.} 



PART U 

XI SPILL W.A YS 

XI-1. PREVENTING scoun BELOW GANESH Irnn VoLFTE Sr!'HO~ SPILLIYAYS 

BY MUTUAL IMPACT OF JETS ISSUING FRO)! ADJACENT SIPHOX Oo'l'LE'I'S. 

(1) Synopsis. 

In the high head d<ms, proposed to be constructed in V11rious post-w.tr 
schemes, G>tnash Iyer Volute Si:>hons will suggest themselves for adoption fur 
excess flood disposal. They have a better discharging capacity nnd n !ower 
priming .depth as c~mpar~d to ordinary saddle type siphon spil!wnys. ~ho, It has 
been claimed that, m therr desrgn, heads exceedin"' the atmosphenc pressum 
head could be effectively utilised for producing f!o~v through the siphon, thus 
requiring less spillway capacity in high dam design, if this type is used. 

J:"/G. tj::U, ,~;:::;.s/'N. 
GANESH lYE!? VOLUTE SIPHON 

( HIRUH/1561/R DAM, MySORE:.) 
WITH OUrLET ANGLE MOO!F'I£D(FOR MODEl. EXPT.. 

SCAl.E·/':=40' 

SECTION. 
/i'.L./763 
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Where rock or ineroJible formation Is at a consider~ble _dep~h below the 
normal bed level of the river downstream of the s~1llway, Jets 1s~mng from _the 
outlets are likely to create new problems ?on~ernmg the prot~ctJO? of th~ r1ver 
bed aaainst heavy scour; and unless the km_etw ener_gy of t~e.J~ts 1_s suffimently 
destr~yed before it hits the bed! and/or the r1ver bed m the VJC_Imty 1s adequately 
protected, conditions endangenng the Eafety of the dam are hkely to develop. 

(2) Object of the experiments 

Experiments were commenced to ~tudy the dissip~tion ~f energy of the 
jets, by making them hit each other at dli'ferEWt angles, rmmedrately after they 
leave the outlets. 

(3) Model. 

Two 1/24 scale geometrically-similar models of volute siphon spillways at 
Hirebhasagar dam (Jog Power Scheme, My_sore State), alr_e~dy wnstr?cted at 
the Station to study mutual interference of srphons, were ?trhsed_ fo_r thrs study. 
The volutes in the bellmouth inlet were made geometncally-swular and the 
distance between the siphons was equivalent to that of the Hirebhasgar 
siphons. The only change made was in the alignm~nt of t~e horizo~tal outlets; 
thus, in experiment 1, they made an angle of 18 and m Expenment No.2 
of 30'. 

Experiments could not be started earlier as the essential details of the 
volutes were received from the Mysore P. W. D. only by the end of December . 

. (4) Procedure. 

The bed downstream of the spillway was laid in shingle at level equivalent 
to R. L. 1690 to a depth of 2·55 ft. in the model. Discharge was run through 
the siphons till the maximum depth of scour observed in the bed remained 
unaltered ir;t_ co.o,~ooutive ~un~-- -

Water level In the reservo:lr upstream was maln~)ned eqnlVltle-nt to l! it. 
above the crest of bellmouth (M. F. L.), while water· level in the river down
stream was maintained at R. L. equivalent to 1707, or 17 ft. above the origin:i.I 
ground level. Thus, the drop of level from the centre of the outlet to the 
water level in the river was equivalent to 12 ft. 

(5) Experiments. 

Experiment No.1: (Jet angle=18' and bed material=17·31 mm.) 

. In this exp~riment, the jets were made to hit at an angle of 18'. Coarse 
shmgle (~ean dra. = 17'31 mm.) was used for laying the river bed downstream 
of the sp1llway. It was observed that the two jets affected each other insigni
ficant~y, so ~ar as ener~y dissipation was concerned; but dropped down vertically 
as a _smgle Jet, practrcally producing the effect of the sum total of the two, as 
was JUdged by the depth of scour-hole. The depth of scour was considerable, 
the cement plastered bot~om of the channel ove1· which shingle was laid to 
a de~th of 2·55 ft. becommg exposed; indicating that depth of scour if not 
restrrcted by the floor would have been more. 

(The depth of scour-hole obtained with a single jets was 1·55 ft. only). 

Experiment No; 2: (Jet angle = 30' and bed material = 17·31 mm.) 

" In t~is experiment! the angle made by the adjacent jets was increased from 
18 t~ 30 · The m~terral used for simulating river bed was the same as in 

F;g, HJXI. exp~nment no. 1, vrz. m = 17 ·31 mm. Figure 3/XI shows the longitudinal 
sectiOn of the scour-hole after stability was reached. The maximum depth of 
acour was 2·3 feet =55 ·2 feet giving slightly better results than with 18' jets. 

Photo 50B7.Photo 5087 shows the model with jets hitting at an angle of 30'. 



Ganesh lyer Volu te siphons-Dissipation of energy by j ets. 

6037. Pboto (1 {2J scale Volute siphon model) 
Showing How confht_wn~ near th e 
siohor. dome and jP. ts lss umg fronl th:· 
m;t !ets hitti ng aL nn angle of 30. 
Looki ng from top. 
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lf24 SCALE G.S. VOLUTE SIPHON MODEL 

PROFILE OF SCOUR-HOLE ALONG THE CENTRE LINE 
WITH JETS OF ADJACENT_ SIPHONS HITTING AT AN ANGEL OF 30 

EXPT.2. 
IN M.M. BGAL1L:.- 1 cJ 

htEAH OIAMETE~ •OF 81!:0 loiATEIIIAL IKTtiP: RIVE~ ~ 17·JH (C04RSE SHIHGI.E) 

W·l... O/s ---,-----r-- --r--
1 

1 
8WD L.I!\'~L BEFORE. BT ~T. 

No.G~S6 
I·W·'Ii. ... f>'1'· !lio"TN.·POOHPio. 

AFTER II HOIRS OF FLOW. 

I 

A.c.o'=-----~----~a:------~,.------,4------:s~-----!:6-----7:';------&!:.--------J9r----~,:;::o-----7,,l;----~H• 
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SIPHON OUTLET 

F'"IG. 4/:zr. 
~4 SCALE G. S. VOLUTE. S\PHOH MODEL 

PROFILE OF SCOUR-HOLE ALONG THE CENTRE LlNE: 

WlTH JETS OF ADJACENT SIPHONS l-llTTli'IG AT AN ANGLE OF 30• (EXPT. 3) 

MEAt-~ DiAMETER 0}:"' BED MATERIAL IN THE RIVER= 6·02 m.m. (F"INER SHINGLE) 

H!l ti:597 
t.W.a:.. $.POOHA 

..-MAX. W. L.. MAltiTAitl£0 t>/s 01' R.I:S"£1aVOIR IN Tltt PIV£R 

r---~---- -. -------r----r-·----- ---,.-·---~ ... -~---- r--·---- ---
~ BED U!'IC\. 8 FOR1t START, 

01-~--------t-------~-------+--------r-------,_ _______ -+-------~~·-----+-------~-------4--------~-------~ 

-

FEE'f 

CI.PZ.~-POOMA 4o7'. 
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(/24 sr:At..E G. S. VOLUTE SIPHON MODEL. 

PROFILE OF SCOUR-HOLE ALONG THE CENTRE LIN£ 

WITH ONLY' ON£ SIPH0/'1- EXPT 4 

ff? 6393 
lntliam Waf,.rways EZff. Sfn. 

1\_ SIPHON ouna 

MEAN iJIA. OF B£0 MATERiAL IN THE RIVER= 6·02 m. m. (FmER SIIIHGt..E) 

~ -----.-~----.----- -----..------- MAX W'. L. MAINTAINED Dis OF R.ES£1i'V'Ofli' IN rH£ RIVER. ~. ----- -----r-----,.::::1..:..-.-- --~--r-:-----r------

1aE/1 LEVEL B.EFO!i'£ START. 

o~~r--T--~--T-~---~--~--~~~=t==-~~ 1.2 HOURs--,_L---~:: ·:··--··:--·:::.:: ----- --· 

1.2 HOVRS ••• •• ~-- ..,..._ 

6

1
HOURS _. ~w- -- ~:~~:~-?~ ""17HOUR 

1-0 .--~--- ~:~ ... --r-· ~ 

z.o 
F-., 

lJ----~ --~ '·~=~~ .... ----~.::::: ----· 
~-- 17 HOURS r--·:.:.:~ ~ ........................... --~ _... 

{FINAL). ·- ·-·-·-- ·-·-·-

0 r 6 

F.E:£T 
'7 

r. BY SAP/</11-. 

9 /0 II 
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ND.6.3S2 
I.W.GXPT,S.PODNA, 

VOLt./ -----=/..:._ 
TE SIPHON EXPERIMENTS. 

LJISTRIBliTION CURVES OJ:" 

SIIIN6'LE: LAID ON TilE: RIVER BEIJ .lJ. Of:" 

SPilL WAY IN I 24 SCALE G.S.MO;EL. 

kPJI'. NO, ~40/ I 1 :'?Tm.m. 
kPK. ND, 2400 v 1\ m=6·,zm.m, 

I~ 
I"Y I 

I 11', ' "*' I~ I 

I , 
\ 

+/ 1J +-+-+...;; I 
I 

~ I 

f 
/l)o(J 20·0 3D•Q S(N) 

GRAIN SI2E iN m.m. 

Experiment No.3: (Jet angle= 30' and bed material = 6"02 mm.) 

93 

In this experiment, the bed material was changed from 17·31 rom. dia. to 
6·02 mm., to oee the effect of the grade of bed material on scour. It has been 
found elsewhere''> that scour-holes in such cases is dependent on the geometry of 
flow and the ultimate form of score-hole is, therefore, independent of the grade 
(provided the bed material is incoherent). The depth of scour was 2·4 feet, as 
compared with 2·3 feet in experiment 2 with m = 17·31 mm. This point 
requires further investigation. Figure 4/Xl shows the longitudinal profile of Fig. 4/XI. 

scour-hole. 

Experiment No. 4: (Only one siphon running and bed material = 6•02 mm.) 

In this experiment, the depth of scour was observed with only one siphon 
discharging so that this could be compared with scour-hole ?btain.ed with jets 
hitting at angle of 30' in Experiment No. 3, the bed ma~enal berng the same. 
Figure 5/XJ shows the profile of scour-hole. The maximum depth of scour Fig. 5/XI. 

was only 1"55 feet= 37·2 feet. Thus, with_iets hitting at ~n ang~e of 30', the 
maximum .depth of scour-hole was 1·55 times that obtarned With only one 
siphon. 

(6) Conclusions. 

The jets hitting at an angle of 30' were not .effective in reducing the maxi
mum depth below that obtained with only one siphon. The angle tested was 

{1) Inst. 0. E. Paper No. 5127 (1938·S9) on lo Protection of dams, weirs, aDd sluices nga.iust scour" by 

R. V . .Burns and 0. M. White. 

8 41-24 
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the maximum that could he constructed with the existing design of the Jog 
Volute Siphons. If further increase in angle of incidenc~ has t? be tested, it 
will be necessary to increase the distance between two adJacent s1pho?s (present 
distance 45 feet) which will, however, increase the length of the spl]lway and 
thus increase the cost. 

F1trther Experi7nents 

Experiments with siphon having outlets tilted upwards, so that the jets 
travel upwards before hitting each other and experiments where the out-going jet 
is fanned out before incidence of the jets, are next on the programme; after 
which experiments will be done with revolving jets, singly and impacting against 
each other. 

XVI. TUBE WELLS. 

(ii) YIELD. IN RELATION TO SuB-SOIL. 

XVI-(ii)-1. TRANSMISSION CoEFFICIENT OF SAND SAMPLES TAKEN BETWEEN 

GROUND LEVEL AND 12 FEET DEPTH FROM THREE TEST BoRINGS AND ITS 

VERIFICATION WITH TRANSMISSION CoEFFICIENT OBTAINED FROM 

YIELD TEST RESULTS IN THE DAMODAR RIVER AT SINDRI. 

In September 1945, the Superintending Engineer, Public Health Engineer
ing Department, Bihar, approached this Station in connection with the Project 
for water supply to the Government of India Fertiliser Factory, Sindri. The 
depth of sand in the river bed was reported to be approximately 20 to 25 feet 
and general information on the water yielding capacities .and transmission co
efficients was asked for. 

A study of the data gave resnlts as explained below:-

Fig.lfXVI·ii Figure 1/XVI-ii shows three typical distribution curves of sand 
m = 0·89; 0·90 and 1·07 mm., used for finding out the transmission co

efficient. 

# 1VOJSB4!J7 

F!G.Ijro:ti. S/Zt: OISTk'!BlJTION CUI7V£S OF SANO SAMPLES 
FROMTHC. B£0 OFTH£ OAMOOAR AT S/NOQ/ 

RCF£fl£1VCL :. 

+·········· 3919 SAMPLE NO. I SOR!Nii NO 1 o'-1o' m=·BS m.m. 
0- 392Z ' 1 "" Z '" 1I d-JZ 'tn ~ 1·07 f11.f71, 

•---39Z6 u " 3 
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· The app:tratue used for finding out the transmission coefficient of Sindri 
sand consisted of a 3" dia. steel pipe with holes drilled for insertion of ~la"s 
tubes. The sand was compact.ed in the cylinder to a dry bulk deusit~ of 
97·5 lbs./Cft .. The ends of the pipe were closed with wooden covers and it was 
madA air-tight by sealing the covers with plaster of Paris. Glass tubes were 
fitted as shown in Fi~ure 2/XVI-ii. Water was made to flow through the saud l!'ig. 2/XVI-ii 

column under three different he'l.ds and was collected at the other end for a 
known interval. Transmission coefficient was calculated as below:-

The value of K, the transmission coefficient, is expressed as the velocity 
of flow through the soil under the action of a unit hydraulic gradient 
(i = h/1 = 1). 

It is obta.ined from the formula-

Q = Kxh/lxA 

where Q quantity of water in c.c. percolating in one minute, 

h/1 = hydraulic gradient, 

A = Cross-sectional Area in sq. ems. of soil column, 

and K = Velocity of water in cms.fmin. 

= transmission cofficieut (in mns./min.) 

Table No. 1/XVI-ii shows t,he !esults and the me~n 
The mean value of K is 2·2 cms.fmm., or 0·072 feetjmm. 

value of K obtained. 

No. 

1 

2. 

8 

TABLE No. 1/XVI-ii 

. I I Tempe-l I I I Mean valuo 

. . Time Quantity of 
D. B. D. of ·~nd I Quantity of required wate~ P~'OO· ra~ure o 

h/1- A. Bq. K o~s.J of K in compacted 1n wate~ collec- in latmg !D water ems. mm. fL.Jmin, cylinder. ted m C. 0. minutes. c. o.Jmln. degree C. 

222-0 7 
31-5 24·5 0·>7 52-7 2-21 

220-0 7 

1·52 gms.Jc. o. 210-0 B. 
24·5 0·588 52·7 !1·27 0-072 70-01 

0' 
97.5 lbs. per oft. 211-0 8 

222-0 

I 
~ 

24·6 0-501 52-7 56-6 
--.- 2·11 2A3·0 4 
mean= I 2·20 

n (b) Schoklitsch's(l' formul_a for determmmg the transmissiOn coeffime 
from yield test of a tube well Is 

' ' . Q I x, z,- z, =IlK og,x, 

h . ontal distance in feet from the centre line of Where x llond x2 = onz 
1 tube well, 

dr !. d · t line above . ht in feet of hJ au IC gra ten 
zl and z2 = h:~~ b~ttom of strainer at x1 and x2, 

. h f tube well in <.:u.ft.jmin. for a particular Q = Dtsc arg~ o 
depressiOn, . 

. . n coefficient in feet/mm. d K _ TransmtsSIO 
an -: ted b the above method from the 

Transmission coefficien:s ro~r:h~:~c~l~erent ~elds; the corresponding cones Fig. 8fXVl-il 

·ield tests of tube well No: ' · 3/XVI-ii-
~£ depression are shown Ftgnre . b The Amedcan Society of Mech•nical Engineers• 

Volume I"' by A. Sohokhtsc 
(1) ~<Hydraulic Structures. 

Pubbco.tion. 



96 ANNUAL REPORT (TECHNICAL) OF WORK DONE DURI,NG THE YEAR 1946 

N0,5926 

F'IG.3/Ja[I.i1 
I.W.E. ST-"TtON POO,.A,, 

--y-:: 
·-

7 
GoROUND LEVEL. CONES OF DEPRESSION FOR 

DIFFERENT PUMPING RATES IN 

COARSE SAND WITH 

PEBBLES. 

TUBE WELL N.g 3_ 
SCALE. 1";:4' 

SUB SOIL WATE:R. LE."E:<.S. I 

2 

~· 
z 

i 

I I 

I I 
--x,---=4--- x,---~ 

Y:Jt+f':~:-'·:"''~· - :~:~:~~~=~·j ______________ j 
f- ?\_ PEBBLES(> STIFF C:LJIV. 

No. 

l I 
~ 

I 3 

s' t:i 

Table No. 2/XVI-ii gives the transmission coefficients:
TABLE No. 2/XVI ii. 

Yield of tube Yield in On. 
z, I Z

2
1 x

1 "2 "I 1 
well (gallonsJ ft.fminute. K=~ Log6"i2x z~ _ z~ hour.) (fl.) (ft.) (It-) {ft.) 

ft.jmin. 

iJ,OOO 5·35 15·8 16·2 6 15 0·146 

9,500 2H 16-4 15·9 10 20 0·358 

18,500 86·] 15·0 15·58 10 20 0·507 

20 

I Kfrom laboratory 
experiments. 

0·072 ft./min. 

There is an increase in the value of K for greater depressions. The upper 
stratum up to 12 ft. depth consists of sand of more or Jess uniform porosity; 
below that ·depth the stratum is more porous due to the presence of pebbles, 
boulders, etc. For lower values of depression the water passes through the 
more porous, lower as well the upper sandy strata; but for the higher depressions 
more water passes through the lower strata. This is clearly shown ia 

Fig.SfXVI- Figure 3/XVI-ii. Due to this, there is an increase in value of K for higher 
ii. yields. 
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97 

On the ~hole the values of trans . . . 
test in the nver are higher than fro:~:~~on coe~c1ents obtained from yield 
probably due to the presence of Jar"er pa t" I eJCp~nruents done at the Station 

b r Ic es at Site. , 
T~mpera~ure of water has 11 large effect u . . _ 

Schokhtsch gives the followino- formula for ron the transmiSSIOn coefiicient 
ture of lO'C: b eva uating "K" at standard tempera: 

K=K10(1 + ·0845 [T-10J ~a;;) 
where K transmission constant in c~s/min. at temp. T, 

K10= " , , 10'0, 
T Temperature of water, degrees 0, 

effective size of grain such that 10 per cent of the particles by 

weight are smaller and 90 per cent larger than th" . . 
= 0·025 in our eJCperiments. IS Size m ems. 

. Assuming 20'0 as the standard ~emperature of water under Indian condi
tiOns, the formula may be written as : -

K.= K 20(I+0·0745 [T-20] x~~) 
Value of transmission constant from Laboratory eJCperimeuts reduced to 

20'C works out to 1·89 ems/min., thus: 

2·2 = K 20(1+ 0·0745 x 4·5x0·478) 

= K
20 

(1·161) 

.. Transmission constant at 20'0=2·2/1·161 

=1·89 ems/min. 
The values of K, obtained from yield tests, should also be reduced to 

standard 20'0 for proper comparison. The difference in values of K in 
laboratory and field may partly be due to higher temperatures of water in the 
yield tests. The temperature of water should, in future, always be observed in 
yield or recuperation tests. 

The yields of the tube wells appear fairly good, being about 500 gallons/hr. 
per square foot of strainer area for 8·7' depression. The yield can be further 
increased by using Ashford strainers, thus safely increasing the depression. 

Yields of Eome of the tube wells oi:I Zbob valley Railway"' are given in the 
following table for comparison :-

TABLE 3/XVI-ii. 

I I 
I r;.Jd gullous 

Eore of Length ol Y1eld Yield gu.l.1hr. hour per sq. 

Station. o.llotted o.llottcd gallons Drop. p ·r sq. ft .. ol lt of Rcroonf 
screen. screen. per hr. screen a reo. uen for 10'·0" 

I drop. 

Quettu. Uantli. 10" 13'-6" 13500 36'·0' 400 114 

Rohtak 6" 6'·0" 5,000 20'-0q 550 • 275 

Delhi 10"' 5'-5" 19,100 10'·0' 1,400 11400 

Campbellpur 10' 20'.11" 12,300 22'-0" 246 110 
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Fl G. 3 /XJII.. ii 
I.W.&.. STATION POOH~\.. 

CONES OF DEPRESSION FOR 

DIFFERENT PUMPING RATES IN 

TUBE WELL Ng3. 

SOIL WATER. l-E."Et.S. 

-::. 
I 
I I 

I I 

I 
x,---__jJ----X2---~ 

COARSE SAND WITH 1 
-~~~:~~~:~~- ----------------P+f~~ 

No. 

I I 
~ I 
3 I 

Table No. 2/XVI-ii gives the transmission coefficients:
TABLE No. 2/XVI ii. 

Yield of tube 
Yield in Cu. 

Z
1 I z2 'I x2 xl I 

well {gallonef 
ft.Jminute. K=~ Log0x; x z~ _ z: hour.) (ft.) (ft.) (ft.) (ft.) 

ft.Jmin. 

2,000 5·31> 15·8 16·2 5 15 0·146 
9,500 25-4 16-4 15·9 10 20 0•358 

13,500 36·1 15·0 15·58 10 20 0·507 

I Kfrom laboratory 
experiments. 

0·072 ft.Jmin. 

There is an increase in the value of K for greater depressions. The upper 
stratum up to 12 ft. depth consists of sand of more or less uniform porosity; 
below that ·depth the stratum is more porous due to she presence of pebbles, 
boulders, etc. For lower values of depression the water passes through the 
more porous, lower as well the upper sandy strata; but for the higher depressio~s 
more water passes through the lower strata. This is clearly shown w 

Fig.SJXVI- Figure 3/XVI-ii. Due to this, there is an increase in value of K for higher 
ii. yields. 
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97 On the whole the values of trans . . . 
test in the river are higher than fromm1:hlon ooef?clents obtained from yield 
probably due to the presence of lar"er p t" 1e exp~nments done at the Station 

' o ar w es ats1te. • 
Temperature of water has a Iaro-e eff t 

Schoklitsch gives the following form~la fo:c uron. th~, tr~nsmission ooefikient. 
ture o£ 10'0: eva uatmg K at standard tempera-

where 
K=K10(1 + ·0845 [T-10] :ra:) 

K transmission constant in c~s/min. at temp. T, 

K1o= " , 10'C, 
T Temperature of water, degrees 0, 

and d 
e effective size of grain such that 10 per cent of the particles by 

weight a:re smaller and 90 per cent larger than this siz i 
=0·025 Ill our experiments. e n ems. 

. Assuming 20'0 as the standard temperature of water under Indian condi-
tiOns, the formula may be written as : -

K.= K20( 1 + o·o7 45 [T- 201 x :r<I;;) 
, Value of transmission constant from Laboratory experiments reduced to 

:30 C works out to 1·89 ems/min., thus: 

2·2 = K20(1+ 0·0745 x 4·5x0·478) 

= K20 (1·161) 

.. Transmission constant at 20'0=2·2/1·161 

= 1·89 ems/min. 
The values of K, obtained from yield tests, should also be reduced to 

standard 20'0 for proper comparison. The difference in values of K in 
laboratory and :field may partly be due to higher temperatures of water in the 
yield tests. The temperature of water should, in future, always be observed in 
yield or recuperation tests. 

The yields of the tube wells appear fairly good, being about 500 gallons/hr. 
per square foot of strainer area for 8·7' depression. The yield can be further 
increased by using Ashford strainers, thus safely increasing the depression. 

Yields of wme of the tube wells on Zhob valley Railway"' are given in the 
following table for comparison :-

TABLE 3/XVI-ii. 

! rddsullou• /!'ore of Longth ol I Yield Yield go.l.tlu. bour per sq. 
Station. allotted nllottcd gallons Drop. p !rsq. h. ol ft of flcrconf 

screen. screen. p\!r hr. screen areo. 1rea for 10' .Q'' 

j drop. 

Quettu.Ca.ntt.. 10" 13'-6'' 13500 ss·-o· 400 114 

Rohto.k 6" 6'·0· 5,000 20'·0" 550 275 

Delhi 10" 5'-5" 19,100 10'-0" 1,400 1,400 

Campbellpur 10" 20'.0" 12,300 22'-0· 246 llO 

The discharge of the Damodar river at Sindri has yaried fro~ 15 to 50 cs. 
while the above tests were being carriPd out. The ongmal subsoil water ~eve! 
in the tube wells was only 1" lower than the fre_e wa_ter surface of the r1ver. 
Every year, in the dry season, the discharge of th~ nver IS very low, often below 
5 cs. for long periodB. It is possi?le th~t the y1e!ds of the tube wells may be 
affected in such long periods of low nver discharge. 

(1) •'Tube wells on Z.hob va.Hey rl.a.ilwJ.y, BJ.luchista.n" by J. Vt~.rJon, Execut.ive Engineer, N. W te .. L~~.bore. 

s 41-25 • 
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A yield test carried out when river discharge is very low over a long perioc 
will give the mi~imum yield that can be relied opon .. Such tests should be d~n 
if it is possible. Even a recuperation test Will give useful data from Whicl 
probable yields can be worked out. 

(e) The size-distribution curves of the fine silt and sand dep?sited after th1 
fioods at various points near t.he proposed s1te of the mfiltr~twn gallery ar1 

F•s: 41xvi- shown in Figure 4/XVI-ii. Even a layer, a few mches th10k, of such fin1 
"· sand-of mean diameter 0·05 rnrn.-deposited on the coarse bed sand of th1 

river would cause a decrease in the rate of percolation to the infiltration gallery. 
as happens on the Sabarmati at Ahmedabad. 

Fil· 1 (a)/ 
XXI. 

The Ahmedabad :Hunicipality has constructed an infiltration ~allery in the 
bed of the Sabarmati ri\'i'r for city supply. After th~ floods, there IS a deposit 
of fine silt on the river bed and much of the percolatmg water through the bed 
is cut off. The Municipal Engineer in his letter, dated 16th November 1940, 
wrote:-

"The present river bed acts as a filter bed and the top surface 
occasionally gets. choked up, mostly at the beginning or at the end of the 
monsoon when flood water gets suddenly reduced with a break in 
rains. The silt deposit is being drawn to the pores of the sand and the 
supply is suddenly reduced to about 5 lac gallons per hour (usual 12 lac 
gallons/hr.) 

''Every time this happens, the top layer is required to be removed from 
the channel feeding the wells. From March to May when the discharge in 
the river is at its lowest, moss is formed in the channel and it exactly behaves 
as silt, as mentioned above." 

Similar precautions will be necessary in the present case. 

XXI. EXCLUDEr:s A~D EJECTORS 

XXI. 1. DESIGN OF LowER SIND BARRAGE AT KoTm FOR EFFECTIVE 

SAND EXCLUSION FROM CANALS 

(1) VVHY WAS IT CONSIDERED NECESSARY. TO SHIFT THE BARRAGE 

UPSTREAM oF KoTRI ? 

As the question of heading up water above thl' natural river levels-the 
main factor responsible for accretion upstream of "' barra"e-transcends in 
importance all other consideratioPs in the selection of the opti~um site for the 
Barrage in Sind, the present Director-while in char"e of the Lower Sind 
Project Division-strongly pressed that the Lower Si~d Barra"€ should be 
site~ upstream of _Kotri town instead of at Hajipur site B, 23 mile; downstream 
of It, the s1te wh10h had been previously selected. After due consideration 
this recommendation has been at last accepted . 

. Fig. l_(~)(XXI shows. the site of the barrage, tentatively proposed by the 
ProJect Drviswn, 1/2 mlle below the head of the existing Fu·leli Canal at 
Jamshoro. 

The following advantages have been claimed for this site:-
(a) Concave curvature, favomable to sand exclusion by natural 

me~ns, e_Josts on both banks of the river with a natural isla ud in between, 
whwh will enable and ensure, when armoured, complete coutrol over the 
barra.ge. 

(b) The course of th~ river, upstream and downstream of the site, has 
been stable for all the penod for which surveys are available. 

(c) The Existing head Of the Fuleli head :egulator can b8 possibly 
used with a little remodelling. 

(d) The river downstream does not fan out, as in t·he case of the 
Sukkur Barra::;e, but, 0n the contrary, narrows considerably. hence there 
would be less tendency for accretion downstream; and sn iess tendency 
for accretwn upstream. 
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(2) Model 8Cale 1·atios 
Model scale ratios are given in Appendices I and II. 

(3) Experiments without the bar rage. 

)" d Fo~rh compJe;e ~ising and falling cycles were run till the model was stabi
Jse · 1 e mo e s. o~ed cons~derable erosion along the right bank betwt'<'n 

C._S. 5-. to 7 \Vhwh In<hcated either an incorrect survey in this reneh or the 
existence of hard, mero?Ibl~. banks, which would need to be simulated on the 
model for correct reproouction of prototype conditions. 

On ins~ectin!l" the siJ;e it was obser~ed that the right bank in this l"l'ach is 
made up of merod1ble clay whwh practiCally precludes erosion-as the mod!'! 
had shown. In v1ew of this, the experiments had to be r~peated after boldin" 
the banks m the model. " 

App. I nnd II. 

The following_ data were observed during the experiments:-

(i) Lines of flow were observed for Q = 2 3 4 and 5 lakhs cusecs F 

of which :Figs. 1 (a)/XXI and (b) show the lin~s of t!ow for 0 = 2 00 000 and ~\11 ,!;:~ 
4,00,000 cusecs. < ' ' 1'•1/XXl. 

(ii) Figs. 2 (a)/XXI, (b), (c) and (d) show isovels for 2, 3, 4 and 5 htkh F:r,;: ~~~~~d 
cusecs at the proposed barrage site. I"JIXXI • 

. · (iii) Fig. _3/XXI is a graph showing the percentage of the tot,tl river F;8. a; XXI. 

dJsch<Lrge earned by the nght channel, as observed in the model ttnd 
the river. 

'l'hese data indicate the following:-

(a) The lines of flow showed that the proposed barrage line was some
what upstream of the reach where the curvanure effect has become fully 
est.blished. 

