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INTRODUCTION. 

1. lnt~oductfYf'!J note by Shri. A •. N. Kh~sla, 1. B. E., Consulting Engineer 

to the Government of lndiaf(JI' Wat~rways, Irrigation and Navigation. 

The Khadakwasla Resear_ch Station was fir~t established in 1929 by the 
Bombay Government. The Research .Sta~ion was taken over by the Govern
ment of India in the Labour De_partment in 1937 and_ named the Central 
Hydrodynamic Research Station. This was later renamed the Indian 
Waterways Experiment S~ation. With the creation of the post of Consulting 
Engineer to the - Government of India . for Waterwa.ys,' Irrigation and 
Navigation, this Station was placed in control of _the Consulting Engineer. 

On account of the increased demand for research facilities from the 
Central Government and from Governments of Provinces and States and in 
order to cope with the specia.~ research work required in connection with the 
large number of river development projects under investigation, it has been 
found necessary to enlarge the scope of this Station. It has, therefore, b.een 
decided to reorganise the Station and raise it to the status of ·the Central 
Waterways, Irrigation and Navigation Research Station (Letter No. DW. Dy .. 
13975 dated the 22nd May 1947 from the Ministry of Works, Mines and Power 
-Appendix I). '.rhe present Station at·Poona is to be expanded as far as 
possible and a new one set up at Okhla near Delhi. Between these two 
Stations it is intended to deal with all research problems connected with the 
schemes !or the conservation and utilisation of the water resources of India~ 
The reorganised Research Station wilJ include the following sections :-

( 1 ) River and Canal Hydraulics 
( 2) Navigation · - . . 
{ 3 ) Soils and Soil Mechanics . · 
( 4 ) Concrete and. Materials of Construction 
( o ) Statistics 
( 6 ) Chemistry 
( 7) Physics 
( 8 ) Mathematics. 

New sections will be added to deal with the problems connected with 
high dams and appurtenant works and hydro-electric development including the· 
designs of waterworks and generators. With the growing need for the rapid 
development of the many new valleys in India, it is felt that the calls on this. 
Research Station for carrying out experiments in all aspects of its activities. 
will be progressively l)n the increase and may soon outgrow the capacity of the
Station. It will accordingly becoipe necessary to expand the Station and esta.
blish specialized branches located at the sites of the various projects now under 
contemplation or execution. -

In the present research Station, research has been mai~ly confined 
to Waterways, river control and hydraulics. '11here has been a certain 
amount of fundamental research in other directions also. Notable among tha 
e~periments carried out during the year are those on silt exclusion from the 
r1ght bank canals of Sukkur Barrage, on the design of the proposed Lower Sind 
Barrage at Kotri, experiments with Volute Syphon Spillways, experiments on 
canal falls, on the training of the Katjuri river at Khanagarh and the.Hoogly 
near the Titaghur Jute Mills. , · 

The report also contains notes on rainfall. runoff, flood discharges, river 
c~ntrol problems etc. These are of the nature of expression of views ~o. 
stimulate thought and research. · · · 

_The work of the Station_was ably handled during the.year by Mr. K. K. 
Framjl, I. S. E. , the Director of the Station; Rao Ba.hadur D. V. Jogleka.r. -
Deputy Director, the Research Officers and Staff at Kha.dakwasla. 
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APPENDIX I 

· Copy of letter No. DW. Dy. 13975 dated 22nd May 1948 from the 
Deputy Secret~ry to th~ Govt. of India., Ministry _of Works, Mines a.nd Power, 
~o the C~>nlll?-ltiDg Engmeer to the Govt. of India. for Waterways, Irrigation 
and Nav1gat10n. 

Subject:-Re::>rganization a.nd,Expa.nsion of Indian W a.terways, Experiment 
Station into Central Wa.terways, Irrigation and Navig<~.tion 
Resea.rch Station. 

I am directed to say tha.t the Governor Genera.l in Council is pleased to 
accept the necessity of converting the present Indian Waterways Experiment 
Sta.tion at Poona. into a. strong 'fechnica.l Institute under the centrol of the 
Consulting Engineer for Waterways and Irrigation to meet the largely increased 
dema.nds for research in connection with the irriga.tion and bydro-electrio 
schemes for the conservation and control of the Waterways of the country and 
sanction its expansion and reorganiza.tion on a permanent basis. The 
reorganized Station will henceforth be known as the Central Waterways, 
Irrigation and Navigation Researrh Station. Some portion of the Research 
-Station as cannot be located at Poona, will be loca.ted at Delhi. The consulting 
Engineer will submit proposals separately for the orders of Government which 
of the officers of the Station will work at Poona.. 

2 The sanction will consist of the following research sections :-

1. River and Canal Hydraulics; 
2. Navigation; 
3. Concrete & materials of construction (e.g. cement, 

mortars, aggregates, etc ); 
4. Soils and Soil Mechanics; · 
6. Mathematics; 
6. Statisticsj 
7. Physics; and 
8, Chemistry. 

_ A Director and two Deputy Directors will be in charge of the Station 
and a. Chief Research Officer will be at the head of each Research Section. A 
sta.tement showing the posts for the station together with the ra.tes of p~toy for 
the posts is attached. These rates of pay will be subject to revision on the 
basis of the recommendations of the Pay Commission. The incumbents of the 
posts will also be eligible for the cost of living allowance or the dearness 
allowance, as the case may be. 

3. The Governor-General in Council is pleased to sanction a. non-ro· 
curring expenditure of Rs. 15lakhs for buildings a.nd equipment and a. recur~
ing expenditure of Rs. 6lla.khs per year. I am to request you to subm1~ 
detailed profOi!als in regard to the former in due course. 

4. I am to add that the Consulting Engineer should prepare a schedule 
<>f overhead charges for the experiments conducted by the Station on behalf of 
the Provincial and State Governments and submit it lor tho orders of 
Government. 

5. The expenditure on account of the reorganization of tho station 
will be ·debitable to the "Major llca.d-18- other llevcnuo Expenditure 
financed from ordinary Revenues ( Central )". · 

--



ANNUAL REPORT (TECHNICAL) OF THE WORK DONE · 
DURING THE YEAR 1947~ 

1IIL*OlliE I 

2. STAFF AND THEIR ACTIVI'liES, 

J)irectqr: Mr .. K ·K. Framji, Y: B. E., B. A,. (Bom.), .B. sc. (r..ond~), \ . 
. · A; K. C. {LOnd.), A. Y. Am~ S. C. E:, M. I. E., I, S. B •. ·. 

Deputyl}irector : Ra.o Ba.hadur D. V. J ogleka.r, ·;e •. E. 

Assistant Research Officers. 

1. Mr~ S. T. Ghotankar; Y. sc. . 
2. Mr. C. V. Gole, B. E. . ~- ' . · · , 

· 3. Mr. S. N. Muleka.r, ·B. so. ( Elec. and Mech.). from 22-5-47. 
4. Mr. S. V. Chitale, B .. E. from 52-5-47. . · 
o. Mr. P. K. Kulkarni, B. sc. ( Elec. & Me_ch.) from 22-5-47. 

. Research .Assistants. .. . 
1. Mr. S. N. Muleka.r, B • .sc. ( Elec.-and Mech. )'up to 22-5-47: .. 
2. Mr. S. V. Chitale, B. E. up to 22-5-47.' . 
3. Mr. D. P. Kulkarni,. B. E. (till 22-3-47 )~ 
4. Mr. P. K. Kulkarni, B. sc. ( Elec. andMech.) up to 22-5-47. 
o. Mr. G. T. Wadeka.r, B. E.. . . . 
6. Mr. 0. G. Ta.mhanka.r, B. sc. ( Elec. and Mech. ). 
7. Mr. P. M. Damle, B: sc. 

Overseer. 
Mr. N. K. R. Iyengar_. 

Computors, 
Mr. S. B. Barve. 
M;r. R. P. C. Varma, B. sc. · 

. Office Superintendent. 

Mr. D. T. Deshpande from 23-5-47. 

·The Kha.dakva.sla._ Welfare Centre, which was run by volunta.ry work 
a.nd financed by contribution from the Red Cross, the Rotary Club, Collector's 
Fund and Members of the Sta.ff of the Station, has been taken over by the 
Government of Bombay since 1st July 1947. · 

Figure 1 shows:-

( i ) the 7 places visited by the Di~ector during the year; . 
( ii) the 12 places where advice was :given without model experi· 

ments; 
a.nd (iii) the. 18 places where advice was given after model exp~riments. 

The 12 cases in which advice was given without mode!' experinients were 
a.s under:- · · 

1. Prevention of . damage done by floods in the Auranga :River, 
Ta.luka. Bulsar, District Surat. _ · . 

2 .. Protecting the Righ~ Bank of the Luni at Balotra. by means of a 
Repelhng Spur. · ·. . . 

3. Erection of a. dam at Wa.hegaon, Taluka. Karad, District Sata.ra. 
. ·, , 4. Proposed Feeder for irrigation in Cutch State from .the Kotri Barrage 
(see .item <;l-1-3 ). . . · 

. 5. Proposed construction of a. combined road a.nd ra.il bridge over the · 
R1ver Ga.n~a. a.t. Pa.tna. or Mokameh ·Ghat. (see item G-1-2 ). 

: . ~ .. Measures to be·. ta.k~n to stop erosion by J anoli River in Ratn&giri 
D1str1et of ;Bombay Provmce and protection of the •• Hind Chatralaya. " 
Property a.t tt.anka. v li. · 

7. Breaohe~ on N. W. line of M. & S. M. Railway Miles 82-113. 
. . 
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8. Prevent.ion of damage by floods t.o the downstream apron of the surplus 
weir in the Victoria Sagar 'l'a.nk in Sarnba.lpur District, Orissa.. 

U. Training of the river Ganga at Ka.npur. 
10 CoeUicicnts of discha.rge in notch type and v.·eir type falls on the 

Mahanadi Alain Canal, C. P. 
11. '.rrn.ining works for Alexandra Bridge over Chenab River. 
12. Design of S. W. F. of Jawa.i River Project. 
The 18 Cu.o;es in which advice was given after model experiments are 

described in detail in the body of this Report. 

}i~rorn lst to 5th January 1947 the Director attended the annual session of 
the Indian Science Congress, held at New Delhi. During his stay there he also 
in.qpcctcd the site a.t. Okhla., ncar Delhi, where the new Central V\7aterwa.ys 
J nign.tion & N a.vigation Uescn.rch Station is proposed to be located. He then 
paid a visit to Cuttn.ck froru Gth to 13th January 19~7 and inspected the Jobra. 
weir across the Ma.ho.nBdi, the Khann:~oga.r revetment and ot.her important river 
problems on the 1\lo.hana.di system. 

.-&0.&781 
C.W.I.& ... R.STH. 
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At the request of the Administrative Officer. Cochin, the llirea&or .t.nd 
Mr. T. M. Oag. Director of Na.\·igation. Central Waterways hrigation & 
Navigatlion Commission visited Cochin from 20t.h to 26 t.b llaroh lO.J'l. 
They inspected the Cochin Harbour and discuHBed with the Admmist.rative 
OUioer the desirability of constructing a. Tidal Mollcl of the hubour area. 
A .Preliminary note on the immediate a.meliorativo moasurea ( aee item 0-i 
vi-2) waa furnished. · • · 

On an invitation from the Chief Engineer, M. & S. M. Railway, Madru. 
the Director toured the M. & S. M. Line from Benigunta to Koduru between 
i'lth & Slat March 1947 for the inspection of the Railway Bridge over Swara
namukhi River a.nd other bridges which were severely damaged by the 1946 
floods. Remedial measures were suggested. 

Be~ween 18th to 20th May 1947, the Director visited .Ja.msbcdpur in 
connection with a. problem of having sand-free water supply from tbe Subor
narekho. River for the Tata Iron & Steel works and discussed with the Chief 
Engineer various points regarding the location of the intake, the desirability of 
dismantling the lower diversion do.m, and the potentialities of sluicing armoge
~ents, etc. 

At the instance of the Consulting Engineer to the Govt. of Indiu. (or 
Waterways, Irrigation & Navigation, the Director paid a visit to Calcutta 
in the middle of October 1947 for discussions with the Commissioners of tha 
Port of Calcutta. regarding the proposed Hooghly River Modol Experiments. 

The Hon'ble Mr. N. V. Ga.dgil, Minister for Works, Mines and Power. 
M"r. Khosla., Consulting Engineer to the Government of India for Waterwo.ya 
Irrigation & Navigation, and Sir Claude Inglis (late Director of the S~a.tion) 
were the distinguished visitors,to the Station during the year. Other promi· 
nent visitors were:-

( 1 ) The Chief Enginneer, Irrigation, Hydera.bad ( Deccan). 
( 2 ) Ra.i Ba.ha.dur Brij N a.ra.in, Planning Officer of Tra.nsport Depart

ment, Govt. of India.. 
( 8) Mr. T. M. Oag, Director of Na.viga.tion, Centro.l Waterwa.ya, 

Irrigation & Navigation Commission. 
( 4) Mr. Ma.nsingh. Director of Irrigation, Central Waterways Irrig .. 

tion & Navigation Commission. 
( 5 ) Mr. K. Green, Australia.. 
( 6) Mr. J. J. Murra.y, Chief Engineer, Port of Calcutt.. 
( 7) Commander Pa.wsey, Deputy Conservator, Port of Calcutta. 
( 8) Mr. ltl. D. Kilford, River Surveyor, 'rhe Commissioners f<•r the 

Port of Calcutta.. 
( 9 ) Lt. Col. T. Blench, Director

1 
Punjab Irrigation Resea.rch Insti-

tute, Lahore. 
(JO) '.rhe Sanitary Engineer, Gwa.lior. 
(11) Mr. A. R. Thomas, Executive Engineer, Bombay. 
(12) Mr. G. N. Pandit, Project Officer, Central Wo.terwa.ys, lrrigatioa.. 

& N aviga.tion Commission, New Delhi. . 
(18) Shri 'f. F~. Sheshadri, Physics & Soil Mechanics Officer, Madra~. 
(14) Mr. M. N. Venkateson, Central Technical Power Board. Simla .. 
(15) Mr. '.P. M. Setbna. the Execlttive Engineer, BesearalJ· Division, 

lrara.chi. . 
{16) The Executive Engineer, G. I. P. Railway, Bomky. 
(17) llr. Pra.sad, . Assistant Engineer, Bihar. 

Student11 and Professors from the following colleges and institutiona 
... leo ·visited. the Station daring the year:-

( 1 ) Stude~s of tha Class of Well Inspectors, Bomba1. 
( 2) College of Engineering, Poona.. · 
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{ 3 ) Ka.la. Bha.va.n Technica.l Institute, Baroda.. 
( 4 ) Shri · J a.ya.cha.ma.ra.jendra. Occupational Institute, Ba.nga.lore. 
( 5 ) School of Engineering, Ba.nga.lore. 
( 6) Ka.lya.n High School, Kalyo.n. · 

The following experiments are in hand or on the Priority list:-

Priflrity I (Specific Experiments) 

· { 1 ) Experiments fo~ the Kotri Barrage· Design ( Sind ). 
( 2 ) Coefficient of discha.rge of Lower Sind Barrage profile. • · 
( 3 ) Kuakhai Road Bridge . site CO : experiments to evolve the .ne• 

cessa.ry tr~ining works { Orissa. ). 
( 4 ) Ka.tjuri' at Kha.nnagar near Cutta_ck, Qrissa. ; experiments to 

protect the 1\ha.nnaga.r bank. 
( 5 ) Hooghly estuary model : experiments for comprehensive tra.ining 

of the estuary for navigation. . 
( 6 ) Training of the Kshipra. a.t Ujjain ( Gwalior Sta.te ). 
( 7) Bhandarda.ra. Waste weir experiments: design for Siphon Spillway 

(Bombay). · 
( 8 ) Tansa. Automatic. Gate Desi~n (·Bombay ) . , 
( 9) Training of the Tapti River ~t Surat {Bombay). · · . 

'(10) Tril.ining the Ralayeru River atM. & S. M~ Rly Bridge No. 189. 
{11) Improving the Cochin Harbour.· · 
(12) Staunching of canals- testing P. B. S. Lining. 
(13) Testing the suitability of alternative bridge sites on the Ga.nga. a.~ 

Patna. a.nd Mokameh. 
(11) Reducing the range in Madras Ha.rbour. 
(15) Design of a. Siphon Spillway for the- proposed Vir dam. 
(16) Study of pressures on the ~a.sonry floor of the proposed Vir dam. 
(17) Design of protective mea.sures_for the B. N. Ra.ilwa.ybridge a.cross 

the river Mill ( Central Provinces ). 
(18) Koilsagar ·Dam ( Hydera.ba.d Deccan): design for a siphon 

spillway. . · 

Priority II ( Specific Experiments ) 

( 1 ) Training of the river Bhadar ( Bombay ) 

( 2) Design of a. siphon to supply discharge into the Mutha. Right 
Bank Canal ( Bombay ). 

( S ) Experiments for the Kabo Hea.d-works on the river Mu (Burma). 
( 4 ) Protecting the M. &. S. M. Railway Bridge across the Ra.dihalla-

Beniha.Ua. ·.river. . · 
( 5) Training of the Ganga. a.t Ka.npur. . 
( 6 ) Prevention of ba.r· formation a.t the ,J~a.tnagiri Creek ( Bomba.y ). 
( 7 ) Prevention of ba.r formation a.nd ·erosion .a.t the Ba.vitri B~ver 

( Boml;>a.y ). 
( 8 ) 'l'rainiog of the Aliba.g port for na.viga.tion1( Bomba.y ). 
( 9 ) Design of the training works for the proposed .bridge across the 

·· · Goda.va.ri at Ba.ja.ma.hendry. 1 

(10) Design of the tra.ining works for the proposed Rly; bridge acrosa 
the Kosi a.t Kursela. ( 0. T. Rly ). 

(11) S. W. F. design for tho Ja.wa.i project ea.na.l. 
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PRIORITY ( BASIC EXPERIMENTS. ) 

( 1 ) Sand Channel experiments : to evolve the relationship . between 
various hydraulic factors including charge . 

.( 2 ) Meanier experiments : to evolve the relations between the 
meander lengths, belts, etc. and charge and discharge . 

. ( 3) Attracting and Repelling spurs and Islands-their position, orien
tation and dimensions in respect to meanders characteristica. 1 

( 4 ) Standardisation of high coefficient weirs. 
( 5 ) Study of the vortex formation, its profile etc. -in ~miection with 

the design of the Ganesh Iyer's volute sip.hon. 
( 6 ) Standardisation of Venturi flumes. , 

~ 7) Study of water profiles inS. W. Flumes. 
( 8 ) Study of the effect of curvature on the maximum recovery of head 

with different glacis slopes in Flumes· & Falls. 

( 9) Study of form drag on piers. 
(10) Standardisation of Uuming of regulators. 
(11) Improving the wave producing machine. 
(12) Scour downstream of rigid structures. 

Three Notes on ''Basic''. problems and 12 Notes on ;~Specific'' 
problems were written during the yea.r. 

- . 

Reorganisation a.nd expansion of the Station have· been sanctioned to 
meet the largely increase<l -demands for research in connection :with the 
Irrigation and Hydro-electric schemes for . the conserva.tion and control of the 
waterways of the country 'fJide Govt. of India. Department of Works, Mines 
and Power No. Dw. Dy. 13975 of 22. 5. 47. Selection of staff a.nd provisiou 
cf equipment and b~dings are in progress. 



RAINFALL PnonABILITY 

A- HYDBOLOGY. 
1. Rainfall and Run- off. 

( i) T~tal volunw of run-off incl·uding the ata'flll:ardisation 
. of ]lydr~grapl1.8 and tlwir analysz:S. 

A - 1 ( i ) 1. SoME FEATURES OF PRECIPITA.TIONA.L V A.RIA.TIONS IN 

THE UPPER INDUS CA.TCIDIENT-

A PROBABILITY METHOD OF A PPROA.CH, 

By 
G. M. PA.NCHANG & K. K. FRA.MJI, I. s. E. 

0. 0. Introduction: 

1 ' 

· Precipitati~n has been recogniZed for a long tilr!e as :one of Nature's 
most vagarious phenomena. Its_year to year or place to place variations are 
so 'capricious that even approximately long term predictions :cannot be m~e 
with any fa.ir measure of certainty. All the same, instance~ are not wantmg 
when rainfall of individual stations andfor catchments have exhibited peculiar 
cha.ract~ristic features which keep on repeating in series of years. To illustrate---:
though there may be no apparent continuity in the total precipitation from one 
yea.r to the next, yet the annual precipitation of a station ( or catchment), when 
averaged over a. sufficient number of years, keeps sensibly constant~ . It is 
thus a. matter for conjecture whether the year to year departures from the long. 
term a.verage aJ,"e not also governed by .a. set of precise probability laws as in the 
ca.se of other natural ~benomena. 

A number of hypotheses have been postulated at. different times for the 
laws governing the variations in natural phenomena.. One hypothesis, for 

· example, puts it tha.t rainfall at any place is cyclic,· being Qontinuously a.bove · 
normal ·for a. riumber of years and below normal for an approXimately equal 
number of succeeding years, the total number of years together forming the full 
period of the cycle. · 

. The present paper is an attempt to examine the recorded data. of 7 5 
years ( 1865-1940) of all the raingauge stations (of the India Meteorological 
Department) included in the upper catchment of the- Indus and its three 
'principal tributaries, viz. the Sutlej, the Bea.s and the Chenab, · for the 
existence of any such laws. 
0 .. 1. Que$iannaire : · • · 

. The following questionnaire 'was,' therefore. fl:aine9. b:f' the I)ifector 
(when he w_ason~Spe<?ia~ D~t:r in' Sind) to examine certain of themor~.accepted. 
hypotheses In their apphcah1hty to the above data : · , · 

(1 ) Does the ye!lr to year rainfall phenomena. obey a1;1y long-tlm11 or 
· short-term cyclic law?. If so, what is the .most probable period 
of the cycle ? . , ' 

. ( 2) . If rainfll.ll is not a periodic fmiction of time, what is the ·least 
number of years for which the mean: val~ of annua.l rainfall does 
not 'vary appreciably fr~m that over . a. longer period of years ? 
35 years? ' · · 

( 3) What is the e~tent ~f y~ar .to year variations from the no~mal r 
Do the variations fall within well defined limits? . . · 

( 4) Storage projects have been sometimes framed on tl;w: basis of 
supplies available in the worst year or a continuous series of bad 
years. What is the t:r:obf!.biHttJ of the worst year and the worst: 
3. and worst 4 in 10 years f . · . . :· . . 