(b) Bed sc·eds-used in the model as one way of tracing the bed !low-
dropped at C. S. 7 did not enter the Fuleli canal for any of the discharges 
between 2 to 5 lakh cusecs with Fuleli draw-off alternatively at (i) 12,000 
cusecs-i.e. the present maximum discharge-, and (ii) 19,500 cusecs, tlw 
maximum discharge nuder the post-barrage conditions: :mt some seeds 
dropped at C. S. 5! entered the canal for low river discharges (\! htes cusecs 
and less) under the conditions of (i) and (ii) above, thus showing the un
suitabilit.v of the Fuleli offtake from point of its position along the curve. 
'l'he entry of bed san{! into the Fnleli appreciably inereasecl, at low river 
discharges, when 19,500 cusecs was passed down thr Fuleli, showin:.r that 
the difficulties of efficient exclusion would be considerable with increased 
post-barrage draw-off. 

(c) There was a tendency of shoaling along the right bank. 
(d) Water did not follow the right bank, but struck against the nose of 

the island for discharges above 2,00,000 cusecs, and then bifurcated, thus 
coming round the island. 

(e) The agreement in the discharl?e _drawn b:f _the right bank channel 
in the model and prototype-under extstmg conditiOns whhout Barrage
was good. 

(4) Experiments with BaHage at the proposed site. 

When the first rising and falling cycle was run, it was observed that the 
flow >tt the barrage was too oblique, resulting in severe attuck downstream of 
the barrage, indicating the necessity for very heavy protectiOn all along 
the bank. 

·when the discharge.: 2,00,000 cusecs _(the minimul!l disch>trge at which 
bed movement occurs in the river) was run m the model-wi~h upstream panel 
J 1 , t R L oS·O (maximum) the downstrP,am water level ul·SO (maxunmu)
_evetba · t. cond1't1'ons for testincr sand exclusion from the canals-SO per cent I.e. e wars n . . c1 b! b d I 
of bed seeds dropped at C. S. 7 entered th~ Fuleh Canal. Cous1 era e e sane 
was drawn by the Fuleli Canal, even at higherdtscharges,,J.e. even under more 
favourable conditions when tbP ratio of draw-off to nvtr discharge was Sllla!l. 
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Fig. 5/XXI. 

Fig. 6/XXI. 
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While. there wn.s little difficulty of excluding sand from the Pinyari Feeder 
offtaking from the Pocket at the Barrage, exrlusion from the Fule!i head at 
J amshoro gave trouble evidently for the followmg reasons:-

(a) The Fuleli offtake at .Jamshoro is ~ot within the reach where the 
curvature is sufficiently established; and bemg the uppermost offtake draws 
practically all the bed-sand entering the Pocket; 

. (b) this insufficient curvature effect is further reduced by the barrage; 
(c) the relatively excessive draw-off of the. L: B .. canals ~t low river 

discharges is accentuated by 75:25 per cent distnbutwn of discharges in 
the left and right arms respectively; and 

(d) attraction of fiow by the island results in reduced flow along the 
left bank. 

(5) Measures tested for improving sand exclusion out of Fuleli. 

(5.1) In order to resto~e and increase the curvatur.e reduced by the barrage, 
a suitably aligned guide bank appeared the first necessity . 

. In order to get sufficient curvature established upstream of the offtake, 
a concave followed by convex curvature was imposed on the left bank by a guide 
bank so shaped upstream of the Canal-see Fig. 4/XXI i~ :vnich 1i.nes of flow 
with this guide bank are shown. Though apparently promising, this measure 
was completely unfruitful: while its upper concave portion helped to quicken, 
to a slight extent, the slack and feeble flow along the left bank and keep the bed
sand away from the bank, the sand was pulleil back into the canal, partly by 
the convex curvature at the entry at J amshoro, but mainly by the considerable 
draw-off of the Fuleli. 

(5.2) It was then considered that a wholly concave alignment of the guide 
bank, in line with the curvature d/s of the barrage, so that the whole made one 
curve would elimiDR.te at least the avoidable of the two drawbacks. Though 
partially successful, and better than (5·1), exclusion was still unsatisfa-Ctory, 
indicating that a.n artificial increase of local curvature would not in itself be 
sufficient. 

(5.3) A raised crest at the Entrance of the approach channel to the Fule!i, 
with its top at 2/3rd below the pond level, was next tested jn the hope that only 
mid-depth and top water would be taken into the canal, thus excluding 
bed-sand. 

The bed material, however, rolled up the sill into the canal, being thrown 
into suspe:csion by the turbulence created by the r>tised crest. 

The raised crest appeared to do more harm than good. 
(5.4) As the effect of the existing curvature, even when assist.ed by the 

additional curvature imposed by the guide bank, was still insufficient for exclu
sion of sand from the Fuleli offtake at J amshoro, the effects of different shapes 
and sizes of the central island on curvature were tested :-

(a) The splay of the island in the left arm was changed from 1 in 4 to 
1 in 10 with a view to make it symmetrical and pull the main flow towards 
the ]eft bank, thus boosting up velocities along that bank. But this did 
not re!uove the trouble from the Fuleli. , 

(b) The left arm of the island was still further brought in (towards the 
Fig. 6/XXI. !eft bank), this tim.e by imp?sing convex curvature on it, [see Fig. 6/XXI 

Island (b)]; but this also failed to bring about any appreciable improve
ment in the Fuleli. 

(c) In order to set back the "pull" of the island till after the Fuleli 
takes off, the length of the island was reduced by about 500' 
[see Fig. 6/XXI island (c)]. But this had results contrary to expecta
tions. A larger island would not materially improve exclusion but would 
cause greater difference of river levels in the two arms and besides be more 
expensive; and so was not tried. 

This showed that modification nf the shape or size of the central island 
had little beneficial effect on the sand exclusion. 
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· · (5·5) A long divide wall at riaht an«le t th b 
up t.., the upstream abutment of th; F 1 f C 0 

1 e arrage and extending right 
It was found ineffective because- u e 1 ana at Jamshoro was ulso tested. 

(t) the ratio V 8,,.,/V is very 11 . 1 the width of the river is ;~~~sive. sma • especm ly at J umshoro where 

· (ii) the divide wall was too 1~ to .. 
of bed flow away from the po k tng_ t ~:use. a suffiCiently dtrong twist 
barrage; 0 e 1~ 0 e river, by regulation 11t the 

of (it?t A~);he Ja!~ of ~cour is, t~eoretically, proportional to the (length 
poe • . an 

11 
e t1me requued to scour the pocket to L'--while 

a~tual_ expell~ents 'have shown the theoretical approximation of ro or· 
tiOnahty to L to be on the l_ow_ ~ide--it would be quite impracticabl~ t~ s~our 
such ~n enormous _Poc_ket w1thm the period s.va.ilable for scouring opemtions; 
a!ld (wl not. onlY: It d~d not help the Fuleli but also worsened tho exclu
Sion from Pmyar1, whwh had been free from sand-draw in the previons 
tests. 

I~ order to improve the V .JV P r~tio, a divide wall sphwed at 1 in 10 
was tr1ed but was also nnsuccess!ul. • 
· As .the costs ?f s~c~ a long J!o~ket would be prohibitive, even if it wns 
~dvantageous, whiCh It IS not, this Idea was summarily dropped after testing 
Its effects . 

. (5·6) At this stage, the possibility of constructing a groyne to attmct 
a !a.Ir share of top water towards the le~t ba';lk wa~ considered. But the uu pro· 
mis_mg prog~ect~ ?f the groyne for ~ar~mg nver discharges in the post-barrage 
penod; the mab1hty of a model to mdiCa.te the effectiveness of such a groyne 
for many years ahead; the possible deterioration of the right bank canal which 
was so far working quite sa.tisfactorily; and the experience that the more you 

· train a river upstream of the barra~e by groynes &.nd pitched islands, the more 
likely it is .th:tt you will lose control upon the barrage in time, resulting iu 
difficulties and ccnditions much more adverse than before ;-all th~se cons,(i<-1'· 
ations ruled out the ad,·isability of depending on su~h expedients as groyne~ 
and pitched islands as an all-time measure. 

(5·7) It ha.d been observed that the most severe conditions for exclusion 
were obtained with low nver discharges running under 'still pond'- the lowest 
river discharge at which appreciable bed movement occurs at Kotri is known 
to be 2,00,000 cusecs-knd th:~.t at higher discharges even the Fuleli did not show 
signs of excessive san<).-draw. It remained to see, therefore, whether by suit· 
able reau!ation at the Barrage for the low discha.rges-2,00,000 und 2,50,000 
cusecs~sand excJu.ion from l<'uleli was possible. The following four types of • 
regulation were, therefore, tested with results ao indicated:-

(i) W-edge ~h•pecl openin!:! of the river gates with maximum opening 
of gates adjacent to the divide wall (i.e. the openings of the gA.tes progres· 
sively decreased from the divide wall outwards) did not yielu sufficiently 
satisfactqry results; 

(£1) nine spans just outside the divide wall witlr':'4' more gate opening 
tiJ.an the remaining river gates equally o~ened, had bttle effect. 

(iii) The centr><l nine spans. kept with l~rger gate openings than the 
rest «ave worse exclusion than e1tber (1) or (11). 

Civ) The end nine spans (i.e. 9 spans ndjacent to the isln.nd) ope~ed 
more th:tn tbe rest gave the worst results of the four types of regulatiOn 
tested. 
Of all the a.bove regulation tests, (t) gave the best results but was yet not 

sufficiently satisfaclory. 
(5·8) The effects of a conc11ve, submerged :vane pointing d/s, located nt 

different points upstream of the Fuleli canal, w1th the top of the vane at 2/3rd Fig e1xxr. 
, the depth with ~!tima.te pond level (R. L. 68), were also~_te_s_te_d_. _____ _ 

(l) Pa.ge ll, para. 9, Bombay Tech. Paper No 45 on Silt Exclusion from Oa.naJs, "'Still Food" vusua u Op.m 

Flow''. · 
BU-26 
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It was observed that, as the position of tbe vane. was shifted upstreain, 
the length. of the vane had to be increased to get satisfactor:r sand exclusion 
out of Fuleli. The most promising position for the vane was m t.he gorge, 'lt 
A, sufficiently upstream to ensure that all t~e bed sand thrown up Into. suspen
sion would return to the river bed at a pomt well above the Fuleh offtake. 

, Its optimum ulignmtnt is shown in Fig. 6JXXI, its length being 1250', and 
radius 2,687 ft. 

A vane has the following obvious merits:- · 
(a) it would be easy to construct; 
(b) it would be easy to maintain; and 
(c) there would be very liL•le obstruction to the natural waterway of 

the river. 
A submerged vane is, therefore, in the correct place and at the proper 

time a very use[ul excluding device. But, though to all appearanceM effective 
for s~nd exclusion, it may not be desirable in certain c~ses, as in th_e P!ese~t one, 
where in the ballinffe it is disadvanta.geo~s; fo~ th~s purp.ose It Is. Wis~ t~ 
weigh carefully all its not-so-obvious dements agamst Its obvious merits. rhe 
possible demerits are, therefore, listed in extenso:-

(t) The effect of a vane imposing curvature and excluding efficiently 
depends upon a deep channel occurring at high river discharges and being 
maintained through the season, along or in the proximity of the baok. 
If in years of poor supply-especially when the Punjab Projects come 
into operation- this deep channel does not form or may not be maintained 
as a result of this vane, the vane would be substantially ineffective. 

(it) A single vane on the left bank is liable to draw an unfair share 
of the top water to feed the canal and, under certain favourable circumstan
ces, it may en-n pull the whole river across to it, necessitating subsequent 
measures to counteract the. adverse conditions it would thus create on the 
right bank. 

(iit) Unless constructed sufficiently upstream, to preclude the possibi
lity of the bed sediment thrown up in suspension finding its way into the 
canal, sand UJay enter the <:anal because some sugpended and saltating sand 
travels further than theoretically expected. Silt in suspension cannot be 
satisfactorily ~imulated in a model; nor, when simulated, does it act identi
cally as suspended silt does in the prototype. Hence, we are forced back 
to using our judgment and experience. 

(iv) Experiments have shown that there is a possibility of the va.oe 
going co111pletely or partially out of action when accretion starts taking 
place in the river downstream of it. Such accretion is likely to take place 
rapidly in certain cases, such as in the present case, downstream of the 
vane between the vane and the Fuleli offtake, due to the persistent slack 
and feeble flow along the bank. Such accretion-as shown by the model
causes hurdling of the bed s,.nd over the vane instaad of the sand followiug 
it to mid-stn>am, and ultimately results in decrease of the efficiency 
of exclusion caused by the vane. · · 

When accretion. ~as r.eproduced i.n the ~nodel-bo a slightly exagger· 
ated scale, becan~e s1ltmg m a model IS relatively slower than in the proto
type-the model revealed unpromising ultimate results from a vane because 
~ost of the ~ed seeds hurdling over the vane found theinvay into the canal, 
mstead of bemg deflected away from the left bank towards midstream, 
following the back of the vane, as tuey did in the experiments without 
accretion reproduced in the model. 'l'hus, though a vane may salutarily 
a~centuate curvature, the effect may be purely temporary and is uudepend· 
able as a permanent measure. in such a case as this. 

(v). The riv~r. stage for which t~e v~e should be designed is another 
uncertam and difficult factor: a design h1ghly effective for 2 00 000 cusecs 
is less efficient than another suited to Q=500,000 cusecs · ~nd' neither of 
these designs is the optimum for discharges in between the two. More· 
over, experiments conducted with a vane showed that it was less effective· 
ut high stages. 
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(vi) On the downstream sii!e f th 
required to prevent scour . 0 e vane, an aDron protection is 
allow the bed flow to follol~c~~;r~fg /s a result of rotary Jlo11: ani! to 
To save cost, a sharp slope is d .. b~ _'1~e of the vane towards lliHlstream. 
1 in 5 with a flat a ron t eslr,t e' ut. a slopmg apron not steeper than 
to the' vane, ap ear~cl a:~r~udmg to a dJst:mce of 1 '2G' all :dong- pnmll~l 
bed Sitlld awa/ from the . ble~ f~r P,reventmg scour as well us <let!.octing
sand towards m"d t happro,tc euallnel. Thts tendency of iletkcting 

. I s ream, owe1·er, d1sappe:ued-

47·0 (~~ew~en the apron level wa.s changed from R. L. -H·O toR. L. 
t ·b' I 0 the fact that the lower the apron is laid, the less is tho 
UI n ence responsible for throwing the bed material iuto suspPnsion; 

(b) when the width of apron was extended from 125' to 175'; 
and (c) acc~etion downstream of the vane up to the barraoe was 

reproduced m the model. " 

~ o appreciable scour is observed to occur along the up~tream face of tbe 
vane, hence a 20 ft. apron would be sufficient there. 

. Thus, in this particular case, a vane could not be reoarded as an all-time 
satisfactory so!ut10n. " 

(6) Why ·it became necessary to ?'econsider the alignment of the 
ban·age line ? 

While the experiJ?ents were in full swing, a discrepancy in the plottin"' of 
the Mukam are,. (Bunal ;;round) was reported. As encroachment on l\Iul7.un 
areA.s has to be avoided, a change in the alignment of the barrage line was 
necessary. J\ccordinglt, the Project Division suggested that the Barrage line 
m1ght be sh1fted 200 upstream, parallel to the previous alignment, and the 
abutment be moved 600ft. inwards (riverwards)-·instead of 300' as contemplated 
in the previous alignment. 

The Director, however, proposed an investigation on tho dite of the feasibi-
lity of an alignment between BC and BD where B, the left abutment, would be Fig. 7/XXI. 

taken 500 ft. riverwards from the pucca edge to obviate the necessity of crossing 
the liukam area and D abont 1,125 ft. from the original portion of the H. B. 
abutment. This change was suggested with a view to (a) making the barrage 
normal to the general direction of flow; and (b) reducing the length of the island 
with a consequent reduction in (~) tbe difference between the pond levels in the 
left and right arms, and (ii) the cost of the island. 

The investigations Qn site showed no obstacles to either of these two 
alignments or, thus, to any intermediate alignment. 

The model experiments were, therefore; repeated with the alignment shown Fig. 8,-xxr. 
in Fig. 8/XXI. 

(7) Results of the experiments with the new alignment (vide fig. BjXXI): 

When the different measures (described above in para. 5) were retested with 
this changed alignment of the barrage, there was no perceptible improvement in 
the sand exclusion from the Fulelr c-fftake. 

An intere~ting feature in regard to positio':'ing of the Barrage ab.utment is 
worthy of note. The model showed that sluft:ng of the abutment msl(]e the 
river channel tended to reduce the curvature effect and consequ mtly adversely 
affected exclusion, prob~<bly because it increased the still water area bou_n~ed by 
the divide wall and the high bank. It was poss1ble to countemct tb1s m the 

following ways:-
(a) by shifting the guide bank riven1 ards to restore_ curvat·Jr.e; 
(b) by rotating the barrage centreline i~ a cloclnn~e d1rec t10u about 

the left abutment to the f•1ll eftent poss1bl~ Without affectmg the cnr~ature 
on the right bank, while keeping the uJrectwn of curreLt normal ;o the ;; 

barrage; and · 
(c) by giving a 1 in 10 splay to the face of the L. B. regulator 
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When the worst discharge for exclusion, ·of 2,00,01 '9 cusecs was l'un in 
the model, it wa; observed that the el(clusion _at ~uleh offtake showed no, 
improvemenG; but there was au appr_eciablereductwn m the water levels between 
the two arms with equal gate openmgs. . 

. The percentage of river discharges n~turally drawn by the .R1ght channel, 
as observed at various stages, with and w1th01~t barrage, and With downst_ream 
levels at the mean level corresponding to the discharge and at a level showmg 4' 
accretion above the mean level, are t,;bulated below:-

TABLE 1/XXI 

Percentage in the right arm. 

Serial Total discharge 
with barrage with barrage 

Remarks. 
No. ic &he river, without (me-an level !4' acctetion 

barrage. dfs). downstreamj. 

1 2CO,OOO 

I 
7•35 23·0 19'50 I} w;lli "' d;d&,ore '"'"" in the two arms. 

2 300,000 1o·oo 21·0 16·0 

;; 400,000 ll'20 1o·5o 14·0 

13·CO 17 p·,jQ ! 
4 500,(00 I I 

[Note.-Sand exclusion was satisfactory from Pmyart and R. B. Feeder tn all cases.] 

It will be observed that, without forcing flow by regulation, the percentage 
discharges in the right arm decre"sed with accreted downstream water level, or 
with increase in the river discharge; under natural coniiitions there was no 
difference of ln·els in the two arms; and sand exclusion was satisfactory except 
from the Fuleli Canal. 

However, forcing the same discharge under accreted conditions as obtained. 
with mean lHel downstream, i.e. at 2,00,000 cusecs forcing 2-3 per cent, etc., 
resulted in 6" difference in water levels between the two arms, at all the discharge 
stages. It, moreover, improved el(clusion in the right arm. 

(8) Necessity of shifting the Fultli head into the Pocket 

All the observations so far made had shown that the Fuleli head at 
J amshoro, located remote from the imrned1 ate control of the barrage and at a 
poiut along the curve where the curve had not sufficiently established itself, was 
unsatisfactory for sand-exclusion. 

Accordingly, the design was modified to bring the Fuleli Head Regulator 
Fig. StXXI, into the Pocket alongside the Pinyari Head Regulator; at the same time the 

arrangement of spans as well as their crest levels werr altered to simplify the 
so,tement design. Statement I/XXI sets out the salientfeatures of the proposed and the 

IJXl(I. .revised designs, the latter as sugge;ted by th8 Station. 

A few quick tests were made with this revised design ·before recom-

(9) Merits of the simplified design 

:e the main advantages ~>.rising out of the proposed changes 

gn is uniform and simple with consequent advantages in 
intenance and operation; 

II be _two more spa_ns in tbe left pocket wiGhout adding ~o 
· of_nver and pocket spans; so that the 'still pond' limit w1ll 
mnng a longer period of ungated fiow with consequent 
d postponement of, accretion; 
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(c) the total lineal w t · 
follow the exi'tin h 'I er':"ay m each arm of the river will more closely 
conditions with 1!· s~ ~nknef WI~ths, thus least interfpring with the natural 

• • rt ns 0 serwus rtver changes; 
. (d) It Js thus possible to c t 'I th 1 I . 

resultin" decrease· (') nr.aJ . e engt l of thP- p1tehe<l islanrlwith 
of pond "levels in t~~ ]e,ft cost ~~ pitchmg a~>d apron, anu (ii) the diiTt•rence 
with the short island thud ri,ht arms With equal gate openings (actnnlly, 

th t 
, e model showed no d!l'f,•rcnce 111 water levels in 

e wo arms); ' 

b 
(e) tahftlux over natural river levels caused by the barra"e will bP rednc.<'d · 

ecause e raised crest in the k t 'II h " rl' ' 
ffi 

· t th t ' poe e . ':"I ave a correspon mgly higher 
coe men an he flat crests of the onamal desi"n · 
b 

1 
(f) .it i.s thus possible to reduce t;o sp>tns ~f 'Pinyari hearl rPgulator 

Y do\
1
¥ermg Its crest level, the lower crest IE'vel helpiu" to ru~tint;tin low 

pan evels; o 

(g) the regulator c~ests Pre at a higher level than the upstream bnrr~ge 
paven;tent level; the design thus allows a margin of 3' on the left and 6' on 
the .right bank br bed sand and silt to settle in the pockets without 
passmg mto the canals. (This point is not considered as 1t mnt<'rial 
adva';lt~ge by. the Station, altliough local officers put a value on it, bec11use 
the h1g~ regulator crest do~s not by itself prevent the bed silt from rolling 
up and mto the canals.) 

10. Central Island for contl·ol anrl efficient e.rclusion on both banh, 

The Central Island. of the Kotri Barrage design must be distinauished from 
the p1tched "attracting island" used to •·entre a river, as at~ Suleimanki 
because it is essentially different in principle and action. While the success of 
an "attracting island" depends wholly on its capacity to attract flow to itself 
and this, in turn, depends on its correct positioning in respect of the mPander 
characteristics, the Central Islaud at Kotri is not to attmct flow-in fact a 
series of experiments is·done with a view to evolve the best design of tlw island 
which will not unduly attract flow, L•ide para. XXI-2-but to distribute it 
between the two river arms as desired and to create favourable curv>tture on 
both banks; so that while an "attracting island" may cease to be efficient in 
course of time with changes in the river course higher upstre11m, there is little 
likelihood of the Centrnl Island becoming ever less efficient in its d<•signed 
functions. 

The Model has substantiated the elhsticity of the control which the Centrul 
Island helps to achieve: even when shoaling of the right >trm of the river was 
greatly exaggerated to counteract mod.! limitation, the island ermbled that 
ch1tnnel to be kept alive, and the exclusion from tho. Right Bank Camtl ilid not 
deteriomte. In fact, it is to this Central Island, artd:icmlly Pnforcmg favonr;J,ble 
curvature under all conrlitious, that the R. B. Feed('r, although oth<>rwise 
unfavcurably disposed in respect of ~iver cnrvutn.r~, owes its property of consis
tently excluding bed sand; it is th1s. island wluch helps to ruamtam a deep 
channel near the right pocket whJCh swmg.< mto the river spans by the 
favourable twist created by the divide wall action. 

On the left bank, too, in spite of the very high rehttive draw-off of the Lert 
Bank Canals-i.e. >t high Qe/Q. ratio at the worst stage of Q.'=2,00,000 . cu~ecs
when the Fuleli Canal was shifted into the Pocket, and brought Withi~ the 
influence of the Island the design gave full satisfactory results. even w1thout 
ree~ulation >tt the Barrage. The Island, however, a~orcls ~drlltw~al cout~ol 
an10d assiste.nce in exclusion, bec>tuse it en~bles any desired re<hstnb•JtiOn of dis
charge in the two arms so as to >tdj ust Qp/Qn as n<?cessary for effiCient exclusiOn 

on both banks. 1 t 1 · 1 d f f t Been use there has existed at this site a natura r('n r,. IS an .or over . or y 
th introduction of the armoured central Island w 1ts place IH not likely 

Yt ears, e d e d'Jsturbance in the nver reg1me; the '.'ttractwu by the 
o cause any a vers B t d t · t· f · · · than offsets any tendency of the >trrHge o cause e .erwra wn o 

pitchmg more _ 
1 

e table l/XXI. But even should this unlikely even-
xxi. the ~1ght arm ch,.~ne -se the Ri,ht Bank Can~! can be extended, at little cost, 

tuahhty evefr comeblo pmaos~th frc,m"the concave bend upstream. 
to ave a avoura e 

(ll) Factors affecting the exclusion of sand f1·om the canals. 

·. t ade for the Kotri and Hajipur Barrage sites, have 
Model exp~runen s,thme following factors as affecting the exclusion of 

focussed attentiOn on 
s 41-27 
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,:tnd fram the offtaking canals of a properly aligned and well designed 

Barrage:- h d · 
(a) the Barrage should be loca_ted at a place where _t e esn·ed curva-

ture of flow is sufficiently estabhsbed and wlll persist, ev~n after the 
construction and operation of the Barrage-because a Ba~mge tends to 
diminish to some extent the existing curvature of flow at a site: 

(b) The proper positioning of the offtakes of the canals in relation to 
the curve; e.g., the Fuleli canal ?fftaking at J amshoro ~way fr01ll. the 
direct control exercised by the Kotn Ba.rrage and at a pomt where the 
curvature effect is not sufficiently established, gave serious trouble in regard 
to sand-exclusion at its head. 

(c) The position of the abutment relative to the pacca edge of the 
river· if the abutment is moved considerably inwards into the river channel 
the a~ea bounded by the paeca bank and the divide wall increases, resulting 
in an increase in the area of dead water and slack flow along the ban.lr; 
which is responsible for silting along the bank and, therefore, easier e£Itry 
of bed sand into the canals. 

(d) Orienhtion of the barrage line with respect to the mai.a flow; a 
re-orientation in the right direction will help to restore partially the diminu
tion in the curvature effect caused by the Barrage and the ri;rerward shifting 
of the abutment, vide (a) and (c). / / 

(e) The relative Pocket draw-off Qp with respect to Qa, the discharge 
at which appreciable bed sand movement begins in the river, i.e. the ratio 
QP/Qa. The higher this ratio is, the greater thE: difficulty of exclusion at 
the worst stage, Qa; hence, where Qp/Qa is already high, Excludors and 
Ejectors will increase the difficulties of exch:,sion. 

(f) The 'still pond' limit of the barrage. This affects accretion as the 
]ower the 'still pond' limit, the earlie: the ga.tes are out of water, and the 
Jess accretion there would be; :.nd the less the accretion, the less the 
ultimate draw of sand into ca~aJs. 

(g) The number of :;:cJCket spans relative to the barrage spans. In the 
original design of the :ri:otri barrage, the pocket spans were designed with 
fiat crests- neces~;~ating a larger n urn ber of these spans; so the :•still pond' 
limit was redu~ed-an advantage-while the area bound by the divide wall 
and the h>;;ok was increased, leading to greater draw iuto the offtake. 
There sJ::.ould be a compromise between these two conflicting considerations. 

(h) Suitable regulation of the barrage assists in creating a favourable 
~·wist of bed flow away from the pockets, particularly at lower discharges;
wedge shaped openings with least opening away from the pocket and 
greatest openings adjacent to the Divide Wall gave the best results, but 
was not enough to correct fully for defective curvature. 

(i) Splay to the bead regulator faces gives an upstream orientation to 
the canals, enabling water to flow smoothly into the canal without creating· 
turbulence iu the pocket, which may otherwise throw ;;md into suspension 
under semi-open iiow conditions. 

(j) Division of the discharge into two arms by a Double Barrage 
Teduce the Qn/Qp ratio in each arm, and adrnittedly, at low river discharges 
this is a drawback as it increases difficulties of sand exclusion from the 
canals; but the other advantages wore than offset this one disadvantage. 

(lc) 'I he length of the divide wall; when the Pocket draw is consider
able relative to the river discharge, i.e. QpfQ,. is high, and the draw of the 
first offtake is high, it was observed that the divide wall .should extend at 
least to the upstream abutment of the canal, otherwise the first (uppermost) 
canal drew most of the bed sand; where Qp/Qn and the discharge of the 
uppermost canal are relatively small a divide wall of two-thirds this length 
is generally sufficient. 

(l) The relative difference between pocket pavement level· and the 
crest of the bead regulators bas little or no effect on exclusion, any bed 
;:uaterial entering the pockets rolling up into the canals. 

(m) Intelligent regulation of the Pocket for all discharges-especially 
under semi-open flow conditions. It was observed that the Pocket gates 
nearer the face of the head regulator should be opened less than those away 
from the face to check the sand entry into canals. 



PART II 

APPENDIX I 

ScALE RATIOs OF LowER Smo BARRAGE :\IODEL 

(1) Length scale 

107 

It was dem.· ded to adopo a lenath scale of 110 , 0 f th d 
1 

"th . 
o .wv or e mo e WI a. VIew:-

(a) to accommodate the model in the area avilable; · 
(b) to get the maximum discharge of the prototype within the range 

of :,to 10 cusecs m the model-so far found, from experience, to be the best 
workable range, ~Iel.clmg optimum results in the model in respect of bed 
movement etc. w1thm a reasonable period. 

(2) Dischm·ge scale 

As this is model of a barrage, with curvature characteristics as a predomi
nant factor-

Q scale== L'; as ML " vQ, 
where ML=meander length . 

. . 1 cusec in the model=G2,500 cusecs in the river. 
The maximum discharge of the river Indus at Kotri for the year 1943 

was 5,30,000 cusecs . 

. ·. The maximum discharge in the model worked out to 8·48 cs.-i.e. 
within the optimum range. · 

The bankful discharge is estimated to be 2,50,000 cusecs;;4·0 cusecs id 
the model. · 

It was observed that 1/62,500 discharge scale simulated conditions satis
factorily ; hence this scale was adopted. 

(3) Depth scale 

(a) According to Manning's formula for regime conditions
D=L'''=250'''=63, i.e. V. E. = 4 (where L=Horizontal scale and 
D =Depth scale). 

(b) Lacey's formula (for no difference in sand)
D=L't'=250'1'=40; :. V. E.=6·25. 

The model was inioially laid in the Sangam sand with m = ·18 mm., i.e. same 
as the prototype grade. It has been now. observed that finer particl~s ha~e 
been washed out aud coarser sand with m=·30 rnm. has remamed m 
the model. 

Hence allowing for difference in sand we have according to Lacey:-

L./Lm= (m./mm) 114 (dP/dm)'1'· 
.·. Lv/Lm=( •18/'30) 11

'. (d./dru)'~. . 
.. d.fd,=45 against 40 with same grade of material. . 
. . V. E.=250/45=5·5 against 6·25 with same grade of materml. 

(4) Slope scale 

According to .Lacey:
a) S « f'"/QI''· 

( (rnm/m.)"f!!'. (L./Lru)''"· 
. S. E.= -(V. E.)'''· 

=6·33, with V. E. =6·25 and IDm=m.=0·18 mm. 
(250)'n'. (0·30(0·18)"f2' = 8.30, 

(b) S. E.= (5·5)1
''· 

'th V E =5·5 rn =0·30 mm. and rn.=O·l8 rnm. Wl . . ' m 
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Thus, due to coarsening of bed material, while the V. E. (~alculat~d) decreases 
from 6·25 to 5·5, the S. E. increases from ?·33 to 8·30; that Is, the t!lt has to be 
increased, which is as must be expected w1th coarser materm!. 

When the Kotri barrage model was run without barrage, it was observed 
that the slope exaggeration varied from 7·5 to 8·5 for low d1scharge of 3·2 
cusecs,.2,00,000 cusecs to high discharge of 8·48 cu~ecs,.5,30,~00 ~useos~ and 
the vertical exaggeration varied between 5·25 a~d 5·9a. Thus, m th1s partiCular 
case, the actual scale ratios nearly agreed w1th those calculated by the Lacey 
formulas. 

APPENDIX II 

(a) Time scalefm· the Lower Sind Barrage model 

The time scale was worked out according to tractive force formula:-

T L a lf}. s 
~- -"- (-a'') . " 
Tm-Lm' m s:· 

For the Lower Sind Barrage-
L,/Lm=250; dv/dm=50 and S,,/Sm=1/5 

i: 250x
5
(50)'" = 350. 

i.e. 1 second in model=350 seconds in the prototype. 
i.e. 4 minutes in the model"'1 day in prototype. 
This has been assumed for the dominant diqcharge of Q=250,000 cusecs. 

As low river discharges have got to be run very much longer than high 
ones due to the narrow range of model velocities and its limitations

} day"'8 minutes has been assumed for Q"'l50,000 cs. 
1 day"'1 minute for Q"'500,000 cs. 

and a ~mooth asymptotic curve is drawn through these three pointe for the 
time scale of other discharges. · · 

(b) Silt chm·ge scale 

Data of silt charge of the river Indus at Kotri, for the y~ar 1943 accord
ing to which a risinl? and a falling cycle is run in the model, have been 'analysed 
and show the followmg charge m parts per 1,000 for various discharges in 
the river: 

Discharge in cusecs. Charge in parts per 1000 
in the river. ________ _:__ ______ ~----

200,000 
250,000 
300,000 
350,000 
400,000 
450,000 
500,000 

2•30 
2•90 
4•80 
3·00 
4•30 
4•75 
4·7!i 

Cha<'ge in parts per 1800 
injected in the model. 

·u:, 
•145 
·190 
·200 
•215 
•238 
·238 

It is assumed that 90 per cent of ·the charge in the river is in suspension 
and only .10 per cent moves along the bed. 

As bed. sand injected in the model is coarser and there is rehttively less bed 
mcvemellt m the model ~ue to narrow range of velocities only half of the 
natural bed charge of. the r1ver was injected in the model as shown above. The 
model proved that th1s charge was satisfactory. 
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Item. 

Design of Feeders. 

Fuloli-cum-Guni 

Design of Head Regulators. 

Fuleli.cum-Guni 

Pinyo.ri 

Ko.lri-Bugho.r 

'Loft Pocket epnne 

I . 
iLcft R1ver spans 

(\ jRight River spans 

I 
7 :Right Pocket sp~ns 

BTATBMENT I/X.XI 

Project Division design of Double Barrage, 

B.w. 
(ft) 

Depth 
(ft.) 

254 19·7 0·67 ·0537 65·7 

Discharge Olltn.ke. Spo.ns. Nos. Orest level {cusecs) 

... Jo.mshoro. 1D1215 Existing 46·0 

Bo.rra.ge. 16,800 l0x24' 62-0 

12,416 8x24' 62·0 

46·0 B·7 

F. 8 L 
L.H. Ufe 

diS 

0.9 66·6 
65·7 

o.G 66·5 
64-6 

0·5 66·5 
60.0 

I 
Lef• pocket., Left R\ve<.l R\ght R\v.,, \R\gbt pocket., 

... 6 22 7 I 5 

... 1 

Nos. u{s pavement Crest level. Cistern level. level. 

52·0 52 ·0 97·0 

~2 46·0 5··0 97·0 

49·0 65·0 <0·0 

52·0 55·0 40·0 

280 

OJTtake. 

Barrage 

Bo.rrage 

Barrage 

Proposed revised desiga of Double Ba.rra.go. 

Depth 
(ft.) 

18·0 0·67 

::!po.ns. 

10 )( 24' 

8 x24' 

Bx24' 

Slope. F. S L. 0. B. L. (f0:~c.) 

·0537 66·0 

Orest laval L.H. 

49·0 0·5 

49-0 o.s 

52·0 0·5 

8·7 

F. 8. L 

"'' diS 

Remarks, 

Not absolutely essential to the revised 
design. 

Two spaus saved. 

Le£t pocket. I LeH Rivar. 

8 22 I Right Rivcr,IRivcr pocket./ 

6 6 Total number same; spaos rcdistribuecd 

I t? accord .n~ore closely with existiog 
r1ver condJtJOns. 

No. ufs pavement Crest le>el. Cistern level. level. 

46·0 62·0 37·0 Raised crest instead of flat regulator 
crest G ft. higher thou uj11 pavement. 

~2 46·0 52·0 37·0 

46·0 62·0 37·0 All spa.nn ha.,·e snme u/s crest and dfs 
ei.!.tern levels in propos<il de.<;ign. 

46-0 52·0 87·0 Raised crest of norma. I profile; andre~-
later erc~t 6 ft. higher Lhan ujs P"\'G-
ment le.,·cL 

..... 
0 
<0 
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XXI. EXCLUDERS AND EJECTORS 

XXI-2. 0PTH!Ul! SHAPE OF THE NOSE OF CENTRAL ISLAND AT ROTRI FOil 

THE LOWER SIND BARRAGE 

1. Object 

It is proposed to construct the Kotri Bnrrage in two parts, roughly one
third on the riaht and two-thirds on the left bank, correspondmg approxnnate!.,. 
to the present ~ight and left channel si?.es respecti:vely, with .t~e e:x;isting ''E:eti;' 
(natural ishtnd) permanently left in between as a pitched, dividmg Island. Thus, 
both the rioht and left bank canals would have the desired takeoff from the out
side (conca~e side) of a curve providud by nuture ~vithout tb~ necessity of 
elaborate sand exclusion devices. The natural conditiOns at the site, for the last 
40 years or perhaps even longer, are thnt two channels exist~ with the intermedi
ate 'Keti' in practically the same po;;ItiOn exc6pt that the KetJ appears to have 
grown n little in size with age. Thus, the propose~ construc?ion is likely to 
interfere as little as possible with the stable, nntuml nver con(ht!Ons. 

With the utilisation of the existing natural island, the natural meander 
length is not disturbed nnd an unll!ttural distorted curvature is not imposed at 
the very point where it is essentinl to hnve, sweet nat-ural curvature for easy 
exclusion, 

A possible objection is that if the nose is held by pitching, the island may 
act as an ''attracting" spur by virtue of the scour-hole around it, changing 
the favourable curvature on the two banks to an unfavourable one on one of 
them. A deep scour on the right side, as a consequence of intense turbulence, 
is nlso objectionable in that it may throw the bed material into suspension to be 
dmwn in by the right bank canal-the Ii:alri Baghar Feeder. 

So, model experiments were undertaken to evolve the best shape ofthe Central 
Island which would give the minimum depth and extent of scour, particularly 
in the right arm and would thus cause less concentration of flow dUd turbulence 
nt the nose. 

2. Model 

F;g, lOfXXL A 1/500: 1/83·3 scnle model of the pitched island was constructed in the 
16 ft. parallel-sided L. B. Chnunel, the island b~ing centrally located. The 
intensit,y .of discharge in the right and left arms in the model was"' 346 csjft., 
whereas actually in the river the intensities in the two arms are 250 and 333 
csjft. respectively. So far as the Right Bank Canal is concerned- which is the 
crux of the problem-the model conflitions of equal intensity were thus clearly 
more severe thnn would occur in the prototype. The curvature of tlow 
upstream was not reproduced, because it being favourable to the Riaht Bank 
Canal in the prototype the straight model ,,:ould aive results err~g on the 
snfe side. b 

The model wns lnid in Londha sand (0·3 mm) nnd the top of the is]nnd was 
maintnined at R. L. 84. , -

3. Beales 

. (a) The length scale w~s tentatively fixed at 1/500 and, though as little 
vertiCal exaggemtwn as possible was desirable, a vertical exaggeration of 6 had 
to be adopted, (a) owmg to the very •mnll depth of island over the river bed as. 
c~mpared with its length and wi.clth, and (b) becnuse 1 : 3 side slopes in the 
p10totype could be convemently simulated by (1/2 : 1) slopes in the model 
The vertical scale was thus fixed as 1/83·3. 

(b) Time scale.-The time scale was worked out from the tractive force 
formuln as followg :-

'rime scale= Tractive force in prototype. 
Tractive force in model. 

=T,,JT, 
Now, W ro d.s 

wherse W=work done 
d=depth 
S=slope 
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PART II 

· · W=L. D. S. 
Also W = T. V. where 

T = ·rractive force 

=T. ~. =Velocity in ft./sec. 

Now 

W =L. D. S. 
T =L. D. S. 

v-

Time scale 

L, 
I-= 500 
""' 

dn 
;r,;;=83·3 

and S, s:, =1/6 

Time sc.ale=BOO~trr-3 760 

. i.~. 1 day in prototype= 1'9 minutes approx. 

lll 

Tlus tnne scale applies to the dom · t d. h 
for other discharges by trial d man Isc urge but has to be atlj ustPrl 

' an error the hiaher d' h b · a correspondiua sm·tller time a d r h ~ IRe arl(cs emg run for 
a longer time." ' u c Isc arges lower than dominant discharges fur 

(c) Discharge in model 
1 . l 

L - 500 D = s:gjf 
Discharge scale LDv.D 

500 50(). --
' X 6\/H3·3 = .380!0CO 

500 x lGx 346 
380,000 where 16' = width of flume in the modd. 

346 = Intensity in cs/ft. 

7 ·22 cusecs. 
in proto ( = 7 50,000 cs.) 

4. Proced~tre 

!t· Wfts first _necessary to design an approximately sound and economic·al shapPof 
·the Island. This bemg ascertamed, the side slopes of the island wPre altert'd in the 
varian• tests and the resulting scour-hole observed. A constant snperf!ood 
discharg~ of 846 cs.jft.:750,000 cs. approx., with upst~eam water level at R. L. 7-1, 
was run m each case, and the scour-hole was allowed to stabilize. The final 
stable scour-hole was compared in re~pect of depth, extent and shape. Stahle 
conditions were generally re;tched after about 25 ho)U's of constant run in all 
cases. Same experiments were finally repeated under rising and falling Jlood 
conditions. 

5. Experiments and Di.1cztssion of results 

(a) Profiles I;II and III.-A constant side slope of 1/2:1 was Inaintain-
ecl in all these three cases (see fig. 11/XXI) ancl figs. 12 to 14/XXI show the Flg<. 11 to 

configuration of the stable scour-hole obtained in each case. 11/XXI. 
l<'rom Table 2/XXI, it is seen that Profile III gave !~ore uniform and. !t•ss T .. bJo 2fXXI 

extensive scour at the nose as well a~ at the sides. Profile III, boll'cver, Iu<II-
catecl higher depth of scour. But in view of less afllnx a)1dthelarge e~onorny 
possible in the case of a short Island (shorter by about 300) It was deeided to 
adopt it and modify it suitably by correctmg the Side slopes liO that the dc·pt.h 
of scour is well within tbe permissible limits. 



Profile, R. L. ol scour n.t Nose, 

I Elliptical and long. 1-22', R. L. -17-6 

II Pointed nose and 1·20'"' R. L, -15·96 
long. 

III Elliptical 
short. 

nnd 1-25' "'· R. L. -20·0 

IV Short. 103', R.L. -1·0 

v Do. l·H'=:R. L, -9-4 

VI Do. 1·08', R. L. -6·0 

VI Test (A) Do. C·62'5 R. L. +40'7 

VI Test (B) Do. No scour 

VII Do, 1·00': R. L. +·07 

VIII Do. 1-16' "' R. L. - 12·68 

1/500 : 1/83·3 ScALE MoDEL oF "CENTRAL" IsLAND (KoTRI BARRAGE) 

Table 2/XXI, showing comparative ;neTits of vaTions pTojiles 

Lowest R. L. of scour 
on tho Left Flank. 

H7',R.L. -13•5 

1•25',R. L. -20·0 

1-25 ft."' R. L. -20·0 

1·17'"' R. L. -18-6 

1·30': R. L. -24-0 

HO'.,R.L. -41·0 

0·76' 5 R. L. + 20·7 

No scour 

1·07': R. L. -5·18 

1-37': R. L. -80·12 

Corresponding lowest 
R. L. of scour m1 tho 

Right Flnnk. 

HO', R.L. -15·96 

1-20 "' R. L. -15·96 

1·80'"' R. L. -24·0 

1-IB', R. L. -14-4 

O·W 5 R. L, +5·0 

0·9Q'"' R. L. +9·08 

0·62' 5 R. L,. +82-4 

1·04': R. L. -2-68 

1-12': R. L. -9·3 

Extent of scour 
nt the nose. 

1•8'"' 900' 

J.S' = 900' 

1-8' = 900' 

H',BUO' 

2-4' = 1200' 

2-4' = 1200' 

0·3' = 150' 

1-9' = 950' 

2·5' = 1250' 

Extent of scour on tho 
L~n Flank. 

3·3' = 1650' 

2·8'"' 1400' 

3·5' = 1750' 

3·1' = 1550' 

H' 5 1700' 

8·1' = 1550' 

2·8' = 1400' 

3·0' = 1500' 

Extent of scour on tho 
Right Flank. 

3·6'"' 1BCO' 

3·8' = 1900' 

8·3' = 1650' 

2·9'= 1450' 

2·9' = 1450' 

2-6' = 1300' 

J.S' = 900' 

8·2' = 1600' 

8·0' = 1500' 

qp 

346 cs /ft. 

Do. 

Do. 

Do. 

Do. 

Do. 

Flood cycle. 

Dominant disobo.rgc. 

3<16 cs.Jft. 

340 CP.jft. 
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Photos 5052 and 5058 show the shape 'of the scour hole obtained with Photos 51511 
Profiles I and Ill. and 505;, 

_(b) Profile_ I~.-The ~aturaJ_ sloye of the island at the nose in nature ap- Fig. I5fXXI. 
pro~mat_es to 1.~ (Le. 1 ver_ti?al: _6 nonzontal) and hence it was thought feasible to 
retam this slope m the dlVIdmg Island as far as possible. The side slopes were, 
however, graduall;y stee~ene~, but were maintained at all points f!tltter than those 
at th~ ~orrespondm~ pomts m Profi!e III. This was accomplished by proviclin~ 
transitiOn reaches m two stages, VIz. from 1:6 to 1:3 and from 1:3 to 1:2. The 
flatter slope had tbe desired effect of reducing scour, on account of the increased 
effective surface area, thus reducing the intensity of attack all around. But 
this island would not be so effective in excludin" sandfromtheri"ht bank due to 
the symmetrical scour-hole on either side. " " 
· (c) _Profile V.;-To offset as far as possible the inherent defect of profile IV, FiR. I Of 

differential scour-I.e. more scour in the left arm thR.n in the right -had to xxr. 
be induced by providing suitable different slopes to the sides. As further flat
tening of slopes on the right side was not feasible -due to possible gulletting 
-differential scour was proposed to be obtained by keepin~ the same side slopt'S 
on the right side as in profile IV and altering only the left side slopes and the 
lnngths of transition reaches on that side. 

The steeper slope of profile V increased the severity of a.ttack on the left 
flank and accentuated scour to as low a depth as R. I,.~24, while the depth of 
scour on the right flank was only up to R. L. + 5·0. 

Fig. 17 /XXI illustrates tb.e be? lines of flow and indicates the probable !lx- Ftx'r:' 
elusion. The •and exclusiOn was Judged by the extent and the number of cen-
tral bed seeds that were pulled to one side or the other, as the case may l:e. 

(d) Profile VI.-The· effective slope on the left side was made still steeper by Fi•: IBf 
reducing the length of the transition re:tch. This re_sulted in. the largest depth xxr. 
of scour obtained in the series, viz. toR. L.-41. . This w~s obvwusly to_o deep a 
scour-hole and consequently this profile was given up m ~p1te of satisfactory 

exclusion. · . . F'• 
101 It was decided to adopt a profile which limits the scour on the left side to ~xr. 

R. L. ·= 13·5, obtained witb profiles I and IV. F1g. \?.0/XXI show.; the surface "''•· 201 

Jines of flow with profile VI. xxr. 

( ) P "l VII -·ro !lleet the above obJ'ection, profile VII was evolved. e ro1, e · . . ·, f l . 6 t 1 , 3 d Fi•· 21/ 
Two stacre transitions were provided for the left stde, VIz .. rom . o . a_n xx1• 

. 1 .3 to 1: 2. The maximum depth of scour was hm1ted to .R. ~- -5 13 
from : t th a· ff rential scour the exclusion was satisfactory. Figs. 22 
and owmhg 0 b ; 

1 
de f ce line~ of flow. The excluding action at the no>e Fi~' ~." & 

and 2? ~ owthebadnl. sur aclearlyvisible.' This was the profile finally adopted. "·JI xxr. 
by tw1stmg e e mes IS . . . 

VIII -This was tried to see If the lengths of the transitiOn _ 
(fJ Profile

1 
ft ·a· ld be curtailed still further; but proved unsuccess- Fl~-••1 

reaches on the e SI e cou h 1 d a R L -30·12 'l'he XXI. 't . developed a deep scour- o e, as eep s . . .. 
ful as I a!l'am was satisfaetory in this case also. The profile of the F••· ,,1 
bed excluswn, however! d by the shorter Iencrths of transition reaches. xxr. 
· 1 d was clearly not Improve " 1 IS an I Test A) .--.As· a matter of interest, a tlood cy_c e was run; F'•· 26• 

(g) Profile V (d t t f scour were smaller as compared With the depth xxr. 
but~oththe depthau e~o~~ta~t superflood discharge. Tabl.,2,, a 
obtamed by runnmg a n<equent on a cycle is nearer that obtained 

B T ee whether scour co · d · t d' h Test . o s . th th maximum discharge, a omman ISC arge 
with the dominant discharge an -:h the dominant discharge was negligible. 
of ?.50,000 cusecs was run; scour WI 

6. Oonclus ions 

Its and hence, it was recommended. 
Profile VII gave. the b~st_;i~t~ model of theKotri Barrage and is being 

T' ·is profile is adopted Ill t~e f II t in the site. Owing to the many dtsturbmg 
te;ted under the curvature !nhere~curacy is claimed fo~ the values of depth and 
factors, no absolute. num_erwT~b~e 2/XXI. 'rhe relative values are, however, 
extent of scour gwen 10 a e 
useful for assessing the best sh p . ---

s 41-29 
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PART III. BASIC RESEARCH 

II. RIVER BEHAVIOUR AND CoNTROL (ii) ScouR 

II -(ii) }. ScoUR DOWNSTRF.AM OF RIGID STRUCTURES IN WIDE 

CHANNELs--PROTOTYPE DATA REGARDING DEPTH OF 

SCOUR DOWNSTREAM OF BRIDGES 

Experiments were done in the year ~944-~945<'1 t~ correlate depth of scour 
downstream of a rigid structure with mtensity of discharge and grade of bed 
mater.WI. 

For the substantiation of these results, analysis of similar proto,type data 
is necessary. 

Tr"1~[f. No. lf Such data is being observed for the last 20 years on 21 important bridges 
on alluvial rivers on N. W. Railway. The N. W. R authorities have kindly 
trade this data available for analysis. 

The depths, at present, are observed only at the bridges, in floods, to see if 
the scour around the piers exceeded the safe limit. Actually, a deeper and 
more dangerous scour-hole often occurs further downstream of the bridge, due 
to the increased velocities and turbulence arising from the restriction of the 
waterway, as was observed in the case of Hardinge Bridge over the G;;,nges,l'l 

The Railway and canal authorities have, therefore, been requested to furnish 
the following data:-

(a) Depths at 150', 300' and 450' downstream of the bridge in addition 
to the depths observed at the bridge, this being necessary to get maximum 
depth of scour which is expected to occur within this range downstream· 
of the bridge due to the angle of repose of the bed material: correctly a 
contour plan of soundings over a distance of 1,000' downstream of bridges, 
made from probings at frequent intervals during a flood season is required. 
This would require much additional staff and equipment and so, for the pre
sent, cross-sections, 150' apart, till beyond the point of maximum scour, 
have been reques~ed for, in case of only 8 out of 21 bridges. 

(b) Discharge observations, up.,tre~m or downstream of the bridge 
(to be obtained !rom the Discharge Division), for correlating discharge inte
nsity, grade of material, and maximum depth of scour. 

(c) If it is not possible to obtain bed-sand samples under flood conditions 
from the scour-hole, they can be obtained by borings (made in the winter) 
up to the maximum depths of scour, in the region of the scour-hole. This 
additional data will be observed for the eight important bridges (shown 
in italics in Table 1/II.-ii) where daily discharge measurements are made 
by the Discharge Division. 

(1) Annual Report (Tech.) of Indian Waterways Experiment Station, Poona, 1945. 

(2) Annual Report (T), 1941-1942, c. I. and H. R., page 12. 
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U fs. water level R. L. 7 4. 
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Profile I 
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Profile Ill 
5058. Phot~ looking sideways downstream 
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PART Ill 

TaBLE 1/II-ii 

Impm·tant Bridges on alluvial,·ivers on the North TVestfrn Railway 

I . 
S. No. Name and site of Bridge. PJ?cehnt which i ?~:t:il;ce r~t~~cen Whether up

~sbse~:~d.is I nn_d· p~~e "~ho~: strcnm or d~wn.; 
d1scbar!;es are 1Strcum of bridge,, 

observed (in miles). 

---"- 4 

··1 Rasul He:-- ~-- 21 
works 

Mangla. 22 

Jhelum at Haranpur Rasul Hfw 28 

,. Khusab ... Chela 85 

Chenab at Chund 

I 
Dl1Wustrca~ 
Upstrenm 

Do. 

Downstream ···I 
I 

Romnrl;s, 

115 

, No obscn·ntions in tho 
\'icinity. 

" Wazirabad At the bridge ... 

,, Chinio.t E.}··· 
,, .. -~ \V . 

Rivaz bridge ... 

., Shcrshah ... At the bridge ... 

Ravi at Lahore ... Sidhnai 

10 , Ahdul Ealcim ... At the bridge ... 

11 , , Dero. Baba Nanak. Shahadaro. ... 

H Bens at Bea11 

)Iadhopur Hfw. 

... Mandi plain 

13 Sutlej o.t Phillour ... Rupar Hjw ... 

14 , Gidarpindi ... At the bridge ... 

15 , Adamwahan Do. 

16 J umna. at Delhi 

17 , -- , Ku.lanour 

13 Indus at Kotri_-:::::3 ... At the bridge ... 
-·---·- ~3ne 

10 , _ ,;·Sukkur ·--· ... Do. 

~0 ;-. , · , KalabQJ)h Do. 

21 I Kurum.at Thaneda.rva.la, 

b6 

72 

59 

30 

I 
} 

No record in Ln.ho 
Discbargo Divisio 

I No record. 

III. FLOW IN RIVERS AND CANALS 

(ii) FLOW IN CHANNELS IN INCOHERENT AND COHEHENT ALLUVIU~l 

III/ii-1 RATE OF SAND AT'fHITION IN CHANNELS 

The experiment, which was first started in September 1938, to determine 
how far attrition was the true explanation of the progressive reduction of si7,e of 
bed materials from the hills to the sea, was carried out in a circular tank, in 
whiGh water was revolved with a uniform velocity. In this tank, experiments 
could be done only with Oile velocity at a time. 

1943 Apparatu.s"' 

In order to expedite results, a circular t1mk 7 ft. in diameter and 2 ft. dcl'p, 
was divided into 4 c01:1partments.. Vertwal blades were spaced I:w:, apart, Flg.lJIJI.;;. 
fixed to a central revo!vmg shaft, with the bottom edge of the blades 10 above 
the bottom of the tank. The mean velocity of the water in the three compart-
ments was 2·38, 4·16 and 5·9:] ft.jsec. respectively. 

--------::------:-:::------:::-~.-~---:~----

(1) Indhm Waterwa-ys Experiment Station, Annual Report ('l'ech.) !or 1948, pp. 62-134. 
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T· 
i 
2' 

fiG. ljlrt}i 
NE:W SANDABI2AOEIZ WITH 

\r!;:'IZT!CAL BLAD£5. 

PLAN· 
Sear12:· t'~ 4rr. 

This experiment was started on 3rd February 1943 using Brahmaputra , 
sand, passing through a 60 mesh sieve a.nd retained on a 80 mesh sieve; so that 
the range of variation of grades of sand in the mixture was less than normal. 

m of original sand =·185 mrn.±·10 (or±60 per cent.) 
m of sand used in experiment =·254 mm.±·063 (or±25 per cent.) 

The sand thus obtained was placed in each compartment in the tank to a 
'depth of 4" (about 1150 lbs.) and water was maintained at a constant level. 

The abrader was run for 1460 hours. Sana samples were collected from 
each compartment and after thoroughly mixing the sand, they were analysed 
by the Puri Siltometer. The observations were repeated after 3770 hours (1944), 
5650 hours (1945) and 6550 hours (1946) and sand samples were analysed for 

Table lflii·ii each period. Table 1/III -ii shows the percentage fraction of various grades to 
total-quantity. 

Fig.2JIII-H. Figure 2/III-ii shows the relation ,of "reduction in volume of sand": 
Velocity after 1460 hours, from which a tentative straight line r~lation was 
obtained. Similar relations were also obtained after 3770 hours, 5650 hours and 
6550 hours of working. 

Curve A Reduction in volume after 1460 hrs.=·00137 (V -2)·'" 
Curve B · , 3770 hrs. == ·00:202 (V- Hl)·~ 
Curve C ,, , 5650 hrs. = ·0030 (V- ·92)·" 
Curve D , , 6550 hrs. = ·0038 (V- ·89)·" 

The !elation A indicates that the attrition started at velocity 2 ft.f~ec. 
The relations B, C and D show that the critical velocities to start abraswn 
after 3770 hours, 5650 hours and 6f50 hours were 1·2 ·92 and ·89 ft.(sec. 
respectively. ' 

As size of san_d decreased, the critidal velocity to start attrition also 
decre~sed, thus sho~~ng that t~e critical velocity depends npon the grade of 
matenal, a lower critical velocrty being required to start abrasion in a finer 
grade material. 
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A . t I t' b - d \. · l · . o·• \.·OUl · n approxuna e re a wn etween m an 'rrit1ca, VIz. Ill=·~:, ert -Is 

shown in fig. below, Where ID=illean size in the three COlllpartlll!'lltS at th~ Tablo ~/111·11 
end of the four time-intervals, shown in tt~ble 2/III-ii. 

Hg. 3/III.ii 
m_: Vcrifical. 

;]11111111111111 ~WJ.IIIIllllll 
·6 •7 ·B ·9 J·O Z·O 3·0 3·5 

VcRJTJCA[.. l ··IL_ _.:.._ ____ ___.J, 

Figures 4/III-ii and 5/III-ii show size distl'ibution curves of sand at Ft.' & 6flll 

different intervals. 
These experiments are still in progress. 



Fractions of Sa.nd. 

Cloy 

Very fine silt 

FinesHt 

Medium silt 

Ooarae snt 

Very fine snud 

F ine sand 

l\1 edium tine sa.nd 

Medium sand 

Mean dia in mm. 

ms 

TABLE 1/III-ii. 

Ooli!PA.RATIVE STATEMENT SHOWING PE.ROENTAGE FRACTIONS oF BRAHMAPUTRA SAND TO ToTAL BAND 

Collected in DijfeTent Gom1Jartments of Abrade1· with Velocities 2·38, 4·16 and 5·93 jt.jseo. ajte1· 1460 Hom·s, 
3770 Hou,1·s, 5650 Houn and 6550 Hoz£rs of WM·kin!.1. 

Brahmaputra sand 
Inner compn.r~ment (Velocity 2·3Sft.fsec.) Middle compartment {Velocity 4 ·16 ft./sec.) Outer compartment (Vcloclty5·93 ft./sec.) 

Brahms.-
Dia. range of ucd in Sand 

Aller 1 ;601Aftor877oiA!Io• ;~5fft•• 6550 Aller 1460\A!tc' 3770,A!te• 56501A!te•6550 
I I I put•• send partioles in mm. Abrader between After 1460 After S770Aftor5G50 After6550 befo~: sibV 

60 o.nd 80 mesh. hours huurs I hours hours 
per cent. per cent. per cout. por cont. -~~urs. 1 hou:s, hours. hours. hours. hours. hours. bouts. 1 g. 

--------·-- -- -----
... 0-·0080 ...... ... . .. I ... ... ... ... ... I ... .. . I ... I .. . ... ·2 

I I ' 
... -0089-·0078 ...... ... ... l ... ... ... ' ... ... ·1 . .. .. . .] ·l .a 

... . 0078- . 0156 ·I ·2 .g ·2 .~ • g .. ·3 ·8 ·2 ·2 ., ·4. ~.7 

... ·0156- ·0312 ·1 ·3 ·8 ·4 ·3 ·2 ·5 ·5 ·5 ·8 . -~ ·6 .y 5-3 

... ·0812-·0625 ·4 ., 1·1 1·6 1·5 ·5 11·5 1·8 1·8 ·6 1·4 2·0 
12·1 

8-8 

... ·0625 .. !25 8·20 4·6 7·1 Y·5 7-6 4·8 ! 7·6 8·0 9·0 5·9 8·1 9·2 10·2 17·2 
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PART IV-MISCELLANEOUS 

HrsTORICAL Accou~n OF THE r:«DIA:« 'VATEnw.ns ExP>:HIMEXT 

STATION, Pom.a (1916-1946) 

1. lntrodnction 

The Station, I'ecently put on a permanent basis by the Government of 
In_dia. in January 11J.J4, was originated 26 years ag-o in the speeinl Irrigation 
DIVI~IOu,Pooua, under the Bombay Government by Mr. C. C. Ing-li"(uow Sir Claude 
Inglis). Srr Claude Inglis continued to be the Director of this Station from its 
commencement till March 1945. Mr. K. K. .Framji, the present Director took 
over charge in December 1945. In the intervening period Rao llahadnr 
D. V. Joglekar, Deputy Director, officiated as Director. 