( 5) What is the percentage ·of all year~ .above and below the m~a~ in. 
each record ? · 

( 6) What is the av~tage fall for wet and dry years ( i. e. above and 
__ below the mean respectively } and what are t~e respective ranges-

of variation ? · 
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( 7 ) What is the ratio of the rainfall in the driest ( and wettest ) year 
to the normal 1 What is the ratio for the average ra.in£3.11 in the 
9, 3 a.nd 4 driest years to the normal ? · 

( 8) l>'l the figures substantiate the·hypothesis that the divergences (rom 
the normal are greater for t;t&tions with rela.tively Emaller ra.inCa.ll? 

S4nilat: questions have been answered: by eminent s.uthorities like Sir 
Alexander Binnie (1) _!Uld others for other: Catchments but their approach to 
lhe problem was different.·· - · 

1. Does the year to year rainfall plumOfM1la. obl!!j any long-teNia or &lwrt-terna 
cgcli.c law 1 If 80, tclwt is tlt6 fllod prohabld period of tlte t:yc!A 1 

1. 1. Temperature, humidity, hours·of sunshine and other natural phenomena. 
are, generally, governed by a. periodogram law-sometimes subject to a 
combination of mor~ than one periodic variation; for example, temperature is 
subject to the solar year as well as the solar da.y cycles. Is rainfall a simila.r 
cyclic phenomenon 'I · · 

1. 9. &.infall is apparently- irregular hi frequency, duta.tion and magnitude: 
r~ins are often early or bte, it is either . a dry year or a. wet year; and so on; 
but, nevertheles~, there is a current belief that rainfall v.ariation.s repeat 
themselves after a period of 35 years. A successful estimate of the perioa T, 
if rainfall is cyclic·, would be of great value for prediction of the twrrr.al 
expectation from the recorded da.ta for any T successive years. For example, 
if R 1 and R, are the highest and lowest annual falls in_ a region subject to cyclic 
rainfall with period of cycle 35 years, rainfall would be a continuous funttion 
of time t with any year's fall very nearly expressed by , 

1/2 (R1 + R 3 ) + If.! (R1 - R 3) Sin 
2 ; 5 t .••••• (i' 

where t assumes all integn.l values from 1 to 35. 

1 •. 3. Assuming precipitational variations are governed by a periodogram law 
expressed by ( i) above, all intensities of rainf.all betwren R 1 and. R 3 would 
ordinarily occur with the same frequency in a long series of years. PreTious 
recorded data. for several ra.inga.uge &tations, however, disprove the expectation 
.and incidentally rule out the hypothesis of such periodicity, Nevertheless, 75 
sea.rs' ( 1865-1940) actu.al recorded data. of rainfall-K/wnf & RaM data 
.considered separately--observed at 7 raingauge stations in the Sutlej Catchment, 
-where a.n.alysed for periodicities to see •if there is any such indication in 
these data.. 

The method adopted was the usual one of calcula.ting the mean phase 
values at each stage for all probable values of T. the length of a complete cycle. 
Taking a.ll the alternative integral values ·of T = 2 to T = 37 yt ars, the meagre 

• data of 7 5 years permitted only two repetitions of the individual phase values 
for calculating their means .at each stage. A comparison between the 36 
ranges of variation of these mean pluse va.lues (for what they BorA worth ) 
seemed to indicate a period of 22 years as more likely than any of the other 
35 alternative values examined. [This finding is based on the analysis of the 
data for KlUJT•f t:ainfall at one raingauge station, na.mely KaSAuli; but it is 
auffieie.ctly indicatiYe o( the trends of other stations ] 

Values of T from 19 to 23 were next examined in greater deta.il, ro as to 
produce at least one more repetition of the cycle from which to calculate the 
mean phase values. The rangEs of variation between the mea.n phase values 
at Ka.sa.uli thus obtained were ~ • 

T (Years) ~ 19.0 · 20.0 21.0 21.5 22.0 23.0 
Range : 30.0 33.9 40.2 46.2 41.3 31.9 

The peak value of 46.2 indicates a precipifation cycle, if one exists, of about 
21 1 fJ years duration. In view of the very scanty data. a.nd the ma.rked lack of 
any uniformity in the four repetitions little weight can be attached to the 
reality of any long-term period (such as 22 yea.rs) as this could be due to 
purely fortuitous causes alone. 

( 1) Paru No. 259L lnmtutc of Ci,iJ EnainecQ l Londoa). 
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1.4, · ,A·sear~h for lo'f.er periodicit~es._2 to 15 yea.rs-aooordipg.to the more 
exac~ method Clf the variations of the correlation ratio. ~ased uniformly on five 
repetitions of the cycle, did not yield inore fruitful results for a.ny of the sev:en 
stations in the Sutlej Catchment, for either the Kharif season's or the Rabi 
season's rainfall. · - · 

2. . If rainfall is not a ~die fu·nctioo of time, . what is th8 ilwrtest period of 
rainfall frr:rm which the m'Jan normal rainfall of a_ny place can . be reasonably 
estimated - i. e. wliat is the least number of years for whwh the mean. value of ann~ 
rair&fall does not var!J appreciablg from that over a ltmger period of years 1 80 yean J 

. - . . ' 

2.1. While the investigation of periodicity must needs be postponed until more 
data of rainfall become available, it is important to know the minimum number 
of years over which the calculated average yearly rainfall -at -any ·locality 
~e~ins sensibly co~ta.nt. . : r. r . '"i' 

2. 2.; · For.this p~rpose~ partial means _for all po~sib~e 35~yea.rs ·and 4fi:-yea~ 
contiimous periods· were computed in the first inst8.nsce~ The 75 years 'dat~ 
(for 6 raingauge stations in the Sutlej Catchment) provided, for e'ach station, 
41 successive..mea.n--¥a.lues-for-35-years periodsrand 31 mea.n values for-45o;;.years 
per~ods. 1_ ~~~ 7~ years~ average being taken as the "no~mal". it was used h.s 
the yardstick wtth whiCh to compa.re the sev~ra.t p&rtl!i.L..means._an~ thdir 
precentage deYiations from the ''norma.l". The yalues of the largest bercen.ta{Je 
differences of such partial mea.ns from the "norinal'' are .tabulated below for 

e~~- ~f the:~ix;:riL~~ti~e~·-st~tio_n·~=~~ \~_-- ~-- : I ~. \ ~ I 
-T:.urt, A-1 (i)-1.i - ~~ ·cr- .I.. I 

.. · --~- -~-·- · ·~ -----~ ·-- .-,~f; .. ;. !!erc.n.. tags Dev~auon from t R.aingauge .. Normal'" Sta~da~ ~~'!ge 1 1 ; :75 years~ mean j \ 
Season Station · i. e. 7$ Devunon. coe~cu;nt: , l ; 1 , 

1
. i . 

_ . '_ yeara• - .. · ofvan•uon. · · ' o£35 o 45 j 
.. mean · - . · · ; _i :teara mean .. - 1 ·yeaiS

1 
mean_ 

1
. 

rainfall 

I 2 
, I : l I . l Lowest: J Highest 1 Lowest I Highest , 1 • . i -4 ·· 5 · , 6 . . 6A 7 7A . 

·- - ~. 

Kasauli 56.02 16.14 28.8 ... 89' + 2.3 :... 5.5 + 1.1 I 
' 

Bara.uli 41.38 13.67 - 33.0 ..:1o:1 + 5.4 -SA +'2.3 
Simla. -52.51 12.02 22.9 -4.9 + 4.5 - 5.9 + 2.9: 

mA.BIF Kot.Kha.i 31.86 12.48 39.2 -18.6 +19.2 f-17.9 + 9.61 
~otGa.rh 34.86 13.66 39.2 -19.3 +17.2 -18.0 + 8.9: 
Una 31.51 10.14 32.2· :-' 3.2 - .± 6.0 -1.4 + 5_6 
Ka.sa.uli 10.a2; 5.18 1. 50.2 

I 
-14-d + 9.0 ,.- ~.4 + 7.0 

Ba.ra.uli 9.61 4.80 49.9 -11.7 + 8.8 -10.5 .+ 4.5 
Simla 10.65 5.12 48.0 -- 1.4 +13.1 - 1.5 +11.6-

BA.BI. Kot Kha· 11.51 5.75 49.9 

\ 

... 9.4 + 9.2 - 7.1 .+ 5.9: 
KotGarh Ii.57 - .6.18 -- .53.4. - 9.7 + s.o ,.- 7.1 +.3.9 
Una 7.19 5.02 69.8 -3.6 +16.3 r- 4.1 .+12.0: 

; ' 

The 35-years' means do not ~generally deviate from the 7'~year~· means 
by more than about± 10 percent for Kho.rif and:±l5 per cent for Rabi Season's 
ra.infa\l. The two exceptions; Kot: Kha.t-and Kot Ga.rh in Kharif, do not sho-,v 
any m~terial improvement even by inalnding 4q years• data for calculating the 
partial means. On the other ha.nd, the very large values of the coefficients of 
variation (in Col.5 a.bove) for the stations registering big percentage d4via.tions 
perhaps indicate that dispersion is ra.ther inherent _in the. Stations themselves. 
In a similar manner, the same explanation answers why a wider measure of 
latitude is necessary in the Babi season's rainfall. 

2.3. It was, therefore, considered more appropriate to attempt to fit frequency 
eurves to the· rainfa.ll data with a view to obtain the eXtent of the probable 
deviations of the fa.ll above and below the normal, their long-ra.nge frequencies. 
eta. • 
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r> -;. ;:~ Startipg with the Kharij' raiDlall at Kasauli a. ~kew .distribution' of 
-.Pearson type I for the pe1cenlag6 probability of ra.infa.ll fu a.ny one year being 
equal to R ·Wa$ obta.ined as-

. y = 11.68 ( 1+ R-56.36) 4.002 [I R-56 36] 8.051 . ·.: .. 
46.638 84.389 .•..... ( ll) 

'-\Vi.tb ·skeWness equalto ·o.I9. · The curve is, therefore, not' very fa.r from being 
·symmetrical with the total prohaUlify of rainfall exceeding the mean · being 4~ 
~ercent. . . . . · . 

· Other general indications are also evident from this curve, such as 1 (a) 
years of scanty rainfall occur :more frequently than very wet. years ; a.nd (b) the 
extent of the departures of J"&.infall in above-normal years is larger. than in 
b~low-no~malyears. . . · . . . . · : 

This method being thus evidently promiPing, it was applied to study the 
freq'l.l.e1lC'J features of precipitation in whols Oatchmen.ta rather than at individua• 
stations, since it is the former that are more important in irrigatio~ 
engineering. · · · 
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2.4. · The catchments considered in this stud~ cover ~he four principa.l riv~rs of 
the Punjab, :viz. the Indus '(15 statio~s), SutleJl7 stations~. Chena.b (12 ~tat1ons) 
a.nd the Beas (10·stations)~ The ~ts of freque~cy co~s1dered are stat~on-ye0:rs, 
the total rainfall recorded at ~ny ra1cgauge stat10n durmg ~ach .- s~ason. be~g 
taken to consititute one tdati&n-year. The names of the ramgaug~ statio_ns In 
each catchment and the number of years for which the records we~e a. va1la.ble . 
for each station are shown in Appendix I. The data for the total~ n~~ber of AJ!p~ndml 
station-years· ~D. ea9h catchment were then analysed for . the. proba1Jil1;ty t~at A-

1<•>-1 

the average rainfall in the catchment does not ex.ceed f!'ny sp~mfi.ed yalue durmg 
a season. This was done by the method of fi.ttmg appropriate Pearson type 
frequency curves to the obflerved uneven distributions. The ,~urves t~rned ~mt 
invariably to be of Type I with fj.nite ends on either sides, their e.quat1ons bemg 
of the from- . , 

~ == ··( 1 :+ R - mod·e:)mi (. i _ .R- mode.)m2 _. i. ... Figs .. I&: 2 
Yo 81 82 dR ._.. · .... (lU) A-1(1)-1 

The ·values of the CO'WJtants for each catchment are as set out i'n Tab~ 2. Table 21 
The positive signs_ of skeu-ness-skewnesss is a.· ~elativ~. measure. of the A_ ( i) _ 1 

deviation of the Modal {i. e. the most frequently occurrmg) ra.Ii:rlall (Cpl 3) from 
the mea~fall_(CoL 9) in terms of the standard deviation-all sho'Y that years 
of deficient rainfall a.re more frequent than wetter years. The large values of a. 2 
indicate that the relative frequency of years with rainfall in 6xcess the of modal 
tails off very gradually to the limiting value o! the rainf~ll. , These~ and other 
features (e. g. the· :proballility ot years with varying a.mounts of annual rainfall) 
are evident from the form of the- frequency curves for the various ~atchments. 
The high degree of contact on the right implies the decreasingly small probabi-
lities of very '\yet years, wh~ch, however, cannot be ruled out as; a.lhogether 
improbable. . : ~-. . r~ I I 

2.5. · An_:douxiliary.set of cu~es·~are presented In figure 3 for tfe pro'ba'llfiity that Fitf. 3 
the t_otal rai.Iif~l in a. season wilLnot be less than any sp~cified amortnt;: From A-l(i)-1 
'he curves. which are obtained by plottmg the ratio of 'the definite integrals. 

' r~ ,.. • - . .._ ~- ~: .. .. ~' 'c·' ... t' ...... . 
00 I . OD f"' _, - . - ' ... .. 

j'Pr~b (RJ d.zi + J ::Prob (R) 'aR~ .. - ag~inst -R, the probabjlity ;h~t the~erage 
K 1 . . .. o I ;·: 

rainfill will IJ.ot be-less of th:~n a. .;Pre~cribed figure can be directly re~d ~Q.ff; for 
exampl~:~t~e proballilit?f o(total~ ra¥a11-~ ~n a?y Kharijseasop. beifg not less 
tha.n 20 1 m the SutleJ catchment, IS 85.8 percent. · 1 

3. ; What is the extent of the year to year vaiiatiO'WJ jrW£ the fW'I'fTUll 1 Do these-
t1ariati€YM fall within well defined limits1 . ; . 
3.1 •. It has already been s,ee~, .'llide -para~ .. 2.~·,above. that the 35-y~ar average
pro~Ides a reasonably ~ood estJn;tate of loJ;lg te!~ average fo~ any, raingauge· 
stat10n; !ron:t" the· pomt pf actual: lall....,to l;>e expected during any season. 
ho~ever, the modal (or the most-frequently occurring value) is a. better· 
estimate. On the other hand, for ·an the eight cases considered in Table 
~ the modal Jigures are seen to. be. , les~ tha~ the mean. •. ·Though the fall 
most often to. be expected centres somewhere .round the mcde any rainfa.U 
n.Iue lying between - · · · · , · 

1 · !'JTUJde - a. 1 a.nd mode + a. 2 

may b~. equally expected to occ~r in an individual year with its corresponding. 
proballil~ty expressed by the right ·hand side of equa.ti<Jn ( iii ) with the 
appropnate value. substituted for R. 'l'hese'-probaUlities h&ve a. 1 ve1y steep 
lise. from 0 at R = mode-a 1. to Yo ·a.t R =mode, and a slow gradual fall 
agau~ to 0 at R = "'-?de ~ ~g • . ~epe_.I_:lding on the value of a.2 which is. 
:relatively. large. Nevertheless, there is no year to year continuity in the· 
values of R nor any certa.i~ty about the 1rolable values in specific years. 

3. _2. A~l that it is possible' to say is that the variations oi a. season's aYerage 
:ra.mfa.ll .m the c~tchments examined are ordinarily confinEd ht"£Cn two· 
'\Vell-defmed but Widely different minimum and maximum Hmiting Talu€s. 
4. Wha_t ~s t~ze p~o~ability of any one yel!-r's total '[lrer:z'pitation bez·ng in defect 
()j the r.recz'l'~iatwn 1.~ tlze !Co!·st _ !Jear .on rewrd r What is the -probab£lity of ~ 
fJ7' 4 ~ch years vuurr1.ng u1.thm a srecijied p:riod OJ say, 10 yean ? 
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RAINFALL PROBABILITY 18 

4J, Fignre 3 is very usef~l for estimp.ting the probability that the average Fig. 
3
. • 

rainfall of the catchment during a season shall not be less than any dangerously A-lll>-
1
. 

low value, say, x" .. The probability that the rai~f~ll will actuall:r be in defect 
of x" will be simply the compbment probabiZ~ty, or.. the d1fference from 
IOO percent of the pr_obabi~fty th_at the rainfall shall not. be les~ th_a~ x". 
Thus for instance, If 15 fall 1s assumed a low Khanf average m the 
Sutlej Catchment, the probability of ·the fall not e;xceeding 15'! during any 
one season ca.n be directly estimated as 6.42 percent . 

. But if it is desired to estimate the probability that . there shall be 2, 3 
or 4 such bad years with falls less than 15" ,say, within a specified period 
of 10 yearsf these conld be further deduced by a simple application of the 
binomial law of probabilities. According to this law, the percentage proba-

biZitiJ of there being r bad years out of 10 will be equal.to 100 ( 10. Cr pr q
1Q-r); 

the coefficient of pr in the expansion of the binomial expression 100 (p + q)1° 
with the value of p ( = 1 - q). = .('642. Putting r = 0, 1, 2, 3 or 4 
80 that there shall be 0, 1, 2, 3 or 4 years with rainfalls less than 15'( within 
our specified period of 10 years, the probabiZitiles respectively are : 

r 0 .1· ~ · 3 4 
51.5 35.3 10.9 2.0 . 0.2 percentage 

probabil-ity 
Multiplier 
for consecu- 9 8 7 
tive r bad years 45 l20 210 
The corresponding probabilities for a ·$eries of r ( r ~ 2 ) con.c;ecutive bad years 
will be obtained by multiplying the above probabiltities by their respective 
multipliers (also given above). Thus, the probability .for as many as even 3 
years out of 10 to record· average falls below 15" remains .very small indeed, , 

bein
0
o- orily 2 per~ent and for 3 consecutive bad years being 2x-8- = .133 ·,-- . . . 120 

therefore, such contingencies apparently, · need not be- considered while 
:a.esigning large storage projects in these catchments. _ 
4. 3. By a similar application of. the bl.nomial theorem, the probabilities 
of the fall being below normal on r occasions out of 10 are also derivable from 
the successive terms of the same binomial with p = 1- q put equal to .5460 
for Kharif aJ?.d .5695 for Rabi. These probabilities, along with their expected 
11onnual average falls, are shown in table 3 below,=-:- · · ·. _ 

Table 3jA-1 ( i )-1. 

Number o£ years with 
rainfall. 

l'ERCENTAGI!. 1-'ROl:lA
BlL11Y . 

-of Tainfall in r years cut~ 
10 being below normal, 

b 1 I above 
. e ow rlnormal . _n-'-;l~~~"-ral_ 1---~- __ R_a,--bi_. -

2 -· 4 

Kharif 

I 3 

0 10. 
1 9 
2 8 
3 

I 
7 

4 6 
5 5 
6 4 . 7 3 
8 2 
9' 1 

·10 0 

.037 
.45 

2.42 
7.77 

]6.34 
23.59 
23.64 
16.24. 

7.33 
1.96 

.24 

.022 
.289 

1.72 
6 07 

14.06 
22.32 
24.61 
18.60 

9.23 
2.71 

.36 

•Expected annual fall 

M l . li ti I under the , 
u tlp er orr contingencies . 

below normal years specified (in inches) 
to come · 

' 

consecutively; Kharif I Rain 

5 6 7 . 

1/5 
1/15 
1/30 

/1/42-
1/42. 
1/30 
1/15 
1/6. 
·1 

J 

54.15 
51.31 
48A7 
45.63 
42.79 
39.95" 
37.11 
34.27 
31.44 
.28.60 
25.76 

14.S7 
14.10 
13.33 
12.57' 
11.80 
11.03 
10.26 

9.49 
8.73 
7.96 
7.19 

Col~~s 3 _& 4 Wh1Ch conta.m the percentage probability values for a season's 
:preClpLt~tl'Jn to be .b~low normal only in 0, 1, 2, : ............ 10 years (and above 
norJ:?a.l 1n the rema.mmg years of continuous period of 10 yea.rs) show that the 

4 



. 14 Al.'NOAL REPORT (TECmNICAL) OF WORK DONE DURING 'l'HE YEAR 1947 • . 
probability va.lues attain their maximum for r = 6, 'fhis brings o\lt that it is. 
?nore likely for precipitation to be below normal only in six years out of every 

' ten than in any alternatiye combination, 

lj, 1Vltat t"s tlte percentage of all years abot·e am:Z below tlw 711Rat' in taclt record 1 
For the eight cases of frequency curves fitted to the data. in this paper, 

the proportional frequency of years with rainfall exceeding, the normal-in other 
words, the probabihty of a season's rainfall exceeding the normal-can be 
estimated by taking the ratio of the area (Ill the right of the mean line to the 
whole area. enclosed under the frequency curves. 'fhese probabilities, which are 
already given 1n column 10 of Table 2, are all seen to be below 50 fJercent. 
Similar figures for the percentage of_years with above normal rainfall have peen 
computed for each ra.inguage station on record in the 4 catchments considered 
he1e {vide column 4 in the Appendix), These figures also generally work out 
to· be smaller than 50 percent with a. few isolated stations recording higher 
percentages. . ... 
6. lVbat is the average/all for dry and 'wet years ( i, e. those below an.d above 
tlte nor11bal) a·nll what are the respective ranges of t•ariation 1 . 