R.esearch was started in the Bombay Deccan on soil and irri-cultuml pro
blems In 1916. This work will be summarised in Part I and the research iu 
hydrodynamics will be summarised in Part II. The advance in research iu 
various branches has been the rP.sult of well-coordinated, team work nuder the 
able guid~nce of Sir Claude Inglis and it is rather ditlicult to apportion credit 
for a particular resea~ch to a particular officer or officers because many aetually 
cor;ttnbuted t~wards It; but this has been done wherever possible. Names of 
officers or assistants who carried ont ell:periments described in Part II are given 
at the end of each para. 

PART I-RESEARCH ON SorL AND IRnr·cuLTUHAL PROBLEMs IN THE 
BOMBAY DECCAN 

2. Soil cla.ss'ification and demm·cation of 'block' areas 

In 1916 it was found that about 30 per cent of laud otherwise suitable for 
sugarcane, in the Nira L. B. canal tract, was damaged by water-logging, salt 
efflorescence, or sodiumisation; and that other canals were rapidly becoming 
similarly affected; so, as all previous scattered attempts to solve these problems 
had failed, a Division-called the Special Irrigation,Division-was opened to focus 
its efforts on their solution. It was found that successful drainage depended 
mainly on the porosity of the substratum and so a very simple method of measur
ing porosity in situ was worked out.U1 It was also found that dam>Lg~ was 
largely due to water from irrigation of high-lying, shallow soils finding its way 
under the clay layer of the valley lands; thus water, under several feet of pres
sure. was found in the clay zones. The first necessity was u soil survey, for 
which observers were trained to judge the soil profiles to a depth of lOft. from 
surface indications, especially weed growth, colour and tell:tur" of the surface 
soil (11, vVorkino- with these soil ~lassification plans, land which was unsuitable, 
either because it would be damaged by irrigation or because its irrigation would 
cause damage to lower lying lands, was ell:clnded from sugarc·ane !rrigatiou; <'> 
the canal areas were divided into zones suitable for sugarcane, frurt trees and 
seasonal crops; and each type of crop was sauctior;reil on 6 year peri_Dits in 
"blocks" ,t" in units of 1 i acres, the whole area ~avmg be~n demarcnted mto 1(2 
acre plots to fit in with the standard 3 year rotatiOn usualm the Deccan. 

3. Land D1·ainage 

At the same time as this soil classification, land drainage ell:periruents were 
carried out (!),(6!•••(6>; it was found that where ~n nutlet to a rrver or a large nala 
was available, drainage was economically practiCable, and a large part of t~I<J_area, 

{II Bombay P. W. D .. T. p, No. 13" Soil and Sub-BOil surveys in the Deccan Canal arena'' by 0. 0, Inglis 

and V. K. Gokhale W{l92D6)T. p No 49 "Development of Irrigation in the Deo.!an Co.oal areas" by 0. C. Jnglis 
(2) Bomb•Y P. · · · • · 

and v. K. Gokbo.le (1934). " 
(S) Bomb11.y T. P. l6,. Note 00 Irrigation on block system in the Deccan Canal t rllCts by C. 0. Inglis 

(l927J. h t t the improvement of Damaged Lands in the Canal Irrigated tracts 'Jf 

~~z!~m~~c!~~·, 1~ ·~~ ~- ~~~~~ (;~~7)· . , · 
the y p n 1 R ort 

00 
Land Drainage Expt~riments at Baramo.h ' by C. C InilU and V. K. 

{5) Bombay T. · "'4: • ep 

Gokhale (19~8). , . th Deccan Canal area~;" by w. A. Evershod, with a note by 
(S) .Hom bay T. p. 56 "Laad Dra1nage ID e 

C. C. Inglis (1937). 
121 
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when drained was at once reclaimed. Sodiumised lands resieted reclamation; 
so this questi~n required greater effort and collaboration of agricultural gradu
ates with irrigation staff. It was found that practically all lands could be re
claimed by the judicious use of gypsum in conjunction with the growing of 
suitable crops under irrigation and suitable drainage. 

4. Contmlled Irrigation 

4·1 Up to 1916 an unknown discharge of water was distributed by low 
paid staff to an unknown area of crops (with different water requirements) for 
an unrecorded period of time. The result was chaos, waste and dishonesty. 
Steps were therefore taken to restrict water by constructing measuring devices1" 

and outlet~ of a type 'which restricted the water supply 181 
••• 

191
• 

4.2. The standard measuring device, adopted at the recommendation of 
the Special Irrigation Division, was the Standing Wave Flume ('1; but where the 
head available was insufficient, i.e. less than 10 per cent of the depth of water 
in the channel,. Venturi Flumes (loss of head less than one per cent at full 
supply) were recommended. 

4·3. The outlet adopted was the Gibb module, 1101 which has no moving 
parts, yet the discharge is maintained constant within:': 3 per cent, irrespective 
of upstream and downstream water levels "'·ithin working limits, by means of 
baffies which come into action (when there is excess head) as a result . of free 
vortex flow. These devices were standardised after a long series of experiments 
and were adopted as standard Canal Outlets 111

' • 

.5. Inc1·easing the dischar.qing capacity of Regulators, Outlets 
and Aqzwlucts by fhtming and 1·emodelling 

5,1. Nira Left Bank Canal Head Regulat01·.-In 1916, it was decided 
to remodel the N ira Left Bank Canal to pass 50 per cent more water without 
inte1j'ering with ·irrigation operations and conditions precluded adding extra 
spans to the Head Hegulator. Model experiments were carried out and it was 
found that the coefficient of the existing sluices could be increased from 0·83 Lo 
1'93 by adding a bell-mouth upstream and expanding the barrels downstream'"' 
As a resuH no cusecs can now be passed with a Joss of head of 0·17 ft. as 
against the previous loss of head of:0·3S·ft. when only 480 cusecs were flowing.
i.e. head required was reduced by 5.5 per cent, despite 50 per cent increase in 
discharge. The cost of remodelling was only Rs. 5,8'J0 as against Rs. 20,000 
estimated for additional spans-had this been possible. 'fhe head regulators of 
the Godavari Right Bank and Left Bank Can,ls ""were similarly treated with 
satisfactory results. . 

5·2. Rock cuts were either widened or, where more than 15 ft. deep-so 
that widening was impracticable-were lined, thus reducing the rugosity factor 
from 0·038 to 0·013 1" 1• 

5.3. J<lnming of aquedncts.--The width of the aqueducts, it was found, could 
be reduced by providing suit>1ble convergences upstream and divergences down
stream as was done in the case of Aqueduct 23 of .the Nira Right Bank Canal!"'· 
The nala was also recommended to be flumed. The reduction in cost in such 
cases would be, ordinarily, of the order of 40 per cent. In this particular instance, 
however, the saving in cost wns only about :20 per cent as it was found more 
feasible to increase the number of spans due to very high nala bm~ks, which 

t7) Bomba.y T. P. 15" Note on' Standing Wa."'c Flumes and Flume Meter Falls'' by C. C. Inglis (19:.!8 . 

(8) Bombay T. P. 19 "Note on the Design of distributaries and their outlets in the Bon, bay Deccan" by 
C. C Inglis (IS2B). · 

(9) Bombay T. P. 23 "A no to on Standing Wave P1pc Outlets '• by C. C. Inglis (19:.!8). 

(10) T. P. No.1~ (Class A), Punjab P. W, D. and C. I. and H. R. Station Publication No, 3 ••Note on the 
Theory, Design and Construction of Uibb )lodules,etc." by C. C. Ingli~>~and D. V. Joglekar (1941). 

(11) Bombay T. P. 25 "Modnling operations on Distributary No, 8, N1ra Left Bank Canal, and application 
<>f the remits t;o othRrdistributaries" by C. 0. IngliH and D. V. Joglekar (1923). 

(12) Bomby T. P. 54 "Note on experiments with a model of the head Sluices of the Nira L. B. Canal" by 
C. C. Inglis and D. V. Joglek&r (193b). 

{13) C. I. and H. R. Annual Report tor 1937-38 (p.32). 
(14) Bombay T. P. No. 20 "Note dated November 1927 on model experiments to ascertain the effect of 

partial lining of the Malegaon Cut in miles 38 and 39 of the Nira L. B. Canal'' by C. 0. Inglis and D. V. Joglekar 
(1928). 

(15) Bombay T. P. 42 «Notes on flumed Aqueducts, (2) Remodelling an existing canal or Distributary to pass. 
an increased discharge, (3) Afflux caused by beading up water at regulators of a canal and \he extent of back 
water & (4) Distribution of ve.locities i:: channels" by C. 0. Inglis (1932). 
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would have increased cost in earthwork. 
was taken up by 1\lr. Hawes in Sind,'"' 
in this connection at the Poona Station 
Joglekar and H. Y. Katakkar. 

123 

The idea of fiuming masonry worl;s 
who carried out some experiments 11 '> 

with the help of Rao B>thndur D. V. 

5.4. Canal remodelling.-Cousiderable lengths of Cuunls and Distri
butaries were remodelled to the correct natural shape"'1, P=~·G7 Q'~' aud 
R = ··47 (Q/fl'", where P=wetted perimeter and R= Hydraulic mean dt>pth, but 
elsewhere the banks were widened and raised, and the channels left to reshape 
themselves to carry the increased discharge naturally-i.e. with widened 
sections and flattened slopes. 

All these modifications were tested out by means of models, and results 
were far in advance of what was anticipated, both as regards efficiency and 
cheapness. · 

6. Disposal of Poona sen·age by irrigation 

6.1. Pumping Poona sewage for disposal by irrigation was started in 1018, 
water and effluent mixture being distributed as required through twiu channels 
of Distributary 5 of the Mutha Right Bank Canal. A Venturi meter was 
installed at the head of this channel to measure the canal water and standing 
wave flumes to measure the effinent mixture or water-in each of the twin 
channels. As sewage irrigation was IL new practice, the Effincnt Experimental 
Farm (comprising 63 acres of lands) was opened in 1918 anu placed under the 
Special Irrigation Division, 1919. Experience showed that 225 lbs. of nitrogen 
per year, in the form of effiuent, was sufficient to give an average crop of cane; 
but to allow for lass etc. the standard was fixed at 300 lbs. per acre per year. 
Experiments showed that effinent was a complete rnanur~ and gave llll appre
ciably bigger outturn of cane per acre than that produced by the standard 
manuring practice, and the land and outturns have been steadily improving 
nuder effiuent irrigation"''. The late Mr. K. K. Bhatarkar, B.Ag., the Farm 
Superintendent, did a creditable amount of spade work in this connection. 

6.'2. Up to 15 cusecs of sewage effluent is now received for disposal and 
althouah distributaries 3 to 6 and intermediate watercourses comillltnrling 
a totat area of 1,500 acres are now supplied with effluent, the area is insufl\cient; 
so experiments are in hand in the Poona Irrigation Research Division to find 
cane varieties and methods of irrigation to dispose of as large a dose of nitrogen 
as possible. 

6.3. The Manjri Drainage Scheme, which drains a large part of the 
Effluent Area, was completed in 1936, and it was found that inigg_tion with 
effi.uent expedites reclamation of land damaged by salt and sodJUmJSatwn. 

6.4. A scheme (a) for utilising the gas- generated by the sewage to pump 
the sewage, and (b) to dispose of an anticipated increase of 50 per cent sewage 
supply partly by irrigation on a new area uncommanded by a canal and partly 
by sludge digestion and activation, was prepared'"'. ' 

The great success of this scheme of sewa~e disposal was due to pumping, 
irTigation and research having been u.nder a smgle control. 

7. Soil surveys in' Sind. 

7 .1. In 1931, staff was lent to the Develo_pment and Research Division 
· s· a t assist in carryin<> out soil surveys on hues analogous to those followed 
i~ 1~6 Deccan-with ~itable modifications. The w.,~ole of the area 
commanded by the Lloyd Barrage bas smce been surveyedC . 
- , Sl "Re ort on experiments carried out at tho Karachi Model Testing Stn.tion on n. model 
of fiJ~!d ~~~~:ro;,; ~j c. G. Jn.wes & a. s. 1\aha.i with a note by W. A. Evershed {1929). . 

17
) Bomba ]1, P. 2G "Report 00 tests mndc on a mo:del on the gNup of Regula.tora at Odcrolnl Bt mile 169 

of th~ Rohri ca:U.I, Sind'' by C. G. Hawes and Q. 0. Inghs (1928). " " 
(IS) Bombay, P. W. D., T.P.l7 1•Note on the Effluent Farm near PJona (1910-19 to l92o-26) by 

C, C. !ngli 11 (Ul27l- _ . 
1 

f p no. Sewage Effluent" by C. C. Inglis, D. Y. Jogleko.r qnd R. A. 
(19) Bombay T. P. 5J "DJsposn. o oo 

Collet •1938). , . 
55 

Po. er No. ISS, Vol. 21 "Bub-soil investigations made in tho area 
(201 Bombay Engmeerm~ Oo11.~e Oana: cons~ ruction'' by U. G. Hawes (1932) . 

.commanded by the Lloyd Bo.rnge an 

s 41-32 
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7 .2. Some two million acres were classified in detail and, from the results 
obtained, it was fpund possible to work out a system of _classifying lands from 
surface appearance of the soil, the flora growi?g·on the ~ml, and the textu~e of ~he 
soil down to 3ft. as ascertained from bormgs. Th1s method of class1ficatwn 
could be done, at the time, at one anna per acre. 

7.3. Sind was advised and guided reg:Lrding the system of sub-soil water 
observation pipes to be placed on a regular grid. Su~-soil observations are now 
made in the whole command of the Barrage and m a large an•a of the non
Barrage can>~ls so that Sind has better sub-soil data than most otJ:ter Irriga~ion 
provinces. Regular observations are made througJ:tout the year m th~se pipes 
and the results of observations are plot'.ed for Apnl and October as difference 
contours, showing the difference in sub-soil water table over a 12:months period, 
and as, hydro-isobaths, i.e. contours showing lines of equal depth below the 
surface. 

8. Water weeds and their eradication from canals 

Deccan Canal administration had been seriously affected for many years as 
a result of heavy weed growth'211

• 

The following water weeds are found in the Deccan:- · 
(1) Vallisneria Spiralis, 
(2) Potamogeton peptinatus, 
(3) Potamogeton perfoliatus. 
( 4) Potamogeton indicus, 
(u) Ceratophyllum demersum, 
(6) Hydrilla verticillata; 

bnt for simplicity, water weeds may be divided into only 2 groups:-
(1) Vallisneria spiralis-a grass like weed, up to 14" in length, which 

grows in tufts ; and 
(:2) Potamogeton varieties and associates-the worst of which 1s 

Potamogeton perfoliatus which grows to a length of 12 ft. or even more. 
(1) is the first weed to appear, and is, comparatively, unimportant except in 
small channels. (2) indieates a much more serious condition of weed growth. 

It was found that in canals in which there was considerable silt in suspen
sion weed growth was·small, and vice versa; and so it was recommended that 
water should be fluctuated in the Pick-up vVeir Basins at the heads of Canals 
to stir up silt as far as practicable. A protracted investigation, carried out i~ 
the field and 1"-boratory, showed the relative effect of various factors on weed 
growth-light, exclusion by silt, velocity etc.,-but the main point established 
was that water weeds can be killed off by suitably timed canal closures'"'· 
Consequently! water weeds have b:en eliminated from all Deccan Canals except 
the Mutha R1ght Bank Canal, whwh cannot be closed on account of being the 
source of Poona Water Supply. 

9. Rainfall and Run-off 

A considerable amount of work was done on this subject by Sir Claude 
Inglis when he was under the Government ol Bombay, and also since then as ' 
the Director, Indian Waterways Experiment Station. These investi""ations are 
described in Part II. "' · 

PART II-RESEARCH I:S HYDRODYNA)IIC PROBLEMS 

10. Introduction 

10.1. In the early da~s of the Poena Station, from 192:2 to 1934, experi
ments were conducted at d1stnbutary 5 of the Mutha Right Bank C>tnal near 
Hadapsar, about 6 miles from Poena, with models designed to solve various 

(21) .Bombay Eoginecring Congress Pnper No. XLVIII ''Some factors affecting the design and working of 
Deccan Cu.nals", by C. C. Inglis and C. I. & H. R. Annual Report (Tech.) for 1937·38, (p. 7). 

(22) C. B. I. Publication No. 26 "Water weeds and their eradication from Canals" by C. c. Inglis and v. K. 
Gokbulo (19!2). 



PART IV 125 

hyd~odynamic _and irrigation problems occurring in Bombay and Sind-especi
ally lD connectiOn With Sukkur B>trrage Scheme and the Deccan Cauuls then 
under construction. ' 
, _10-2. ~n 1925_ it was found. that the discharge available at the Hadapsar 

StatiOn was msuffiment for carrymg out several large scale model experiments 
simultaneously; and, as eJ>:ceptional facilities eKisted at Khndakvnsla situated 
about 11 miles from Poona, where clear water can be drawn straight from Lake 
Fife, new models were constructed there. In 19:34 the whole st>ttion was 
transferred to Khadukvasla. In 1937 the station wus taken over by the Gowrn
meut of India to serve the whole of India. 

10-3. During the last 9 years, over 100 important investigations inYolvino
over 2,00q eKperiments have been carried out at the St~ttion; some of thcs~ 
are listed with references in Appendix I. these investio-bations covered various ·liP nd" 1 
fields: · '' " · 

Control of sand entering canals; 
the protection of bridges across rivers; 
training of tidal and non-tidal waters; 
determination of the principles governing the action of spurs and 

pitched "attracting" islands for controlling rivers: 
the factors determining the size and shape of.river meanders; 
the relation between rainfall and run-off; 
the effect of silt and sand washed into the rivers when hill denudation 

occur• and the rate of silting of reservoirs: the laws governing the movement 
of sand in rivers and the factors affecting accretion of rivers; 

littoral drift; etc. · 
10-4. As a result of experience gained from the model work and the 

inspection of actual works, advice is also given in many cases without having 
recourse to model experiments. Models are now used only in intricate or novel 
cases. Inquiries from various quarters of India are increasing, as a result of 
increased confidence in the work done by this Station following the correct and 
successful diagnosis and recommendations made by the Station and the lll!tterial 
savings accruing therefrom. Only some of the notable achievements of the 
Station are given in the following paragraphs. 

11. Cunature of flow in 1·ive1·s and canals fur controlling sand 
entering canals and training of tidal and 

non-tidal wate1· s. 

Sir Claude Inglis is probably the ~rst Engineer in India to. est~tblish a 
claim to the desirability of locating off-takmg channels fi·om the parent channels 
on the outside of. curves, so that only the high-velocity, sand-free, surface wa:ter 
is drawn by the offtaking channel; because favourable curvature of Jiow exists 
at such,places. . · . 

[Before dealin" with particular investigations, it is necessary to explam 
what is meant by "curvature of flow". In general, "curvature of flow" 
includes all flow in which the filaments follow a curved ~ourse; but the specml 
sense in which it is used at the Indian Waterways Expenment Statwn-whwh 
is actually the only relevant case in River practwe because free vortex Jlow .'s 
not found--,- is where the filaments follow curved courses! whwh do not rem am 
ec uidistant from the bank but approach or recede from 1t. It follows from th1s 
t~at a surface filament con verges towards the ~onca ve b>Lnk but "t a small 
de th below dives down (favourable for an offt1tkmg channel) and cross flow '.~ 

p t d h"l the b d fihtment recedes from the concave bank nud flo"" 
genera e · w ' e e . . · d s t" ·h t · f 

t t'h x ("nner) bank ns·ng as 1t oes so. orne 1mes sue ) pe o 
across o e conve 1 · . · f 1 t · 1· t" · II d t flo because this "Ives the ulea o camp P. e CJrcu ,t Jon-flow IS ca e ro ary w, b · 1 · .. 1· · d · · · i ers-at other times curvature IS erroneous y VIoua Ise as 
whwh IS rare mt. r v h" ·h I·t l·s not. but in the sense explained above, curved 
.a corkscrew mo wn w IC '· . 
fiow is nearly everywhere common m nvers.] 



12G ANNUAL REPORT (TECHNICAL) CF WOllK DONE DURING THE YEAR 1946 

11 (A} OontTol of sand enteTing the canals taking off the Lloyd 
Ban·age at Sttk!wT and otlwT pToblems 1·elating to 

the design of the BaTmge 

In 19~8, hydrodynamic questions relati?g to the ~loyd Barra:ge and 9anals 
construction were referred to the Poona Statwn. Baswand spemfic expenments 
by means of models '"·" """ 25l conducted in' this, connectwn were:-

(a} "Still pond running" versus "open flow". 
(b) Effect of raised sill of a canal regulator on the quantity of sand 

drawn by the canal. ' 
(c) Design of pockets upstream of Barrages to produce favourable 

curvature. 
(d) Siting or locating the off-takes on the outside of curves. 
(e) "Diverging guide banks" versus ~' ~ivide walls at right angles to 

the Barrage" and the optimum length of dlVlde walls. 
(j) Necessity of maintaining correct velocity ratio inside and outside 

the pockets for sand control. 
(g) Effect of divide walls having a vertical nose and having a sloping 

nose on sand exclusion. 
(h) Distribution' of sand entering a series of canals upstream of 

a Barrage. · . 
(t) Scour at the nose of Divide walls and its effect on sand entering 

the canals. 
In "still pond" regulation, the undersluices are kept closed when canals 

are open: whereas in ''open flow", some undersluices are kept open. Though 
"still pond" running was more successful, either method was suitable for the 
left bank canals off-taking from the concave side; but "still pond" gave marked
ly better sand exclusion from the right bank canals. Predictions were fully 
confirmed when the canals were opened. 

On account of the s'!ight bend upstream of the Sukkur Barrage, it was 
predicted that a sand bank would form along the right (convex) bi:mk: to 
prevent this, it was proposed that a long vane should be constructed upstream 
of the canals on the right bank. A right bank vane, by itself, would have 
tended to pull the main flow of the river across to the right bank; so a similar 
vane was proposed for the left bank and the two together would have main-

. tained flow free from heavy sand along both banks (Heports not printed). 
This recommendation was not acted ou, it being decided to watch results. 

The amount of sand entering the canals in subsequent years up to 1938 
increased in quantity, and though considerable scour occurred each October, 
which washed down the silted bed level to the order of 1 ft., the canals lower 
down gradually deteriorated. Conditions got so bad by 1939· that a large 
expenditure had to be incurred on saod clearance of the canals and the right 
pocket. The bed of the river on the right bank hr,d, by then, got badly silted 
up and the original solution was no longer possible. The question was again 
referred to the Poona Station; the solution '"' recommended was to construct 
an approach channel, starting 5,000 ft. upstream of the Barrage, from which 
the supply for the canals would be drawn off over a raised sill at a point 2,250 ft. 
above the Barrage. the rest of the water and most of the bed saud flowing down 
the tail channel. This investigation required the use of 6 models with different 
vertical exaggerations-to see the scale effect on curvature of flow and to obtain 
information regarding the design of-

( a) the shape of the nose of the outer bank of the approach channel; 

Pa.rt(~~\~Q~~~~~g1f~ t~~;~fote of May 1931 on silt Exclusion from Canals, "still pond:' versus "open flow'' 

(~4) Bombay T. P 46 "Note on silt exclusion from Canals, Part II, first report on experiments wtth the 
full. width model of the Sukkur Barrage at Kbada.kvll8la" by C. C. Inglis and D. V. Jogleko.r (1933). 

and E.5~ .BJoo~l~~~;(t~S~f. "Factors affecting b~d silt from canals taking off from alluvial rivers., by a. o. Inglis, 

(26) 'Annual Reports (Technical) of the Indian Waterways l'ixperiment Station for 1938~39, 1939-40, 1940-41 
and 1~41-42. , 
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(b) the junction of the outer bank with the Barrage; 
(c). the raised sill at the off-take into th<O Right Pocket with stone 

protectiOn upstream and downstream of the raised still; 
and (d) the inner bank of the npprortch channel. 

~he. approach channel was construetecl in 1 D·10-·H and has proved very 
effect1ve m excluding bed sand from the canals'"'· 

The original Barrage .design was also altered'"'-
( a) to give minimum aftlux during floods; 

. (b) to make the standing wave form just downstream of the B~trrnge, 
mstead of .at the end of the apron, where it would h>tve set up <h•structivo 
forces, whiCh would h«ve endangered the structure, had the original tksi~n 
been adopted; · 

. (c) to evolve the most_ suitable design of pier cut- and e:tse-waters, 
wh1ch were fonncl to be eqmlateml arcs of circles, though semi-cireles were 
almost as good; they had also the advantage in that they were better when 
there was cross flow and W'(re less liable to c<ttch ilo>tting nmtter. 
[These experiments were carried out by Rao Bahadur D. v. Jogh·btr, B. E., 

H. V. Katakkar, .B.E., Mr P. D. Jaeel, B.E., J\Ir. J. l\1. l'ltrikh, B. E., 
M:r. P. K. Kulkarm, B. Sc., (Elec. and Mech.) and Mr. N. K. R. Iyengar, 
Overseer.] 

11 (B) Design for the Lower 8ind Barrage and sand-excluding heads 
for the two canals of the Dellri-on-Son Anicut (Billa·r) 

The Indian Waterways Experiment St>ttion has emphasised'"' time and 
again that the SLtccessfnl working of « Barragc-particuhrly in respect of sand
exclusion from off-takes-depends primarily on its positioning. When the 
natural meander-length of a river is ignored and an tmn,ttural distorted 
curvature is imposed at the very point where it is es.;ential to have sweet, 
n,ttural curvature, it is not surprising th"'t S,md excluders, ejaetors and islands 
are required to reduce the damage done by bad positioning of the Barrage. The 
designs for the Lower Sind Barrage at Hajipur'"l and at Kotri'""' are being evolved 
on the principles set out above; Mr. Gole, B.E., has contributed valuablL' ideas 
in this direction <tnd the experiments are continued under the direction of 
i\Ir. K. K. Framji. J\Ir. D.P. Kulkarni, B.E., carried out basic experiments 
regarding co-efficient of discharge etc. "Sand excluding'' beads for the two 
canals of the Dehri-on-Son Anieut (Bihar)'"" were similarly designed with the 
aid of model experiments, by <trtiticially creating fltl'onrable curvature. Tbe;e 
!attar experiments were creditably carried out by i\Ir. J. M. Parikh, B.E. 

11 (C) 0 ontrol of sand enteriuq the M ithrao and Khip1·u 
Canals at Makhi We·ir E:r. Nara H-icer (Sind) 

The most notable and successful example of controllin~ s>tnd by favourable 
curvature of flow is that of the Mithmo canal'"'· The Mitbrao canal derives 
its supply from the Eastern Nara ttbove the 1\"lakhi Regulator; before the 
Sukkur Barrage the Mithrao Canal off-take was located on the concave s1de of 
a bend in the Nara, then a river drawing its supplies from the Indus; with the 
Sukkur Barrage Project, the Eastern Nam was cr.nalized and given a controlled 
head above the Barrage and the Mithrao Canalrnad~ to take off from a stratght~ned 
CanaL Owing to scour in the N ara, and an unsuitttb!o ofl-take frn111 a btratght 
rea<'h coarser silt than previously drawn, beg•tn to eder the M1thrao m 1!FLl; 
and. the previous drop into the canal of 2'0" (at full supply discharge) gradua y 
dis>tppeared, so that com_m_a_n_d_"_·a_s_l_o_s_t. ________________ _ 

(27) l.l. I. & H. R. Annual Report (Technical) for 1943. . . . . . . . 
) B b T p 29 ,, Note on expertmcnts carried out wtth var~ous dc,Jgns of p~er~ 11nd stlls 10 connectiOn 

wi~h(;~e Llo;;d o.~ar.~n~e at Sukk.ur" by C. 0. Inglis, C. G. Hawes, ,J, S. Reid, lJ. V. J0glokar und H. V, 

Katakkrr (1929). 
(29) 1. W. E. Station Annual Heport (Tech.) for 1044. 
(2gA) Indill.n Wo.terwa.ys Experiment Annual R~port (Tech.) for ~~~5. 

~:~~ ~~~:.YH/~.~;~~;:,~:~::;:•.•,h·~::d~
94

0~··~~~:~: ::: ~~:,~;ibutarics" by C. C. Inglia and D. V. 
Joglekor (19il8). ' 

s 41-33 
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Experiments were therefore carried out to determine how to exclude sand 
fi om the Mithrao Can~!. Sever~! alternatives were suggested:-

(a) A spur or groyne downstream of the 1\iithrao combined with 1 
in 5 upstream warped bank. 

(b) 1 in 5 warped convergence combined with a raised sill. 
(c) King's vanes for :Mithrao aud Khipro. 
(d) A divide wall opposite :i\Iithrao, combined with a single large-radius 

vane for Khipro. 
(e) The best solution, both from the point of efficiency and construc

tional facility, was found to be a separate approach channel for the Mithrao 
from the outside of a bend upstream of It. 
It was recommended that the old river bed should be partly re-opened to 

<:arry water to the Makhi Regulator and Khipro Canal, the existing straight 
channel, after reduction in width, being used as an approach channel to the 
Mithrao Canal. This lay-out was such that the approach channel took off 
where the beneficial effect of curvature was a maximum, so that only top water 
containing only fine silt entered the Mithrao approach channel or the Khipro 
Canal, the heavy bed sand being deflected into the river downstream. 

This recommendation was acted on and "command" was at once restored 
and the drop into the :i\iithrao at the Head Regulator gradually increased 
to 1'6". 

The problem was again referred to the Poona Station io November 1940, 
this time to see how silting of the Nara river downstream of the Makhi 
Regulator could be reduced. That this would occur had been predicted by the 
Station. Two alternatives were suggested:-

(a) Creating turbulence upstream of the approach channel by con
structing short groynes, pointing 45' downstream, the groynes being fixed 
in the right bank of the bend. This would throw sand into suspension, 
which would then be drawn by the Mithrao, thus reducing the quantity of 
sand going down the river. 

or (b) closing the approach channel and drawing waterfor theM ithrao 
through a cut on tha inside of a bend in the Nara River. · 
The first alternati>e was adopted because the work could be carried out 

quickly and cheaply ; and has proved a success. These experiments were 
carried out by Rao Bahadur D. V. Joglekar and N. K. R. Iyengar. 

12. Protection of Bridges over nvers and Canals 

12(A) Safeg1ta1·din.q the Hm·d1:nge Bridge over the Ganges 
(Bengal-A.%am Railway) against the dan,qer of 

be1:ng outflanked 

The Hardinge Bridge, 200 miles north of Calcutta, about a mile Ion" 
costing 5 crores of rupees and carrying the main line of the Ben"al and Assai~; 
Railway over the Ganges from Calcutta to the north, was ccnst~ucted in 1915 
and protected upstream and downstream by pitched Guicle banks. In HJ15 and 
some years after, the main current was along the left bank of the river at the 
bridge; but gradually it changed its course towards the riaht bank. Early on' 
the morning of 26th September 1933, the flow along th~ riaht bank became 
inten~e and caused a slip in the ~ight bank, thus creating a gap in the guide 
bo~k Itself. This gap rapidly Wlde~ed Wit~ a very serious danger of the bridge 
bemg outflanked .. It was temporanly repaired after m>my train loads of stone 
had been t~rown mto the gap. As nearl:y a crore of rupees had been spent in 
two years man endeavour to bol? the bndge, a Committee was appointed in 
August 1934 and the Po.ona StatJOn was asked to carry out experiments and to 
report on measures reqmred to safeguard the bridge. A long series of experi
ments was conducted'"'and the analyses of results showed that the conditions 
which led to the breach were due to severe action caused by the Sara Protection 

(32) Bombay T. P. 55" Report on experiments carried out with models in connection with the protection or 
the Hardinge Bridge" by 0. 0. Inglis and D. V. Jog:IP-kar (1936). 



PART IV 120 
Bank 19 000 ft !lstre f th b · d 
Dam~kdia Guide bau~~~loOOO ef n ge on the le~t b>tnk and .tcceutuated by the 
turned the hi h I . , . t. upstream on rtght bauk. These guide banks 
the · ht . J bve koetty flow mto fiercely eddying, snr"iD" flow whi'ch undercut 

b 
rtg h gut e an · and so caused a serious slip, whichb later developed into 

a reac . 

The following alternative reniedial measures were BU'""estcd ·-
(a) to remove the Damukdia Guide bank· b.., . 

th S(·b), to ?onst~uct by· pass channel from t~e outside of the bPn<l bebiud 
~ ara Protectwn bank to reheve the concentration of flow R.t the 

bndge·; 

(c) to remove the stone from the Sara Protection bank 
The committee adopted (c), being the chenpest of the three. This is 

repor~ecl ~o be ~uccessful and the bridge is safe. Sir Claude Inglis predicted 
that tf thts action (c) were taken, the attack would cease in 8 year:;; while this 
has actually occurred in 0 years. 

[The experiments were carried out by Rao Baha<iur D. V. Joglekar, 
Mr. P. D. Jaeel and Mr. S. T. Ghotaukar, i\I. Sc.) 

Suppl~meu~ary probl~ms relating to the protection of bridges were also 
dealt With m thts conuectwu, namely:-

(a) Falling aprons; 
(b) length and alignment of guide banks; 
(c) effect of high level pitching round piers on scour d/s. 

(a) Falling ap1·on.s :'"'A considerable amount of basic work w>ts done by 
:Mr.A. ~·.Thomas to determine the characteristics of falling aprons; effect 
of dtsposttwus of stone, and shape and size of stone on falling aprons; he 
was assisted by Mr. N. V. Halgi, B. Sc. 

The behaviour of an apron laid on alternate layers of saud ani! clay was 
also investigated with particular reference to the Sara Protection Bauk-19,000 
ft. upstream of the Harilinge Bridge. Stone protection had to be heavily 
reinforced every year. Borings taken in this bank showed that the bank con· 
sisted of alternate layers of saud and clay. Experiments showed that stones 
slid down as scour occurred in the case of sand layers; but the cley lay,o.rs scoured 
unevenly, the clay scouring into steep cliffs, so that the aprons coulil not rest on 
it uniformly but fell to the bottom. It may be said th>tt au apron does not 
launch satisfactorily unless-

(il The angle of rrepose of the uuilerlying material is flatter than that 
of the stones; and 

(ii) the material is incoherent and so scours easily and evenly. 
(b) Though basic experiments were not ilone as regardH the optimum 

design of guide banks, experiments in connection with the Hardiuge Briilge 
revealed that, in that case-

(i) The length of guide banks equal to the length of the bridge-with 
the length of the bridge correetly designed-gaYe the best results; 

(ii) the guide banks at right anlges to the bridge gave gooil results; 
and (iii) it is preferable to ha.ve a 120' curved head of the guide banks, 

the next best results being obtained with 90' beads. 

(c) Scour round brirl,qe piers13'1 :-Model experiments c>trried out in tbis 
connection by Rao Babadur D. V. Joglekar (with the Dssistance of Mr. N. V. 
Halgi, B. Sc.) have sho~n the desirabilit:y of laying st~n~ protection round piers 
at as ]ow a level as posstble to conform wtth the natura. nver scct•on. Attempts 
at maintaining a high level pitchi';lg have led to serious slips and very 
deep scom·:ho]es downstream, as. pomted out by Str CJ,~ude I';lglts to the 
Engineering Section of the Rmlway Conference Assocmtwn JU 1042, as 
under:-

(i) The maximum attack on th~ loose stone stone protection occurs 
at the nose of the pier. No stone IS necessary at the tall, where sand 
and stone scoured from upstream are deposited. 

(33) C. I. and H. R. Stn., A. R. (T.) for 1937·BB (PP· 68-76) and 1938-39 (pp. 37·30). 
(34) c. 1. and H. R. Stn. Annual Report (Tech.) for 194C-41 (p. 30) and 19:U-42 {PP· 12 and 31.). 
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(ii) Where stone pitching is laid round a pier at too high a level, 
failure may occur due to stone launching downstream from the tail; but 
rwrmally, failure occurs at the nose. 

(ii1) The stone at the nose remains undisturbed until the attack 
reaches a critical stage, when the stone suddenly begins to be carried 
away and a deep scour pit rapidly forms, reaching a depth nearly as great 
as had there been no protective stone. 

(iv) The greater the depth at which stone is laid, the more stable it 
is, i.e. the more severe the attack it can withstand without being carried awa.y. 

(v) The level of the river bed appeltred to have little effect on the 
discharge which causes failure; but such effect as there is, indicates that 
with a high bed-level, f>tilure occurs with a somewhat lower discharge. 
than if the river bed-level were low. 

(vi) Because of (iii) above, it i's necessary to place stone at such 
a level, and to use stone of such size and weight, that it will not be dis
turbed with the worst attack for which >tllOw>tnce has to be made. Stone 
laid at higher levels is of little value. 
For similar reasons the high level pitching round the piers of the Hope 

Bridge on the 'fapti at Surat''" was condemned because it distorted the natural 
curvature of flow, thus leading to very deep scour downstream resulting in the 
collapse of the city- wall. 

12. (B) Prevention of fu1·ther erosion of the left bank of the Rupna?·ain 
River abol'e Kolaghat Railway Bridge of the B. N. Railway'"'· 

The Rupnarain River-which is tidal-crosses the Bengal N agpur 
Railway, 35 miles from Calcutta. Since 1938, the river was eroding its left 
bank and iu 1943 dangerously approached the Railway line to within 1,500 ft. 
of it. The Railway officers suggested a series of small groynes to protect the 
left bank; but Sir Claude Inglis was very strongly opposed to this proposal, 
as the short groynes would have developed a permanent deep channel ;,t their 
heads along the left bank. Two alternatives were suggested:-

(a) A long curved head upstream of the bridge; 

or (b) A repelling'37
' groyne 1,100 ft. long on left bank, pointing 60' up

stream. 
These were tested in tidal models and were found to give satisfactory 

results. The Railway accepted the second alternatiw being easier in construc
tion. This was completed in 1944, and the safety of the bridge and the Rail
way embankment is insured: substantial shoaling h>ls occurred near the left 
bank (over B to 18ft. deep extending in a width of 5000' opposite the groyne) 
and the main flow is well away from the Railway line. 

[The experiments were carried out by :Mr. V. N. Padsalgikar, B.E., and 
Mr. P. M. Damle, B. Sc.] 

13. Preventing e1'0sion along the foreshore of the Hooghly 1·icer above 
Calcutta("' ; tide prod acing apparatus. 

Severe scour has been occuning along the foreshore of the Hoogly above 
Calcutta. Erosion takes place in every case towards the lower end of" sharp 
bend-as at the Dunbar Cotton ~lills and the Titaghar Jute Mills-locally 
called a "knuekle". A "knuckle" apparently forms thus-as demonstrated 
in a tidal model at Poona: first of all a slip occurs, due probably to scour of 
the sand underlying an upper clay l>tyer, or due to caving in of the bank by 
a high sub-soil water-table, or·a combination of the two, resulting in the formtt
tion of a scour-hole just downstream of the slip, which eventually causes an 
embayment; and the knuckle is the unscoured portion of the original bank 
upstream of the scour-hole. During the past 20 years, hundreds of tons of 
boulders hava been dumped along the bank in a.n endeavour to hold it, and 
(to quote the words of a local officer) "at times it looked as though this object 
had been achieved, as the bank built up to a considerable extent; only, however, 
to collapse again after the freshets. " 

(85) I. W. E. Stn. Annual Report (Taoh.) fetr 1944 (P· $7). 
(36) L W. E. Stn. Annun.l RepJrt (Tech.) for 1'J44 and 1945. 
(37) C. I. and H.&. Annual Report (Teoh.) for 1942-43 (P· 46). 
(38) C. I. and H. R. Annual Report (Tech.) for 19!0-U(p. 18), 1941.42 (P· 2:3); 1942.43 (p. 18); 1948 (p. ~5); 

1944 (P· 3) and 1345. 
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Experiments at Poona h h th 

Mills can be silted n av_e s own at the scour-hole near Dunbar Cotton 
at Titagh r M"II . P byd a _senes _of ~ubmerged piles. The mtse of the knuckle 

a 1 s IS un er mvest1gatwn. 
The experiments were d b M p D . 

under the su er · . one Y • e•srs. . . J a eel, V. N. Padasalg1kar 
are bei P tyisio~ of Mr. A. R. Thomas and .T. S. Reid. These experiments 
Bahad ~gD coy ~u~ kby Mr. S. N. Mulekar under the supervision of Rao 

u · · og e ar and under the direction of Mr. K. K. Framji. 
th ?'he ~ide pro?ucing machine("' was designed by Mr. A. R. Thomas under 

e rdirectwn of S1r Claude Inglis an_d is working satisfactorily. It is wholly 
oped a ted by water power. AutomatiC recorders to record the tidal curves in the 
mo el were man~factured by the Hindustan Clockworks, Poona. 

14. Factors determining the size and shape of river meanders 

. Si_r Claude Inglis analysed the data of meanders of incised rivers and of 
nvers m flood plains in America and India"0

' and found that meander length 
and meander belt vary as "the square root of the discharge. It has been a 
common, though erroneous belief, that meanders are a result of water with 
excess energy flowing wilh excess slope. On the contrary, the Poona Station 
Experiments'"' ha.ve shown that a channel begins to meander when it is 
unable to carry the bed load with the discharge and slope available. · 

· In general, it may be stated that when transporting a charge of material in 
an alluvial river or channel, three conditions are possible:- _ 

(a) In the upper reaches of a river, the charge washed in during heavy 
rain exceeds what the river can carry with the slope and discharge avail
able and hence primary meandering occurs. 

(b) Ra.rely in rivers, but commonly in canals, the charge in movement 
just equals what the discharge can carry with slope available. When this 
conditions persists for a sufficient length of time, the channel develops the 
natural shape and slope for those conditions and the channel is said to be 
in equilibrium. 

(c) Where the induced charge is less than can be carried by the discharge 
with thQ slope available, the exce.ss energy avai!abl~ causes scour and this 
continues until the charge in motion exceeds the equilibrium charge for the 
discharge and slope, causing secondary meandering. 
The natural meander length depends mainly on discharge (and=3t:> 

../Qdominant). In the case of meander belts, howev~r, ~hough they are ~ainly 
determined by discharge, charge and gr~de of mater1alm mov~ment re~at1ve to
the discharge and slope are also very Important factors, whwh explams why 
meanders may be much more highly developed in the tidal portion of a river 
than further upstream. 

[The analysis of the river data was_done b! Mr. Y. K. Patil, B. E. and 
experiments were carried. out and are bemg contmued by Mr. P. M. Damle. 

15. Ra1:njall and Run-off 

Rain and River Gauging was _star_ted i~ t_h~ B?mbay Deccan in Hi02, and 
was handed over to the Special Img'itiOn Dmswn m 19'24 .. In 1930 the ';or~ 
was summarised,"'' formulae he!ng worked out for maximum floods from fan 
and 'De~can' catchments. This report also shows the annual run-off from 

catchments. · h · 
The fan catchment formula as now modified is :-maximum disc arge m 

7000 A here A is the area of the catchment in square miles. Sub
cusecs= ../A 4 'w 

t kt,, t the Poona Station has shown that this formula is of general sequen . wor . a 
. C I and H. R. Stn, Annual Report (Tech.) for 1940-41 (p. 19). 

<
89

) · · Do " " for 1939-40 (p. 9). 
(40) D . fo• 19!2-43 (p. 61). 
(41} · o. .". 1 t 'dy of R~ efland floods of catchments of the Bombay Presidency with 
(42) BombnY8;~ ::~::: ;;~e~r~~c:va.sp~ratlon ,, b; c. 0. Inglis and A. J. Des~uza (1930). . 

a short note 00 los th Annual No~e 00 el:periments carried out by the Irru~;o.tion Research 
(43) :Bombay T. P. 5tl "Sumfary J1 HeR Stu A R (Tech) for 1940.41 (p. 5); 1942-ta (p. 34); 19§.8 (pp. 44 

Division during 1936-S'i '' and 0 · an · ' ' · · ' 
and 67). 

s 41-34 
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application and holds for all sizes of catchments. It is also shown by the 
Poona Station that an allowance must be made for the sh<1pe of th6 catchment 
and that it is entirely wrong to apply the fan catchment formula, to elongated 
catchments."" 

[The analyses of the data was done by Mr. Y. K. Patil and V. N. 
Padsalgikar.] 

16. Flood Control 

In this connection, four outstanding notes written hy Sir Claude Inglis 
may be mentioned:-· 

(A) Note written for the Orissa Flood Advisory Committee-of which 
he was a me)Ilber-on "Our present knowledge regardmg the faetors 
affecting silting and scouring of channels."'"' 

(B) Rapid westerly movement of the Kosi River''''-note written with 
the assistance of Mr. H :0.1. Vuidya, B.E. 

(C) Summary of Technical enqmry into the causes of breaches in 
river buncls in Sind and steps required to minimise the dang~r of a recur
rence.1•71 

and (D) Floods in the Damodar River and their control-note written with 
the assistance of Mr. S. V. Chitale, B.E. 
These notes are summarised below:-

A. Ou.r present knowledge nga1'1l ing the factors affect-ing 
silting and ,,couring of channels 

In a channel in \Yhich the discharge v"ri~s, the channel obviously cannot 
alter its slope, width, and depth, whenever the discharge changes but it will 
tend to do so; ttnd each channel is the integrated effect of all the various 
discharges which htt\'e flowed. The banks of channels being more resistant 
to scour than the bed, the biggest changes take place in the bed and it is 
a well-established fact that after low floods the beds of rivers rise, to be 
scoured out aga.in in the next high flood. This scour is not due solely to 
side resistance (flume flow); but even more to the fact that the silt charge 
which can be carried, increases directly as the effective velocity; and hence, 
as the discharge increases, the transportable silt per Cft. of water also 
increases. 

The practical application of this to " de!t.a is tha.t the more river 
channels are allowed to split up, tile less the quantity of sand that can be 
carried. 

At a bifurcation, the channel taking off from the outside of a bend 
takes more water and much less silt than it would do had the approach been 
straight; the reverse is the case when a channel takes off from the inside 
of a bend. As a result, the outer channel tends to increase its discharge 
and deepen, while the inner channel, unable to carry its excess silt burd<m, 
silts its bed with coarser silt and sand. 

A single channel is much more efficient as a r:ermanent silt carrier 
than two branches below a bifurcation. The policy, therefore, should 
be to prevent new channelsopening and to help old, dying channels to 
close. ·where, however, Jt Js necessary to maintain both the· rivers at a 
bifurcation, steps must be taken to maintain const>mt conditiors. 

B. Bapid TVesterly movement uf the Kosi Birer 

In January 1941, Sir Claude Inglis went on depLltation to 'Nepal and 
Bihar to report on "Factors affecting the westerly movement of Kosi 
Hiver." 

~~---··· 

(44) I. W. E. Station AnnuAl Report (Tech-) liJH, page 68. 

(45) C. I. and H. R. Station, Annual Boport (Tech.) for E189-40 (p. 6). 
(46) Do. do. !or 1941-42 (P· 13). 
(47) I. W. E. Station, Annual Report (Tech.) for 194il {p. 10). 
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In this report, he stated:-

"The Kosi has moved tra.nsversely westwarcls at an awragt' rate 
of m.ore than a mtle a year for .50 years-not with a stl'atlr and 
contmuous rate, but the changes h><d takun place in tt seriPs .,( r:1pid 
movements With rehttively quieee,,nt JWriods in betwem. 

The cause of these violent Inovem<'nts of the Ii:osi is the excessive 
quantit.l:' of sa~cl carried uowu from tho mountains of Nt'pal. Theso 
wo?ntHms, whtch consist mainly of disintegrating shaly rock, weatlH'r 
raptclly. 

The contours rnn almost NortiJ to South just hc'low the <'X it from 
the gorge and that the Iowe,;t land lies along the right bauk in this 
lcngt~. Downstream of the Bellm Hill, the country slopes up towards 
the North-West. Lower clown, the contours graduallv ehano·,, to 
East-1N est; so that conditions near the gorge urn actually [Hvot7rable . 
to an easterly swing; but South of the Bhaptiahi-Durbhang;l Hailway 
!me there IS a. Wide depressiOn, now occupied by the 'filjuga and Balan 
RiYers, into which the Kosi will 'translate; so that until this is 
filled up to a depth of several feet, the westward progress of the Kosi 
will not be checkerl and the cost of preventing the further westerly 
translation of the Kosi would be prohibitive." 

C. Canses of breaches in RiDer Euwls in Sinrl and step.< 
Tequired to minimise the ,zanger of a ·rfcnrrena 

During the night of 20th July Hl42, w>tter in the Indus rose steadily 
;mr1 soon overtopped the Sukkur-Begari Bund, some 20 miles upstrea.m of 
Sukkur. The J3und breachecl and the discharge passing through the gaps 
was of the o~der of 90,000 cs. The breach water crossed the Shikarpur
Snkkur Ro~td at about mile 14 "ucl breached the Railway Line between 
Jamra and.Ruk in several places. Breaches in the ?\ orth- Western canal 
and the Rice Canal also occurred. 

The b.tsic reason for floods in Sind i; th·tt the Indus is au alluvi;tl 
river which is gradually building up its bed on a floor! rlnin of it; own 
making, so that the country slopes away from the river on both banks. It 
was in order to prevent such floods that embankments were built. 

There is a widespread belief in Iodin. that bunds are the cause of the 
rise of water levels in the river. Embanking, where the slope of the delta. 
is insufficient to carry the charge of bed sand to the sea and especially 
embanking on one bank-as in the crrsr of the Damodar in Bengal-is 
undoubtedly harmful; hut when the slope is sufficient, riwr control by 
continuous embaukmeuts causes the .river to be cont11ined to a grmter 
extent in its channels and so double embanking tends to reduce the rate 
of detenomtion. . The rate of ,·ise ·of river beds is largely due to ero>ion; 
but Jittie relief is likely in the Iorlns for some years to come except frmu 
clams checking bed movement, in Sir Claude's opinion. 

In this report, Sir C!11ude Inglis aloo made recommendations regarding 
the proper design and maintcmmce of bunds. 

(D) Floods in the Damodar Hice•· and their cont,·vl 

Sir Chtude Io"lis served during 19-14 on the Damoclar Cmnrnittee, 
appointed by the Govt. of lndi>L, aud was abo a IJJeruber of th" Ben:::al 
Goveruweut Danwdar l<'lood En~mry Cumiwtte.e, wa1ch was set up tv 
advise ou permanent measurds to coutrol tloods m che D>t1~10rlar R1ver aucl, 
in particular, to advise on the uttbty of the scltew.e u1 Hood n;gu!at1.11g 
reservoirs prepared ID the year. 1920 by Mr. E. L. Glas,, tbm ~~ecut1ve 
E o-ineer Central Provinces. S1r ClauJe sul)[mtteJ a nute on .dow to 
co~trol·fl~ods in the Damodar Hiver" to the Committee in Ductmber 1944, 
a summary of which is given below:-

The area over which w11ters from the Dawodar used to. spill 
was both healthy and ferti!'e; .but the nver used to breach perwd~eally 
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and form new channel"· so that when the country began to get more 
settled flank embankm~nts were built by the people, with the object of 
preventing heavy spill, breacheE, and avu~sion into new channels. 
Breaches still continued to occur. Expenence showed that the left 
embankment was not strong enough to prevent breaches ocrmrring; so 
it was held that the embankments increased damage; and it was 
decided, about 80 years ago, to remove a lar~e part of t_he Right 
Embankment in order to allow flood water to sp11l over the r1ght bank 
to a greater extent, to relieve congestion. 

After a period of respite, breaches again began to oc~ut in the 
left embankment, though less frequently, but ~eople ?n the nght b~nk 
claimed that water was thus concentrated m therr lands, causmg 
much damage, and when a maximum flood of about 6t lacs cusecs 
occurred in 1913, great damage resuhed in Burdwan and the surround
ing country. Mr. Glass of the Central Provinces, P. W.D., was b~o~ght 
on special duty to prepare a scheme plannbd by Jllr. Addams- Wrlh3:m, 
Superintending Engineer on Special Duty, Bengal, fo~ constructmg 
detention reservoirs on the Daruodar and Barakar Rrvers. These 
were to be designed to reduce flood discharges to about half. 

These proposals were not, however, acted on. After a flood of 
only 3t lacs cusecs had caused the breach of 1943, which put the E. I. 
Railway and Grand Trunk Road out of commission for several months, 
it was realized that the whole question must be re-examined, both as 
an immediate war measure and as a long-term problem. Two alterna
tive methods were suggested by the Committee to meet the danger : 

(i) to make the left embankment so strong ~hat the danger 
of a breach occurring in the .near future would be reduced to a 
minimum; 

or (ii) to divert a large part of the water and sand of the 
Damodar River into the Darkeswar River. 

The second alternative was, however, found to be impossible as it 
involved very heavy cutting through exceedingly tough material. 
Therefore, theCommitteehad to recommend alternative No. (i), namely 
greatly strengthening the left embankment, and giving a 5 ft. free-board 
above the highest estimated flood level. It was also proposed that 
flood detention reservoirs should be built to reduce the maximum 
flood discharge at Burdwan from 6'f, cusecs to one lac cusecs. The 
major objection raised against building reservoirs was that they would 
silt up rapidly owing to the very heavy charge of sand and silt 
brought down by the Damodar and Barakar Rivers; and if the reser
voirs were used for developing hydro-electric energy and for flood 
routing, the rate of silting would be much greater; because flood water 
would ~he~ have to b~ stored at the very time when the quanti
ty of srlt rs at a maxrmum. Under such conditions a considerable 
part of their capacity would be lost in 50 to 100 years. The Commit
te~, therefore, proposed that reafforestation, land management and 
sand brappmg should be done on a largo scale in the catchment. If 
the Committee's proposals are carried out in full, they will bring the 
Damodar under complete control, thus removin,. the threat to the 
Port of Calcutta, and will also make it possible by building a barrage 
between SJ!na and B?rdwan to ~ush and irrigate the country on the 
two banks of the Rrvt'r, thus 1mprovmg the fertility of the country 
and the health of the people. 

17. F acto1·s ajfect·ing flow in alluvial channels 

A considerable amount of work is being done at the Poona Station both 
by analysing the hyJraulic data of ch•mnels i"n the Punjab, U. P. and Sio'd and 
by model experiments bo see why channels diverge from regime according to the 
Lacey theory and how to des1gn channels. In this connection, the following 
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notesfwritte~ by Sir Claude Inglis. with the hl'lp of 1\ao Balwlur D. V. ,lo,lt•l;.nr 
are 0 great mtc•rest:- n 

(A) DiYergence from regime in sbtble channels in nllm·inm:"'. 

(B) Canse of accretion of river bed at Suld;nr Barrn!!;o 1md h<lw to 
reduce rate of ri~e'"'· · 

. \_9) T~e design of canals in Sind for new pen'nnial can:ds and Inunda-
tiOn L:rmals("0l. 

1'hese notes are summarised below:-

(A) DiNrgence from -regime in st'.lMe chann,Zs in allarinm 

While travelling widl'!y in recent ye>Lrs in connedion with river train
ing and control, Sir Claude Inglis m<'t many Engineers who compl:tim·d 
that a large number of stable channels did not agree with the stable chan
nels according to Lacey formulas. As a result, he wrote a note on thij above 
subject explnining the factors causing divergence from regime. 

The quintessence of the Lacey theory is that und,,r uniform tlow 
conditions (which imply constant discharge, temperature, silt grad,•, ~tnd silt 
charge) there is a natural regime slope and section towards which a channel 
tends to develop anrl to which it will eventually at.tain, either by accretion, if 
the slope be too Hat or the section too large, or by scouring if the channel 
be too swall or the slope too steep; assuming the ch:mnel to be flowing in 
incoherent material. 

The theory also presupposes that for any particular discharge and 
mean diameter of bed sand, the' charge' is normal; that is to say, its sixe 
distribution is normal and the channel is moving with "minimum trans
ported load consistent with a fully active bed." 

In practice, water temperatures vary throughout the year, the varirLtiou 
being much greater in some Provinces than in others and also greater in 
small than large channels. Simihtrly, the. silt charge and bed-material 
si~e-distribution vary at different times of year; hence it must be clc>trly 
understood that the Lacey formulas are based on statistical average values 
for the conditions inherent in his data,. 

On plotting the data of mean grade of bed-sand against discharges of 
the various sites on the Lower Chenab Canal and the IJower Jhelurn Canal, 
Punjab, and on the Jamrao Canal, Sind, it was found that m (mean diame
ter of bed-material) is not constant as assumed by Lacey but varies with 
the 'discharge. The reasons for this variation are:-

(i) dilution;. 

(ii) attrition; 

and/or (iii) sand selection at heads of off-take". 
The analysis of the data definitely shows that in a channel carrying its 

load forward, the silt factor 

fm=,Jf,1, 
=.;0·75(V'/R) X l93'15R'1'S"1' 

=12 V. S '1'/R'1' 
fm, the new silt factor is const,mt irrespective of whet_her th~ sand load is 
equal to the regime load or not; and under su~h con(~JtJOn~ f, m_creases and 
f decreases with Q, the amount of d1verge.nce mcreasmg WJt_h d1vergence ?f 
s~nd charge from regime charge. At reg1me f, =f, = fm; whwh was Lacey s 
original conception of regime. 

(
4

S) Centrn.l Board of Irrigation, Annual Report (T.) for 1941 and C. I. & H. R. Stn. Annual Rcpor' (TCCib,) 

for 1941·42 (P. :J). 

(
49

} Indian Waterways E;xperiruent Station Annual RepOrt (Tech.) for 1944 (P. 99) and for 194:5. 

(50) Indian Waterways Experimeo.t Sto, Annual R'lport (Tech.) for 1943, (P. 21). 

s 41-35 
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The following definitions are given in his Note:-

A channel is said to be "in regime" when the load is natural for 
the grade of sand and the discharge flowing, giving a "normal popula
tion" of bed-sand mix. 

A channel is s~id to be "stable" when it does not alter appreciably 
from year to year. Stability occurs even though the sand relation 
does not agree with the regime relation, the charge for the grade and 
discharge being either greater or less than reg1me charge. 

There will then be a regime charge for every discharge and grade, 
which may, alternatively, be called a "regime grade for discharge and 
load." 
As m varies in a canal systems, it follows that if fm is a contant, the 

formula f=1·76.;m can only hold for one discharge-at regime. As 
regards "divergence from regime dim<:lnsions"; this note has clearly shown 
that this is due to divergence from regime balance between discharge, grade 
and load, and is not explainable in terms of good or bad maintenance, i.e. 
shock. Where the load el(ceeds the regime load, little latitude in design is 
possible; but where the charge is sub-regime, considerable latitude is 
possible in shape and slope. 

[Basic experiments in this connection were done by. Mr. S. C. Desai, 
B.E., and Mr. N V. Halgi and are being continued ~y l\lr. G. T. Wadekar, 
B.E.J 

(B) Design of canals in Sind. 

Sir Claude Inglis was requested by the Chief Engineer, Sind, to advise 
him on the design of new canals which are to be constructed in the near 
future. In this connection the above note was written, a brief review of 
which is given below:-

The Poona Station has repeatedly emphasized that the shape and 
slope of a canal depend to a marked extent on the quantity of sand 
normally passing down a canal. · 

If we compare the Rice Canal taking off from the right bank with 
the Rohri Canal taking off from the left bank at Sukkur, the designed 
slopes of both of which are 1 in 12,000, we find that in 1942, though 
the bed-width was practically the same, yet the slope in the head reach 
of the Rohri Canal was 1 in 19,800 for full supply discharge (10,800 
cusecs), whereas the corresponding slope in the Rice Canal on the right 
bank was 1 in 7,300 for F. S. Q.=10,200 cusecs. 

The very flat slopes which have developed in the Rohri and 
Eastern N ara Canals are not due to their having been constructed to 
a wider section than is natural in Sind but to another factor, namely 
that where the bed is very smooth, as it was originally in these two 
canals, the sand charge is swept along the bed and the bed gradually 
scours- due to the high velocity and consequent low depth of flow
with resultant retrogression at the head of the canal and downstream 
of masonry works. This has been confirmed by experiments carried 
out at Poona. The data on Jamrao Canal and on channels on the 
Rohri and Dadu Canals was considered in deriving "normal design" 
formulas, which assumed that excess sand had been excluded at the 
head of the parent channels. The formulas for perennial canals 
worked out to 

S=·22/Q''" 

B=1·23 q·", where B is the bed-width of a channel 

and D.=·90 q·••, D. being depth over the central portion. 