The average rainfall for all dry or below-normal years and the range of 
individual year's variations during such years have been computed for cac'b rain-. 
gauge station on record.{vide columns 5 & 6 in the Appendix). Similar figures 
for wet or above-normal are shown in columns 7 & 8. 

7. What i8 tlte rat·io nf tlte rai·njall i1' the driest (and uV!ttest) year to tlte 
normal 1 What is the ratio for the at'e1·age minjall tn 2, 3 antl ..J driest year~ · tv 
the narmal 1 . 

The percentage ratios of each station's wettest year's rainfall as well 
as driest year's rainfall to its normal fall have been given in colun.ns 9 

. and 10 respectively. The percentage ratios of the average falls in 2, 3 and 
4 driest years on record to the normal fall are, similarly, tabulated for each 
sta.tion in columns 11, 12 & 13 respectively. An important rainfall feature 
ihown by,figures in Column 9 is that the variation of the maximum rainfall 
from the mean. rainfall is as high as 600 'PercenfJ; whereas in the driest 

· f minimum rainfall · · . 
yea.r the rat1o o . -f---11-- can, at the most, lower itself only to zero mean ram a · • 
This shows that variations of rainfall during wet years can be exceedingly larger 
than similar variatio~s during lean years, which fact is also evident frtm the 
eight elongated positive skew7ype frequency curves fitted to the catchments' 
data.. ~ 

8. Do fi!JUres itubstaniiate the lq/[Jothesis that the dit•crgence from norrnal are greater 
for stations with relat-ively 8'11ULller rainfall ? . 

The percentage coefficient of \"ariation whidt is defined as 
Best average measure of dispersion_ 100 x Standard De'\'ifl.tion 

100 ?< . --Mean raintall --- - ---btea-n--raiii(a.U suggests 
itself as the most approp-riate means of testing this hypothesis. These. coeffi-

Fia dents were, accordingly, calculated for the several statitns (vide column 14 in 
4/A·rli)·r the Appendix) and plotted against the mean rainfall of each station (Figure 4). 

The ev1dence is only qualitative but substantiates the hypothesis. 

9. Resztml, 
A questionnaire of interest in the. study of the yc~r to year ,·ariations of 

rainfa.ll in four large catchments of the Upper Indus Basin bas been attempted 
to be answered in the body of the Note. · 

For simplicity, all raingo.uge stations have been given equal wcigbtage 
in the analysis. . • 

The distribution laws governing the variations, for both the Umnj 88 
well as the rabi seasons' rainfall, in these cntl:hmmts, gennally "ullsc-rHJe to 
type I of the Pearsonia.n system of frequency curves, the skewness being 
positive. By integrating these cunes, probability c-unc s {(Jr ilircctly rcadiDg 
off tho probability of a. season's rainfall not falling short c:C any specified 
measure-have also been prepared. Together, these curves rrov1de the answers 
to the Questionnaire-on o. statistical basis. , 
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Appendix I/A-1 (i)·1 Sheet 1 
Analysis ·of rainfall· d~ta of Sntlej Catchment : Kharif Season. 

Below normal Above normal Percentage average faU or'the driest,. 
- P~r<:entage 

No. of years Normal ot Percentage ~ . COEFF. fall in 
Stations Date avail- mean ' of yeass wettest of 

able for rainfall in above Mean fall Range Mean fall .Range year. 1 2 " 3 4 Variation, 
in<:hea normal Year years. yeara years 

I ----
I 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Kasauli 75 56.02 46.6 43.72 33.57 '70.09 44.50 179.9 38.2 41.~ 43.6 46.6 28.8 
Bara.uli 75 41.38 44.0 32.40 31.44 52 81 43.13 . 204.6 21.3 31.2 40.1 44.8 33.0 ' 

Simla .. ·75 52.51 48.0 43. !lO 21.90' 62.38 ~ 38.77 1743 56.4 57.1 59.7 61.9 22.9 
Kot Kha.i 75 31.86 37.3 24.21 -16.94 44.70 38.99. 223 5 46.6 47.0 48.4 49.4 39.2 
Kot Ga.rh 75 34.86 . 386 26.69 18.28 47.81 .53.00 252.5 47.5 50.9 53.0 54.1 39.2 -
Kilbe - 58 17.19 32 8. 11.28 13.32 . 29.3l 36.25 315.7 20.9 22.9 27.4 30.8 62.8 
Una 75 3!.51' 44.0 24.02 17.70 . 41.05 25.35 181.5 42.2 13.9 45.7 47.3 32.2 

Sutlej Catchment ; Rabi · 

• 7';29 I -

Kasa.u1i 75 '10.32 41.3 6.71 15.45 ~13.56 232:9 29.1 - 31.5 32.3 34.0 50.2 _... 

Barauli · 75 9.61 45.3 6.03 8.75 13.93 13.89 . 245.3 4,2 6.2 12.8 19.2 49.9. 
Simla 75 10.65 41.3 7.11 9~15 15.69 . 13.03. 228.6 14.1 17.4 19·.1 208 48.0 
Kot Khai 75 11.51 44.0 7.35. 10.78 16.80 15.80 .238.1 5.0 7.7 14.1. 18.5 49.9 
Kot.Garh 75 11.57 49.3 6.82 11.50 16.46 20.86 . 281.6 0.0 .. 6 7 9.1 107 53.4 
Kilbe - 55 13.15 36.4- 9.13 10.35 20:20' 16.42 . 229.1 18.8 18.9' 19.9· 22.5 51.2 
Una. 75 7.19 38.6 - 4 35 . 6.88 11.70 29.80 515·.9 1.4 9.8 1;1:.4 16.8 69.8 

.. .. 



Appendiz I I A -1 ·( i ) -1 
Analysis of ra.inb.ll data. of Indus Catchment : Kha.rif Season. 

Sheet 2 -- Percentage averege fall oC the Below normal Above normal 
driest. 

No.ot' · Normal Percentalle Percentage -years Data 'Of mean of yeara falls in COEFF, Sea tiona. rainfall in above wettest of available 
inches normal Mean Ranlle Mean Range r 2 3 4 Variation . for Call fall year yeai yeara year• year• 

{ ... • .. -
1 4 

7 • I 14 12 1 . ]) 2 8 9 5 10 11 

Swabl 69 15.43 50.7 8.80 14.90. 21.88 I 18.83 . 223.4 0.0 I 0.0 1.5 5.0 54.0 AbboUabat.l 81 31.00 4X.1 25.55 12.72 36.87 29.01 193.9 58.1 I 59.4 60.0 6h5 24.5 Kobat 79 11.30 44.3 7.91 .8.16 15.56 10.43 192.5 27.4 27.7 32.8 36.8 42.2 Manse bra 75 23.6-l 44.0 18.86 13.86 29.73 20.34 197.2 41.0 41.7 44.3 47.0 29.1 Ha.ripur 75 20.27 46.7 15.93 12.13 25.23 16.77 183.6 39.0 45.2 48.0 50.1 29.1 Chera\ 42 16.49 38.1 11.50 11.51 24.60 19.55 231.9 30,0 • 35.4 40.2 40.5 47.3 Melakand 38 19.17 . 47.4 13.08 10.94 25,93 22.19 217.9 38.3 38.6 39.4 40.3 43.0 Oghi 39 26.95 53.8 21.58 19.08 31.56 9.24 134.8 28.5 43.1 51.6 .'>5.9 23.5 Leb 63 2.11 41.3 1.27 1.70 3.32 9.18 538,3 18.5 18.9 19.6 20.7 74.4 KaT gil 46 4.10 .. 43.5 - 2.60 3.46 6.05 5.94 248.0 15.1 20.4 25.9 30.7 51.U Dras 46 9.11 43.5 6.S6 5.61 12 67 8.42 195.1 38.2 38.5 42.9 45.6 40.9 Skarda 49 3.67 . 30.6 2.28 3.13 6.83 21.50 690,8 14.2 14.6 17.3 18.8 99.2 Gilgit - 48 3.39 47.9 2.45 2.07. 4.41 3.41 203.4 37.2 37.8 41.4 43.8 37.2 . 
Munee 73 41.77 42.5 33.86 23.80 52.48 34.34 182.6 43.0 48.9 51.1 52.4 27.4 Kabu\6 59 29.49 49.~ 21.70 16.33 37.56 28.95 198.4 44.2 47.4 50.2 52.3 33.6 

-

Indus Catchment : Ra.bi. · 

7.~u· 3W.1 • S'Rabi 69 8.06 49.3 4,11 12.13 16.67 00.0 0.0 00 4.0 61.1 Abbottabad 81 15.81 43.2 11.40 10.77 21.til 16.44 204.9 30.4 31.0 32.7 34.1 39.4 Knhat 78 6.33 44.9 3.93 5.60 9.28 13.90 322 2 7-9 12.6 14.8 16.9 56.5 Manse bra 'a 13.12 41.9 9.19 1o.oo 18 5ti 30,83 338JS 23.6 26.7 29.5 32.0 48.7 Haripur 14 9.8-l 45.9 6.16 7.18 14.17 13.71 240.6 26.4 26.9 28,5 29.3 au.2 Cherat 41) 11.58 50.0 7.10 10.11 16.05 12.10 205.3 6.2 17.4 22.8 25.5 47.9 Melkand 37 14.99 54.1 10,19 9.76 19,06 11.47 182.1 26.9 30.6 36.6 41.3 36.0 Ogbi 38 21.96 44.7 16.76 12.34 28.38 19.54 191.0 40.9 43.4 45.7 47.4 33.6 Leh 62. 1.34 35.5 0.82 1.23 2.29 3.22 340.0 8.2 9.3' 9.7 17.6 68.3 Kargil 46 5.87 39.1 3.80 ' 5.07 9.08 15.78 371.9 9.9 18.5 23.0 26.5 62.3 Dras 46 15.99 39.1 11.07 10.05 23.65 23.59 255.4 34.9 36.6 37.9 39.4 ,511,1 Skardu 48 • 3.30 39.6 2.04 2.94 5.:23 12.52 482.9 7.3 14.4 174 ·19.6 . 72.7 Gilgit 47 1.82 3t0. 1.02 1.62 3.39 5.17 384.0 8.2 11.5 12.6 148 81.1 :Murree 72 16.04 

1-
45.8 9.92 H.82 23.29 32.69 303.9 6.3 9.5 12.6 U.4 57.6 Jrahote 58 9.95 48.3 6.17 8.9~ 14.00 14.18 246.3 7.9 14.7 18.9 23.4 48.4 -



Stations 

.. 

1 

Jammu 
Kishtawar 
Ram ban 
Akhmur 
Rampilr Rajani 
Ram nagar 
Gulabgarh 
Sambtlh 
Riasi 
Udampur 
Sri Ranbir Singh Pore 
Kailang 

ammn J 
K 
R 
A 

.R 

ishtawar 
am ban 
khmnr 
ampnr Raj"ni 
am nagar 
ulabgarh 

R 
G 
s 
R 
u 

ambeh 
iasi 

. ~- . --· 

No .. rf · Normamal 
yeara Data of mun 
available rainfall in 

for inches 

2 3 

.. 
50 32.97 
50 16.91 
50 • 22.23 
41 34.70 
41 39.46 
40 49.75 
37 48.60 
40 32.94 
40 49.20 
40 42.71 
40 27.50. 
53 11.04 

.49 9.05 
49. 19.31 
49 23.71 
40 9.35 
40 16.00 
·39 - - 16.51 
37 25.43 
40 8.35 
40 15.21. 
39 15.14 

Appendix I fA. -1 ( i)- 1 

Analysis of rainfall data. of Indus Catchment : Kha.rif Season. Sheet No.3 

Below normal Above normal Percentale average'fall of the 
Percentage Percentage 

\ 

COEFF of years fall& in 
above Main Main wettest 1 2 3 

of 
normal Range lange 4 Variation 

fall fall year ·y-ear )ears . years years 

4 5 6 7 8 9 I· 10 . 11 12- 13 14 

Olumab Catchment : Kharif 

-
42.0 

.. 

43.!>5 37.93 216.2 
, - - -- 48.6 5i:o . 53.1 .. 25.01 17.41 45.3 36.1 

46.0 12.85 7,53 21.67 . J 8.30 210.9 54.3- 55.5 56.0 56.8 32.2 
44.0 16.90 13.46 29.02 17.12 178.4. • 39.3 41.3 44.3 - 46.1 33.7. . 
46.3 25.33 18.08 45.54 51.93 249,7 45.9 46.8 48.3 49.3 40.4 
43.9 32.21 20.12 48.73 23.96 162.9 47.8 48.8" 53.2 55.4 25.8 
42.5 39.21 21.82 64.00 50.98 202.7 55.2 56.2 59.2 62.0 33.3 
29.7 32.83 30 36 85.87 134.31 380.6 36.1 37.7 . 41.8 44..2 67.4 
42.5 24.93 16.22 43.78 39.27 220.9 48.2 48.5 51.0 52.9 38.1 
45.0 37.76 . 25.26 63.17 41.40 1851 47.1 51.3 54.1 57.6 31.6 
45.0 33.98 22.80 53.38 28.81 167.6 46.3 52.1 54.2 58.1 27.7 
42.5 19.93 13.83 37.74 30.45 215.3 48.8 49.8 50.1 50.4 41.0-
39.6 8.90 7.4~ 14.29 10.68 197.5 32.5 4l.5 45.7 49.7 31.1· . 

Ohenab Catchment Rabi 

51.0 5.64 6.63 '12.33 12.64 240.4 iU.1 21,2 ' 21.4 23.1 4!J.4 
!>1.0 13.31 ; ·12.80 25.07' 1·9.35 200.8 28.5 31.6 ; 33.7 36.7 a7.8 . ; 
55.1 15.87 17.88 30.11 23.14 197.8 20.3 24.9 28.3 31.0 38.1 
42.5 6.27 7.87 ·. '1.3.53'" '8.40 195.1 13.2 18.1 21.7 28.4 46.2 
52.5 11.20 12.92 20.35 15 07 195.0 17.9 19.3 26.2 30.4 31.1 
43.6 11.90 14.09 22.49 21.92 - 238.4 12.4. 28.8 " . 35.5 39.2 41;8 
35.1 16.87 19.72 41.23 74.29 393.2 21.2 23.9 25.4 26.5 69.8 
47.5 5:21 7.15. 11.82 11.52 241.4 11.0 20.8 26.7 29.8 50.4 
45.0 11.24 12.60. 20.05. 18.23 223.3 16.8 21.0 26.6 30.8 39.2 
48.7 10.98 14.90 19.51 18.21 222.0 0.0 3.6.5 24.0 31.5 40.5 dam pur 

ri Ran bir Singh Pore 40 7.50 4~.5 4.85 6.77 11.09 .15.75 312.0 6.1 14.4 18.8 ·22.0 55.5-
53 11.31 50.9 8.00 6.58 14.50 10.55 193.9 40.1 42.0 44.0 

.s ~ 
K ailang 46:3 35.4: 

-
. 



.Appendix IJ.A-1 ( i) -1 

Analym or rainjalZ.data of Becu Catck,umt: Kh4rij Secuon. Sheet 4 

Below normal Above normal I Percentage average {all of 
the driest 

No of years N11rmal Percenta~te Percentage 

F Data of mean of fall in l 
COEFF 

Stations rainfall . of 
available years Mean ·Mean· wettest Variation. 

for . in above .Range llange year. 1 Yeat 2 Yt.ara 3 Yeara 
inch ea. normal fall fall 

- . -

Ba.njar 73 29.93 48.0 24.01 24.40 36.35 20.45 168.7 18.4 23.1 32.1 39.1 27.0 
Kalu 73 22.57 41.1 . 16.96 18.00 30.62 74.12 429.3 .18.2 29.7 34.4 38.7 51.2 
Nagar 57 38.08 50.9 22.36 12.14 33.59 16.14 158.0 56.6 . 58.1 58.7 59.9 24.1 
Pa.la.mpur 73 85.95 48.0 69.24 39.32 104.10 48.78 157.6 53.5 53.5 53.8 54.4 25.5 
Ha.mirpar 73 42.66 45.2 32.54 27.78 54.93 43.80 202.8 34.7 38.6 42.2 44.2 33.7 
Dera. 73 43.38 41.1 34.06 25.73 56.74 33.55 182.7 40.6 40.6 43.6 46.4 30.5 
Ka.ngra. 73 62:98 48.0 49.72 46.31 77.37 71.77 214.5 24.3 36.4 42.6 45.6 29.6 -
D ha.r~msa.la. . 74 99.69 47.3 81.20 53.46 120.29 80.49 181.5 45.7 46.0 46.7 49.9 25.9 
Nurpur 73 48.65 50.7 36.49 24.73 60.47 47.59 198.9 48.2 49.5 49.~ 50.3 31.1 

Becu CatclLm~nt : Rabi. 

-,. 
Ba.nja.r 72 11.57 54.2 7.74 8.33 15.09 13.29 '214.1 25.6 29 9 32.7 36.3 37.7 
Kula 72 16.29 55.6 10.40 10.95 21.01. 14.60 190.3 31.9 32.8 33.6 35.0 38.6 
Nagar 57 20.55 52.6 13.74 12.16 26.67 18.64 191.3 37.7 40.1 41.2 42.9 378 
Pa.la.mrpur 72 16.47 47.2 10.82 11.78 22.78 24.94 252.0 26.7 29.4 30.6 31.6- 45.7 
Hamirpur 72 8.74 43.1 5.84 8.04 12.57 15.00 273.5 4.6 14.7 19.6 23.1 48.4 
Dera. 72 8.81 41.4 5.47 8.01 12.99 19.23 318.9 8.9 9.5 13.6 16.5 55.7 
Ka.ngra. 72 10.31 43.1 7.03 6.64 14.63 12.14 219.5 34.0 34.8 35.6 37.0 44.7 
Dha.ra.msa.la. 74 16.38 47.3 11.40 12.76 21.92 15.91 197.3 22.0 27.1 29.7 31.7 40.7 
Narpur 72 11.57 40.3 7.85 9.88 17.09 17.10 249.7 14.5 20.7 22,9 24.4 50.5 



MAXIMUM RUNOFF. 19 

A-HYDROLOGY 1-RAINFALL AND RUNOFF: 

( ii ) MAXIMUM RUN-OFF DISCHARGE. 

A-1 (ii)-1. Maximum Run-off fMmulae and their applications. 

' lJ. . In B9mbay T. P. No~ 30, two formulas were derived for 

(a.) Fa.n catchments of general application; 

and (b) Valley catchments (for particular conditions frequently found 
in the Bombay Presidency ). . 

· 'For (a.) Q = 7000 \[A"" 
· where A is area. of fa.n-ca.tchmEmt in Sq. miles. 

Q =natural flood run-off in Ct?-secs from catchment. 

and for (b) Q = 7000 V ~- 240 ( A-100 ) ... · 

This formula. is applicable for A = 100 to 600 Sq. miles. Mr. Gutmann in 
Engineering News-Record of October 1946 pointed out that the fan-catchment 

'.formula. was suitable for large catchments (excluding the extraordinary 
Texas data.} and that it was not suitable for small catchments. So the origina.l_ 

formula. was modified to q = \{ ~:o 
4 

, where. q is the maximum run~off in 

cusecs per Sq. ·mile of the catchment area, so that it would be applicable 
to small as well as large catchments. This gives the disch!Lrge at the rate 
of 3500 cusecs per Sq. mile for· an infinitely small catchment-equivalent to 

5l ,· maxi~um:. run-off per hou~. Though a curve q = V -;o:~ fits . the data.. 

rooo . . . -
bette~ than q =\{A + 4 , experience shows_ that maximum floods are nea.rfy . 

always over-estimated by more than 10 percent and hence the latter f<:>rmula Fie. r, 

can be stated to be more correct, vide figure ·1. Mr.: Beale's curve is also A-I (ii)-' 

\ 
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~ ANNUAL REPORT (TECHNICAL) OF THE WORK DONE DURING TilE YEAB 1947. 

shown in this figure, as Beale's formula. is generally used in the Deccan. The 
expla.ntion of the differe:Q.ce between Beale's curve and the fan-catchment curve 
is that Beale based his .curve on floods which had passe!} without damaging 
existing canal culverts-in other words, his curve took the absorption capacity 
of the culverts into· account. Flood· absorption is considerabla in the case of 
the Deooan Ca.na.l culverts; because when .water is headed up, the upstream 
ca.na.l bank . impounds the flood arid the flood absorptive o~paoity increases 
inversely a.s the size of the catchment. 

Fig. 2. 2. Three Empirical ' Maximum Run off • formulas a.nd White's curve 
A=; (ii>-r (Bombay} shown in Fig. 2 have been used to & large extent in India.. 

Fig. 3· 
A-1 (ii)-I 

. . 
Dioke11s' formula ( Bengal ) 

. Q = 825 A 3/4 
max · :•••• (1) 

Ryves' formula. ( Madras ) 

. ''Q . = c :\ 2/3 . ( 2) 
.max 

Fan-catchment formula 
7000 A 

· Qma.x = '\/ A + 4 ( 3 ) 

C in Ryves' formula= 450 for area. within 50 miles of the sea; 560 from 50 to 
100 miles, & 675 for liu;tited areas near hills. 

These curves are shown in figure 3. 

Ryves' figures were • meant for· designing flood ways rather than 
predicting the maximum-ever floods and, consequently, were lower. 
Subsequently, however, various engineers have adopted higher coefficients 
both in Dickens' and Ryves' formulas : in Dickens' formula. coefficients up 
to 1600 have been used or suggested; while Mr. Rhind gives a. statement 
of 13 rivers in Southern India.C 1 1 which shows that the value of C in Ryves' 
formula. varies fi:om 308 to 2707. 