Side slopt:s of 1'/4:1 were recommended for dischar"es exceeding 
300 cusecs, 1: 1 for discharges less than 300 cusecs. b 
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The question of Innuclatiuu Canals W:l< no•xt inwsti~at 1·d. Th1• 

data fur the following chaunds 1wr~ ct<thi<Jo.r,•tl :-

(i) Sukkur Barrac:•' Canals, 
(ii) Jamr:w Canal, 

(iii) \Y t•stern ::'\ ara Canal, 
(ir) Ghar Canal, 
(r) Fuldi Canal. 

The outstanding fmturt• of the inundation Canals tbt:L was th•• 
excessive slo~cs in Ut'arly all c:Lsr•s as CO!Ilp:trc·~l with tlHl:-itl in pt'l'('llllinl 

canals; and It nppmrs that tlus must ht• almost Pntiro•ll· dut• to t1 11 • 

~igh de~rl'e of tortuosity and varying widths t•xi:-.ting · in thc·:...e old 
mnndatton canals. It was, therefore, oh,·iuus that if it was do·.<imiJ!,, 
to flatten the slope so as to gain coinmanrl or to low,•r tht• '"''••! of otT
take from the river, it 111ight 1\'t>Il be that it woul<l he dli'HJl<'r lliHI hdt,•r 
to construct new channel,; for considt•rahle lt•ngths: but in sonw l'ast·s, 
rcJUodelltng can be done hy straightt1niug the cauu):-; and rnuliin~ tllt~rn 
!llore uniform in section nod constructing regulators nt suitahJ,. 
mtervals." 

(0) Oanse of Accretinn of River bed at Sul;kur Darrayc (llu/ how lo r.·dut'c 
rate of ri.e. 

Some officers in Sind haYe bhuned the approach ch~tnnel-which w,1s 
constructed in 1930-40 for excluding bed sand from tht• Hight lhnk 
Canals at Sukkur-for accretion in the river at tho Sukkur Barrage. 
It W>tS, however, shown that accretion II'<IS taking place Ion:; bdort• 
the approach channel was constructtld and, if anything, tho rate uf 
accretion has slowed down since, and thus the appru.tch channel cannot 
be held responsible for it. The sequence which leads to tho rise of wat•Jr 
levels is as follows:-

Heading up water at the barmge to pass water into the canals 
when the river discha.rge is low, cuuses poudiug and, lwnce, the <l<'l"'si
tion of silt and sand upstream. 

As the river discharge increases, less and less heading up is r•·quir
ed and more aud more bed material scoured from the bed pas.>~•< fro111 
the barm"'e until eventu>tlly a stag~ is r••ached whnn the g-~tb·s are 
almost fully opened. The water slope and velocity from ~tbow Sukknr 
to below the barrage are then abnonn<LIIy high, and exct•ss JHOVI'Ill<'nt 
of bed-sand occurs, the exce,;s charge being swept thronl{b the barrngo 
to accumulate downstream where the olope is insufficient to carry tlw 
excess char"e forward, causing a rise of bed level downstre,.m : aud 
this is the ;'xplanatiou of the said rise of water Jt.vels downstreaiii of 
Sukkur. 
The Sukkur Barrage came into operation in 1 !)33. Tlwrc was rt•tro

gression in the first 2 yea~s, aft~~ which there has b"eu 11 fairly ~t•·a.•ly risl' i11 
water levels, in the immedllltC VICllllty of tlw B:trra).{e, fr~r spt·.cdi" clisc:harg•·s. 
This accretion can be largely st.opped by reclucmg ponclmg, I.e., tf t.lu· 11111 
supply ]eve] in the Rice Canalis reduced by 1·5 ft. below thn dc:Sigllt·d 
full supply ]eve] by giving it a flatter slope. To do tlu~ It ll'lll hu "'''''·s
sary to ]ower the bed at the head by .3 ft.-thus nter•·a<m~. tho depth hy 
1•5 ft. from n·7 to 13·2 ft., the slope flatteumg to 1 lQ 11,,1)1)() 1\'Jlb thu 

resent width. It will also be nece;sary, at the same llllll', to re111ovc tlw 
P d the res1'due of several feet of scoured bed llli<tcrml-"' that 
coarse san - 1 d 'I 1 J 
the canal can be run with the uew flatter slope, now reur ert• po<SL • ,. •Y the 
exclusion of most of the bed sand. 

18. nrater Supply 

(A) Au<rmentation of Bombay Water Supply,,.,, .. , 

-Note written with the assistance of ~I~ V ~·~i_tale. _______ _ 

(5l) J. w. E. ,;tn., Annual B.cport (Tech.) for 191:3, page~· 
(52) I. \V. E. S~n., Annual Report (Tech.) !or 19H, p::Lgc tO. 
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IB) Present and fut1tre water requirements and supplies in the Jumn<L at 
JJdhi ,,;:". 

--:\ote written with the assistance of Mr. S. T. Ghotankar and 
::\fr. S. Y. Chitale. 

(.d) Augmentation of Bom/,ay 1Vater Supply. 

Sir Clandt· Inglis had been working during HJ43-44 on a Committe<o of two 
with Sir :1.1. Yi,v,;svaraya. In their report, the following points were brought out:-

"The bnlk of Bomhay's water supply is obtained from a large reservoir 
known as Tansa Lake situated !i4 miles north of Bombay. The supply 
availahle from this storage is about 3!i,OOO milliou g;tllons=5,u00 million 
eft. Water is convryed from Tan sa through two 7 :3" steel pi pes, w hieh 
have a maximum carrying capacity of 00 million gallons per day. 

The Committee were asked to report on a scheme to build a dam 
across the Vaitarmt valley to divert supplies fr,Jm the Vaita,rna river 
through a tunnel five miles long into the ex1sting Ta"'"' Lttke. This scheme 
was nut recomnH'nderl on the grounds that:-

\Yater from 11 ct~khment, through which both the m<tin G. I. P. 
Railway line and the Gmnd Trunk Hmtd to Nortlwrn Inditt pass, with 
"' population exccedinr: 22,000, would get mixed with the relatively 
pure supply from Tausa, Citnsiug "' considerable deterioration of tile 
purity of the entire supply. This would, it is anticipated, necessitn,te 
filtering the whole supply at great cost. 
Instead of this, an entirely new scheme, to bring a piped vmter supply 

to (ihatkoper from the tail waters of the Tata Power Supply Co. at Bhiv
puri and thence to Bombay through the existing pipe system w>~s recom
nw:ded. The hydraulic gmdient avaibble will be 3-~ ft. per mile, compared 
with 2! ft. per mile from Tan sa, and potentially the Bhi vpuri supply has 
a head which is 75 ft. higher than from Tan sa, "·hen Tansa Lake is full, and 
110 ft. higher at the eud of the dry season. \Vith this scheme, the pressure 
in some parts of the city where pressures are low can be appreciably 
increased. This scheme can be ct~rried through expe<litionsly and can be 
extended gradually, as required. This is important; because should a 
famine year or 2 years of shortage occur, and such conditions are long over
due, the present supply would be tohlly inadequate for the present popu!a.
tion and indostries." 

(B) Pre"':nt and future water Tequirements and supplies 1:n the Ju.mna at Delhi. 

In June 1943, a meeting of officP.rs of the United Province and the Punjab 
was held at N ainital at which it was tentatively agreed that two dams, called 
Tons and Giri, de~igned to store 1 ~ million acre-feet, should be constru<.:ted, 
the cost and supply being shared in the ratio of 2 : 1 between the Punjab and 
United Province. 

A technical Committee (of which Sir Claude Inglis was a member) was 
appointed by the Government of India in J nne 1943 to investigate the question 
of adequate supply of water for the Delhi Electric Power House in the hot 
weather and the intake of unfiltered water for New Delhi. Sir Claude sub
mitted a report to the Committee which also dealt with the effect which the 
above storages would have on Delhi water supply. This investigation was of 
considerable technical interest, as it brought out the followin(i points:-

(i) there is 11 direct relationship between Hoods in monsoon and re
generation in the following cold weather, i e. the bigger the Hood diseharge 
in a pu.rticular year, the larger is the regenerated water supply lower down, 
in the following cold weather; 

(ii) storages in Tons itnd Giri catchments would not merely deplete 
supplies during the Hood season, but would also deplete regeneration in the 
fair season ; 

(53) I. W. E. Stu., Annual Report (Tech.) for 1944, page 91. 
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(iia) the increased supply drawn by the Western Jnrnna Ct\Ual siuco it 
was en~ar~ed h~s consid~mbly reduced the supply passing below TajoWtlln 
and thts depletion may be expected to incrense; 

(iv) the supply in the Jumna at Delhi is alrendy inndeqtmt~ in yenrs 
of short supply towards the end of the fnir senson; 

and (vl the pa.ssin~ of incrensPd supplies into the West..•ru Junmn Cannl 
and still more so, the construction of the Tons nnd Giri dnms, wouhl st•riously 
de~Jete the supplies pa.ssin~ down the river to Delhi, and the supply wouhl 
be madequate not merely towards tht' end of tho fnir set\son but also for 
long periods in the fair season in years of short supply. 

19. DissipatifJn of energy below flumes, fclll.< a11d bridgta 

When the designs for the Sukkur Canals were being considt•rcd, it was 
found that none of tho stf\ndard canal fall desi~ns g•tve a11tisf,1ctory result..•. 
A new type was evolved-'' the proportionnl, st1mding wave Flume Meter Fnll, 
with a baffie and deflt>ctor ". This des:gn, wh"n combined with a Hegulntor, is 
cheaper than any nlternative and wns found to bt> hi~hly enioit•nt iu not.ion
even where, as a result of scour, heavy retrogrt·ssion had occurred furth!'l' 
downstream-. It is also a highly accurate metPr.· Hundreds of tht•so falls l111ve 
been constructed and have proved highly sati•factory. (T, .. •nd "'. 

Experiments for standnrdising the design were conducted by 1\Ir. J. S. Reid, 
Rao Bahadur D. V. Joglekar, Mr. 8. T. Ghoto.nkur, Mr. N. V. Hnlgi nnd 
Mr. P. H. Wagh, B.Sc. 

Deep scour-holes developed below bridgPs on the Rice Cnno.l"'"', the North 
West Canal and the Rohri Canal in Sind. This was due to tho rigid structure 
constricting the waterway across the natural channels thus, increasing the velo· 
city and discharge intensity, resulting in jetting causing deep scour-holes, with 
return flow on both banks downstream of bridges causing heavy erosion of b1mkR 
(bellying). Experiments were done to dissipate excess energy by dl1pressing tho 
floor under the bridge and providing a deflector wnll and pewteable groynes on 
banks. These have proved entirely successful. Basic investigations"Tl are now in 
hand to correlate the depth of scour-hole with discharge intensity and depth nt 
the bridge and bed material. 

(Experiments were carried out by Mr. J. M. Parikh and aro continued 
by Mr. P. K. Kulkarni) 

Specific investigations on models have also been made fo.r dis~ipnting energy 
below badly-designed flat weirs, which were thre~tened w1th dtsaster by deeh 
adjacent scour-holes and undermining. The r~medtal measures suggested: s~c 
as glacis slopes, baffies, and deflectors have 10 all cases proved most effccttve. 
Some of the examples are given below :-

(1) Tan do Mastikhan Fall on the Rohri Canal (Sind).'"' . 
(2) Protection of apron downstream of approach channel slUices of the 

Sukkur Barrage.'"' 
(3) Prevention of scour downstream of the Mara.la Weir <P.unjab).

1101 

(4) Baffie and deflector Design downstream of the Mula R1ver Cause-
way near Rahuri (Bombay).'"" . 

(5) Dissipation of energy below Bhimgoda We1r on the Ganges at 
Hardwar (U. P.).''" 

(6) Deflector design downstream of the Sardo. Barrage at Banbassa. 

(U.P.).'"' 
(M) Bombay T. p, ''"The Di5Sipatiou of Energy below FaU.'' by 0. O.logl11 .ad D. V.loaJoll:ar. 

(S
6
) Indian Wo.terways Esperiment Sto., Annual Report (Tech.) for 1844. (p. 29). 

156
) O.l. •nd H. B. Stn., AnnUAl Report (Tecb.) lor 194:1·18 (p.:ll), and lor 194t (p. !la). 

(57) I. W. E. Stu., Annual Report (Tech.) for 194.&. 
(58) 0. L ond H. B. Anno&! Report ('l'oeh.) lor 198940, (p. 19). 

(59) Bombay p, W. D., (Tech.) Paper rn. 
(60) Bombay p, W. D., (Tech.) P•per 58. 
(61) 0. I. and H. B• AnnUAl Beporl (Tech.) lor 194041 (p. :14). 
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(7) Deflector design for the proposed, new undersluices of the Son 
Anicut at Dehri.'"l 

(8) Dissipation of energy in the waste weir channel of the Spin Karez 
Reservoir, Baluchistan.163; 

(9) Dissipation of energy below the masonry wa&te weir of the Timba 
Tank at Harsol, Gujarat (Bombay).16

'' 

(10) Durani Outfall channel at Quetta, Baluchistan.'"' 
(11) Prevention of scour downstream of Girna Canal Aqueduct No.4 

(Bombay).1661 

(12) Bailie channel for dissipating energy in the tail channel of the 
proposed J amsheopur Siphon Spillway.1671 

(1fl) Preventing damage downstream of the Centre Sluices of the Jobra 
'iVeir on the Mahanadi at Cuttack.1681 

20. Maximum depth of scour at heads of g1tide banks and groynes, 
pier noses and downstream of bridges. 1691 

Deep scour occurs-

('1 at noses of piers due to diving flow; 
(ii) at ends of guide banks and groynes due to concentrated flow 

swinging round their extremities; and 
(iii) downstream of bridges"due to eddies shed from high pavPment or 

stone protection placed round bridge piers. 

In all these cases, the scour is due to the bed velocity being far in excess 
of what iR natural for the discharge, so that v'/d, which is related to turbulence, 
is very high. 15 years ago, Lacey gave approximate figures for maximum depths 
of scour at bends, by relating these to his depth formula for regime conditions in 
a straight channel. 

D = ·47 (Q/f) 1/3 

where D =effective depth, 
Q =discharge and · 
f=Lacey's silt factor which approximates to 1·76.,/m 

(where m=the weighted mean diameter of the bed material). 

In a moderate bend, he considered that the maximum depth might be 1·5 
times the regime depth and in a severe bend 1·7 5 times; while in a right-angled 
bend, he assumed twice the regime depth. 

Though Lacey brought grade of material int.o the formula to the 1/6 power, 
recently it has been argued in India that depth of scour downstream of rigid 
structures is unaffected by bed material; and as the range of bed material is 
generally small (0·25 to "4 mm.), data could not be taken either to support or 
disprove this belief; but, though flow patverr.. is ttn important factor, indications 
have been obtained at Poona from subsequent data covering a range of 

m=0·06 to 0·37 mm. that f is undoubtedly also a factor and that f1/3 is probably 
of the right order; thus confirming, yet once again, the value and soundness 
of Lacey's o1·iginal concepts; but scour may be much greater than Lacey 
estimated. 

(62) I. W. E. Station for 19!4 (P· 20). 

{63) C. I. and H. R. Annual Report (Tech.) for 1937~38 (p. 46). 

(64) C. I. and H. R. Annual Report (Tech.) for 1937-38 (p. 84). 
(85) C. I. and H. R. Annual Report (Tech.) for 1938-39 (P· 53). 

(66) C. I. and H. R. Annual Report (Tech.) for 1939·40 (p. 23). 
(67) 0. I. and H. R. Annual Report (Tech.) for 1942..13 (p. 20). 
(68) 0. I. and H. B. A.nnnal Report; (Tech.) for 1946. 
{69) Note by Sir _Claude Inglis and Rno BRhndur J oglekar printed in the Ic.dian Waterways Experiment 

Station, Annual Report (Tech,) for 1944, page 74.. 
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The data so far available show:-

1. (a) the muximum scour downstream of hri,]g,•s with high lt•Yol pr••k<'· 

tion of the order of d = 4 D = 4 x ·.r;·J (0 f) I :J s Lacey ' t,; , 

(h) scour nt strai"ht "JHifs facing UJ"Ircalu is of th,• ortl 1·r of 
d = 3·8 D " ,,.1.tl1 st-•·•·J•I)· I · I I 11 !l 1 s Lneey s <>J'IIlg 11':1< s l • : an• 

=2·2:j DLnc;,;., with long, tlat, sl••piug he:<tl< (I in :20), 

(d scour at large-radius nostls of ~uidu banks, d ='2·7fl D 
s L:H't'V, 

(d) the maximum scour round bri•l"e Jli .. rs <1 = :.l D · 
0 

' s Lacey, 
{e) Scour Itt spurs along ri,·er banks, 

d =i·7 D to 3·t; D 
s Lacey Lacey' 

varyin~ according to contlitions controlliu~ seVI'rity of tlow, such "" l••nglh of 
prOJectiOn, sharpne>s of curv,tt<Jre, angle, aud position rthtiVL' to tho <'lnbaym••nt. 

21. II igh Cuc.fficient Jl",.irs 

. It is. important in certain cases to be ahh• to dischnrgo largo <jllanlily 
of 1yater With a sm:'ll depth over the cn•st, so that the cr .. st may hu St•t at 
a h1gher level for mcreasilig storage capacity without raising tho UlaXIllllllll 
tlood level above the safe limit . 

. By model experiments, a weir profile has been evoln•d at Poo1m whil'h has 
a higher coefficient than any other known profile-i.e. it P""'''s mur.• di"'·hnr~o 
for a given depth than any weir yet constructed. · 

A design of a high coefficient weir for Lake Arthur Hill, Bhandardam 
(Bombay Presidency) was evolved to raise the weir lt•wl, so as to iue1 ''""" 
storage capacity without increasing high flood Jowl. As results \\Wu uot 
geoinetrically-similar, the coefficient had to he det<•rminod by l•xtrapolating tho 
coefficients obtained with models of ditierent scnl<•s.''"' ThiR iuwst.igatiou w11s 
done by l\Ir. Thomas with the assistance of ~Iessrs. P. D. ,Jut'<'!, i':i. T. ( ihotan· 
kar, V. N. Padsalgikar and P. ~I. Dunde. 

Similarly, designs of pr~files to give re<1nired condition• of de<ign \\'Pro 
·.vorked out for the pick-up weir on the ;\Ialaprabha in 13ijapnr District"" and 
Tansa Dam 17' 1 in Bow bay Presidency and Lowor Sind B>Lrrug•··'"' 

22. Siphon Spillway., 

Experiments were carried out at Poona with models of various dt•signH of 
siphon spillways including a .500 cs. full-scale siph<>D. Saddlo typ•· sipiHIIIH nru 
now generally used where gates were hitherto coustru...ted t<: P'"" Hoods frolll 
storage reservoirs. They require little attPntion, are ent<rcly BntoullltJC 111 
action, do not leak, and where sufficient head is av>Lilablt·, pass a 11111t:h larg,.r 
discharge per foot run than other spillways. 

The general objection to large saddle-siphons h>Ls he<'n that. a high eo..Cii
cient siphon has poor priming qualities, t~nd vi~e vr:rsa. Thn•, Ill tlw cast: of 
the Indore-type siphons-which are provided w1th a Luby sJ!'hon to''"""" n:.rly 
priming- the coefficient was found to be as low as o·.J,-J, the s1phous bt•JJ•g 
reported to prime at a depth of 6" above tlwi,r cwst level._ The dt:~Jgll of saddJ, 
type siphons'"' has been improved at the Statwu to g1ve a cut·lhcJcnt of o·7:.J 
with a priming depth of 6". 

[The experiments were carried out by Rao 13aha<lur H. G. !slur 
Rao Bahadur D. V. Joglekar, Mr. K. N. Velankar, )lr. P. M. Dnu.Iu and 

Mr. N. K. R. Iyengar.] . -~~-·-
{7o) 0. 1. and H. R. Annual Report (Tech.) for Hl39-40 (p. ~7); 1910-fl (p. -fo~J. 
(71) C. I. and H. R. Annual Report (Tech.) for 1939·40 (p. !115). , 

72
) 1 d'ao WaJerways Experiment Station .A.onoal Report (Tecb.) for HH ..... 

( On 1
1 

d H R. .. tation Annual Report (Tech.) for 1940-4.1 (P· !IIi); HJ.ll·t2 (P• 21lJ; Hll'l-.:1 (p. 21) 
(73) •• an . u • 

and 1945. 
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A Unique design of siphon bas been evolved by J\Ir. Ganesh Iyer 
(.\fysore)-called the Volute siphon-, which has a very high coefficient of 
discharge, viz. 0·8 and a very low priming depth (2" to 3"). 

Tb.; design of the platform level of these siphon&'"' so as to cause no inter
ferAnce in the working of two or more Volute Syphons as well as other details 
of these siphons have been evolved or modified after experiments made at the 
Poona 8tation. The dissipation of energy and reduction of scour below these 
siphons is now under investigation at Poona. 

23. Model Technique 

A detailed note'"' was written on the methods followed in fixing model 
scale ratios and overcoming model limitations, based on experience gained at 
the Poona Station. 'l'his, it is hoped, will serve as a useful guide to research 
workers serving in the same field. The note explains why se>me experiments 
give reliable results, while others depend to a marked extent on making correct 
assumptions, interpretation and on the experience of the investigator. Pitfalls 
to be avoided, and difficulties to be overcome, are explained with suggestions as 
to how to overcome inherent deficiencies in certain types of models. 

tU) I. W. E. Sta~;on, Annual Hoport (Tech.) for 19H-4:-J; (p.•..!7) u.nd for 1945. 

(75) A Note by Rn.o Ba.hadur I>. V. Joglekn.r a.nd Sir Claude Inglis included in the Indian Waterways 
Experiment Station Annual Report for 1945. 



A.PPE~DIX I 

Inde.r; of work done at the Poona Sl,ltiora (1.?16--13) 

Sub joeL 

I =•JO::,~ I Plio No. ot~dfor I 
1ear. you. _________ ___),__ - -, -

River Training 

1. Experiments with 
Aprons. 

Falling 

2. Experiments "ith models in ,·,:, (l~l:lfi) 
connection with the prot.,ction 

1 of the Hardinge Bridge (Ben· 
gal-Assam Rly.) on the Ganges 
by C. C. lnghs. 

3. The Ganges above the Hardinge 
Bridge: Correlating factors, 
especially discharge, silt char~"~'e 
and slope with field results. 

0 

4. The Sina River and Causewny :)8 (ln:JSJ 
at l\Iile 5 of the Ahmedna"ar-
Manmad Road (Dist. Ah~ed- ; 
nagar, Bombay). ' 

5. The Mula River at Rahuri / :>8 (1!1:13) 
(Dist. Ahmednagar, Bombay 
Presidency) to determine how ! 
best to divert the river over, 
causeway which interferes 
with the working of the ferry. 

6. The Sarda River above the Bar- 58 (ln3-) 
rage at Banbassa, U. P. 

7. Training the Jnmna River at 
Delhi Gate Pumping Station. 

li(Jl 

IBP 
cum 

cam 

cnm 

CIIIH 

t~n.·,-:{ti 

l\l:i7 -:is 
IU:t"\-:i~» 

JV:HHO 

1!1:17-:1.~ 
l!t:l.~-:m 

IU:I0-·10 

19:17-:!8 
!>MH-:1\l 
l!M\HU 

IWES IO.J.I 
J\J.J:. 

8. Training the Watrak River to 
prevent the town of Kaira in 
Gujerat being damaged by 
scour. 

CIHR I!J.I7·:Jil 

9. Training the N ala passmg 
through Aqueduct 14 of the 
Nira Right Bank Canal. 

10. 

11. 

12. 

13. 

14. 

A model of the Brahmaputra and 
the proposed Bengal A"aru 
Railway Bridge at Amin~aon 
to determine effect of bndge 
and guide banks on scour. 

The Jumna River near Palla 
village (Delhi Province). 

The Auranga River to protect 
Bhadeli village, D1st. Surat, 
(Bombay). 

Remodelling the intake for the 
Raunahi Pumping Station of 
Fyzahad Pumping and Gogra 
Electric Supply Scheme_(U.P.) 

The Jnmna River at Waz1rabad. 

Key:-IRD7l "'Irrigation Research Division File No. 71. 
CIHR "' Central Irrigation and Hydrodynamic Hc•carch. 
IWES"' Indian Waterways Experiment Station. 
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Subject. 

I
I Bombay Tech., File No. andfor I 
Pape;;!~: and year. 

--------------------
15. 

16. 

Tidal model of Hooghly River ... 

The Malaprabha River: Experi-! 
ments to compare rel~tive I 
merits of various alternative 
measures for relieving heavy 
scour at Railway Abut-: 
ment. 

17. Deterioration of deltaic rivers: 
Experiments with the model of 
Nuna and Pothi Rivers in the 
Mahaoadi Delta (Orissa). 

18. The Indus River upstream of 
the Bukkur Gorge in con
nection with the protection of 
the threatened N. W. Railway 
embankment. 

19. Use of "attracting" spurs and is
lands for training a river up
stream of a masonry work. 

20. Advice regarding training the 
Beas River by means of spurs. 

Ill. N arava Maghadri River, Vizaga
patam Port. 

22. 

23. 

The Mahanadi and KatjuriRivers 
near Cuttack (OrisS~>J. 

J amshoro Bund on the left bank 
of the Indus near Hyderabad 
(Sind). 

24. Steps required to prevent damage I 
to the Railway embankment ; 
west of the Alexandra Bridge 
over the Chenab River near 
Wizirabad. 

25. Realignment of the Rohri-Quetta 
Railway necessitated by the 
danger of breaches in the mar
ginal bunds of the Indus above 
Sukkar. 

26. How to train and control Beki, 
Balkadoba and Manas Rivers 
(Bengal-Assam Railway). 

27. How to prevent outflanking of 
Barrage on Khari River at 
Raipur, near Ahmedabad. 

28. Advice regarding whether river 
ghat on Brabmputra was·likely 
to be eroded. 

29. Control of erosion of Kshipra 
River at Ujjain. 

penning. 

Annua.l Report (Tech.) 

CIHR 

C!IIR 
I\ YES 

1940-41 
.1941-42 
1942-43 
1943 
1944 
l945 

1942-43 
1945 

CIHR 1942-43 

CIHR 1942-43 
IW.I<;S 1943 

CIHH 19±2-43 
1\VES 1943 

CIHR 1942-43 

IWES 

IWES 1V43 

]943 

l\i43 

1943 

1943 

1943 



r.u-.r IV 

Subject. l'.1pur };.;~.. aoJ l'.lt• So. an.l. or ,' I 
R'mbe.' T~~·h. 

------------------------------:-----~--· _________ )_'._'·_ 

I 
30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

42. 

Gandnk at Ba~t>ha: :\otel 
explaining why_the ri\'er out- I 
flanked the r~J!way bridge at 1 Bagaba. and ruodel experiments 
to see whether the rivdr can Lt· 
tnade to tlow thronnh the 
abandoned railway brit.l'ge. 

Pre\'ention of further erosion of 
the left bank of the Hupnarain 
River above lioln~hat Hailwa\ 
Briuge of the Bengal-K agptit 
Railway. o · \ 

Factors favourable for openin" a j 
new cut-off channel. 

0 1 

Damage to lands bordering lhtl 
Tapti and N urbada and l:iabur
mati Hivers. 

Damage in 19H to the Surnt· 
Hander Road and the Citv wall 
of Sural downstream of 'Hope 
Bridge and recommendations 
to amt.liornte present condi
tions. 

River Training and control by 
pitched "attracting" islands. 

Cause of accretion of river bed at 
Sukkur Barrage and how to 
reduce rate of rise. 

A stone wall built to protect a 
palace acts as attracting groyne 
and holds a river permanently 
along its face. 

Proposed diversion of 40,000 
cusecs to relieve flooding at 
Gorakhpur on Oudh and T1rhut 
Railway. 

Bridge on Beas River near Beas 
Station on Lahore·Ludhmna 
Section, N. W. Rly. 

Training works at Dingr~ Ghat 
on the Mahananda R1ver in 
Bengal. 

Embankment near Nanpara 
(U. !'.) to divert the whole of 
the Saraju river into the 
Gograi, thus preventmg spll! 
flowing into the SarJU·Tirhl 
channels. 

Steps necessary to protect main 
line of Jodhpur Ra1lway_ near 
Luni junction, on mam lme to 
Hyderabad, from damage by 
Luni River floods. 

I'.!! I 
j',l[t 

l.•ti 

1'.111 

lutt 

I'.Jj; 

'''II 
HH.; 

1•.111 

I!JI-1 

1'.111 

I!Jll 

I.Jil 

).ill 

115 
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Subject. 

43. How to control Luni River 
where it is crossed by the 
Samdari Raniwara Branch 
Line of Jodhpur Railway. 

44. Advice regarding Samsata spur 
on Sutlej River on the N. W. 
Railway to prevent dangerous 
erosion. 

45. Advice howtosecurean adequate 
supply of water for the river
side Power Station of the 
Cawnpore Electric Supply 
Corporation. 

46. Ad vice regarding action to be 
taken regarding erosion of spr.r 
2 in the Indus River near 
Umerkhel. 

47. Prevention of erosion at Neamati 
in Assam. 

48. Prevention of erosion in Garang 
River in Assam. 

Control of Floods 

1. Note on Orissa Flood Advisory 
Committee. 

2. Discussion by C. C. Inglis on i 
Institute of Engineers (India) ' 
Paper (1941) "Ganges Flood 
and its lessons ". 

3. Note on Denudation, • Erosion 
and Floods. 

4. Proposals to prevent recurrence 
· of damage resulting from 

breaches in the Damodar River 
(Left Emban1:ment). 

5. Proposal to construct a Barrar:e 
on Tank Zam in theN. W. F. 
Province to split up water 
between several areas. 

Meanders of Channels and Rivers 

1. A model of the Ganges and three 
of its tributaries to demonstrate 
the meandering tendency of 
rivers carrying sand and silt in 
an alluvial plain. 

2. Relationship between meander 
belts, meander length, width 
and discharges of Rivers on 
flood plains and of incised 
Rivers. 

3. Rapid westerly movement of 
Kosi River. 

Bomb:1y Tech. 
Paper No. and 

year. I 
File No. ouJfor I 

year. 
Anaual Report (Tech.). 

IWES 1944 
1945 

1944 

HlH 

19-!.4 

1944 

1944 

CIHR 1939-40 

1941 

IWES 1£4~ 

1943 

1944 

CIHR 1937-38 

1939-40 

1941-42 



PAlll' IV 

Subject. l'aper No. and ' File No: o.ndfor 

J 

Bombay Tach .. j . 
. year; I year, 

4. Factors affecting meanders 
channels. 

5. Meandering of the RivP-r Suttej 
between Ferozepore and Sulei~ 
manke Head works. 

6. Advice regarding· retrogression 
of the Sutlej downstream of 
Ferozepore Weir. 

7. ~nalysis oi changes in the course 
of the Indus downstream of 
Kalal?agh. · 

8. Causes of breaches of river bands 
in, ~in.d and steps required to 
mmJmJse the · danger · of a . 
recurrence. 

Control of Sand entering Oa'lials 

1. Notes on the visit to the Sutler 
valley Project by C. C. Inglis. 

2. "Note of May 1931 on Silt 
Exclusion from Canals •• Stillj 
pond" '!1. "Open Flow" by 
C. C. Inglis. - ., 

3. ·"Note on Silt -Exclusion from 
· Canal&-First report on ex peri· 

ments with the full-width 
model of the Sukkur Barrage 
at Kbadakvasla" by C. C. 
Inglis li.ni!. D. V. Jogleka.r. 

4. Control of sand entering t':!e 
head reguln.tor of Nabisar 
Briionch Ex-Mithrao Canal, 
Sind. 

45 (1988) 

46 
(1933) 

5. Control of Sand entering the 59 
Mithra.o and Khipro Canals, (Hills) 
Ex-Nata River at Makhi. . 

6. The Indus and the Lloyd Bar
rage at . Sukkur-Contro1 of 
sand entering the Right Bank 
Cs.nals. 

7. Factors aff~cting exclusion of 
bed s~tfld from cl\nals ;taking 
off from alluvial rivers: (a) 
Curvature of :flow induced by 
the regulation of Barrage G~tes 
(b) Discharge per ft. WJdth 
entering caps!;. total discharge 
being the same.· 

8. ••Factors affecting exclusion of 52 
bed silt from canals' taking-off (19il5) 
from a.llnvia.l rivers", by C. C. 
Inglis a.nd D. V. Jogleka.r. 

B4r-SB 

.... 

1RD 115 
(1930) 

IRD 77 
(1933-1!4) 

IRD 76 
(193:3-34) 

IRD76-
(191!3-1!4) 

IRD78 
(1934-35) 

147 

Annual Bepor~ (Tech.). 

CIHR 1942-48 

,,- 1942-43 

1942-43 

IWE_S '1943 

1943 

IRD 1935-86 
CIHR 193940 

, 1940·41 
, 1941-42 

oma 1937-38 
1938-39 
19119-40 
1940-41 

.. 1941--!2 
IWES 1943 
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Subject. 

9. Fa;zwah Head Regulator-Ex
West Feeder (Khairpur State, 
Sind.) 

10. Exclusion of excess sann from 
Kattalai High Level Channel
Ex-South Bank Canal-Madras 
Presidency. 

11. Measures b prevent excees sand 
tntednrr the Vada.var Chnnnel 
of tJ,e L9wer Colercon ::cystem 
(Madras Presidency). 

12. Exclusion of bed sand from 
J arnrao Canal (SinJ). 

13. Silting of the Grand Anicut 
Canal, Cauvery River (Madras_.. 

14. Dis.::ussion by C· C. Inglis on 
Punjab Engineering Congress 
Paper No. 24\l "Silt 
and its Transportation" hy 
Ishardas. 

15. Discussion by C. C. Inglis on 
Punjab Engineering Congress 
Paper No. \242 "Control of flow 
on Curves in open channels" by 
A. ~- Wilsun. 

!G. 1\'Iodel experiments to verify the 
cfticiency of the proposal made 
by the Station to exclude bed 
sand from the Sarda Canal by 
providing a rej!ulator in the 
sh.Jrt Banbassa Spur. 

17. Remodelling the Son Anicu.t at 
Dehri (Bihar), for Control of 
Sand entermg the canals. 

18. Advice regarding control of I 
shingle entry into the vVestern 
Jumna Canal, Pujab. 

lU. Fluctuations of grade of materiah 
exposed on the beds of the 
Eastern Nara and Rohri Canals 
(Sind). 

20. Design of Lowet· Sind Barrage 
at Hajipur. 

21. Adyice regarding whether it was I 
possible to t•reven t sand enter
ing the Surada Heservoir nt its 
Padma Intake in Orissa. 

5. Flow in Allut•ial Channels 

1. Discnssion by C. C. Inalis of 
Punjab Engin('ering Co~gress 
Paper No. 1\12 on "Silt move
ment and designs of channEls" 
by Dr. N. I\. Bose. 

Bombay Tech. 
Paper No. and 

year. I 
~ile No. and for [ 

year. 
1 

1941 

1941 

1936 

Annual Report (Tech.). 

CIHR 1U37-38 

1937-38 

1937-38 

19:18-39 

CIHR 1941-42 

nv'.Es 
1941-42 
1942-43 
1943 
1944 

CIHR 1942-45 

IWES 1943 

IWES 1944 
1945 

1944 



Snbjeol. 

2. Seepage. from ca:nals-Expll!'i·, 
menta m cqnnection·with. · 

a. Bed Pand of Canals . 

4. Experiments in flow channels to 
find thei~ divergence · from 
Lacey Begune channels. · 

5. Effect of canal closures on weed 
· growth in the Mutha. Right 

Bank Canal, Poona, dui:ing the 
cold weather season. 

G. Flow in eJl:pansi9ns in open 
channels. 

7. Rate of deposition of S!ln~. as 
governed by charge and termi· 
no.! velocity: 

. e. Inlet .length qf open channels. 

9: Formation of bed ,ripples. 

10. Stable sections of small channels 
in sand of v~ious grades. 

11. Comparison of discharges'. ca.lcu· 
lated from velocity observe~ 
with current meters.a.nd velocity 
rods. · · 

12.· Divergence ·from Regime in 
Stable Channels in Alluvium. 

13. Discussion by C. C. Inglis on 
Punjab En.gineering Congress 
Pl).per on '-'Design of (lbannels 
in alluvium"by Dr. N. K: Bose 
and K. R. En-y. 

1 j, Analysis of 10 sites on di~trib11· 
· taries of the Sardo. Main Canal 

(U.P.). 

15. Lacey and Kennedy 

16. Design o~ canals in ~ind-N!lw 
. perennial ca.nals and mundatton 
c;).nals. · · 

17 .. 
' Analysis of Bilot creek and 

Paharpur'ca.nal data (ex-Indus 
35 miles downstteam of ;K&la.
b~h, N. W. F. Province). 

18. TrS.ns~ortation of pebbles in 
pebble-b~d.flnme.s. . 

19, Bed ripples and bed waves 

20. Remodelling -the ·Rice Canal in 
h~ai porti(!n, 'Sind. 

. P4BT ·IT 

. . . 
. I 

58 . 
(1988) 

. ~ ~· 

.. 

1942 

1. 

Annn~l Beport (Teoh.) 

cfu:.a 1937-ila 
.. 1938-89. 

CIHR 1938-89 

... 1938-39 

1989-40 

"· 1940·41 

" 
1940-41 

.. 1940·41 

1940-41 

" 
1940·41 

1941-42 

G~J;I;~ 1942-43 

" .. 1942-43 

IWES 

" 

" 

" 
"· 

19!3 

1943 

1943 

1943 

194<1. 
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I llombay Tech. I File bo.&nd,'or 
Subjec1i. Paper No. and ! yenr. 

Anoual Report (Tech., 
year. I 

6. Turbulenre. 

1. E::periments to ascertain whether IRD '18 
a samplA taken from turbulence (1934-35) 
below a Regulator or Fall gave 
a true indtcatioTJ of the silt 
mov1ng down the channel, 

2. Record of turbulence by Huo wire CIHR 1938-3\J 
and Oscillograph. 

3. Manning and Lacey rugosity co- 1\J39-40 
efficients with smooth bour.daries. 

4. Effect of residual turbulence on 1940-41 
rate of deposition of sand. 1941-42 

7. A bras ion of sawl 

1. Experiments with silt abrader ... 58 IRD 78 CIHR 1938-39 
(1938) (1933-:'14) 

IRD 78 1\J39-40 
(1934-35) 
IRD 76 1940-41 
(1935-36) 

2. Rate of sand entering chonnels. IWES 19,13 

R. Sand and silt elutriator 1943 

4. Grading sand and silt by washing. 1943 

8. Shore and beach protection. 

1. Landing and wharfage facilities CIHR 194\l-43 
at Rewas, Karanja and Dhar-
matar (Bombay). 

2. Erosion at Ratuagiri CIHR 1\)42-43 

3. How to reduce waves in a dock IWES 1943 
caused by swell in a harbour. 

4. Adviee regarding the control of 
erosion along the shore of Viza-
gapattam harbour. 

Case pending 
data awaited. 

9. Falling Aprcn.< & Guide Ba,.ks. 

1. Effect of length of Guide Banks 5B 
of the Hardmge Bridge oa flow. (1938) 

2. Falling npton~-r~ctors o.~iecting 58 CIHR 1937-38 
the (1938) 193H·39 

10. Scour at a>•d below Rigid 
Structures. 

1. Design of glacis and deflector 58 
downstream of the Mula River !1938) CIHR 1937-38 

C~u?eway to prevent under-
mmmg. 

2. Godavari Hight Bank and Le(t 1037-38 
Bank Head ltegulators-Pre-
ventiou of scour downstream 
of the-



PART IV 

Subject: 

3. Th": ~Juices of the Bhimgoda. 58 
Vi eir across· the Ganges at (1938) 
Hardwa.r (U.P.)-To ascertain 
how ~at to prevent jetting and 
abrasmn of the downstream 
pavement. 

4. Protection of bridge piers against 
scour. 

5. Girna Can&! Aqueduct No. 4 
(Bombay Presidency),-Preven
tion of scour downstream of 
the- ",. 

6. Estimated scour at proposed 
Damodar Bridge a.t Burdwan 

· (Bengal). 

7. Son Anicut at Dehri [Bihar), 
Scour at noses of divide walls 
upstream and downstream of · 

· Anicut and nndersluices. 

8. Scour downstream of Sardo. River 
·_ at Banbassa (U.P.). 

9. Scour ::.~ spurs in fiver models ... 

10. Protection of bridge p!ers against 
scour and minimum safe level 
at which to lay stone around 
piers. 

11. Effect ·of high level bridge pitch· 
ing laid round bridge piers on 
the downstream scour. 

12. Sconr round piers-Influence of 
upstream bed level and mate
rial of bed on maximum scour 
at pier. 

13. Failure of piers on the- bridge 
under constr11ction over- the 
Ajoy River in the Santal Par· 
ganas, Bihar, during 1942 floods. 

14. Maximum scour profile between 
the guide banks of the Ganges 
at the Hardinge Bridge. 

15. · Experiments with the model of 
the Rice Canal (Sinn) in 
con.nection w:ith. protection of 
the Railway Bndge at R. D. 
75,000: 

16. Prevention of collapse of Rohrir 
Multan Road Brjdge over 
.Bohri Ca.nal at R. D. 52,000. 

17. Son at D!hri, Bihar, Protective 
measures below the new 
U ndfrsluices. 

su-S9 

... · 

ll'ilo~o. audforl 
year. 

151 

Aooual Boport [Tooh.) 

CIHR 

IWES 

.. 

.. 

.. 

1938-39 
1939-40 
1940-41 

1945 

1939-40· 

1939-4() 

1940·41 

1940-41 

1940-41 

194i-42 

1941-42 . 

1942-43 

omB 1942-43 

1942·43 

!WEB 1943 

.. 1944 
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Subject. Annual Report (Tech). f'ur-er No. ani year. 
1 

year. I B'omboy Tecb.l File No. undfor I 
--------------,c'-----·,,-----c,---______ _ 

11;. 

19. 

:20. 

:ll. 

Dt·ep Rcour downstream of tbt' 
N. \V. Railway Bridge over the 
~- W. Canal at mile 10\fld-4 
near Ruk (Sind). 

Expcrituents carried ont to evolvE 
a suitable design of pavement 
anJ bide expansion to ~nduce 
accretion. 

Efft·ct of shortening 8t1l.::kur 
Barrage on retrogression and 
accretton in the Indus. 

rrokction pf retaming walls 
from scour hy means of rPpell
ing spurs {B,lluchistan). 

-:22. ·Dissipation of energy down
stream of Lmw·r Sind Barrage. 

11. Dissipation of Energy 
J:cluw Falls. 

l. Discussi'm by C. C. Inglis, Punjab 
Engineering Con:.;ress Pnper 
No. l..J 7 on "Damag'!d 
fall~ on the Ehadir Branch ot 
tlw l'akvattan Canal". 

'2. Experiments with the model of 
snper-passage :2.-A and 8-A on 
the N u·a Left Bank Canal and 
Deck Bridge below, to dissip~te 
energy. 

3. Flum" :\Ict<·r Bailie Fall: 
Standardization of-

4. Stability of Baftles construcl<·d 
downstream u[ th ... med fall.,. 

5. 10 ft. Fall on Sarda Deoha 
Feeder (U. P.). 

U. E:·qwrimenb canied out with 
a model of Hardoi Falls (U.P.) 

7. Intluent:e of the nrstream face of 
lmllles and dt·tlt>ct( ll'S. 

8. Exp('l'illlL'Hts with a uwd~--1 of th~· 
Snl,;lmr Barrage to show the 
tuost su:taUll_, d:·sign of baftlt-'s 
nnri nrcows tz.: cu!llrolstan(ling 
\\' tve :mJ to prt.-"Yent scour 
do\\·ustreatu. 

De;:ign of a Proportional Standin~ 
\Yavl, Flumt>. l\lt>ter Fali at 
R. n. ~o. ~.')(), illont~omery
Po .. kpa.ttan Link (Punjab). 

I 

i 
i 

I 

I 

! 

i 

IHD 116 
(1~;)1) 

IRD 71 
(hJ31-02) 
IRD 116 

IHD 78 
(lU::J.>) 

JH]) 78 
(1\)3.i) 

IHD IS 
(l~:j'j) 

Do 

IWES 1UJ.J 

lUH 

lUH 

1945 

IHD 1U81-32 

I{VES 
19:3.1-au 
1~4± 

IHD l\loJ-3,; 
IWES 19±HJ 

IRD lU:lJ-3.5 

IRD J O:J±-3,; 

1934-:15 

19:35-:16 

CIHR lO:o7-38 
1\.18\l-40 
1(!40-41 ' 

1937-38 10. Dissipating eu1·fgy Lelow the 
ma...:otwy waste weir of tlw I 
'l'~mba "Tank >tt Harsul, (!Jist.j' 

___ Anmedal~''~"l_._)~· --------'------ ~-----'----------



PART IV l!J3. 

Subject ' .Paper No. and • ~le No .. s.ndfor I
. ~inboy .Tech. · . . . I 

, yeor. · . yeaz. ·_Aon~ ~port (Teoh.). 

11. Waste weir Cha.nnel of the S in ' 
Ka.rez .Reservoir {Baluchistin) 

· regardmg prevention of erosion. 

12. Durani qntfall at Quetta.. 

13: N . . • on'proportional Standing Wave 
Flume Fa.lls. · · 

14. Dissipation of energy below ~·W" · 
type fall. . , · · 

15. Alternative designs of baffie 
platform downstream of the 

. Jam~h~dPO! Siphon Spillwa.y 
for dJss!p!l>ting ener~--

lfJ. FluflJing of Outlets, Bridges 
and A quedoots, etc. 

1. Model experiments with a group 
of Regula. tors at Oderolal .. t 
mile 169 of the . Rohn Cana.l, 

· Sind, by C. G. Hawes and 
p. c. Inglis.. . 

2. . Experiment.! ca.rried out at the 
Karachi Station on a model of 

· a. J!'lumed Regula.tor,' by C. G . 
.Hawes an1 H. S. Kaha.i, with 

. . ~ note by. C. 0. I~lis. 

3. Fluming ·.of Aqueduct 23, Nira 
Right Ba.nk Canal. 

' 
4. _Note on Flamed Aqueducts. 

5. "Notes OG: Flamed Aqueducts and 
Afilnx qa.used by heading up 
water !lt 'regulators. of canal a.nd 
extllnt of back wa.ter etc." by 
.C. 0. Inglis. 

6. He&d sluices of Nirl!o Left Bank 
Ca.nal- determination oflosses 
at ~ntrance, in barrel; in expa.n-
sion '~~ond at exit; in order to 
work out & general formula. for 
losse~ of he11-.d-

7. He'ld sluices of Nira ·Left Bir.nk 
.Canal-;providing a ~ell-mouth 
upstream and expansion·· down-
'stre&ID to incre~se th" diticharg' 
ing ca.paeiity from 465 cusecs 
to 720 cnsecs. 

8. Goda.v~ Right Bank and Left 
Bank ;Head Regulators-Be-
modelling the-. 

9. Dharma Stor&l(e Reservoir~Oat-
lets . (Dharwar, Bomb&y I 
Presidency). . 

26 
(1928) 

31 
(1929). 

42 
(1932) 

58 
(1938) 

54 
(1985) 

. ... 

; .... 

IRD 116 
(1999) 

ffiD-116 
(1931) 

CIHR 1981~38 

1940·41 

1!l40·41 

" 
1940-41 

" 
1942-48 

·' 

CIHR 1937-38. 

1939-40 
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Subject. 

13. Jiodules and Semi-mod~tles 
illclltding Stundill!J Wave Flumes, 

1. C.lo•lul ,3 and Semi-modules for 
irrig:1t1on. (Bombay Engine
ering Conr;ress P~per XL VII 
by C. C. Inglis). 

2. "An adaptation of the Standing 
wave principle to hydraulic 
testing"' by C. C. In~lis. Bombay 
Eng-ineering Congress Paper 
LXXIV. 

3. Kent '0" type module. 

4. Experiments with Kirl<patrick 
Flmnes. 

5. "Standing Wave Flumes" by C. C. 
Inglis, Bombay Engineering 
Congress Paper No. ClV. 

G. Experiments with Delbridge 
meter. 

7. Experiments with Crump Adju
stable Proportional Module. 

8. ''Experiments with the Lindley 
Type Standing Wave Flume" 
by C. C. Inglis and D. V. 
Joglckar. 

9. "Standing Wave Pipe Outlets" 
by C. C. Inglis. 

10. "Notes on Standing Wave Flumes 
and Flume :Meter Falls" by C. 
C. Inglis. 

11. Proposal for fixing "Hydrautomat 
Siphon Module" at heads of 
Distribu~aries 8 and 24 of Nira 
Left Bank Canal-

12. Experiments with 1 cusec spiral 
modules. 

13. Theory, Design and Construction 
of the Gibb Modules. 

14. Experiments to determine the 
best shape of a skimming baffle 
in the throat of a standing wave 
flume, so designPd to cause no 
obstruction at F. S. Q., but 
maximum nfilux at discharges 
exceeding F. S. Q. 

15. Coetlicient of discharge of the 
Sukkur Barrage Gates. 

1G. Coetllcient of discharge of the 
Tando-i\lastikhan Flume Fall 
(Rohri CaM!, Sind). 

Bombay Tech. 
Paper No. and 

year. 

22 
(1928) 

2.3 
(1928) 

15 
(1928) 

File No. and for I 
, ycu.r. 

1\)23 

IRD 40 
\1924) 

IRD 46 
(1924-28) 

1926 

IRD 4.5 
(l\J26-27) 

IRD 45 
(1927) 

IRD 122 
(1930) 

IRD 78 
(1931-32) 

CIHR 
Publn. 3 

IRD 78 
(1933-34) 
IRD 78 

(1934-35) 

IRD 77 
(1933-34) 

IRD 77 
(1933-34) 

Annual Report (Tech.). 

CIHR 1333-34 
!139-40 
l'l40-41 



/ 

P.I.BT lV . 155 

-
Subjeol. J ::~~J::d. I· ·Pile No. audfor] j year. year. Almual Report (Teoh.). 

17. Modular li!Dit of a standing wave 
fiuiD;e With s. stable parabolic IRD 77 
glaciS slope. • (1983-84) 

18. ExperimentH with Venturi 
.Flumes. 

19. Design for Standin\f ave Flume 
for the Jodhpur ater Supply 
Qhannel. . 

20. Design and calibration of a tra-
pezoidal studing wave flume 
for the Poena Drainage outfall 
sewer at Bhairoba Pumping 
Station. 

21. Calibration of a Standing Wave 
Flume withoutside contractions 

22. Approximate formula 'for Ven· 
turi Flumes. 

23. DeeignofaSt&lldingWaveFlume 
and the V~nturi Flume at the 
head of the Mutha. Right Bank 
Oana.l (Poena). 

24. Stabilization of flow downstrea.m 
of Standing Wave Flumes. 

25. Effect of piers on coefficients ,,f 
flumes. 

26. Design of a truncated Standing 
Wave Flume for Spin Karez 
Project-Baluchistan. · 

27. "Note on the 'L'heory, Design a.nd 
Construction of Gibb Modules 
which, without moving parts, 
give a . constant discharge 
within the working limits 
irrespective of ' varia.tions in 
upstream. and downstream 
water levels" by C. C. Inglis 
and D. V. Joglekar. 

28. Modularity of 20 cusecs Standing 
Wa.ve Flume, Jodhpur. 

29. Discharge formula. for Jeur 
Aquaduct on Nira Left Bank 

' Canal, (Bombay). 

·30. Sta.nding Wa.ve Flumes and 
Flume Meter Bafile Fs.lls. 

81. 40 cusecs Standing Wa.ve Flume 
for the ma.sonry conduit, ta.king 
off from the Ha.leji. Reservoir, 
Kar&ehi Water Supply Scheme. 

32. Design of a 500 cusecs Standing 
Wave Flume in Jodhpur State. 

as. curva.ture of . flow iu the throat 
of a Standing Wave Flume. 

58 (1938) 

IRD 76 
(1985-86) 

cmR 
· Publn. 3 

1941 

CmR 1937-38 

OIHR 1938-39 

.. 1938-39 

1988-89 

1939-40 

.. 
" 

1\140-41 

CIHR 1942-43 

IWES 1943 

1944 

1944 

1944 

1945 
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I Bombay Teob. 
Subject, 

I
, Paper No. and 

year. 

14. Siphon S[illways. 

1. Siphon Spillway experiments 
with flared outlet. 

2. Unsmtability of a Siphon Spill
way over the \Vaste Weir of. 
the Lake Arthur Hill at 
Bhandardara (Bombay). 

3. Design of a Siphon Spillway for 
th& Jamshedpur Water Supply 
Scheme, Tatanagar, (Bihar). 

4. Siphon Spillway experiments with 
Ganesh Iyer Volute Siphons; 
siphons with flared outlets ; 
limiting negative pressure be
fore cavitation occurs. 

5. Permissibility or otherwise of 
reducing spillway capacity, 
Berar (Akola Municipality). 

6. Erin pura Irrigation and Hydro
electric Siphon Spillway, J odh
pur State. 

7. G~nesh Iyer's Volute siphons 

15. High-Co-efficient Weirs. 

1. Mhaswad Tank Waste Weir
Experiments with crests of 
weir to improve the co-efficient 
of discharge. 

2. Experime:::ts with models of 
High-Co-efficient Weirs. 

3. Investigations to determine the 
weir section which while design
ed to pass a maximum flood, 
will store the maximum possible 
supply at Lake Arthur Hill 
(Wilson Dam) at Bhandardara 
(Bombay Presidency). 

4. To improve t!!e design of the 
Alandi \Veir across the Indrami 
for the Alandi \Vater Supply 
Project (Dist. Poona) in order 
to reduce afllux. 

5. Pick-up weir across the Mala
pmbha River at Shivyoga 
Mandir (Bijapur Dist., Bombay 
Presidency). 

&. Full-scale test of :High-Coeffi
cient, free flow, weir. 

7. Effect of surface roughness on 
the co-efficient of a High-Co
efficient weir. 

8. Drowned weirs 

58 
(1n38) 

58 
(1938) 

I 
File No. aodforl· A I R t (T h) year. nnua epor ec .• 

IRD 77 
(1933-34) 

IRD 37 
(1925) 

IRD 76 

IWES 1938-39 

IWES 1939-40 
". 1940-41 

1S41·42 

1942-43 

1944 

1944 

·1945 

IRD 1935-36 
CIHR 1939-40 

CIBR 1937-38 
1939-40 

CIHR 1939-40 

1940-41 

1940-41 

1940-41 



·-PART JV-, 

9. The ; :lluid forces a.cting • on a. _ ..••.. 
.~ .'' we1r. 

10. Co-efficient of discharge of autc
ma.tic Gate Spillway for the 
Tansa. Dam (Bombay). 

16. Flow ae Bridge,. 

1. Submersible bridge (C. P.) 

2. Sluices for Abdnlpur-Nawa.b· 
gnuj, B. A. Railway. 

S. · Suitable shape for cut-and ease
waters of bridge piers. · 

17. Design of Rigid Channels 
and Rigid Seruceures. 

1. Rugosity of cement-sa.nd plaster. 

2. Spin Ka.rez Diversion Channel, 
Quetta. 

3. Design for a dry masonry sill for 
control or Sur Lake sea-cut 
with. marginal embankments 
(Orissa). 

4. Impact losses due tc form drag 
of slabs and piers under axial 
fiow conditions. 

5. Im~t- Jos~s due. to form drag 
of bridge piertJ and exposed 
foundations under axial fiow. 

18. Models ami their Scale B~tios. 

1. Experiments tc determine equi
valent size and specific gr&.vity 
of stcnes and blocks in-a model. 

· 2. Wave and Surge velocity in tidal 
and non-tidal channels. . 

· s " Hydraulic Models as an aid tc 
Engineering . Skil~ " l:iy C. C. 
Inglis-Presiden~ial . Address, 
SecGion of Engmeer1ng, 2::!th 
Indian Science Congress, 
Ben ares; 

4. Methods followed in fixing model 
scale ratios and overcoming 

-model limitations. 

19. Da1n•, Reservoirs '·ana 
B.arragis, etc. · 

I 
1. Balancing Tanks and Siphon 

Spillway at Ozar-Pro}JosaJs for 
· investigations fpr additional 

storage for Pre.vara. 

T :. 

" 
1 .... 
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{1929) 
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.. l> '•' 
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194l 
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Subject. 

2. Co-efficients of 
Khadakwo.sla 
Sluiceg, 

discharge of 
Waste Weir 

3. "Experiments carried out with 
various designs of piers and sills 
in connection with Lyod Bar
rage at Sukkur " by C. C. 
Inglis, C. G. Hawes, J. S. Reid, 
D. V. Joglekar and H. V. 
Katakkar. 

4. Experiments in connection with 
the proposed Solani Khadir and 
Balta Zeel Reservoirs (U. P.). 

5. Desilting and Dredging of tanks 
in Sangli State (Bombay). 

20. Rainfall and Run-off. 

1. '"A critical study of run·off and 
floods of catchments of the 
Bombay Presidency with a 
short note on losses from lakes 
by evaporation" by C. C. Inglis 
and A. J. DeSouza. 

2. Flood run-off from catchments. 

3. Run-off from catchments in 
India. 

4. Discussion by C. C. Inglis on 
Punjab Engineering Congress 
Paper 245 of 1941 entitled 
"Run-off" by S. D. Khangar 
and N. D. Gulhati. 

5. Discussion by C. C. Inglis on 
Bombay Engineering Congress 
Paper No. 195 of (194:3) on 
"Use of graphs for working out 
information from a catchment 
knowing the depth and period 
of flow over a Waste Weir of 
a lake based on Capt. Garrett's 
formulas~·. 

6. Analysis of catchment charac
teristics. 

7. Empirical Run-off formulas 

8. Heavy run-off from a small catch· 
ment ujs of the bridge of the 
M. & S. M. Railway, which 
caused thP. river to overflow the 
embankment and railway track, 
causing an accident. 

9. Maximum possible discharge 
from catchment of Thorala 
Tank, Rajkot State. 

Bombay Tech. I File No. and for I . . ( . J 
~?:~e~r~· j year. Annual Report Tech . . 

29 
(1929) 

30 
(1930) 

58 
(1938) 

1928 

1941 

1942 

lWES 1944 

.. 1944 

CIHR 1940-41 

CIHR 1942-43 

lWES 1943 

1943 

1943 



I',ARl' lV 

I Bombay Tech. 
Subject. Pape: No. 

, and year. 

10. RainfaiJandRun-off~Note streS
sing the importance of shape 
of catcliment in working out 
the ma~m'flm run-off. 

11. What 'constant in Dicken's 
formula of discharge would be 
most suitable for a small catch
ment area of a river in Santa! 
Parganas, District Bihar. 

12. Advice regarding probable rttn-off 
from catchment in Ceylon. 

13. Information regarding ron-off 
formulss and rate of silting of 
reservoirs required in connec
tion with a scheme on Zambesi 
River in Transval, South Africa. 

14. Sunspot cycles as a medium of 
predicting Jrobsble dates of 
occurrence river floods. 

21. Silting of Reservoirs. 

I. Accumulation of sand and silt in 
:Reservoirs. 

2. Silting of Ekruk Ta.nk (Bompay). 
' 

!J2. Irrigation in Bombay· 
Deccan Canals. 

1. Duty of irriga.tion water in rela
tion to the caps_eity of ~anals 
in the Deccan. (Bombay Engi
neering Congress Paper by 
C. C. Inglis). 

2. Some iinportant ·factor~ affecting 
the design and working of 
Deccan Canals. (Bombay En~-. 
neerinl! · Congress· Paper 
No; LXVll1, by C. C. Inglis). 

3. "Irrigation on the block system it~ 
the Decca.n Canal Tra.cts" by 

' c, c. Inglis. 

4. "Efll.uent 'Farm nea.r .Poena 
• (i918-19 ~· 1925-26)" by c. c. 

Inglis. 

5. Note on "Appreciation of 'land 
va.lues in the area commanded 
by Godava.ri and Pra.vara 
Canals" by R. G. !shu;. 

6. "Outtorn and profit• from sugar
cane crops grown in the 
Deccan Canal Tracts'' by C. C. 
Inglis a.nd V. K. Gokhale. 