3. The commonest error is the belief that the maximum floods are 
greater in area. of high rainfall th~n in area. of low rainfall a.nd, consequently, 

. the maximum run-off formulas give too high discharges for areas of low 
rainfall. Actually, maximum floods are more freguent in areas of high 
rainfall; bnt if anything. they a.re greater in areas of lower rainfall. The 
fan-catchment formula., gives extraordinary floods in India.. It may be intere· 

. . sting to note that in the case of Lalpuri Tank in Rajkot State and the Erinpura. 
F•g. 4• Reservoir ( Ja.wai Catchment in Jodhpur State), the maximum flood occurred 

· A-I (ii)-I in 1944 ani 19H respectively-vide points 83 & 87 in J?igure 4. It was 
· found that the ratio of actual maximum run-off to maximum run-off from 

the fan-catchment formula was 0.98 & 1.04 respectively. Sir M. Visveshwar 
ayya. who was associated with these two cases-has agreed to the fan
catchment formula being used for predicting maximum flood run-offs in 

A~ig(ii~~~ designing waste weirs. In many of these cases shown in figure 4, the !lood 
has been, literally, unprecedented. For instance, the flood in the Khari River, 
Ajmer-Merwara, which occurred on 30th July 1943, was such a case :not 
even in the folk:....Iore of this area. is there any suggestions of such a flood 
in the past. 

4. An interesting note is g~ ven in para. 17 ' Analysis of catchment 
<:ha.racteristics ' of 1942-43 Annual Report, page 34, in which it is 
shown that 

(1) Shape of catchment is a.n important factor in the correct estimation 
of a. maximum flood discharge and its duration. 

(1') Buckley's "Irrigation Pooket Book''-Page 33~ ( 1928 edltion ). 
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MAXIMUM 'RUNOFF, . 2i 

(2) The ratio of diameter of standard catchment. of same area. ·a.nd the 
actual storm length of the catchment concern~d is a. mP~tRUTA fn.,. 

estimating sha.pe varia.tion, 
. 2 

K = V w 
'\[A 

.. L 

.(3) For Decca.n ca.tchments 

Q = K 1/3 7000 A 
. VA+4 

where Q = Maximum discha.rge. · 
A :::;:: Area. of catchment. 
L = Storm length of catchment. 
K = Sha.pe factor. 

Of coure~e, this formula. dea.ls with norma.! sha.pe correction; it does ~ot 
ta.ke into a.ccount the super-imposed effect of flood ~bsorption in a. long river. 
In this connection, an interesting ca.se of the Kara.ma.na.sa. River in the U. P. 
is mentioned· on page 68 of the 1£144 A. R. ('f); where. jt . is shown. that. if 
we divide a. fan-catchment into two equal parts and assume the· ruri.-off from 
each of the elonaated ha.lf fan-catchments.equal, the run-off must be 0.707 
!times the fan-ca.t~hment va.lue to give the combined discharge for the whole 
;a.rea, thus indicating that an a.llowance must be made for the sha.pe of the 
.catchment and that it is entirely wrong to apply the fan-catchment formula.. 
;to elongated ca.tchments without affluents. 

5. Thouah the fan~catchment formula. gives a. general good idea of 
.the maximum ru~-off, it does not give any indication of whether a maximum 
.flood will occur once or 50 times, in a. 1000 years. Obviously, there are 
.some area.s in India. like Baluchista.n, where rain is so ra.re a.nd storms so 
sma.Il tha. t the chance of a. maximum flood occuring may be said to be nil. · 
'There are other area.s, like the cyclone areas of Benga.l and Orissa. a.nd the 
Western Ghats (Bombay), where '""floous ·a.pproaching ma.xima a.re liable to 
·<>ccur severa.l tiines in 1000 years •. 

The only way to decide this question is by judgment ba.sed on pa.st 
experience & records; but in exa.mining these, one point of importance should 
be borne in mind tha.p ma.ximum storms tend to occur more frequently in 
medium-sized ca.tchments than in very large or very sma.ll catchments. The 
:rea.son for this is tha.t in the case of very sma.ll ca.tchments the proba.bility. 
-<>f the core of the storm pa.ssing over the small catchment is remote; 
while in the case of very large catchments, 'the rain storms rarely cover 
:the whole of the catchment. · 

Very large catchments should generally be looked upon a.s made up 
-of severa.l tribataries. Each of these has a. small fan-ca.tchment a.t its upper 
·end, followed by long stretches in which there is little replenishment from 
.a.filuents and much reduction of discha.rge due to flood a.bsorption in flowing 
down the river. In such cases a. detailed analysis is necessary. The reauction 
·<>f discharge due to flood absorption in long narrow catchments is very 
-considerable and must be a.llowed for.' 

6. Judgment must· a.lso be used a.s to whether a risk ma.y be ta.ken 
.or not. If a. da.m is to be built a.bove a. town, no risks can obviously be 
.taken; but if such damage as will occur-say once in a. 100 yea.rs or more-can 
be easily rectified, it will often be unnecessary to design for the ma.ximum-
.ever flood; or this can be done by providing a breaching section. The 
waterway of a. bridge, for instance, ma.y be designed a.ccording to the formula. Fig, 3. 

Q 4000 A Th. . h . . I C = '\[ A + 
4 

• · IS 1s t e stat1st10a. average formula. obtained from all A-I u)-x 

·the a.vaila.ble da.ta. at this station, shown in Fig. 4. An allowance for afflux 
·a.nd free-board upstrea.m of masonry structures should, however, be made Fig. 4. 
~or tha m1-ximu,l?l- pos3ible discharge according to the envelope curve A-1 (ii)-1 

7000 A . 
Q = '\( A + 4 • Similarly, protective measures downstream of structures 
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d . a f th . a· h . Q . 7ooo A should be , estgne , or , . e m~~tmu:m ever Isc arge, 1. e. · ~ =\). A + 4 .. 

The Director, when he was in charge of designing the Kotri Barrage Froject~ 
actually suggested this principle namely that the waterway and crest levels. 
should be designed for the normal maximum floods obtained, say, in 2 to S. 
years in every ten-so as to obviate the serious consequences of shoaling,. 
oblique flow, & concentrations accruing from too "loose'' a ·waterway while 
providing a.filux, freeboard, and downstream loose stone protections fo:~r 
the superflood, i.e. maximum-ever discharge likely at the site. rn t)le case 
of the Ba.da.ba.h River (Bihar), recently referred to the station for advice#' 
in which the catchment area. is 16.64 sq. miles, although the maximum 
possible discharge from the envelope curve of the fa.n-oatcbment formula is. 
25880 ousecs (or say 26,000 cusecs ), the norma.~ flood works out to 15,00(). 

cuses according to '\[ 
4~ ~ • If Dickens' formula. were used with a coeffici

ents of 1600-as later suggested, see para. 2-lloc.d discharge works out to l3,400t 
cusecs which is nearly equal to the normal flood of 19,000 cusecs. From Fig. S. 
it will be seen that for sma.U catchments the da.ta. obtainable at this statiGQI 
would not support a lower coefficient in Dickens' lormula. 



DISCHARGE COEFFICIENT 

A-HYDROLOGY. 
a-Measurement of flowing water. 

A-8-1 Coefjir:ient of discha1·ge in Notch type & Weir type falls on the Mahanad~· 
Main CanaZ ( C.P.) (.Advice without experiment). 

' 
1. The Mahana.di Main Canal (C. P.) has 5.25 ft. falls at R.D. 2783 & 2803~. 
The upstream fall ;consists of 3 notches similar to the ones described ·in 
Buckley's Irrigation Pocket Book. The lower. fall is a rectangular notch. 
'!rhe nearest gauging site is 6 miles upstream of the falls and i~ :t4e intervening FiJI. la a B 
distance there are a number of off-takes and the canal runs· in Cllrves, shaley A-3-1 
cuts and fills. Estimating the actual disch~rge reaching the fall at E.. D. 27~3 

· is, therefore,· troublesome and it was desired to use one or the other of the falls 
as a meter. · 
2. The data of the two falls was analysed by Mr. G. A. D. Cochr;tne~!J.~ shown 
below: · · 
3. "The Notch,( Punjab type) iall at: ch: 2783 has 3. notches similar to 
the on:e·described in Buckley's Irrigation Pocket Book. The formula. for discharg~ 
per notch is : · 

Q=5.35 cB3/2 c B+ o. 4 n H) 
where 0 is said to be 0.75 for Q > 300 cu~eci 

& 0.70 " .,, < ,, 
F th . k t h '7·0'- 4•3 - 0415 rom e s ·e c , n 6~5 . , . . 

& B = 4.3 tt . 
. If K 1 = 5.35 C, then 

. . 3/2 . 
Q ( for 3 notches ) = 3K 1 B.1 { 4.8 +· 0.16.6 ,ll~ J • 

I = Ky (E) 
4. The rectangular notch at·ch : 2803 has:.a. cill length ef au. a ft. ~he widtfu 
of the cil~ and sides i~ 3.5' : the cill is horizontal.a.:nd..the.eJges.1fre~ot-round
ec1 : tne s1aes are straight and parallel to each ~other and to·. the ce.nt:te Jine. .oi 
the ca.naJ. · · · · 

-. 

The usual form~la for ·discharge is 

Q = K2 B JI2 
312• and substituting 30.3 forB 

Q = 30,3 K 2 H 2 
312, Cusecs . · 

= K 2 (F :) . 
o. The still-w.a.te~ depths, ~1 & ·H2 , were rea.d simultaneously ~Lt va.rio.us· 
values of Q. · Theu values, ·with the corresponding values df E · & F, ia.re shown.. 

. in the ~ollowing ta.~le. The last column gives ~: ( = : 0. 
Table NlJ. 1/.A-8-1 

Fa.ll at ch : 2783 Fall .at ch : 2803 . x. 
I . 

. G, (=H,)I ~ 
<G1 ·(:H1.1 E 

.. 
F 

.... -· 

(=EfF ) • . 
:i,90 

' 
70 1.80 73 0.9.60 

,. 
4,25 133 2,70 135 0 ... 985 

4,80 161 3.15 170 (),f)50 

5,70 214 3.80 224 I 0.955 

6.3* 254 4,00 I· 242 1.05 
I 

10 Tbo.:re 11 probably shght "submergence" at th11 staje despite the atandmf wave efrecr. 
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6. Thus allowing for practical error, 

K 3 = K 1 ( to tt•itltin 5 per cent ) 

But K 1 = 5,35 0 where C lies between 0,70 and 0,75 

i.e. K 1 = 3.75 or more (up to 4.0 ) 

and, therefore, K 3 = 3.7 or more. 

But this value of K 3 is much higher than one would. expect from suoli 
a ''bastard .. type notch 

3. This analysis was sent to the station with the following questionna.ire :

"(1) ·Is K 3 ( as derived from K 1 ) likely to be correct? 

{2) If K 3 is wrong, what would a more suita.ble (rough) value be? 

(3) As the reduction in K 1 dem:1.nds a proportionate reduction in. K 11 
is the punjab coefficient (C) incorrect, and what is the· correc~ 
value!'' . , 

• < 

-4. A comprehensive series . of experiments with weirs .of lengths varying 
·from 0.48' to 16.30' and he:i.ds up to' 4' was done at the Cornell University and 
Tesults have been given in· Gibson's Hydr11oulics (E lit ion 4, pJ.ge 172). 
Gibson's analysis of cornell Experiments ga.ve results· correct within 3 percent 
·so long as the length of the weir in line of flow was greater than twice the 
head; and suggested that the relative error · increas€d as the relative depth 
increased These results when interpolated for length of weir {L) = 3.5', give 
:results as tabulated in 'Table No. 2. · · 

Tabls No. 2/A-3-1 · 

Sr. 
Hs 1.5 L from B Hl.5 L j 

No. ft. Table 1 Ks ft. 3 Q=K 3BH3 H, Rem:~.rks. 

ft. cusecs. 
-1- 2 3 .4 IT 6 7 8 9 -- -

1 3.5 1.8 2.73 30,3 2.42 200 1.94 .. 
. . . • • . 2. i 2,7 2.72 4.44 365 . 1,30 : : , , ., 

! 

3 3.15. 2.70 5.60 455 1.11 
., . i , 

" 
4 . , 3.80 2,69 

... ~ '' 7.40 60:1 . 0,92 . 
. . . •.. ·-

5 ,, 4.0 2.68 .. a.co 644 0.87 

. 

.. 5. It will b~ seen th~t in all the ca~es the value of ~ 3 is not grea.t.er than 9, 

In the first case of H 2 = 1.~'. however1 the value of K 3 n1a.y be taken a.s a rough 
·a pprox.imatiozl. 

~- For the trapezoida.i notch fall at R. D. 2783. computing discharges by the 
No~ch formula 

Q = 5.35 X c X H1 ·3/ 2 
X ( B + .106 Hd 
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a.nd·comparing the~ with those obtained in Table 2 above we get results 
•tabulated in Table 3 below.:'- · · · ' . · 

' ' 
Table Ne. 3/A.·B-1 

!J/2 
. .lj + .!Otilll Total of Qfrom Percentage varia.-

H1 
~ Sr. Ol' c 3notches Table 2· tion of Col. 6 

No. Ft. H 4.3+.166H 1 cusecs cusecs from Col. 7. . . Ft . 
-1- 2 .3 -4- 5 -6- 7 8 
- -- ---- -- . 

1 2.9 0.70. ,, 4,94 4.78 264.5 . 200 j-32 
. . 

.2 4.25 0.75 8.76 5.01 1528 365 +44.5 
: 

3 4.8 IJ 
10,92 5.13 650 455 +43 

'· 

4 5.7 
" 

13 •. 25 I '5.25 . 818. 604 +35 
•. 

5 6.3* ,. 15.80 5.35 1019 644 +58 
I 

. '*We1r 1S stated to be drowned. 

1. This wide variation of the discharges suggests that the dicharge_s at R. D. 
:2783 have been overestimated, probably because of the approach conditions 
being different from those of the Punjab data. or because the Punjab coefficient · 
is too high for these notches for the. reasons mentioned above. 

Ea.ch weir with its individual approach conditions would ha.ve differenf; 
wa.lue of C. In the particular case under reference therefore, it is better either to 
.estimate ' C' by current mater observations or model tests, rather than' 
estimate one from the other. _ · · 

8, . The answer to .the three qu~stions of. Mr. Cochrane. a.re ;-
( 1) K 2 should not be derived from K 1 ; but should be · obtained 

· independently either by -specific model experiments or current meter obseva.
tions below the fall; because the approach conditions and the natu~e of 
.intermedia.te transitions will affect the coefficients. . 

( 2) K 2 is apparently high and should be of the -order of 2.7 (roughly) 
rather tha.n 3.7 :The observations made a.re (except probably the first) not 
.on a. broad-crested weir (where LJH is not less than 2.0 and the error increae;es 
with increa.se in depth); but as aptly stated by Mr. Cochrane on a. ''bastard" 
type notch where the error rapidly increases with increase in relative depth. 

· ( 3) fi..part from the impropriety of corrdation of coefficients of two 
notches with different approaches (see 1), the use of the Punjab coefficient C
perhaps never verified by accurate model tests but obtained only frQm rough 
discharge measurements with floats--:-since it was obtained years before the 
use of models and current meters was generally appreciated-is unwarranted. 
particularly for a. series of such notches. The effect of piers being considerable 
the coefficient for three notches ·will be appreciably lower thff.n that of a. single 
notch, .which itsel~ appears; prima. fa(lie, high and needs experimental cor_. 
:roboratton.; · 
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B-1HEORY OF FLOW &: DESIGN OF CHANNELS. 
t. Flo; ln. RiYers and Canals. 

J!i_L _:fLo'! L~ _CHANNELS IN INCOHERE~ & COHERE~ ALLUVIUll. 

B -1 ( ii )-1. Comtiarative analt;sis of san<l by Pu.ri saM-meter anrl Alr sand-meter .. 

A,.,endia L Intrcxludion :-The ide& of grading sand by dropping it through a.. 
B-Uii>-1 consta.nt current of wind was a.pparenUy first evolved in the U .B. A.-vide 

extract from Civil Engineering for July 1939 reproduced in Appendix I. The 
Fit n wind tunnel classifier-as' it was then called--was modified at the Po<>n&. 
B-1lii)-1 Station for finding·out the distribution of sands ( .00 to 0.635 mm. ). This 

. was calibrated a.gainst the Puri 'sand-meter'-vide Appendix H. 
A~n"••fi · · · 
B-llu)-1 Experiments described below were Ca.rried Ollt to see if a. similar distribu-

tion was obtained when the same sample wa.s a.na.lysed by the two methods. 
. ' ' 

ExperitMJ&t$ :-Two samples pf sa.nds-o\)e coarse and one medium, 
from the Indus at Sukknr a.nd the Ju-pma. at Delhi respectively-were used for-
this analysis. ' 

I 
The coarse sand ha.d a. specific;gravity 2.66 a.nd the medium sand bad a. 

specific gra. vity. 2.62. ~ Ea.ch .analysis' was repeated three times with the sa.ma. 
sand maintaining all the conditions of air sand-meter the saUJe (viz. velocity, 
sand charge etc.) .. It was found that, even if the analysis was repeated several 
times, the a,jr sand meter gave almost exactly the sa.me results. 

Fi~ 4 The distribution cnnes of IJ)edium sand and coarse sand show that; 
B-1(iiJ-1 
Table 1 almost all points lie on the same curve a.nd the results in Table 1 show that 
B-1(ii)-1 . there is only a\ slight variation between the two results. 

Analysis by Air ltlltJd.m.eter. 
Table 1/B-1( ii)-1. 

• 
Air speed indicator at 31 c Air speed indicator at 32° 

. Sukkur coarse J umna. llle-
· No. of Sa.nd ( Sp. Gr. dium.sand Sukkur Coarse J umna. Medium 

Sand. So.nd. Obs. =2.66) Dia.. (Sp. Gr.=2.62j Dia. in mm. Dia.. in mm. in mm. Dia.. in mm. 

I .352 .252 .341 .243 

II .353 .256 .343 .246 

• III .3-18 .253 .340 .245 

Mea.R of 
three .351 .254 .341 .245 

! .0020. ±.0018 ±·002 ± .0013 

Or.± 0.6 per ~ 0.7 per eent. ± 0.59 per cent. :t 0.53 per cent .. 
cent. 

. 
A simlla.r test w1th the Puri sand meter ·wa.s also done with the same 

so.nd samples. Each analysis wa.s a.ga.in repeated three times with special ca.ro 
to eliminate personal error. It was found tha.t in tLe case of coarse so.nd there 
wa.s some varia.tion between the results; but in the case of medium sand there 
wa.s pra.ctica.lly no clifference between the first two observations. 