· '1. Suitability of soils .for di~erent 
types_ of crops. · . 

8. Prevention of irrigation in iso-
lated area. • 

16 
(1927) 

17 
(1927) 

21 
(1928) 

1918 

1922 

1927 

l 
. !liD 147 ! . 

(1928-30> .I 
IRD '28 _ \

1 

(!930) . 

159 

Aooual ~port (Tech.) · 

IWES 1944 

IWESI9:.J4 

IWES 1944 

IWES 1945 

c:(:HR 1940-41 

C1HR 1942-43 
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Subjec~. 

9. Block System-Introduction of
on Major Canals. Recommen
dations regarding-

10. Irrigation Bunds. 

11. Perennial iiTigation within 1/4th 
mile limit .of villages. 

12. Variety of cane suitable for 
effluent iiTigation. 

13. Transpiration experiments with 
canes, 

14. Factors affecting utilization of 
effluent. 

23. Design of canals and distri
butaries in Bombay (Deccan). 

1. Weeds in Deccan Canals 
(A supplement to Bombay 
Engineering Congress Paper 
No. LXVIII.) 

2. Note on "The Design of Distribu
taries and their outlets in the 
Bombay Deccan" by C. C. Inglis. 

3. Note dated November 1927 on 
"Model Experiments to ascer
tain the effect of partial lining 
of the Malegaon Cnt in miles 
38 and 39 of the N ira Left 
Bank Canal" by C. C. Inglis and 
D. V. Joglekar. 

4. •'Moduling operations of Distri
butary No. 8, Nira Left Bank 
Canal and application of the 
results to other Distributaries" 
by C. C. Inglis and D. V. 
Joglekar. 

5. "Methods suitable for reducing 
losses from Deccan Canals" by 
C. C. Inglis, Bombay Engineer
ing Congress Paper. 

6. "Notes on Remodelling an exist
ing Canal and Distributary to 
pass an increased discharge and 
distribution of velocities in 
channels" by C. C. Inglis. 

24. Soil and Sub-Soil S~trveys. 

1. Losses in percolation and absorp
tion from Deccan Canals and 
lining of Canals. 

2. "Soil and Sub-Soil surveys in the 
Deccan Canal areas" by C. C., 
Inglis and V. K. Gokhale. 

Bombay Tech. I File No. andfor I 
Pape;:~· and year. 

19 
(1928) 

20 
(Hl28) 

2.) 
(1928) 

42 
(1932) 

13 
(1926) 

IRII 118, 
(1928) 

IRD 149 
(19331 

IRD 118 
(1G28-il3) 

lRD 118 
(l\UB-33) 

' 
IRD 71, 76 i 

(193l-H2) I 
(1935·36) 

IRD 71, 76 
(1931-32) 
(1935-36) 

IRD 71, 76 
(1931-:!2) 
(1935-3ti). 

1922 

1928 

IRD 3 
(1916-22) 

Annual Report (Tech.). 



PART IV 

Subject. I ~::a~~~:,"~ ·1 File No. &Ddjor I year. year. · 

3. Advice regarding soil and sub
~il ~na.lysis and ws.ter logging 
1n Smd. 

4. Ad:vice regarding_ the investigs.
tton of the soil and sub-soil 
conditions occurring in the 
Barrage atea. in Sind. ' 

5. Soil protection . and reclamation, 
Sind-Note for Meeting o 
Officers on Field Research held 
in Aprill931. · 

6. Expenments to ascertain condi
tions under which a baffie buil 

· on sand will fail and what 
occurs in a sand column unde 
various pressure conditions and 
a · critical head at which the 
sand begins to move. · 

7. Percolation experiments in mile 
31 of Nira Left Bank Canal. 

25. .4. bsorytion, Regeneration and 
Water Supply. 

1. Cawnpore Water Supply. 

2. Proposed extension of the Water 
Supply of Bombay. . 

3. Present and Futnre Water 
Requirements and Supplies in 
the Jumna at Delhi. · · 

4. Danger of water-logging in the 
tract to the west of the Easter . 
Nara, Khairpur State, Sind . 

. 26. Land Drainage a11cl Reclamation. 

1. "Improvement of Dama~ed 
Lands in the Canal Irrigatton 
Tracts of the Bombay Deooan" 
by C. C. IngHs. ' 

2. Factors affecting reinoval of alkali 
salts and reclanl.11.tion of 
damaged lands. 

.3. Action of salts and.effiuent .water 
in several types of drs.inag 

· pipes. 

4. Reclamation studies on soil re
action, movement of water and 
alkaline salt.a in the soils 
qhanges in th~ ~oil OD; ~pp~i~-

. tton of mechantchl ferttltzation 
with special reference tO 
Baramati Experimental Sal. 
Area. .. 

5. Behaviour of soil types under 
. irrigation. · · ' 

G. Relative rise of salt solutions in 
difi'erent ty;p~ of soil. 

7. Reclamation' of alkali lands: 
Field '!'nd La.b~il.torY: experi-~ 
ments 1n connection With the-:-

14 
(1927) 

I IRD 114 
(1980·31) 

IRD 114 
(1931) 

lRD 116 
(1931) 

IBD 116 
(1931-32) 
IRD 71 

IRD 55 
(1932) 

ni.n n 

IRD 78 
(1934-35) 

IRD 78. 
. (1935-36) 

·mD 78 
(191}5-~6). 

IRD 
(1935-36) 

!61 
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CIHR 1941-42 

IWES -1944 

.. 1944 

1944 . 

IRD 1931~32 
1933-34 

IRD 1931-32 
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MISCELLANEOUS 

'2. Rain Ga1tge Station Maps of India, Burma and Cey/nn. 

l\Iaps on n scale of 1" =3'2 miles, showing raingauge stations in India, were 
printed in X ovemher 1944. The Meteorological Office, Poona, gave this station 
all the facilities in this connection. '!'here was such a large demand from 
various Provinces and St.ares for these maps that almost all the copies have 
been sold out, though a large number was printed. It was, therefor~, considered 
desirable to reprint these maps. These are attached in a separate volume of the 
Report. An Index Sheet showing the sections 1, 2, 5, 6, 7, 8, 10 and 12 into 
which the map is divided is also given. 

There are about 3,100 stations in India whose rainfall data are published 
in monthly tables by the Provincial Governments as shown below :-

Assam 135 
Bengal 269 
Orissa 82 
Bihar 252 
Central India States 76 
U.P. 276 
Punjab 206 
Kashmir 4ti 

N. W. F. Province 37 
Baluchistan 81 
Sind 75 
Rajputana 207 
Central India 186 
C. P. & Berar 211 
Bombay 218 
States in Bombay Area 83 
Hyderabad 77 
l\lysore 80 
:i\Iadras 535 

0,082 

R>tinfall is measured once a clay, at 8 hrs. local time, at all these stations. 
Symon's Pattern of min-gauge, 5" diameter, is in use.at most strttions, except 
in Mysore and Travancore, where a Stanley Gange of 4·7" diameter is used. 

At the time of the first printing of these maps, minfall stations in Ceylon 
had not been included. There are more than 400 raingauge stations in Ceylon; 
and, in order to avoid overcrowding, about 80 stations only have been shown in 
the map of Ceylon on sheet no. 10. All these stations, however, are indicated 
in >t separate large scale map of :Ceylon (Scale 1" = 16 miles), which appears 
as shed 10 A in the present series. It may be added that the names of the 
raingauge stations haw been taken from the report on Colombo Observatory 
(1944) i""ued by tbe Superintendent, Observatory Ceylon, Survey Department. 
This map has been supplied by the :Meteorolgical Office, Poona. 

In the first printing, the stations in sheet 10 were found to be crowded; 
hence while reprintin!:! this sheet, the names of various stations, particularly in 
Travancore, haw been re-arranged to facilitate easy reference; and where the 
names were too crowded, only serial numbers are shown in the map and the 
corresponding names of statiens are given on one side; 

The Station is very grateful to the :Meteorological Office, Poona, for the 
facilities given in this connection. 

PRINTED AT THE YEBA WDA PRISON PRESS, POON A. 
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Accretion of the river bed at Sukkur Barrage and how to reduce rate of rise ... 
Affiq:<;-~lue to the.proposed extension .of tha outer bank of approach cha~el

Expcnments to Improve flow cond1t10ns m approach channel upstream of 
Snkknr Barrage, Indus River. 

Affiux-reduction of, at Luni River Railway Bridge No. 3, of the Samdari-
Haniwar:l Branch of the Jodhpur Railway. _ 

Apron-Design of, to protect the truncated nose, with maximum depth of 
scour-Indus River above ::lukkur Barrage. 

Approach Channel-preventing slips of the right bank of Indus River below 
the nose of approach channel upstream of Sukkur Barrage. 

Aqueduct No. 23 of the Nira Right Bank Canal-Fiuming of 
Attrition-Rate of attrition of sand in channels 
Augmentation-of Bombay Water Supply 

B 

Barrage-Lower Sind Barrage on Indus at Kotri-design so as to exclude 
sand from entering the canals at. 

Barrage-design of Low~r Sind Barra~e on Indus at Kotri-Optimum shape 
of the nose of central 1sland at Kotn. . · 

Barrage-Lloyd Barrage on Indus-to co~trol sand entering the canals tiidng 
off the. · 

Bombay Water Sup.Pl.Y-;:1!-ugmen~ati~n of 
Bridges-Dissipation of energy below · 

.··· 
Bridge.:._depth of foundations for bridge piers 
Bridges-maximum depth· of scour downstream of 
Bridge-maximum depth of scour at the heads of guide-bank and ·shanks, at . 

the proposed C. K. Railway Bridge over Ramganga River. 
Bridge--:-maxirom:p depth of scour at the proposed C. K. Railway Bridge over 

Ramganga River. ·. , 
Bridge piers-scour round · · · ... 
Bridge-w!'.t~rw~ty required for Jodhpur Railway Bridge over Sukri_River · .. _. 
Bridge-waterway required for Jodhpur Railway Bridge over Sagi River 
Bunds-River bunds in Sind-causes of breaches in 

c 
Canals-Rivers and canals-flow in chai:mels in' incoherent and coherent 

alluvium. . 
Canals-Exdusion of sand from entering the canals at Lower Sind Barrage on 

Indus at Kotri. 
Canals-Rel;llodelling of 
Canals-Eradication of water weeds from 
Channels-Factors affecting silting.a.nd scouring of 
"Cha.nnels in alluvium-Factors affecting :flow of 
Control of sand entering the canals taking off the Lloyd Ba.rrage at Sukkur ... 
Control of sa.nd entering the Mithrao and Khipro Canals a.t Ma.khi weir 

Ex. Na.ra River (Sind). 
Culverts-roa.J. Design of vent approaches a.nd exits. 
Curva.ture of :flow-in a para.llel sided 5' wide.S. W. F. under va.:cious· stages 

of :flow. . . 
Curvature of :flow-in rivers and canals for controlling sa.nd entering canals a.nd 

training of tidal a.nd non-tidal waters. 
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Da.modar River-Tra.nsmission coefficient of the sand samples from the bed of, 94 
at Sindri. 
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D-co11td. 

Damodar River-Floods and their control 
Design of canals in Sinu 
Design for the Lower Sind Barrage and sand excluding heads for the two 

canals of the Dehri-on-Son Anicut (Bihar). 
Depth of scour-maximum, for apron protection at the truncated nose of 

extended outer bank of approach channel in the Indus above Sukkur Barrage. 
Depth of scou:-maximum, at the beads of guide banks-Ramganga River 

at proposed C. K. Hailway Bridge. 
Depth of scour-maximum at the shanks of proposed C. K. B.ailway Bridge 

over Hamga.nga. River. 
Depth of scour-maximum at Bridge section Ramganga River-at proposed 

C. K. Railway Bridge. 
Depth of foundation for Bridge piers at the propqsed C. K. Railway Bridge 

over Rarnganga River 
Disposal of Poona Sewage by irrigation 
Discharge-Accuracy of different methods of taking dischages 
Dissipation of energy of flow of the jets issuing from "Ganesh Iyer" Volute 

siphon by mutual impact of jets. 
Dissipation of energy_ below flumes, falls and bridges 
Divergence from regime in stable channels in alluvium 
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14 
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123 
86 
91 

139 
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Eftluent Experimental Farm-disposal of Poona. sewage by irrigation 123 
Embankment-pitched, to attract flow at the Delhi Gate Pump House on the 60 

Jumna River. 
Emergent measures for preventing serious damage to the central sluice~~ of the 27 

Mahanadi Anicut at Cuttack-Orissa. 
Emergent measures for preventing serious damage to the Central Sluices 28 

of the Mahanadi Anicut at Cuttack (Orissa) -suggested by the .Director, 
without model experiments. 

Energy-dissipation of energy of jets issuing from Ganesh Iyer Volute Siphon 91 
by mutual impact of jets. 

Eradication of water weeds from canals 124 
Excluders and Ejectors-Effective exclusion of sand from canals at the pro- 98 

posed Lower Sind Barrage on Indus River at Kotri. 
Exclusion of sand from entering canals by construction of submerged vane at 101 

the proposed Lower Sind Barrage on Indus River at Kotri. 
Exclusion of sand by Central Island at the proposed Lower Sind Barrage o_n 105 

the Indus at Kotri. 
Exclusion of sand-Factors affecting the exclusion at the proposed Lower 105 

Sind Barrage on Indus at Kotri. 

F 

Factors affecting slope in alluvial channels 134 
Falling Aprons 129 
Falls-dissipation of energy below 139 
Field results of measures adopted after model experiments 5 
Flood discharge-maximum; of Ramganga River for proposed C. K. Rail'Vay 13 

· bridge. 
Flood control · 131 
Flood control-Floods in Damodar Hiver 133 
Flume-Standing Wave Flume Design for the Jawai River Project (Jodhpur). 86 
Flnme-Wa'e~ surface profile in a 5 ft. wide S. W. F. with parallel sides, at 81> 

various stages of flow. . . 
Fluming of-Aqueduct 23 of the Nira Right Bank Canal 122 
Flumes-Dissipation of energy below 139 
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G 

Ga.nfgtesh Riv~-S~feguarding the Hardinge Brid~e across-a.aainst the danger 
o e OU•uanking. . . o 

Gibb Module-Controlled Irrigation 

Goda.va.~ Right Bank Canal, Head Regulator-increasing the discha.r~~ 
cap&cJty of. · · . 

Groynes-Semi-permeable tree groynes to prevent further erosion· of the left 
bank of Watrak River upstream of Ka.ira Town. . 

Groynes-Semi-permeable-construction and launching of . 
Groynes-Timber pile groynes . 

Groynes-to train the Sutlej Rivet at Samasata. Railway Station, N, W.' 
Railway. . 

Groynes-permeable tree groynes. to reduce attack on right bank upstrea.in of 
B. N. Railway Bridge at Kola.ghat. -

Groynes-permeable tree groynes to train the Indus river at mile 21 of the 
Sukkur Begari Bund-Sind. . · 

Groynes-maximum depth of scour at the head of 
Groynes-for silting a bye-river at its off-take-Indus River opposite mile 5/3 

of Ka.simpur N ababshah Band. 
Guide Bank-maximum depth of scour at tne heads of 
Guide Bank-design of the left guide bank of the .Luni River Bridge on the 

Samdari-Raniwara branch of the Jodhpur Railway. · 
Guide Bank-Maximum scour' at Ramganga River-proposed bridge on C. K. 

Railway. 
Guide Bank-Length of, neces&ary mea.sUies to prevent probable erosion of 

Railway Embankments. 

B 

Hardinge Bridge over the Ganges (Bengal Assam Railway) against the danger 
of being outB.anked. · . . 

Head Regulator-Godavari Rig~t B&nk Canal and Left Bank Canal-Inc•ea.s-
ing the capaci•y of . . 

Head Regula.tor-Nira ·Left Bank Canal-Increasing the discha.rging 
capacity of · 

High Coefficient Weir 
Historical Acconnt of the Indian Waterways E~eriment Sta.tion, Poona. 

(1916-46). ' 
Booghly River-Mea.sures adopted to reduce Turbulence in the river down-

stream of the Knuckle at the Titaghar J ~te Mill (Bengal). . , 
Booghly River-Experiments with submerged row of piles at the knuckle at 

the Titagha.r Jute Mill (Bengal). . 
. Hoogbly River-Eltperiments with ''attracting" artificial Islands 

Hooghly River-protection of the foreshore· of the Anglo-India. Jute Mill. 
on the . 

Booghly River-Preventing erosion a.l.ong the foreshore above Calcutta 

Increasing the discharging capacity of Regulators, Outlets and Aqueduct~ by 
B.uming and temodelling. · · · 

ludian Waterwa.ys Experiment Station, Historical Account ·of-:-1916-1946 ... 
Indus River, training of-Above Sukkur BU:rra.ge to prevent slips of the !ig~~ 

bank below the nose of tile Approach Cha.nnel. · 
Indus River-Experiments to improve conditions in the Approach Channei , .. 
Indus River-Stability of the propos!ld trunca!<ed nose for a. super-B.ooa of 
. 9,00,000 cusecs in the 1/80 G. S. Model. . 
Indus River......;Maxi~um depth of scour for apron protection at truncated nose 

of Approach Cho.nnel. ' 
Indus River-Afflux. ·due to· tlie .proposed extension of the ·outer bank .0£ 

Approach Ch&nnel. 
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Iu<lus Itivcr-'I'raining of the River at mile 21 of Sukkur Begari Bund by 81 
llJPtllls ,,f penueable. tree groyncs. 

Indns Riwr-Jksign of Lower Sind Barrage at Kotri, so a' to e~cludc sand 98, 127 
I rum entering canal. 

Indns Hiver-Experiments with model, with and without proposed Lower 99 
Smd Barra~c at Kotri. 

Indu• Hiv<·r-Faetors affecting the exclusion of sand from the canals, at the 1Q;j 
l'ropos{'(l Lower Sind B!lrrage at Kotri. 

Indus Hiver-Scalc ratios of the Lower !:lind Barrage model at Kotri 107 
Irrigation-Controlled in the Bombay (Deccan) 122 
Islands-Experiments with artificial "attracting" islands to train the Hooghly 40 

Hiver at 'I'itaghar Jute Mill (Bengal). 
Iobnds-Experimcnts with artificial "attracting" islands at Luni River 53 

}{ailway Bridge No.3, of the Samdari Raniwara Branch of the Jodhpur 
Hail way. 

Islands-Effect of central ialand on exclusion of sand from canals, at the 105 
proposed Lower Sind Barrage on the Indus at Kotri. 

Island-Optimum shape of the nose of central Island at Kotri for the proposed 110 
Lmyer Sind Barrage on the Indus. 

J 

Jawai River-Design of S. W. F. for (Jcdhpur) So 
Jumna River-Supplies at Delhi, present and future water requirements of l<l8 
Jurnna River-Training of the River at Delhi Gate Pump House by means of 60 

pitched embankment. · 

K 

J{hara River-Minimum waterway required for Jodhpur Railway Bridge on... 37 
I{hipro Canal at Makhi Weir Ex. 'Nara River (Sind)-Control·of sand entering 127 

the canal. 
l\osi River-Rapid westerly movement 132 

L 

Land Drainage-In the Bombay Deccan 121 
Lloyd Barrage-Soil survey of area commanded by 123 
Lloyd Barrage-Training of the Indus River above Sukkur Barrage to prevent 17 

slips of the right bank below the nose of the Approach Channel. 
Lloyd Barrage-Stability of the proposed truncated nose for a super-flood of 22 

9,00,000 cusecs, in the 1/80 G. S. model. 
Lloyd Barrage-Afflux due to the proposed extension of the outer bank of 25 

Approach Channel at 
Lower Sind Barrage-proposed design of, at Kotri 98 
Lower Sind Barrage at Kotri-Factors affecting the exclusion of sand from 105 

the canals, at the proposed-
Lower Sind Barrage at Kotri-Scale ratios of the model 107 
Luni River-Railway Bridge No.3 of the Samdari-Raniwara branch of the 53 

Jodhpur Ra1lway-reduction of afflux at 
Luni River Railway Bridge No. 3 of the Samdari-Raniwara branch of the 52 

Jodhpur Railway-Training of the 

M 

Mahanadi River-preventing of scour below the central sluices of-at the 5 
Mahanadi Anicut at Cut tack (Orissa). 

'Mahanadi River-Anicut at Cuttack (Oriosa)-Emergent measures for pre- 27 
venting serious damage to the central sluices of. 



INDEX 167 

Page of 
A. R. (T.),l946, 

M-contd. 
1\fahanadi R~ver-Emergent measure~, for pre:venting serious damage to the 28 

<:entral slmces-suggested by the D)rector, w1thout model experiments. 
Mahanaiii River-Test of. measures to di&sipate_ energy "to prevent serious 31 

damage to the central slmces of-at Cuttack (Onssa). 
Mahanadi River-,Oalcnlations for the Standing Wave, Baffle pavement, etc.- 36 

proposed design to prevent damage to the central -sluices of-at Cuttack 
"(Orissa). 

Mahanadi River-Redistribution of sand load between the Mahanadi and 4.4 
Katjuri river system D.t Cuttack (Orissa). 

Mahanadi River-Experiments with reduced and unreduced Naraj weir length 4.5 
to find the distribution of sand load between Mahanadi and Katjuri System. 

Mahanadi River-prevention of scour below the centrai sluices at J obra Anicut 5 
(Orissa). " " , 

Malaprabha River-protection of left Abutment of theM. and S. M. Railway 5 
, Bridge No.8 at Hole Alur on the Hotgi-Gadag line (Bomba.yj. 
Maps-Rain Gauge Station maps of India., Burma a::Jd Ceylon , 162 
Meand!lr Belt-probable maximum development to be allowed for, to prevent 6 

erosion of Railway embankment at the proposed c, K. Railway Bridge 
ever Ramgana River. . 

Meandering of Rivers-Factors determining the size and shape of 131' 
Mithrao and K.hipro Canals at Makhi weir Ex. NarS. River (Sind)-control of 127 

sand entering the 
Model experiments-Field results of measures adopted after 5 
Model limitations-.action of tree groynes as regards bank erosion and 5 

accretion upstream and downstream of the groynes. 
Yodel-Scale Ratios of the Sutlej River model at Samasata Station-N. W. 76 

Railway. 
Model-Scale Ratios of the Lower Sind Barrage model on Indus River· at 107 

Kotri. · 
Model scale ratios-Time scale, based on tractive force formula used in Kotri 110 

· Island nose experiments-Lower Sind Barrage. 
Model Experillleuts-Technique of 142 

N 

Nira Left Bank Canal Head Regulator-Increasing the discharging capacity 122 

-· o.a.. 

Nira Right Bank Canal, Aqueduct No. 23-Fluming of 122 
North Western Cana.l-Sukkur Barrage on Indus E:iver-Flattening the 85 

slope of 

0 

p 

Piers-Bridge piers--scour round 129 
Piers-depth of foundation of-for. the proposed C. K. Railway Bridge aver · 14 

R&mganga. River. , 
Piers-maximum depth of scour at the nose of 140. 
1'\les-Longitudinllll and cross row of, at Titaghar Jute Mill (Bengal) to 39 

enable accretion and silting to take place. . 
Fresent and future water requirements and 'supplies in the Jumn!l' at Delhi 138 
Prevention of further erosion of the left bank of Sutlej River at Samasata 6S 

Station, N. W. Railway. · · · 
Frevention of erosion along the foreshore of the Hooghly Rive! above Calcutta.. 100 
Prevention of scour below the central sluices of the Jobra Anietit on the & 

Mahanadi at Cutt~~.ek (Orissa). 
an-ts 



Hltl INDEX 

P&ge of 
A. R. (T.),l-.6 . 

. P-contd. 

Pre~ention of slips of the right bank of Indus below the nose of approach 17 
channel-upstream of Snkkur Barrage. 

Preventing seriotts damage to the central sluices of Mahanadi Anicut at Cuttack 27 
(Orissa). 

Prevention of further erosion of the left bank of Watrak River npstr~am of 64 
!{a ira Town (Bombay). 

Prevention of further erosion of the left bank of the Rupnarain River above 130 
Kolaghat Station, B. N. Railway. 

Protection of the forcehore of the Anglo-India Jute Mill on the Hooghly 42 
(Bengal). 

Protection of Bridge over River and Canals 128 

Q 

R 

Rainfall and Run-off 
Rain Gauge Station Maps of India, Burma and Ceylon 
Hamganga River-probable maximum flood discharge of, at the C. K. Railway 

Bndge. 
Hamganga River-design of Guide Banks for maximum depth of scour at the 

proposed C. K. Railway Bridge. 
Ramganga River-Length of Guide Banks at the proposed C. K. Railway 

Bridge over. 
Ramganga River-maximmn depth of scour and depth of foundations for the 

proposed C. K. Railway Bridge Piers over. 
Rate of sand attrition in channels 
Regime-stable channels in Alluvium; divergence from 
Remodelling of canals 
Rivers and Canals-flow in 
River meandering-factors determining the size and shape of 
River Bunds in Sind-causes of breaches and steps required to minimise the 

danger of recarrence. 
Road Culverts-design of approaches and exits of 
Rupnamin River upstream of the goods yard, Kolaghat Station (B. N. Rail

way}-Measmes to reduce risk of attack on the right bank of. 
Hupna.rain River upstream of Kolaghat St~tion, B. N. Railway-protection of 

left bank by construction of a spur on. 

s 

·124, 131 
162 

10 

13 

15 

14 

115 
135 
123 
8~5 

131 
133 

37 
78 

130 

Sagi Hiver-J\Iinimnm W!!.terway required for-Jodhpur Railwt1y Bridge ~7 

Sand Load-Redistribution of-between Mahanadi RiYer and Katjuri River 44 
l:>ystem at Cnttack (Orissa). 

Sand-Rate of attrition of, in rivers and canals 115 
.Sand-Control of sand cutcring the canals taking off the Lloyd Barrage at 126 

l:>ukkur . 
.Sand-exclusion of saud from the canals at the proposed Lower Sind Barrage 105 

on Indus at Kotri. 
Sand excluding heads at Dehri-on-Son-redesigu of Son Anicut 127 
Scale ratios-of the Sutlej niYer model-experiments with Sutlej River 76 

model at Samasata Station-N. \Y. Railway . 
.Scale ratios-of Lower Sind Barrage model on Indus river at Kotri 107 
Scour-Depth of scour in river downstream, with Ganesh Iyer Volute Siphon 91 

Spillways. 
Scour-downstream of rigid structures in wide channels 114 
Scour,hole-Appro.,imate quantity of stone required for filling the-in the 26 

Approach Channel and coustmcting a pitched truncated nose at Sukkur 
Barrage. 



INDEX. 169 

Page of 
A. B. (T.),l~ 

S-contd. · 

"Scour-r~:todeUiulita.tion of tree groyne a.ction in reproducinr ·bank erosion ·and 5 
a.ccret1on upstream a.nd downstream. · 

Scour-maximum depth of, at heads of guide bank and groynes ·pier noses and 140 
· downstream of bridges. ' ' .. 
. Scour-Maximum depth of, at the truncated nose, Indus River above Sukkur 24 

Ba.rra.ge fo,: designing the apron. · 
Scouring ol channels-factors aff~cting 182 
Scour-below the central. sluices of the J obra Anicut on Maha.nadi a.t 5 

Cutta.ck (Orissa). 
Scour-optimum shape of the island a.t the proposed lower Sind Barrage at 112 

Kotri to get minimum scour at the nose of the ·island. 
Scour-round bridge pial'S 129 
Sewa.ge-Poona Sewage-disposal by irrigation of 128 
Silting and scouring of cha.nnels-fa.ctors affecting 182 
Siphon Spillways-preventing scour below Ganesh Iyer- Volute Siphon by 91 

mutual impact of Jets. . 
Siphon Spillways 141 
Slope-design of canals-slopes in perennial and inundation canals in Sind... 136 
.Soil classification and demarcation of. block area in Bombay Deccan 121' 
Soil.snrveys in Sind · 123 
Son Anicut-Dehri on Son Anicut (Bihar}-redesign of .127 
Spillways-Siphon· .141 
Standing Wave Flume-Controlled Irrigation 122 · 
Standing Wave Flume-design of-for the Ja.wa.i River Project (JodhpUr) 89 
Standing Wave Flume-water surface profiles in a. 5' wide S. W. F. with 86 

p,!l<ralltll sides at various stages. 
Sukknr Ba.rra.ge-Afllux due to proposed extension of the outer bank of 25 

Approach Channel upstream of Sukknr Barrage over Indus. 
: Sukri River-Minimum waterway · required for-Jodhpur Railway 37 

Bridge over. · 
Sukknr Barrage-causes· of accretion of the river bed a.~. and how to .reduce 137 

rate of rise. 
Sutlej Rive~ at Samasa.tti. dow~stream of the Empress Bridge a.t Ada.mwahan · 68 

N. W. Railway-training of 
Sutlej River-Training of the river with permeable tree groynes. 78 

T 

Tortuosity-Arc to ::hord ratio of Sutlej river lo<ip at Samasata station, 69 
N. W.Railway 

Transmission Coefficient qf sand sample from the bed of Damodar River at 94-
Sindri. . .. 

Tractive force formulo.-used in fixing time scale of Kotci island model- 110 
Lower Sind Barrage on Indus. 

Tree-Groynes-semi-permeable tree groynes, . to reduce risk of attack on the 78 
. goods yard, Kolagha.t Station upstream of B. N. Railway Bridge-Rupna.ra.in 

River. 
Tube wells-yield fr!Jm, in the Zhob valley 97 

. Ta~ wells-yield in relation to sub-soil 94 
Turbulence-Redaction of, in the River Hooghly downstream of the. 38 

knuckle at the Tjtaghar Jute Mill {Bengal). 

v 

Vanes-s~merged, to exclude sand from 'ca.usls ~t Lower Sind Barrage on 101 
the Indus at Kotri.-



170 J,.;DEX 

. rage of 
A. R. (T.),l~'B. 

w 
.V·latr·nray-mininmm for bridges over Sagi. Ebara and Sukri Rivers- 37 

J odhp11r Railway. 
Watrak Ri,·er-T;·aining of, at 1\:aira (Bombay) 64 
Watrak Ri\'Or-Tr•Je groynes to prevent !urcher erosion of ldt bt>J.ik at 64 

I\:nira Town. 

Weeds-water weeds and their eradication from canals 124 
Weir-High Coefficient weir profile (Hyderabad-Deccan) 86 
Weirs-High-Coefficient weir 141 