Fi~t 
1 

The distribution curves in Fi~. 3 show that all the points overlap ea.clt 
~~~~-,u•, ... _1- o~her in the ca.se of medium sa.nd, while there !s some va.ria.tion in curves and 

also in •m' value in the case of ooar;;e &1\nd. • 



S.A.NDMETEBS 27 

Tabl8 2/B-l(ii)-i. 
Analy:ti& by Puri sanil-meter. 

No. of 
observations. 

Sukkur coarse sand (Specific Jumna at. Delhi medium sand 
Gravity 2.66) min mm. · (8pecificGra.vity2.62) minmm. · 

I . 334 .237 . 

II .342'; .2.37 

III .328 .246 

Mean of three .335 .240 

+ .0054 + _.0042 -
Or ± 1.6 per cent.: · Or + l-75 pel cent. ·-

. ' . 
The summation curves of these two sands show clearly the difierence Fi'!s. 1 ~ 2 

between the two observations. In case of the Puri sand meter we do not get B-llu)-1 
the distribution curYe directly; but by :drawing a mean smooth summatio.ll 
curve we can get the distribution percentage o£- sand particles with tb,e dia.mete:r: 

. '1 . . 

~:oterval of the multiple of ( 2 )4. 

In the Air sand meter, there is little chance of any personal error. and 
any variations in the distribution are due 1;1) air eddies which cap be minimized~ 
if not altogether eliminated. · ' · · . ' · · · · 

' . . 
.Analysis by Puri _sand meter is subject ~_o, the following sources ot 

errors:-:-

(1) The whole sample taken for analysis is dropped all together from-
. the t_op with the result that there may be collision .of particl!'ls and. 
some coarse particles may drag along with them some :fine particles
lessening their velocity ; but in the case of the Air sand meter, the 
pa.rticles.vu falling through a s1it in the funnel (8 mm.) get separated: 
by air and there is no chance of collision. 

(2) The time of interval of c.Jlleotion o.f particles in the troughs down. 
to .24 mm. ilia.. is very small ( < 4 seconds) so that some error is· 
inevitable in bringing the collecting troughs below the vertieal brass: 
tube within such short intervals; on the other l;land, the sand in the 
Air sand meter, when once dropped in the funnel, is automatically 
graded in the Va!ious compartments. . 

{3) The distribution percentage of the particles a.t a diameter interval 
1 . 

of ( 2 )4. is obtained after drawing the mean summation curve,. 
which may itself involve some personal bias; 'in the case of the Air 
sand meter, however; we get the distribution curves directly; thn& 

J;here is no personal bia.s, a.nd much time is saved. , 
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Apper&di:e I./B-1-(ii)-1. 

Extract from Civil Engineering for July 1039, Vol. 91 No.7 
t Page 4U-15 ). 

lVind Tunnel Cla8aifier far Sand and Silt. 
Inexpensiv:e Ap~a.rat~s sotts Granular materials for Laboratory use. 

By George H Otto & Hunter Rouse. ASsoc. M. AM. soc. c,.E • 

.Respectively Assistant Geologist & Associate Hydraulic Engineer, Cooperative 
Laboratory, U.S. Soil Conservation Service, California Institute of Technology 

Pasadena, Calif. 

Methods of sorting granular· material according to particle size have 
long claimed the interest of a. number of professions. Sieves are widely used 
as a. means of laboratory IIJlalysis, and on a large scale are well adapted to 
commercial sizing of gravel and crushed stone. However, sieving bec<.·mes 
less :satisfa.ctory for quantity s~paration as the matP.rial decreases in size, and 
it is pa.rticula.rly difficult. to obtain well sorted separates with sieves finer than 
:200 mesh,· furthermore. large variations in the shape or density of particles 
may cause undesirable complications. 'fhese difficulties are largely overcome 
.in hydraulic separation, either air or water being used as the distributing 
medium. Such methods have reached their highest development in the 
.a.brasive a.nd mining industries, but the various patented devices developed by 
-them a.re generally designed for specific separations on a. commercial scale. · 

The increasing need for 8. simple, dependable, and inexpensive classifiet 
.has become pa.rticularly_apparel).t in the sediment-research laboratory, where a. 
·wide· assortment of sand aud silt . separates is required in sufficient quantity 
for experimental investigation. As has been demonstratt:d at the Pasadena 
Laboratory of the Soil Conservation Service, U.S. Department of Agriculture, 

·artificial mixt.ures of any desired type can readily be prepared from a. series 
~f well-sorted separates .differing iu average diameter by a. small increment.· 
.Since the material required by this laboratory includes sizes finer then 200 
·mesh, and since it is used exclusively in .hydra.ulio experiments, a. method of 
·sorting based on settling velocities ha.s been developed, with equipment 
.constructed a.t low cost in the laboratory shop. · 

Tl~ Principle and Design of the Ola!Jsiji.er. 

This method utilizes the fact that sand and silt particles dropped in a. 
'horizontal stream of air are distributed approximately in accordance with their 
''hydraulic size''-that is, according to the diameter of spheres having the 
sa.me density and. the same velocity of fall. That the resultin{Z distribution 
is not exn.ct is due in pn.rt to the presence of eddies in the air stream. The 
la.tter influence has been reduced to a. minimum through the use of a. tunnel 
having a. carefully rounded bell entrance, a. fan a.t the downstream end dra.wing 
a stea.dy flow of a.ir through the structure (Fig. 6). 
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· SA.NDKETEBS ' 

As shown in Fig. 7, the; tunnel is . r~c.ta.ngula.r in section, . the· ill;ller , r~ · 
!'Stnfa.ces of the sides a.nd top bemg smoothly Jomed and enameled.· ,A gravity- B-l(ii)-1 

CROss-SECTIONAL DETAILS OF TUNNEL.· 

. F/6··7/B-I(Ii)-1 

'feed hopper, located near tli'e· beginriing of. pa.ra.Uei flow, discharges the .. 
~sediment in a. thin, uniform sheet extending nearly· across· the section. The 
:flow from the hopper ca.n be .started .. or stopped ·abruptly by mea.ns of an . 
·external spring seal, while interchangeable orifice strips permitJ regulation 
-of the rate of feed between the limits of 60 a.nd 100 lh. per hr. ·The entire 
bottom of the tunnel consists of a. grid so shaped and finished a.s to prevent the 
:accumulation of sediment on the upper edges. , Grains · falling ,to the floor · 
therefore pass a.t once through the grid to the collecting pans. Ip. order to 
avoid the effect of wall influence on the separation, partitions are SQ located in 
-the grid ai).d in the pa.ns that all material falling withiri 3 ~- of eith~r wall can 
be di~carded. D.oors _a.t pan level seal the tuD.P.el sides dur~ opera~ion. 
A 15-m., duct fan, driven by..·a sealed,. rubber-mounted,.-1/lO.,.hl p. motor, 
provides a maximum air velocity, pf JLpproxima.t~ly 2.5 ft. per sec. This can· 
be reducad to any desired magnitude by a diaphragm throttle, made of three 
.Pivoted sheet-metal sections. 

. A whit~, Nevada foundey sand has been .selected for the qua.ntity pro~ 
ductlon separates, because of its uniiormity :of dencity, 'mineral eompQsition, 
and. shape ~f grai:q. This sand contains 99 per cent silic~ has well-rollhded 
·grains in the coarser si?les, and varies, in. nominaL diameter from. essentially 
<>.02 to 0.6 mm. Prior. to the construction ·of the; :wind-tunnel classifier,., 
5 tons of the original material ha.d been partially.: sorted by: passi~g ·through. 
a power-:operated sizing devbe. containing screens ·ot 28, 35 ~a.nd:48 mesh,....-.: 
·prelim~ary screening being· necessary,: of .course, to ·.remove :foreign matter, 
tha~·~mtght clog the hopper orifices.: ·Subsequent experience· has" shown .tha~; 
tl.te present classifier wilt.sort mat~ria.l as large as tha.t pa.sslng:the- 28-I!l~sh: ::: 
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-: . . · Ati • p~:e11ent tha: routine ·proce·dure of classification is as follows :: 
Thoroughly ~'r-dried screened materia.! is first passed through the tunnel with 
the throttle nearly cJosed, in order to separate the silt and dust from the sand •. 
The coarse ma.terial collects directly beneath the feed slot, the fines being 
sufficiently well distributed to permit choice of separates from all but the first 
few pans. {Most of the dust 'Bettles outside the machine ; although the 
amount is very small, its presence in the air warrants the use of. a. respirator· 
by the operator to a. void the danger of silicosis.) The 1 equipment is next 

· olea.ned, and the contents of the first few pans are mixed a.nd rerun with the, 
diaphragm set at ma.ximum opening. Fa.irly sharp breaks in the amount of 
sand collected in the· pa.ns will now be found nea.r both ends of the tunnel ; 
the position of the upstream break depends upon the screen used in cleaning 
the original material, and tb.a.t of the downstream break upon the number of 
separates removed after the run with the throttle nea.rly closed. The contents. 
of all pans before the first break and beyond the second are now rejected, 
separates being obtained from the remaining pans. · Material caught in the 
wa.U sections is a.dded to the other rejected material, which may be mixed and 
passed.aga.in through the classifier when a. suffioient quantity has accumulated. 
In this manner 25 or more· separate grades are obta.ined, each differing in 
average size but' poss..essing almost the same degree of .aorting as the next 
finer or coarser grade. The separates are stored. in 5-gal. cans, samples for· 
control analysis being .taken from each caJ} by means of a. Jonea; sample 
splitter. · . · · · . 

Although the wind tunnel method of classification yields hydraulic' 
. rather than tru~ geometric. separa.tions, the shape and density of the· 

sediment in use by the la.bora.tory a.re such that sieve analysis furnish more· 
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than a qua.litative mea.sure of the degree of sorting obtained. In Fig. 8, for 
insta.nce, will be found a typical set of cumulative distribution curves for the 
fi.na.l sepa.ra.tion with open throttle 1 these correspond to the usua.l '~per cent 
finer" curvet?, but; are plotted on logarithmic proba.bility paper in order to· 
yield a linea.r graph for the logarithmic form of the normal error la.w, It will 
b~ seen tha.t the materia.l ca.ught in each pa.n ha.s an essentially norma.! distri~ 
bution, except for a very sma.ll percentage of dust tails., .under which circums
tances the . median and the geometric meB.n diameters for every separate 
coincide .a.t; the 50 per cent line. Since a vertical line represents perfec~ · 
sorting, the deviation of each cu"'e from the vertical is a measure of th~ 
1ize . .dispersion a.,bout ~he geometric mea.n. The dispersion will be seeD t~ 



§i 
increase slightly with distance from the point of ·fr.ed, owing in part to an 
increase in turbulence along the tunnel boundaries and in P.a~ to th~.iact tha~ 
&he smaller .sizes are, more angular than, :the larger and lienee show greate~ 
effect of shape in,qydraulic versus si~ve ci!Lssifica_ti~:m ... ~:plot of th~ _g~ometrio 
mean diameter ·as a function of the horizontal distance from the feed slot to 

. &he middle of each pan (Fig. 9) is -evidence of the :pmooth progression in size 
1ecur~d by tl;le classifier . 
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· ·' For precise restilts, ·the room -i~ which the work ia pe~oziri£d lihonl,;I be
at least t.wic.e a.s long and several times as wide as' the tunnel itself, ·to 'permit. 
quiet circulation of air. Drafts,. needless- to say; .must .be avoided. · :Best<
performance willl'esult if .the tunnel is placed symmetrically in th'e rcqn, with, 
as much free Bpace as possible ,around the .bell entrance. The· temperature· 
should be reasonably ('.oristant· for all runs-, although variaticn in temperature 
will affect only the rery fine sand -and .silt sizes; ind££d, _t£Et runs with a 35cF 
clifference in temperatures showed no measurable displacfmerit of naterial 

'coal'Ser thari 0~1 mm~, -while in the finer range' the gyeatest change ht mun 
diameter in any one panwas about 5 per cent, or some foUl' times the probable ' 
error of .mechanicala.nalysiS.: Control analysis · of the material caught in the 
-various pans over a six-month period of operation indicate that with ordinary, 
care ·the· variation in mean diameter and degree of sorting will be not greater. 
ihan two or three times the probable error of-analysis. 

. ! 

Aside from the dependability of.r£sults1 the great advantage of thisfozm 
of classifier lies in tlie economy of the construction and operation. Materia) 
for the unit now in use cos~ approximately toO, and it has· been operated by one 
labourer for the past year.\ Needless to say, this design can readily be adapted.. 
&a other requirements by modifying dimensions or fan capacity. 

• • 

l . 

Fig 9 
B-l(ii)':1 
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Appendix 11/B-l(ii)-1 • 
.. 
Nots Olf A.ir Band Metw-a.t designs~ and prepare~ b!J ltM Central Irrigation a11<f 

H. B. Station, Poona and itl1tandardisation (Drawing No. 4728) 
dated. 7t11 Feb. l!J.J..$. 

1 ' 

· Air-sand meter is based on the principle of grading sand particles by 
allowing them to fall_tbrougb a. hopper fixed a.t the begi~$g of the wind 
column and passing over different compartments divided into logarithmic scale 
a.nd finally collecting different fractions in separa.te compartments of equ&l 
space of 1/3", fixed vertically (below line AB shown in elevation). 

' . . .. 
In order to oa.libra.te the Air sa._nd meter for the distribution curve,.com

para.ble in shape a.nd size on semi-log paper with Pori JJiltometer curve, four 
things are to be adjusted by trial and error metbo~ 1 

(1) 
(~) 

(3) 

Material to. be taken for a.na.lysis. 

Adjustment of spe~d. · · 
Rate of injection, · . 

(a.) quantity· of sand. for analysis, I 
1 (b) the size of the bole of the funne\. . ' 

(4) To find out the mea.n· ~ize of- the. traction 
J?artJD.ent. 

in ea.oh com-

' 
. The range of sand diameter used for an1olysis wa.s 0.06 to 0.635 mm. aa 

in the Purl sa.ndni,eter •. The particles below .06 were removed by sedimen
ba.tion method a.nd above .635 by 20 mesh I.M.M. sieve. 

. . . 

(2} Adjustment of ra.:cge. of speed :-To get, firstly the idea. of the 
speed of the fa.n, the foliowing device was used :- · 

It consisted of a. fine string slightly coated with wax to ma.ke it stiff 
Fit. n suspended to a. thin bar, fixed horizontally, B.t the downstre"'m of the '!ind 
a:i{ii).1· ·column (shown in Fig. 13}. Any cha.nge in the speed of the fa.n was recorded 

in angles through which the string could be xnoved. One regula.tor in series .. 

with 6 stops is pla.ced between ma.in switch a.nd the fa.n of steps, so that the 
t~peed of the fa.d could be adjusted. To get the range of the spood, the 
E!tep of the fa.n and the stop of the regulator were CJO adjusted that the finer 
particles in the sample were not blown away beyond the la.at oompa.rtmem 
a.nd a.t the same time the whole ma.teria.\ wa.s ·not collected in the first few· 
oompartments only. 



'3S --

"30 

c:i. 
~25 
&&I 
~ 
0 

~ 
tn 

~ 20 
:J 
ll.. 

rr 
0 .... 
1&1 
:;;!•s 
u 
1/1 

10 

0 0 

5 

0 

~' 

l/ '. I ~·· 

) 

·1 •a ·a ... ·5 ! 
GR-'IN '!;.\'Z.E IN Mll.I..IME.'TERS I 

B.Gi.D. ,.2 -44 t!> ·~[Ia lzlu]ooJ!IJe 7J !' isl41 -s l2 1• I 

,·· PUitl SA. .. DME"T~R 

,. m ="47rrarn. 

W\\4735. 
J:EIIT RAL lltiPt(ioA"UOlf £ 

t\l'DROOYMIU.IIC: R£S~Ailc:11 STtl POOtoi". 

3·0 H+++---11--+--+--1--++1-H-+J-~~--1-+-1-1 

·~ " 
.... 2.·5 
t-· 
1&.1 
J; 
0 
z .-c 
Ill 

u 
o:2·0 

< 
0: 
0 
I+ 

"' .... . 
-cl·S 
u· 
411 

.,. 
1·0 

0 

. 

.· .. 
._IR .SANDMETER 

m.=·455 ml'll. 

I 

06 •I •2 •'5 •4 ·5 I 1·0 
GR-'IN SIZE tN MILLlMETERS. t • 

lis I 14l1!1ltzln Ito I 9 I a I 7 I G I s 4 Is l2 I 1 I 
. 

FIG • 12/ B -1 ( i i ) -1. 

COMPARATiVE DISTRIBUTION 

CURVES OF PURl SANDMETER 

·AND AIR 5ANDMETER 

{ 

. 0 
~TANOA.RD SPEED Z3 · 
IHDICA.TED BY THE STRIN4 ... 

--~T~N-~~;~ ~:~~PLE· lZ·O GRMS •. 

0. ~ z. ~ ............ . 



SANDMETERS ,., . 
(3) Rate of injection ~-:...Rate of injection is dependent upon the quan-

.. tity of sand in the funnel and the size of the . 

FIG·II/6;.1(ii)-J. 

. :hole through which'the sand' is fa1li.tig. Three Ftg. ~~ 
different sizes .of funnels were taken for trial B-l\n)-l 

. 1.5 mm. ; 3 mm. ; and 4 mm. ;' (as shown in · 
figure 11), taking 15 gms. of sand each time 

. and· adjusting the speed so that thE\ whole 
-sample was collected · in the compartments. 
The ·height in jnches of each column was 
noted. 

. (4) Lastly, finding out the size of fraction in each compartment: 13 
equal compartments were drawn on semi-log graph paper starting with .07 min. 
and plotted the heights of sand colu~ns in Air sand meter according to Nos. of 
the compartments. · On semi-log paper, the distance between .07 ~m. and 
.635 mm. was divided equally into. 13 spaces and one space on both sides was 
left spare for particles above .. 635 mm. and less than .07 mm. respectively, if 
;there be any. · - · · 

• ( '• . I ' ' 

' · The quantity of sand,' the size of the hole in the funnel aiTd the 'velocity 
of the ·wind were so adjusted as stated above by trial to get the <;urve approxi-
~ately agreeing with the 'Pori sand meter' curve~·.. · · . ' 

. Methods of .calcuZattiJ~ 'and Graphic representation! ThE\ · diamete.r 
for each compartment was fixed and the height~ of each' column of sand 
collected in Air sand meter could be measrired in inches directly. Taking ·the 
sum of the products ·of height and the diameter .of each fra~tion and 'dividing 
.the .same by the total height, weighted mean diameter was calculated. Plotting 
·the heights of. sand column against diamet(;lts on semi-:-log paper, the distribu
.tion curve is drawn. · · . . · · · · · · : 

Standard speed= 23° indicated by string shown in Fig. 10. ~ 
~ • l • 

Standard weight of sample =.12 gms. 

Standard size of funnel for injection = 3 mm." 

1 Fig. 10 
B-l(ii)-1. 

. . The Air sand JI!~t~r was standa.rdized with the velocity pointer at 23°, at. 
"the b~ginning .. As the· air sand meter was of wood and the· wood was not 
'seasoned,. we had to adjust again the speed of the fan at 28" to get the distribu..:.. 
tion curve as before. Due to warping and drying of the wood in different 
seasons, we used. to adjust the speed of the fa.~ but such' changes are very small 
.now as the wood is fully seasoned. The change 41, temperature also.· does not 
affect the di~:?tribution as the speed of the fan is controlled. The air speed i's 
..checked and adjusted from time to time, to get the same results as with the 
Puri sand meter. · The speed at present (May 1947) is 31° to 32°. · 

'9 
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. 34 ANNUAL REPORT (TECJINICAL) OP WORX ~NE DURING THE YE!.B ] 947. 

C-HYDRAULIO WORKS 

f. Llmltation of model exp~riments &~d comparison of models 
and. prototype. 

0-1-1. Pr~cting tlUJ riglt~ bank of tluJ Luni river at Balotra ~ meanar 
of a repelling BPz'r· . 

( Advics witlwut model experirMntB ). 

In consequence of the a.bnorma.l rainfall in the Aravali Ranges, the 
main line of. the Jodhpur Railway between Parlu & Gole was severely 
damaged. 'fhe river spilled over the banks between :Balotra & 'I'ilwara causing 
extensive breaches. In addition to other recommendations for the protection 

·of t)le Railway embankment,m to prevent attack at Ba.lotra. a. repelling spur 
was recommended in 1944. Since then, the floods in the river were very 
low and hence the spur has not been tested under high fJoc•d conditions; 
but even with continued ~ow floods the spur, according to the local officers, 
is working satisfactorily. The main· channel of the river, which-even when 
the· rainfall was normal--used to run along the side of the spur, has been: 
repelled by the spur and now flows at a. distance of 300' from it. 

., 

0-1-2. Scour below th.s Oenh'al Bluicss of th6 Mahanadi .Anicut at 
Outtack-Orissa. 

Pigs. 2 ~ 3 Figures 2 & 3 show the scour patterns below the Central Sluices of 
c-1-2 the Maha.nadi Anicut, respectively before & after the modifications suggested 

by the Station were. carried out at sitet:u. Figure 4 shows the comparativ-Et 
section ABCD of deep scour~ it also shows the deepest bed cross section 

~!a after modifications. which does not wholly coincide with that before the 
;modifications. . 

· It will ·be . seen that,· while under the old conditions, the deep scour
hole ( down to R. L. 25 ) wa.s almost a. butting the· pavement with imminent· 
danger of· undermining & collapse of the pavement, after the modifications. 
th_ere has been silting at this point to. the extent of 20 ft. 

The deepeet bed contour, 263' away from the dwarf wall No.4, was. 
previously R. L. 15: while after the modifioa.tions it has accreted by 20" 
or more . 

. Further, a.t the left comer between wa!ls 3 & 4, the apron had collapsed 
leaving deep scour-hole, but after the modifications-See R L. 50 contour
at this point the bed .bas silted by more than 5 feet. 

It is clear that the conditions have markedly improved since the
construction of t-he energy dissipating device recommended bv this Sta.tinn. 

tl) A. R. T. 1945 (item no. 12 ). 

(2) A. R. T. for 1946 P. 5 ~ 'Zl. 
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FIG.:~ 2/c -1-2 
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J!AHANA.Dl AND XATJURI SYSTEMS. 

C-HYDRAULIC ):YORKS 

2. Riyer Control 

( i ) FLOOD PROTECTION WORK. . 

85 

0-2 (i)-1. Redistribution of sand Zood between the MaJ:anaili II Katjuli 
· systems al Outtack-Orissa. 

1. Introduption:-The Katjuri river takes off from the Mab.ana.di just 
bel9w the· Naraj gorge, 5 miles. upstream of C~tt~~k. At p~ak flood .66% 
( 8.4 lakhs cusecs ). discharge_ flows down the Kat_Jurl at Na~B:l• whereas the 
rest of the discharge flows down the Mahanadi. · In a.ddit10n to the two 
spills, namely Bimasi Spill ( Q = 70,000 cusecs at peak flood ) on th~ left bank 
and Banki Road spill ( 9 = 1,00,000 c!lsecs at peak floo~ ) . on th~ right b~nk; 
the Ka.tjuri bifurcates mto Koakha1, Surua and KatJUrl loop In .the neigh-
bourhood of Cutta.ck~ . 

As already mentioned ip Annual Report ( Technical ) 1945nj, the 
fundamental source of trouble has been the excess sand charge entering the 
Katjuri river 'at Naraj. A series of experiments· don~ with a. v~e~ t?. improve 
the distribution of sand load between the Mahanadi and.KatJUrl river have 
been already reported( 2). 

2. Experiments. 
In continuation of those experiments ·the following e~eriments were 

carried out:-· . 
Series II 

Experiment 2 : ( Repeated ) With Ba.n1d Road spill discharge a.t peak 
flood reduced to 83,000 cusecs, Birnasi gap· fully open and Naraj. waterway. 
reduced by 16.85%. . . . 

Experiment 4 : (Repeated) With Banki Road spill discharge· at peak 
flood reduced to 33,000 cusecs, Birnasi gap fully closed by embankment ending 
in a spur and Naraj weir waterway reduced by 28.5%. · 

Experi1nent 5 : With Banki Road spill discharge reduced to 50,000 
eusecs at peak flood; Birnasi gap closed by embankment ending in a spur 
but provided with high level escapes at Birnasi spill channel crossings; and 
Naraj weir waterway r£duced by 20%. . . · 

In all the experiments the· procedure followed was identical1io as to 
enable comparison of results. In experiment 5, the high level openings.in 
the embankment were so adjusted that with the N araj weir wate1way ru1uced 
by 20/o, it gave no afflux at Kazipatana or Collect<'rate gauge!!. The sill level 
of the op~nings was kept at R. L. 82.00. . 

W~th li. F. level in the ·river below the weir at N araj ( R. L. 90 ) and 
at Bellevue ga.ug~ ( R. L. 8~.0), at the offtake o( the Bisnasi channel, about 
midway between them, the H. F. level will be a.bout R. L. 86.0 and th& 
l'iver bed is at R. L. 7 5. This gives a. flow depth of a. bout 11 ft. With the 
high level openings in the Birnasi embankment a.t R. L. 82, it will be seen 
that the top one-third the depth of relatively sand-free water was admitted 
into the Mahanadi through the Bimasi gap. . 

Due to reduced waterway of the N araj weir in experiment 6, a.bou~ ' 
85,000 cusecs, which otherwise would ha.ve flowed into the Katjuri below 
Naraj, were diverted into the Mahana.di(st. · 

3. Discussion of Results:-Tabla 1 shows, a.s before, the ratios of sand Table 1 
drawn by the Maha.na.di and· its branches a' Cuttack the time average· c-2 (i)-1 
discharge, relative sand charge etc. ' 

(I) Annual Report Tech. I945, itemi. 
(2) Annual Report (Tech.) for 1946-pages 44 to 52. 
(3) Fig, 6/II (V} of Annual Report I946.. 
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. For rea.dy reference results of Series I, e~t. 1 with existing conditions. 
and of series II, expt. 1 which ga.ve optimum results in the series of .experi· 
merits done last yea.r are also reproduced. · . . 

The experiments 2 & 4 of series Il·which were repeated this year were 
·Continued for 4 more rising and fallin_g flood cycles. It was observed that 
in both these experiments, the relative sand mix in Mahanadi become richer; 
an4 on the Ka.tjuri system, though the Katjuri loop a.nd the Surua were 
better off, yet the Kuakhai was not. It will be seen that, except in experi· 
menta 1 and o of series II, the relative sand charge of the Mahanadi was 
slightly worse than under existing conditiqns. Both the Katjuri loop and the 
:Snrua. improve·d but the Kuakhai branch drew 6·45% more sa.nd in expt. 
1 and 9.83% more in expt. 5;' an~ etill more in expts 2 & 4. . 

4. Co,wlu,$ion8:-The. results of expt. series II-i. e. with Banki spill Q 
:reduced to 50,000 C}lsecs, Birnasi gap embankment having high level openings 
and Naraj waterway reduced by . ~0%--gave the'. desired results for all the 
.branches ex~ept the Kuakhai and the difference to Kuakhai would be small. 

A short embankment without obstructing the Birnasi · gap channels, 
would possibly give the optimum. solution, provided the Baoki spill discharge 
4s reduced to 50,000 ous~cs ~nd N araj weir watm·way reduce~ by 15.5~.; because 
it would,. without materially vitiating results of expt. 1, senes II, give a wa.te~ 

. front to Cuttaok Cor which the embankment is p1·ima'rily intended. · 

5. Further experiments:~ While these experiments were being carried 
·out, a point arose for consideration whether the Khaona.gar spur-vida 
item C-2 (ii)·2 of this report-would still be necessary to protect the 
Khannagar Bank in view of the Katjuri embankment developing a channel 
along the Cuttack bank .. These exp~riments, logether with experiments to 
evolve the shortest Katjuri Embankliient, were in progress at the end 

-of the ye&r.. · 



I Total quantity 
Details of experiment of sand collected 

in all branches. 

1 2 

Series I 

Experiment 1 : ~ith existing 14.000 

conditions. 

Series II 

Experiment 1: Birnasi Gap (a) 15.000 

fully open; Banki Road spill 

at peak flood reduced to (b) 14.000 

50,000 cusecs; Na.raj Weir 

Waterway reduced by 

15.5% 

Experiment 2 (Repeated} : 

with Birna.si Gap fully cpen; (a) 16.000 

Banki Road spill Q at peak 

reduced to 33,000 cusecs; (b) 14.000 

Naraj Weir Waterway 

reduced by 16.85 %. 

Experiment 4 (Repeated) : 

with Birnasi gap closed; 

Banki Road spill at peak (a) 16.25 

.flood reduced to 33,000 
(b) 14.000. 

.cusecs; and Naraj weir 

waterway reduced j)y 28.5% 

Experiment 5: wit.h Birnasi (a) 16.045 

.embankment ending in spur 

.and provided with high level 
(b) 14.000 

.escapes; Banki Road spill 

Q reduced to 50,000 cusecs 

at peak flood and Nara.j 

Weir Waterway reduced by 

20 ~~. 

10 

'!able f I C - 2 (i ) -1 
Showing the ratios of la.M drawn by ths Mahanadi & branchs8 ana the lim• 

average discharge. 

MAHANADI 

I 
KATJURILOOP SURUA 

~aT/T 

I 
a. 

\ 
X ~ aT I a. 

I 
X ~~ 

I 
a. 

\ 
X 

T T 

3 4 5 6 7 8 9 I I 10 11 

1.390 6.000 0.820 0.769 3.000 0.740 1.526 4.000 0.498 

' 

1.5000 7.000 0.880 0.750 3.000 0.760 1.420 4,000 0.535 

6.550 0.825 2. 80 0.710 3.720 0.499 

1. 58 8.000 0.962 0.770 3.250 0.~02 1.320 3.500 0.504 

7.000 0.842 2.850 0.702 3.060 0.440 

1. 60 8. 50 1. 01 0.720 3. 25 0.858 1.410 3.250 0.438 

' 

7. 32 0.869 2. 80 0.738 2. 83 0.376 

1. 55 7. 75 o. 95 0.730 3. 25 0.845 1. 43 3. 92 0.521 

6. 77 0. 830 2. 84 0.737 3. 42 0.455 

I 
I 

I 

ST 

I(UAKHAl 

~q_T, 

I 
a. 

I 
X Remarks. 

T 

12 13 15 

'( 0o )' Figures denote 

0.516 1.000 0.370 quantity of sand a.nd the 

ra.tios observed in the 
model. 

'(b)' Figures denote 

0.450 1.000 0.4:J3 quantity of sand and ratios 

after correction to make 

0.934 . 0.394 
sand collected 

injected. 
= sand 

T =Time in minutes 

X = Oha.rge in parts per 

1000 by weight 

= H.u.tio of Q. to :;::QT; r.r-
0.490 1.250 0.485 where ~_g·~ is the weighted 

T 

1. 09 0.424 
mean discharge with res-

pect to time computed 

by taking the sum of the 

products of each stage 

discharge and its time of 

duration divided by the 

total time of the flood 

0. 44 1. 25 0.540 cycle. 

1. 08 0.465 

0. 46 1.125 0.465 

0.986 0.405 

I 
i 
I 



KUAKHAI RAILWAY BRIDGE (ORISSA.). 

C. HYDRAULIC WORKS 

2.. Ri ~rer Control 

( ii ) - River Training works 

-o - 2 { ii ) - 1. ProteG-ting the right bank of the Kuakhai Riv~r above 

the B. N. Railway bridge Near Cuttack ( Orissa ) ~ 

.J.. .Introduction :-

39 

. 1.1. Fig. 1 shows the Kuakhai which takes off from the Katjuri river on y· 
1 

.the southern side of Cuttack. 'The B. N. Railway crosses the Mahanadi, the c-2
1~-·>-L 

Katjuri below .Kuakhai head., a.nd the Kuakhai. These railway bridges u 
-are not provided with guide banks. Upstream of the Kuakhai· head, the 
Katjuri spills over a vast stretch of low area known as the Banki Road spill. 
This flood spill begins to flow when the total Mahanadi flood above· Naraj 
is about 10 lakhs cusecs and finds its way mainly into the Kuakhai above the 
·Eailway bridge and to a very -small extent flows downstream of the railway 
embankment through culverts. Exact discharge figures of the relative pro
portion of the discharge · spilling into the Kuakhai above the bridge . and 
'flowing downstream of the railway embankment' through the culvert are 
not available. It is, however, learnt rthat almost all the spill water of the. 
J3anki Road spill discharges into the Kuakhai above the railway bridge.· 

. 1. 2. The Orissa P. W. D. had observed the discharges of the Kuakhai 
:at the railway bridge in 1939 and 1940, when the floods of the parent Mahanandi 
had risen to 13.61 lakhs cusecs and 14.54.5 lakhs cusecs, respectively.' Based 
<>n these, the discharge of the Kuakhai, with a 15.5lakhs flood in Mahanadi 
works out to 2.66lakhs cusecs, which is the same as indicated by the Maha
nadi model. Rhind ha:l computed discharge figures of the various branches 
of the riv.era for the 1872 flood conditions, but these figures may not now be 
applicable (a) because of the various 1872 · breach~s ~n the embankments 
in the NaraJ gorge, and also at the head of the KatJUri; (b} because ~he 
Barang Nala taking off from .the right bank below Naraj no longer exists;· 
:and· ( c ) because of the aggradation· of bed levels and changes in channel 
sections that have occurred since. 

1. 3. Though the history of the scour along the right bank of 
.Kuakhai, upstream of the milway bridge; is not available, yet it appears that 
the trouble is a chronic one and was met in the past hy providing short term 
.Protection in the shape of stone pitching as and when required. There now i~h;;o 
.exist two discontinuous pitched banks A and B-A being at right angles to _51~ 
·the railwy bridge and the second curved bank B.projecting beyond the normal C-2 (ii)-l 

alignment of a guide Bank with a gap· in between the two, probably ·to. admit 
·water from the small nala. This nala, as seen from the topo sheet, h~s no 
regular catchment and appears to have formed by the scour caused by' the 
Banki spill waters. In recent years there has been. serious erosion at the 
upstream end of the curved, detached bank B of the stone protection; and the 

· .railway officers, being apprehensive of danger to. the .. embankment, referred 
the case to the station for advice. 

2. The model:-

. . 2. 1. After extending the Katjuri on its right bank to the railway 
.emba.nkm.ent, t~e existing. ·1/400:1/66 vertically-exaggerated model of the 
Mahanad1 and 1ts branches was used for these experiments. This model was 
-e. ready asset in the speedy solution of the problem, because the model . had 
.correct entry and exit conditions. 

2. 2. At the heginning of each experiment, the model was relaid· to 
1943 cori.d.i.tions and flood cycles rising from 6 lakhs to 15 lakhs .~.Lnd falling 
fua.ck to 6 lakhs above Nara.j were repeated till ;stable conditions were obtained 

11 



Fig. 2 •. -(.;·2{ii)·l. . . 

Fig. 31'l 
rhoto 519 .. 
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~q A.!~NUAL REPORT.( ~ECHNI~A.L) OF TJm Womt 'PONE DORING Tlm YIU.Rl947 .. 

3. Experiments and discusst"on of result1. 
3.1. Experiment 1 witlt existl,ng cmlllitions :-
In this experiment, the discontinuous stone pitchings on the right ba.nk 

at the bridge were reprqduqed ... ~he mnved p~pjeo~ing portion of the pitching. 
acted like an 11.ttra.cting .spur as expected. It was o;rigina.lly considered that the 
Da.nki spill~ flowing 'into ~he Kuakha.i, might be the .cause of. eddies a.nq turbu
lence and =thus- .~e· responsible Jor the scour. Visual observations, however. 
indicated 'that the attack a.t the.tlose w.as severe.whe11th~:Banki: spill was not 
flowing,. Th~ ~"attr~-cting)' effect of the discontinuous portion of the projecting 
pitching is, clearly 'seen in Fig. 2, where surface Jines after. the 2nd cycle we1e 
seen to ~av.e f11.rth~r. approache<l. ~he right bank than after: .th~ ~r~t cycle. 

3 ~;~ :li~:~i~g')ipro~uced the prototype coiulitions in a, preliminary run, 
'repelling' ·.s(ni~s. 1200 n.-: long {where river: width= about 3000 !t.) with their 
shanks·rals~ 'a.bov~.ll,;l?,L. a.~d'joined. to the railway. embankme~t were tested. 
2500'. to ~qOQ' .~p~tre_ant :of t~e. l>r_idge;. ~tit ~e~e not·; ee~n to·. hlj: satisfactorily 
effective rh-:Q.l-vettmg the flow away !rom. the right b.ank ah the· bndge. · 

·. A ~eb' C?~:~\y~:_spj1#s~ viz~ ·<?.il_e -~~tir~Lct~ng~ spur o;n the ri&ht :b~· and the 
oth~r 'repepi~g .: spn(. OJ:l. ~h~ .: ~eft bank at. the. o.fftak~ of Ku;tkhat, 'Were also 
~ested.to centr~.ip?e.Pif~low,.througb. tJ:te bndge. · ~he )engtl~s, of the spurs. 
were va.ri~.a: (.r~~ :4~.~? ;~~()()' r~ut .they, ~o.o, did n~t pr9ye sayisfactory in th~t. 
the 'attraQ~ii!-S' .spur, be1ng·~n the :Convex. (1 e. sandlDg) side did not act as an 
attracting spui, and, also, in that the conditions at the bridge did not improve. 

·. -3.3.. In.E..~p,eri1Mnt.2, .therefOie, a. .continuou~ stone pitcged guide bank. 
was tested.: · · '. · · ·. · • · .. ·. . · · · · 

• • ' ' "lo ' _., • I • ' . •. I • ~ P • f • ~ I ~ ( ' l , ' 0 ' 

. Lengtfb 'of.: :tlie'·Q!tide ba~li .::,: (len~raJiy,. according to the. :wl~ely ·acc~pted. 
pract1ce1 the: ·length· of ~ gut de· bank IS made ·equal to the length of the brtdge~ 
In the presei).t.'~as~~-~~:wever,r·t~~: 1-ai.lway :'bridge· wa:s: eonsi4e'red': to be much. 
too long for ~lle 1?~0:WJDg ~a.~~n~ ~~. '. · · : . · ·. ~ -. : . . : · ·. :. , ·.· . · . · 

. : . Tab~j ~h;-ow~;i~~.-~~ ~i the .raih1.0.i bridge~ ~c~os$' th~:Ka(tjuri and t'l~~-
, Kua.khS.i. ,; .~.:~;.! · "· · -.r . ~. •· ~ ~: <· ·.: r . ... 1 .. 

· =; .• ?~;:~ ~-·-' >:~ ! ·._: ... Table lfa.:.2(ii)-1~ , 
' ' 

: · -jrat)riri Ra.ii~ay ·; .. k~Jililia·~ Railway 
~ '· · -'.1 'Bri.dg·a.: ·· ... ~.' -- .. -n ·a · .... · r1 ge 

• • • "' • - - .. " ·-' • I • ~- ~ • 

~ • ,: ~•• ~ r '• ~ • , .• r•,. ! •I I •• • r ,• :) 'f' '• t • ) • •· o • o f ''' 

1. Q {discli~rg&ii}.~ cJi~ecs). ~,:·.~ · ~ 5~616. Ia.khs ·cusecs ·, 
· · ·· .:": · ' ... ··:~·· ·· :.· :(extrapo1~Lted from · 

. . <observed figures of . 

2. W =(Length of the bridge) 

3. 0 in w = c {Q' .. 

1939 a.od 19JO). 

2700 ft. 

. '. · a.6o ;.:. 
I ,',' 

. . 
}· L~r- w i.e. w = 2.67 /Q. : · • : ... 2000 rt: 

f. 

·2.66 ·lakhS ousecs 
'(extrapolated from 
observed figures of 
193!J and 1940). 

3000 ft . 

o.s2 

1a73·ct . 

Comparing the 'c' values in item 3 o, ·table -1~·· it ·is considered that; 
eompared to the Ka.tjuri Railway Bridge, the Kuakhai Railway Bridg1~ is 
·1.62 { == ::~~) times too long for the discharge it h~-s t~ pass: . . ·.: 

Even allowing for the la.ct that the · Knakbai lies on the cilnvex arm 
of the branch and would therefore ba wider by iirttie of: .. sanding "t ill ~ould 
appear sufficient to assume the Kua.khai bridge 20.t. longer: rels.tively; i-. . e .. 
having a 0 va.Jue of 4.4 in w:: C "\[7:r, against 3.G· fot 'the l{atjnri and 5.82 'Cor
the existing, inordinately long Kuakha.i bridgo •. ·'fho guide hank wall' thus kept. 
2270 ft. long. , · . . : . . . . · , , . • , ,. ,. 

· The guide bank was coilnedcd to the railway C.nJlJLLnkment after: rouncl- · 
ing off its nose t~~'ith 1000 ft. radios, 90" curve. . 



tj400 : tj66 model of the Kuakhai River and the Railway Bridge at Cuttack-Orissa. 

5166 : Photo looking 
downstream 
showing the 
right · bank 
pitching as it 
exists in the 
river. Note 
that the ufs 
end of the 
pitched bank 
projects fur
ther into the 
river than 
pitching of 
the abutment. 

l)l94 : Photo looking 
downstream 
sho·wing the 
pitched: guide 
hank as tested 
in e~pt. :! 

Pitched bank • A' at 
abutment. 

Pitched bank •B' 

Stone pitched 
guide bank. 

5182 : Photo looking ufs showing the 
flow conditions with 12 lakhs 
ouseos flood. Note the Banki 
Road Spill discharge turning 
smoothly round the guide bank. 
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JtUAXHAl 'BAIL WAY BRIDGE ( ORISSA.} 

. . 3.4. Flow conditiom :.....:..Flow conditions with this· guide bank were 
ma.ik~dly better than under existing conditions. 

Though with low floods, the flow hugged the guide bank, yet t.he high 
velocity filamen~s were away from it; and when the Banki Road spill began to 
flow with floods higher than about 10 lakhs (above Naraj), the spill discharge 
was smoo~hly guided along the shank of the ·guide bank joining the curved head 
to the Railway embankment. With the peak flood, the. high velocity filarrient, 
which was near the curved head, gradually moved away from the guide bank Fi.r. 4 
ao· that at the bridge it was nearly 400' away from ·the guide pank .. Fig. 4 L-<!lli)-1 

shows the model cross sections, as obtained after expe_riments ~.and .2; .super-
imposed on one another. · . It was obsel'Ved that round the curved nos·e of the 
embankment, the scour was less tha.n under existi:pg conditions ; because the 
flow was smoothly guided along the 1000 ft. radius curve. . Betwe.en chainages 
1000 ft. to about 1800 ft., however, though the scour depth remained the same 
yet a deep channel formed along the toe of the embankment. ThisJ. however, 
is quite natural. · due to the attracting effect of a guide bank ; and with a. 
properly designed falling apron~ the condition will be well under control. It is 
for this reason that the reach between chainages 1000 and 2800 ft; is propgsed 

to be pr~vided with a. launching apron sufficient for a scour depth. of 2 Dlacey. 

'4.0. De~gn of the guide ba:nk.;_ 
- . 

4,1. As plenty of sand is available a.t site, the guide bank may be made with 
a .sand core-width at the1 top.=6 ft. and having 3ft. thick, one-man ~tone Fil! 5 
pitching on the side slo~es. . . . · , . ~ L·2tiiJ-L 

4.2. As a measure of safety, it is essential to lay a .launching apron 
sufficiently thick and. long to. launc.h and line scour-holes that may develop_ 
along the guide bank. . .'· · 

According to the model obr:;ervations, scour-hole is expected to be deep 
in portion CD from :Ch. 1000 ft. to Ch. 2800 ft. of the embankment, being Fi'!. 3 

sha.llower beyond chainage 2800. Hence, the launching apron may be provided C-2lu)-l. 
to be ·adequate for a m~<.XImum depth of- · . · 

1.5 DLacey or 35.05', say 3;>'J from chaina.ge 0 to 1000 

2 DLacey or 46.74', say 47', from chainage 1000 to 2800 

D L~cey or 23.37', say 25', beyond chainage 2800 . 

( wher~ DLacey =0.47 ( Q/f l/3; £=1.76 im and Q=·2.66lakhs cus~cs'. 
and f=t96). . 

With H. F. L. 79.4, the deepest bed will be at 
R. L. 44.4 between cbainage ' 0 and 1000 
R. L. 32.4 betwen ,, 1000 and 2800 
R. L. 56.o beyond , 2800 

Table 2/0-2(ii)-l . 
Lengrh along the Quantity of stone Size of aprou re- -

Chainage &om Average bed 
sloping face of required i e. col. '3 quired i.e. width 
the scour-hole x thick ness allo-

Bridge. R.L, from R L. in coJ.. x thickness of ing IO% for some 
2 to bottom (with of launched apron stones being . 2: 1 slore) (=3'). , 

washed awaY· etc. · 

1 2 'i 4 5 

0 to 1000 60.0 35ft. 105 eft. '25' X 4.5' 

1000 to 2800 70 8! ft. 252 eft. 35' X 8' 

Beyond ch. 72 -- --- 35.7 ft. - 108 eft. 251 X 4.5' 
2800 Say 36ft. 
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. . The aprons, as shown in table 2, when laid tl) the avera.ge bad level, 
'the toe of the pitched embankment, should provide adequate prvteotion to tl 
!8uid,e bank. 

4 3. The top of the apron on the high ground will be at a. level high 
•than R.L. 7:1; whereas around the curved head, it will be 2' lower and that t 
;to ch::Lina.ge 1000' will be still lower. It should, however, be noted that tE 
-.apron top should have a gradual slope along its length so as not to prese1 
·sudden drops at the points of change-over of levels. . 

15.0. Double-acting &luice : · 

Unless the guide bank is given a designed section to withstand abm1 
J.9' head on one side only, it _will be necessary to provide for an a-dequate open 
ing to fill in the compartment formed between the railway embankment at. 
;.the guide bank. · · 

5.1. The data for the d~sign of such a two-way sluice are as follows:-
(1) Area of compartment =496 x 10' sq. ft. 
(2) Average bed ~.L. = 72.0 
(3) H. F. L. to which it 

should be filled up = 79.4 
.(4) Volume of water to be 

impounded in the 
compartment ·= 496 x 10' x ( 79.4- 72.0) 

· = 3.66 x_107 eft. 
:(5> ·Average rise of water upstream of the guide bank 

= 2.81 ft. per day. 
(6) Average time in which the compartment should be filled 

=2.78 days. 
. Working on this data, the average discharge the sluice has to pass s: 
'that the water level in the compartment will be the same as that on thu 
upstream side of the guide bank, will be 

3.66 X 107 
= 2.78x 24x 3600 
= 152 cusecs. 

The hea.d ava.ilable to pass this discharge ·va.ries from zero to 7.4 ft .. 
( R.L. 79.4- 72 ). H:mca working on an a.verage hea.d of 7.4/2 i.e. 3.7 ft. a.nd.! 
a.ssttmina th:~tt un:ler dt·owned conditions a.nd a. 1Ia.t sill, the coefficient oil 
discha.rg~ will ba of the or.ier of 2.0, the length of the opening required! 
·:will be, 

= 

= 

Q 
ex n1.5 

152 

2 X 3.71.5 

1 = i0.67- i.e. say 11 ft. : 
As the discharge to be plssed through the sluice is small, a. ~im~Ie' 

"TD.a.sonry wallo' to 6' deep with its top a.t the a.vera.ge bed R.L. a.nd w1th 1ts 
·upstream a.nd downstrea.m sides pitched with 3 ft. thick stone pitching is 
expected to serve the conditions. 

u.O Conclusions:-
Under existing cond.itions, the erosion is due to the curved flow a.nd 

is accentuated by the stone pitching which probably wa.s not designed as a. 
permanent measure. A guide bank, as suggested in the Note, appears to be a. 
;promising mea.sure. 
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KHANNAGAR HEPELING SPUR (ORISSA). ' 43 

-C-2 (ii)-2. Protection of the left bank of the Katjuri River at Khannagar 

upstream of the Katjuri Railway Bridge-Orrisa. 

1. Introduction:-During the 1046 floods, chiefly owing to the sustained 
flood of about 1~ lakhs cusecs above 1\araj flowing. for 5 days at or ab?u~ 
a. stage Z' below the maximum, the atta.ck at the right ~ank of the_ K~tJun 
upstr~a.m of the Kuakhai. head moved dow~stream c~usmg concentratiOn of 
flow which scoured the rtght bank at Kaz1patana) JUSt downstream of the 
Kuakhai off -take; the flow then was sharply deflected from the--right bank 

. at J{a,zipataua. to the left bank near the Burning Ghat dow~stream ot Out tack. 
Further downstream, the flow hugged .. the left bank, causmg severe __ ~amage 
between the Burning Ghat and the Kha.nnagar revetment and also ~long t.he 
revetment for a. length of 2500'. I~xtensive err"ergent protection w_ork with 
sand bags. brush wood and temporary piles was done to prevent ~h~ eJP:bank-
ment breaching~ , . 

' 1.1· Permanent protective works appeared necessary, before_th'e l947. 
floods for which model tests were carried out. . , · 

1.2 When he inspected the-site, the Director suggested modifications 
regarding the proposed retired embankment and also· recommended a; repelling 
groyne near the Burning Ghat; the optimum alignment and length ·of. which 
were, however, to be determined by model tests. . . 

2, The m<~de~:-These tests were carried out in the l/4C(l: 1/66 verti
cally-exaggerated _model of the Mahanadi and its branches which was being 
successfully operated to study the redistribution of· sand and discharge between · 
the Ma.hanadi-and Kabjuri at Cuttack. 'fhe entry and exit conditions haying 
been already proved, this model was a ready asset in the quick solution 
of the .new .problem. 

3. Experiments : The following qualitative tests were done 'to arrive 
at the best results:-

Experiment 1 : with existing conditions. 
Experiment 2 : with 1200' long spur near the BUfiring Ghat, pointing 

45° upstream. . · · · 

Experiment 3 : wi~h 1200' long spur near the Burning Ghat; pointing 
60 upstream. , • . . 

Exper-iment 4 : with 1200' long spur near the Burning Ghat, pointing Fi' 6 

90° upstream, i. e. at right angles to the bank. · c-2 (ii)-2 

Experiment 5 : with 1400' long spur near the Burning Ghat, pointing 
. . . 6oa upstrea~ · 

· '. · In ~ach experiment a flo~d. discharge of 6 lakhs cusecs above Nara~ 
whiCh evidently gave bad cond1t10ns at Khannagar, specially with. a spur, 
because the throw-off due to a spur increased with increased discharues 
( vide para 4,3 )-, was run for 3 hours during ·which time observation; of 
velocities, lines of flow and !'egions of scour and shoaling etc. ·were made~ · · 

3.1 Fi~~lly, the two most promising alternatives were tested under 
• flood cycles r1smg from 6lakhs cuE:ecs to 15lakhs and falling back to 6lakhs 

cusecs ( &'hove Nara.j ). . . . . 
· 4. Discussion of results : In preliminary tests, different lengths ·of 

spurs were t~sted at di~erent sites. . Spurs ~horter t~an 1200' at and upstream 
of the Burnmg Ghat did n?t appreciably shift the high velocity flow from the 
Kha.J?-nagar. bank. Spurs s1ted further upstream than shown in Figure 6 were 
also meffement because, after local deflection, the flow again swung back 
to. the left ?a.nk a~ K~~nnagar. Shorter spurs might probably ha'?'e worked 
fauly sabsfactorJly, If located further downstream· but this was not Fi,, 6 
practicable due to great depth of water, The best position' of a spur was found -c---2(ii= .. ).;;.--2-

to be near the temple between cross section 7 and cross section 8, as had been 
suggested by the Director on c;ite. 

1~ 



4::1 ANNUAL REPORT (TECHNICAL) OF WORK DONE DURIN& THE YEAR 19-U. 

4.1 T"eloriti~f : Figura 7 shows t'bo velocity distributiou~ratio of me:m 
_Fi_t_:?. __ velocity on vertical to mea.u wlocity of cross SC(.;tion observed nt a. c. S. 1000' 
c-2 hiJ-2 upstream of aud p:tra.!ld to the Ha.1lway .BriJge. In t·xperimPut 1 (existing 

conditions ), tlw highest velocity was near the left bank, which gradually 
fell off to a. ruiuimum near the right bank. 'l'he cfiL>ct of putting lU a. spur 
was to reduce the velocities at the left bank and increase those at the centre 
and a. little near tlie ilrr10ht·banli.' Optimum normal distribution,-i. e. hi0crb in 

Fig. 7 ed · b c-2 tu>-a the mid-channel·l!-·na low ·at the sides-was obtain . w1t a. 1400' long spur 
pointing 601 upstream. '.t'he ~ext bes~ di~tr~bution . was obtn.ined with a. 1200' 
long spur pointi~g _601 up~tre!Wl.. . . . . . _ , __ . 

4.2 Lines of flow ·:·Figure · 8 shows ·the bed and surface lines of flow 
Fig. 8 in experiments 1 to 5 observed with a. flood discha.rge of 6 la.khs ·cusecs a.Love-

c-2 (ii,-2 Na.raj. It will be se~n tha.t·, under existing conditions the surface flow concen
trn.ted a.nd dived neat the J(hannagar bn.nk, the bed water being deflected away 
from the bank, indiCating a.· likely tendency _to undennine the bank. 

- - . 
,With a 451 spur, the throw-off. of the high velocity flow was not. 

sufficient. The 609 spur gave a better throw-off of sudace flow and the return 
flow downstream of the spur was· also lr.ss severe. A 9v0 spur deflected the 
bed flow below it a.w~y.froiiJ the left. bank~wbich was undesirable for inducing. 
silting a.nd the surf~!:) flow .throw-off. was· also· less than with the 60° spur •. 
The optimum re~mlts were, thus, ;ob~aiJ?.ed with the-6()0 spur. 

4.3 Hav.lng observed the lines' of flow and velocities, experiments 3· 
a.nd 5 were repe~ted' .'With cyCles rising from 6 Jakhs CUSe<'S to 15 lakhs CUsecs 
and fa.lling back to 6.la.khs ~msecs above Naraj to observe the flow conditions 
with higher flood discharges .. An. interesting common feature of both these 
exp~riments :was that the throw-off • due to the spur· increased ·with' increased 
disch::~.rge. It was:a.lso~observed. that .. with: higher· Hoods, though both 1400' 
and 1200' long spurs worked satisfactorily as regards surface flow, yet the 
bed flow tended to approach the IE>ft: bank below the spur much earlier with 
the 1200' spur than with the 1400' long spur-a. feature whkh indicated that. 
with the 1200' long spur the bed near the left bank . would buil·l up more 
quickly. · · 

~he velocities,nea.r the right bank also increased causing a little scour 
of the extensive shoal nea.r it. 

Fig. 9. · 4.4 · Figure 9 shows the cross sections .9 and 10, observed after 3 
C-2 (ii)-2. hours' run of the 6 la.khs cusecs "flood. C. S. 8 is too ncar the spur and is 

affected. hr. the: scour-hqle at the -nose of the .J>pur , and so, although observed, 
is of littl.~ value _a.nq .~s omitted., . , . , ,. 

It will be sc~ tba.t at _C. _S, 9, the de"pest cha.n.tiel js at mid-stream 
with th~ 1200' spur pointing 6u' npst~a.m. 'l'his"e((()(:.t is not so pronounced,. 
with this p£?riod uf flow at 0. S. 10 where the deepPst portion is still near the . 
left bank, -: · · · · 

· · • 'fhe fact. th:~.t. inspite ~f tl~e thro"~:...~rf, a. deep cha.uuel is observed 
near the )eft b:.tnk is m.·1.inly- due to model ~ limitll.tions. A model ha.s all its sand 
rolling on the bed_and, unlike the prototype, has very little of suspended silt 
to deposit. li'urther, the period of run was also not sullicient for the model to· 
a.tta.in its final ,configuntion fr01n heel sa.nd movement alone, -conforming to 
the conditions imposed npon it by the Rpurs. Iu ·the river, except in the 
vicinity of the rewtment, the ch:tnnel along the left 'bank. must eventually 
silt up, consrqtwut: upoo. the surface ilow throw-off of the spur, the induce· 
ment of ~he beclllow· a.loug the bank, ·1\ncl tho deposition of tmspcnded silt with 
lowered yelocities along the hank. • · ~ · 

. (5) Srotlf. at the 1WSIJ of the HpUf j fWAigtli of launrllint] azlrO!a. 

In order to get quick results the model spurt; described above v.·ere 
made of a W. I. t;ho\!t having a. Mlope of = 2~ tc.> 1 o.t tbt~ noe:;e. The sidos were 
vertical. 'fhe mnximnm scour dPpth obtn.in<'d nt the nc1se with this spur went 



1/400 : 1f66 Model of the Katjuri river at Kbannagar--Qrissa. 

Katjuri Railway llritlge....,. 

Khan nagar---------------....,. 

Repelling spur----'> 

Katjuri loop 
! 

Surva River. 
l 

5192 : Same as 5193 but looking upstream. 

5193 : Photo looking down
stream, showing the 
flow conditions at Khan
nagar . with 1200 ft. long 
repelling groyne, poin
ting 600 upstream. 

-Repelling spur. 
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KHANNAG.\.R REPELLING SPUR ( ORlSS.\ ) , 45 

. down to R. L. 14. Having done these quick tests, 8. proper spur, with = 
5:1 slope of the nose and representative side slopes, was constructed and the 
lowest scoured bed observed was only R. L. 28 ( i. e. maximum depth =52' ) Photos 5192' 
which it! approximately 2DLacey_as shown below: .• and 5193. 

D 1 
Lacey = 0. 473 ( Q/f )"Z 

whl're Q is the maximum discharge and f =the Lacey silt factor;, 1.76 y:;;-. · 
In this case Q = 4.5 x .105 ousecs ; · ' 

and f = 1."76 vr.m 
=1.86 

:. DLaQey =0.473x (4.5ts:os)l 

= 29.47 ft.: 
'' i'' 

· 2 D · · Lacey = 58.94 against obse~ed depth in the scour pit=52 ft. 

· With scour equivalent to 2. DL·. ' · to be. on 'the safe side, _the acey , · · . . . 
maximum depth in the scour pit will be about 59 ft. If, therefore, a laimchin~ 
apron 29ft. wide x 4' thick is laid round the spur nose, it will launch at a .. 
natural angle of repose forming a slope- of about 2 : 1 down to the bottom of. 
tlle scour pit. 'fhis apron provides an allowance of 25 percent for stone likely· 
to be washed a way; but .some more·. stone~ was recommend{ld to be kept in. 
reserve for emergencies. , . . . , . · , .. 

5. 1 The iiose of the spur arid the first iO' -'length of the shank 
should be entirely of stone, the latter with 8. view to provide a good' junc
tion of the nose with the shank. The shank also will have to be protected by 
an apron 15' wide and 4' thick, both on its downstream side as well as on the
upstream side. 

5. 2 The d-esign of the spur is shown in Figure 10. The nose of the spur· F'g 10 
is designed to slope down at 1 in 3 for top l/3rd depth of flow. in order to <--~ ~ii•-2. 
prevent " gulleting ", the. remaining 2/3rds bottom portion sloping down 
at 1 j.,_ 5. 

6 Conclusions:-As has already been observed in comparison ·of field. 
and model re~mlts of the Rupnarain repelling spur, the model does not give the 
rate and depth of accretion below the spur. It only gives an indication of the-· 
extent of accretion. This is because the bed changes in a model occur mostly. 
on account of rolling bed sand; but, in the river, it occurs more rapidly due to 
the enormous quantity uf suspended load; and hence the rate of accretion. 
is very much slClwer in the m,,adel than in the river. 

During the time the bed near Khannagitl" is building up to suit new· 
conditions a certain s.mount of ·diving flow-certainly less severe than under
existing conditions -may be anticipated and taken care of; but this will. 
disappear a~ soon as the bed. gets built up. 

In the neighbourhoo1.t--of the spur due to the l'elltricted waterwn.y, the·· 
extensive shoal on the right ·bank will scour and also the right bank may erode;. 
but this b:tnk erosion is considerd by the local officers to be of little· 
consequence. 

To counteract sufficiently the present severe conditions and avert the· 
impending danger to the left embankment, the Khannagar revetment and the 
village, the optimum length of the spur should be 1200'. However, lalier when.. 
the deep channel has shifted to midstream at Khannagar. after analysing the 
post-spur conditions, it· may be possible to reduce with advantage the 
length of the 1200' .spur now recommended, if necessary for reducing a~ion.. 
along the right bank. 



46 ANNUAL REPORT (TECHNICAL) OF WORK DONE DUUING THE YE.\.R 1947 

0-2 (ii)-3 Tralniilg of the Ganga Riyer At Kanpur 

( Advice without model experiments. ) 

Since 1900, the Municipal Board hs.d been drawing water from the 
Ganga. for. the unriltered water supply of Ka.npur, situated on the south bank 

Figll of the· river. Up to 1912, the river course used to hug the south ba.nk; but 
c-a lii)-J since then it ha.s been shifting northwards, necessitating the dredging of 

a. channel to feed the pumps. During the last few ·years, the main currt'nt of 
the river ha.s been flowing 1i miles "'t~ the north· of the Municipal Board's 
.Pump House. · ·_.' · ;:__., · , i, .·_ 

On his inspection of the river in 194~, · Sir Claude Inglis ha.d stated 
:thl\t the unfavourable meander conditions of the river indicated that no perma
nent remedy· could be evolyed. After the 1944 · floods the river· conditions 
appear to ha.ve been. improved and. accordingly, the measures suggested by 
this 'Station, without model experiments, consist of a. pitched" attracting" . 

, .. 
11 11 isla.ni about 1l miles upstream in the river a.nd a. pitched curved ba.nk a.t the 

.-c-~ (u)-l Pnmp House provided w~th ·an a.?equa.te launching apron. 
' . . . ' \ . 

The island was suggested, because a. part island-called a. bund when 
constructed in Ma.y 1947 by the Ka.npur Municipal Doa.rd--ha.d shown signs of 
improving the river cunature; a.nd the pitched" embankment followed from the 
analogy of the. Yamuna. a.t Delhi where a. similar design wM shown by model 
tests to bo effective in '' capturing •' . the river nea.r the Delhi Gate Pumping 
.Station. 



BITHUR 

R.k·K·to·l2-47 

KANPUR DiVISION LOWER GANGA. CANAL 
TRACE PHOTO GRAPH MOSAIC OF GANGA RIVER. 

TAKEN IN c.JUNE 1945 
SCALE::-17·2"TO A MILE APPROXIMATELY. 

N 

KANPUR 

·No 6G4S • 
C.W·1·2..N·R • .,TH • POOMA 

FIG- njc -2 (ii) -3 _ 

1\lll"[E:-

APPRQ~IlofATE CONDITION OF RIVER COURSE IN MAV 1g47 SHOWtlltii"ULL ~_,-e..::-

W·W· WATER WORK"'· 

P.HO· I>?WER HOUSE l<ANCUIL ELECTRIC SUPPL'< CORPORATION. 

0. NEW CHANHE<- DEV£LOPEC 

·E. CHAHI'IEL. ATE E)(ISTEO IN ..JUNE1945,& PREVIOUSLY AS ENQUIRIES 

Sf-!OW,ALTHOUGH IT DOES NOT APPEAR CLEAR IN THE PHOTO MOSAIC, 

PROBABLY QUE TO ITS HAVING BEEN THEN LESS WELL DEFINED· 

COURSE "TAKEN IN .JUNE 1948 SHOWN IN DOTTED :::-::'"' :.-: 

•l!'z.lt ~ ......... 



.XSIDPRA AT UJJ.t.IN 4.7 

C • 2 (ii) - 4i. 'Kshipra River at Ujjain - Gwalior State. 
Preliminary Note and Design of Model Scales. 

"1. Hist(lfy . . 
. ) : • :. • I 

. 1. 1 The city of Ujjain draws· its water supply from an ip.filtratio~ Fag. 1~ 
:gallery, situated in the bed .of .the ;tdjoining ~shipra. River.. The infiltration c:2;1:>t; 
_gallery was constructed to a length, of 200' in the years 1901-1903, and due , 4021 
to the increased demand of water, as a result of the tripling of. the, town 
population, the length of the gallery was increased to 600'. r:rhe ~alle~y is . 

-constructed -on rock foundations; it it; rectangular in eection ( i' x '1 ) . with' an 
arched pucca to~. lJry stone masonry is· built between side pillars spaced 6' 
apart to colle·ct the filtrate from the ·sides. In order to have an ·assur~d.depth 

-ot water over the infiltration gallery, throughout the cold. and hot ·seasons, · 
.a. barrage was constructed in .1931_, hailf mile .downstream of the gallery. The 
barr~ge impot;tnds 14' of water by means. of a double row of 6" high kurries, 

.staunched on the upst:.rea.m face with mud to pre_vent leakage, and has only 
two scouring sluices at present. During the floodsonly ·the top-s' ofiurries 

-can be removed, thus having a permanent ppnding of 11' .of water over the 
barrage sill. This, however, created a seriohs problem of accretion of fine 
silt a.nd clay occurring upstream ·of the Barrage -on . falling floods. . To get ~ 
.sufficient water, ponding is inevitable; while, because .the infiltration ·head · 
.immediately after the floods, exceeds the critical head of infiltra.tion the.g~llery 
.has often got clogged with fine silt. · · · · · '· ·· · · '· 

1.· 2 Further, the galiery 'being situated on .the convex siqe at the· a,pe:s; Photo 4026 
-of the meander, the river has -been gradually receding Jaway !ro:rp. .it and Fig. 12 
. eroding its concave right bank. This · also .called for protection of the right C-2(ii).4 

bank particularly of the historical observatory .known ,as '-Jantar Mantar'; 
which was done by paving the side slopes with reinforced concrete slabs and 
pitching. To protect 'the right bahk from scour arid ·to push- the cnrrent over 

·the infiltration gallery, a series of small spurs were proposed ·by the local officers Photos ~ 
and a.dvice about their efficacy was s?ught from this ~tation in November 1943. and 4025 

· L B. In consideration ·of all aspects ot the ·case, 'this 'Station suggested 
the construction of a ·single, attracting ·spur No. 3 on the left bank opposite ·a !!!:.,!2 
point midway between spurs Nos. 7 and H on the Tiglit bank. The local officers C-2lii)·4 

. however, thought that this single spur may take a long ·time t~ act and may 
worsen conditions at Jantar Mantar. So they constructed, before the floods 
-of 1944, repelling spurs No. 1 and 2 •on the. right bank as well as spur No. 3 
on the left bank. This attracting t:pur No.3 was; •however, not given sufficient 
time or a fair chance to come into action because after the first low ·floods of 
August'l944, it was cut down by ~- length of 150' from its nose, while after 
the peak floods it was further cut down to 230'. Later, spurs 4, 5, 6 and 7 
were constructed. · 

1. 4. The Gover.nment of Gwalior State ate now planni:p.g to pump Fig. 12 
ra.w water direct from the river. The site of this· pumping "tation is to be e-2 (ii)-4 

on the right bank and the reach AB of the river has, therefore, to be, prote-
cted frbm erosion. This acheme may take some time to materialize.· -and in . 
the-interim ·period the infiltration gallery· has to be kept clear 'from -getting' 
·clogged with fine silt. . · · · ·· . 

1. 5. With this twofold object in view, (a') of protecting the 
right bank, and (b) of pre'\>'enting fine silt deposition-on the infiltration gallery, 
a model of the Kshipra River has been 1:-ecently constructed at this Station. 
The model extends 3i .miles upstream and j mile downstream of the Barrage. 
'The model reach is shown in figure 12. 

( 2) Hydraulic Da~As in the majority of cases, the available hydrau- · 
lie data is very meagre. · · 

. ( i) Bed sand-Representative samples of bed sand collected from the 
'bed near the infiltration gallery and a qun.rter mile upstream of the barrage were 
-analysed and ga.ve m = 3.8 mm. a.nd 5.-75 mm. respectively. 

13 

Fig.12 . 
C-2 (ii)-1 

Fig. 13 
C-2 (ii) -4 
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( ii) Bed and surfacB 3lopes-The river bed slope. in the reach under 
investigation, is 1 in2500 ( approx.) ancl the ~urface slope is 1 in 4400. 

( iii) Maxin,u·injlood discharge-There are no records of velocity and 
discharge observations, 1fhe maximum flood velocity, as estimated by eye by 

. an officer, is reported to be 15ft. per sec, which appears much exaggerated, as. 
will be seen from the discharge computations below. Similarly, the maximum 
flood discharge iR. reported to be 2,98 lacs cusecs- presumably based on the· 

Pig 14 - overestimated flood velocity.- and is almost double the Station estimate. As. 
c~a·oi):4 will be. see~ ~rdm Fig. 14,.this is a. flashy type of river; and ·the floods rise and 

fall qu1ckly... " · . · ' · . . · 
· · 3 Ccm~puted estimate, of Flood Di~cl14rge : · . 

' ~· 1: • From fig, 12 it will be se~n tha·~ the 'meande~ len'gth of the river.: 
is about 9860. ft, which gives, . . . 

;_- . from' the Stati~n formular Mi =' 30 y QmAx 
I • 1 • ( , :. 

Q' : /98~)2~ i 
-~ \30 . i 

.:i 'l.OBlli.kli~ cu~ec~; 
whereas· the. m~a.D.c1B~. ;le.ngth . based ()n; qor.Oi.nant discho.rge · is given by the-. 
formula. M1 ~ 40 ... '~d · · .. · · .. · ;:: ~ om ··. 

• ·. • • l' . ; I ·• 

from which · Qdom = 61000 cusecs~ · . . . . 
These figures are,· however, based oti only one meander length availabl~ 

and, therefore, need ·corroboration. · · · · · · ~ · _. .. 
3. 2 Qma.x · from Lacey's general flow formula. -

. V = 16 R 2/3 S 113 . . 

R = 15.05 ft. and S = 1 in 4400' at the barrage section~

V = 16 X 15,05 ?JS X ( 1/4400 )1/3 
= 5.95 ft.fsec. 

Pig. 15. It has been observed that the (:ross-section of the river 100' downstream. 
c-2lii)-4 of the railway bridge up to R. ,L .. 1585.0 is quite s'table and oa.n be used for. 

· ~. computing area. of c~Q~;s seotion. . 

·Up to·R. L; 1585.0: 
'Are·a ·:A :=--·1.685 x 10• scj. ft. 
Area: .B. := 0. 73: x 10• sq. ft. 
Area. 0 · ::::. 0.305 x 10' sq. ft. 
·Area. · D = 0.46 X· 106 l!Q. ft. 
Are&·· E· : 0.29 x 10' sq. ft. 

Total Area.= (A+ B +C + D +E) 
. . = [. 1,6-85 + 0.'13 .~ 0~305 + 0,46 + 0~29 ]. X '10'' 

~ . . · . = 3.47 x io• sq. it. · . .' · : .. , . . . . . . 

Ar~~ 9, D a.I!-d E are .overflow portions. and so a. coefficient va.lue of 0. :t 
is assumed.i~ wo:.:king .out effective. velocity, while a. coefficient valaeof 0.70,· 
is assumed for area B. -

Qma.x. r.: ~A. V. . .. . . · · 
··~ v. A+ 0. 75 v. D.+ ~1 V(C+D+E) 
: =· :[ (5.95 x 1'. 685)x(.75x5.9q+0.73) :~ ··. 

0.1 x 5.95 x 1.055) ] x 10' cusecs .. 
. = 1.39 _lacs cusecs. . · 

Similarly, with area. of eection up to H. L. 1575.5, i. e. bnnkful stage• 
'Qd = 0.70 lacs cusecs. om 

3.3 Qma.x. with tbe MissLc;"ippi formula. ~ 

v = [ c 3.cl9oo u-v·s- )1/4 - o.o38812: 



Ksbipra RiYer at Ujjain. 

Photo No. 4026 : Kshipra river at Ujjain. Photo looking downstream show:ing the concrete 
apron at Jantar Mantar, the Shiva's Temple and the barrage in the baokgrounQ. 

·Photo No 4021 : K!;hirra River at Ujjain. Showing the Barrage. Photo taken from ·the left bank. 
Two eoouring ~lnicefl al'e in the middle foreground. 



The Ksbipra river at Ujjain . 

Photo No. 402-l : Kshipra ri"er at Ljjain. Photo looking upstream showing th9 stone groynes 
and the Pump Hons~ in the back ground. 

Photo No. 4025 : K8hipra at Ljjain. Photo looking U('ltream. ehov.ing the spo.r9 oo right bank 
and fine silt deposit being removed from OTer the infiltration gallery. The oon· 
CTete pillar seen in the for8j:{roond il con&truoted to locate the po!itlon of the 

gallery undern~h. 
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FIG. 14/C-Z {ii)-4. 

SHOWING THE WATER LEVELS IN THE 
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1119 6783 
Cenlral W. lrrigalion 6 Novi9cdicn 

. Researcn sln. Poona. 

1580~----~-------r------~-------~,~~------~-;------~------~------~----~~----~~-

·-

1570~----~---r--~-------+------~------+-~----;-------+---!--~-------+------~------~~ ;· 
w . 
> wt560~----~--++--~---+--~--~--~----~~~----;-------r-----~~-----+------4-------~~ _, 

I. 

.. 

.., , 

w -·----f 

• ,•1 

15~0~----~.0------~-------r------~------~------+-----~~----~~~--~------~~.--~~_. , zo 10 ·2o to 20 J~ 10 24 

,..__._········July. ---*'---··-August---··--.:.-*~----~----Seplemb€r--.... -... ~*'~·- --~fober 
p_.,.Hi. 

G.P. 'Z..P POON.'I, IIJ-48 



_. Fl6.l5/C-l(t!J:..4._ 

KSHIPRA RIVER·, 

51/0WING CROSS. S£CT/ON 100 F.r Djs 

Of' RAILWAY BRIDGE 
" , . HOR. I= 300 

SCAL£:- VEt<.!": .30' 

I 
I ' . I , 

~---- ARE'A D ····---....,.;r----ARtA C"·.;...· _,....-.....,~----ARF:A 8--· ~ .. . ARE.A ,A ... 
so .. ~: . ' '/5 

IS so 

IS 70 

'15 60 

., /55 

/S.f ., 

.... 
v 

""""' 

. 

. 
Ill 

' .. .... ' ..; ........... 

·• 
'• 

• 
\ 

. .. 
~ ... ..... !VI" 

. . 
,' I. H· f:·L. 1585 ·0 ; 

' I w.t../575·5 - . . -
., -=-_,...,.73'\ = .. -- -· .. I~,J ~ K: -I 

~ 
. -1~- .. :f 

' -·-
~ 

"'' .... 

N~67:J~ 
C. W./._ ~A~ R.J'!'! 

POONA 

I I 

•
14 .... ARE~ E -·----' I I 

i/ 'k 
I ~=--= /"+\ -;,.. 

~ ~ 

·. 

'N Vl Cl\ ~ ~ ,... i ';: ~ ~ M· i ~- ~ ~ ; ·0 .4!) ~ ~ ~ ~ _, 1!1 "'· Ill ~ . ~ ~ 19 ' ., ~ ":- ~ ":' '0 
~ ,:.. II . ' t:. ~ ~ /.cVCLS ~ ct~ . ~. ,.. ~ ~ "' co 18 18 ~ -~ ~ ~ • ~ ~ ~ .;:: • .., ~- -~ :; ~ -·~ ._, ~ q) ~ ' ;e ~ ~ ~ 

DIITANC£. . g g ~ ~ ~ g Z $! g 2 , ~ . ~ 2 !J . ~ ~ . -~ 2 ~ S · 2 ~ ·. ~ ' O o g o ! ~ g o o 
/NF£ET_. __ ~~~~----~ru~~N~~N~--:!--~~---~~~~--~!~-~~--·~~~-=~~g~~~~-G~-~--~~---~--·~-~~-N~--~---Q-·-------~--~~---~~~~----~ __ m 

..,.y',... SHIN&ARf:, 

.. P. .............. ... 



where 

KSIDPRA. A.T UJJA.IN 

R = total area. · 1 

wetted perimeter + surface widtL 
S = slope per 'mile. . · ; 

v = r [ 3.0966 (
5
' 
076~~0~ ) x 1.086 11'~ _ 0.0388 .J 2 

= 5.10 ft.jsec. 
Q ::r. A X v max. 
- 2.34 X 104 X 5.10 
= 2.19 lacs cusecs~ 

. ' 
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'i 

3. 4 The Station estima.teofQ · is '1.39 .Ja.cs:cuse·cs,··a.a shown' iri max 
para. 3.2: 

4 Chaice of Model Bcale1.:. 

( i j Choice of length scale-On considering the available and suitable. 
space and discharge it is proposed to adop~ a. length scale of 1/170, giving 
Qma.x = 1.39 la.cs cusecs =, 4.81_. cusecs in model, 

and Qd · = 0,70 lacs cusecs ..:... 2,42 .· cusecs~ in 'model, om. 
( ji ) Choice of deptk scale ;....- . · 

(A) Applying ~Lacey's formula. with mm = 0.5 :inm. and 

m ::: 3.78 nim. 
p · v.E.=(Q /Q ) ljs(m 1m )1/s 

. p .m . p m 
= (1702) 1 f8 . (7.56) .1-J'" 
= 5.54 X 1.40 
= 7.76 

:. d scale = 1/21.9 or say J /22. 
(B) The vertical exaggeration was also worked out from the:einpirica.l 

Station formula (obtained from models of the range of discharge and size of 
the Kshipra model ) : 

'd = O.()Sq e.n ; which is ·suitable for conditions, where the bed charge 
· is only moderate, as in the case of the Kshipra. which is relatively, narrow 

a.nd deep, indicating low charge of bed material, The size of bed material was 
norly the same as used in experiments from which the station formula wa.a. 
obtained. 

w p = 900 ft. and dp =:= 16. 44, ft. for dominant disch-~rge at thlit 
, Railway Bridge. 

wp fdp =54.7 

w · = 5.3' and q = 0. 775 cusec/ft. 
m m 

0.71 
So d=0.68 ( 0. 775) = 0.57 ft .. 
:. wm /dm =9.6 

or vertical exagg~ration = 5::: = 5.67 ( a.s compared with venical e~aggera
tion according to Lacey formula = 7. 76 ). 

d scale= 5~~~ or 2~.9 or sa.y 1/30 · 

_A depth scale of 1/30 was adopted as a. first approximation. 
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(iii) Blop11 acal6 ratio : Aga.in applying La.oey's formula., 

S. E. = ( mm /~ ) 5/6 ( Qp/Qin ) 1/6 . 

= ( 0.50f3.78:) 516 .( 170 >1' 3 

= 0.185 X 5.55 
= 1.o~n 

5. Pr(Jf)ing t"M Model. 

According to La.oey figures. vertios.l euggera.tion ;;: 7.76 a.nl slop3 
exaggeration= 1.<>-37; when the model wa.s 'run for proving iii, it wa.s·noted tha.\ 
it did not reproduce prototyp3 conditions of flow oorractly till it w.~os given a. 
bed 1Jlope euggera.tion of~. 0; fhus the )n~»iel is tilted. a.n l hls iiow vartioa.t 
euggera.tion = 5.67 a.nd bad slop3 exa.ggera.tion = ~.0 

Apa.rt from the optnions of exparienoad' ioca.t' oflia3fS { thi s .. nita.ry 
Engineer and tha Exeoo.tive En.;ineer) who-h.,ve satisfied thsau3lves th11i 
the model repro:laotion 'Of existing o:>niitions is in oloss conformity with the 1 

protOtype, there is fa.ctua.l evid.eno3 of tha ragiol'i.s of a.~ta.ok a.nl high valoGitiei 1 

a.nd the flow pattern .~eing th~ s~m3 in t4~ ~odel a.s in th' prototyp9~ 

6. Experiments for tra.ining mea.<JUres a.re hi. hancl. These •ill ba 
.described in next ye8ir~s Anqna.l Report. · . . ' .... 



AURANG.\. RIVER ( BOMB.\Y ) 

C- 2 ( ii)- 5. Measures for arresting bank erosion near. Bhadeli &: 

Bhagda Villages on Auranga Riyer - Bombay. 
(Advice with model experiments. ) 

1. - Introcluction :--

51 

Both the banks of the Auranga river near Bha.deli and Bhagada 
villages in Bulsar Ta.luka, Surat District, were heavily eroded due to combmed 
.action of the tides and floods. Investigations revealed that•extensive measures 
for general training of the river would be prohibitive in cost and hence only 
Joca.l works designed to protect the important .Properties along the banks 
were possible. With this view, seven groynes on the left bank '1Lnd three 
groynes on the right bank were constructed by Jocal officers from time to time 
tilll941. The groynes on the ·Bulsar side were fairly successful in pegging 
.the river to the left bank. The erosion, however, waS' moving downstream, as 
erosion generally does, and in doing this the natural swing of the river shifted 
.to the opposite right bank. To check the consequent erosion, three groynes qn 
.the left and two groynes on the right. bank downstream of the existing ones 
were proposed to be constructed; and the Director's views on these proposals 
'Were r3quested. · . 

2. Recomm~ndatiom :-
. 2. 1. Repelling groynes for local protection ·should not be so long as 
:to cause damage on the opposite bank nor so short that action ( turbulence ) 
'.or scour-which inevitably occurs at the nose-will reach the bank which 
.they n.re intended to protect. On the left bank, 100 feet groynes were there
fore recommended, with the first groyne 60 feet long, to avoid the likelihood 

·Of intensifying the attack on the. right side. The distance between two 
.. repelling groynes should be such that the repelling action is maintained-the 
throw-off of the one not having dissipated before reaching the second. The 
first groyne being shorter the distance between the first and second was 
suggested as 330 ft. and between the second and third, 440 feet. 

Fig 16 
c-2 (ii)-s 

2. 2 It was difficult to suggest the exact position of the groynes in the 
absence of full information regarding the relative values of the area most to be 
protected. It was, therefore, pointed out that the proposed three g,aynes . 
·On the Bulsar side, would protect only the hatched. portion in figure 16. F·~: 16 

The uppermost groyne (as proposed. by the lo~al officers) was, therefore, c.-(u)-5 

advised to be omitted [ (a) because erosion would move downstream· and (b) in 
order to avoid deflecting the current into the Bhadeli arm); the second and 
third groynes would then become the first and second groynes ( 60ft. and 100 
ft. long) respectively ; and a new third groyne, also 100 ft. long, was 
proposed by the Station to be constructed, 440 ft. away from the third. 

2. 3 As the Station was given to understand· that the major part 
of erosion on this bank wa.s caused by river floods (not tides), all these three 
groynes were recommended to face upstream relative to river flow, the angles 
being 45°, 60°' and 60° to the bank, respectively. 

2. 4 To avoid turbulence near the bank which a. submerged spur 
causes, the spurs were to have a.s flatly sloping noses as possible, not less 
than 1 in 3. 'fhe noses of the groynes were also to be adequately protected by 
loose stone apron around them of sufficient radius to cover the likely 
·scour-hole. 

2. 5 · On the Bhadeli side,· it was believed that the tidal action must 
have equal effect, and so the groynes were suggested to be oriented at right 
angles to the bank. In other respects, they were similar to the Bulsa.r 
groynes. Erosion below these groynes being likely, a third groyne below 
.the proposed two, and inclined upstream at 60° to the bank to " throw off'' 
the flood water away from the bank, was also suggested. ~hese groynes are 
expected ultimn.tely to assist in opening out the old rtver course when 
:the swing upstrea.m of village Bhagda has shifted to the opposite bank. 

~: 6 The recommendations are~ it is learnt, shortly to be taken up. · 

14 
' ... 
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C-2 (ii)-6 : Protectin measures for several railway bridges on 
Madras-Bombay Line of M. &: S.M. Railway, between 

miles 82 &: 113. ' 

1. Introduction: 
A number of Bridges between Pudi and Urampadu-miles 82 to 113 on 

the :Ma.dra.s-Bombs.y line of M. & S. M. Railway, were se,·erely damaged in 
the December floods of 1946, regarding which advice and recommendations. 
of the Stati•Jn were sought. The advice on points ,common to the design of 
several structures is recapitulated below:-

2. Estimates of maxim1£m flood d·i&cltargea ·: 

The data obtainable in nsp£ct of flood discharges was inadequate. 'llie 
estimates furnished, as based on catchment· areas by Ryves' and Burges'" 
empirical formulae, could n<·t be ta.ken &s satisfactory as much depends on. 
the rorrect assumptions I){ the widely-varying coefficients. For instance, 
Rhind's analysis has shown that C in Ryves' formula. can vary from C = 308 

.· to U = 2707(1). Figures obtained according to these formulae were significantly 
lower than those given by the Station formula. duly corrected for shapo of 
catchment. The Station formula. is ba.sed oa extensive data a.nd checks up with 
several proven formulae-Ryves' formula. with C = 2707, in certain cases, give& 
about the same figures as by this formula., The Station recommendations were, 
therefore, based on discharges computed by the Station formula. of normal 
floods-=.see A-1 (ii)-1 of the report as-it does not appear necessary to provide 
waterway for the maximum-ever flood. in view of the disadvantages following 
the formation of inerodible shoals and islands since the maximum-ever. 
flood occurs but rarely. · 

3. Bridge Wateru·ay• : 
The waterways proposed for the bridges had been calculated on certain 

assumptions of velocitJ'which were not altogether warrantable. · 
· The Station practice...:... pending the results of certain basic investigations 
in hand-is to design the bridge-waterway for the natural stable width of 
waterway { P = C V Q ) for the conditions obtaining on the river. C has a.. 
value of 2.67 for Lacey conditions of" minimum charge with a. fully active 
bed '' and is ·modified in light of experience for divergence from regime
ateep and shallow rivers indicating more bed load requiring wider waterways 
than flatter and deeper rivers.· 

The Station recommendations ·were made accordingly. 
4. Depth of Pier joundatiom :- , 
Most of the bridges have open foundations carried to depths, which 

bear no relation to the conditions obtaining a.t the bridges. 
The rational method of d~signing pier foundatiom-adopted in th&· 

Station recomendations-is to estimate the maximum proLabJe·scour and to 
a.llow for aufficient ''grip'' below the anticipated scour level. 

Maximum probable scour round piers has ~been observed to be about. 
2 R (Lacey )' 21 and a minimum grip of R is regarded as necessary to insure 

safety of the structure, whe.re R::: .47 [f}l and the Lacey .factor f :i~ 
(roughly) equal to 1.76 v m. tn being the sand grade in mms. 

. Data are still wanting to confirm the applicability of the Lacey. 
formulae to boulder rivers and fc•r their modification in cases of divergence 
from the implicit Lacey conditions of normal charge. In the meantime the
large factor of safety usually adopted is inevitable. 

5. H£gh level pavements and pitching round Jliers:--. 
At several bridges bed pavements have been provided. Experirnce and 

experiments have both shown that ~igh level pavements and pitchiDg are 
()) P112c J'30 of Buckley'• 'lni&ation Pocket Book ',• 
(?.) Po1c!/3 of An::~ual B.erort (Tech.) fer 1944 d L W. E. ~tn, PoonP. 
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Y. & S. M. RAILWAY BRIDGES. 

not only unnecessary when sufficient grip is provided but are also undesirable, 
because they result in excessive scour below the bridge: and round the 
piers.U1 ( 21 . · 

It was, therefore, suggested that ~igh. le~el ~aveme~ts a~d pitching 
should be avoided as far as possible, and If pitchmg' IS provided It should be 
laid at as low a. level a.s constructionally feasible, being best placed at 85 
percent of the maximum scour depth without piers. (S) 

6. Cut-and ease-waters:--
·. It was pointed out that the square-ended cut-and . ease-waters,. 

proposed . to be adopted in son;1e of the new piers, would. cause •a.pprecia.ble 
obstruction to flow and increased afflux and turbulence. Right-angled, curved 

· noses, being economical and easier. to construct and not significantly less 
efficient than the design with 'equilate1al arcs of a circle •, were recommended 
where flow was expected to be axial; and, where flow might be skew, sEmi-
circular cut-and ease-watere were suggested. · . 

7. Provision of adequate free-board and location of b(JT"Tow pits:-
A minimum freeboard of 2 feet above the maximum anticipated H. F. 

L., after making due allowance for accretion, was recommended to be inva-
riably provided. . 

All borrow pits on the downstrea.m side, particularly in ·the case 
of high banks, a.nd borrow pits within 200 feet of the embankments on the 
upstream side, were. suggested to ·be avoided. Sufficient ridges were advised 
to be kept between the borrow pits on .the upstream side to avoid parallel 
flow along the toe of the embankment . 

. 8. In addition to these general observations, advice was given in parti
cular cases. In some cases, river training measures were suggested without 
model experiments and in one case model experiment was recommended. One; 
case is described below:-

Bridge No. f251. 

The bridge being located immediately below an S Curve, there waS'. · 
heavy attack on the left abutment and the end pier. 

To relieve this attack a repelling spur as in Fig. 17 was suggested. 
~esides ameliorating the conditiClns at the bridge the proposed spur 

was designed to straighten the river upstream of it and in doing this it would 
cause a reces~ion of the river away from the railway embankment in the embay
ment where It has approached dangerously close to the railway line. 

In addition to the spur thE) following measures were recommended : 

( i ) Return walls round the north abutment. 

( ii) Adequate strengthening of the collapsed· right (South) guide 
bank and pitching with sufficient apron, in front as well as at the 
back; the latter to afford protection against breaches from spilla
running parallel to the guide bank at its rear slope. 

{iii) Adequate waterway for the maximum discharge. 

To a.vo~d the inherent defects o~ the. present structure, viz. high pave
ment, ~certam shallow open foundatiOns, madeguate waterway, unsatisfacto
ry locat10n below an S curve, the lack of suitable cut-and ease-waters
etc.,. and to overcome the doubts which must remain when a. bridge is
repaired at the same site .where a. pier baa twice given serious trouble. it was. 
P!oposed that the bridge should be. relocated in the straight portion of the. 
river. 

(1) · pp, 33-40 of Annual Report (Tech) for 1939-40 of C. I, & H. R. S. 
(2) p. 12 o£ Annual Report (Tech) for 1941-42 of I, W. E. S. 
(3) p. ;;8 of Annual Report (Tech) for 1939-40 of C. I. & H, &. S. 

Fig. IT 
c-.2(.ii)·a 
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C-2 (il)-7: Training o( the Tapti River at Surat (Bombay.) 
1. · Introduction :-

1. 1. The detailed history of the case is given in the 1944· Annual 
Report (Tech) of the Station. (1! Only a brief summary is recapitulated below: 

At Surat, the river Tapti takes a nearly right-augled turn and the 
curvature is too sudden and acute for the river to follow-especially in high 
floods. In the floods of 1937, the left abutment of the Hope bridge at Surat 
and the approach road to Bander were severely damaged, · 

' . 

WAs.:u:::o A.WA'i 
POti!TJOH OF' ti!OA. 
1li, 1937. 

FfG. t9jc-2 CiiJ-7. 

INDEX MAP OF'
TAPTl RlVE:t2 

scole: .. t"..:t Mile. 

1938 

Subsequently, in order to improve flow conditions and to accelerate 
erosion of the centra.l island just upstream of the Hope bridge the Superinten

,. 
19 

&: 
20 

ding Engineer, Northern Circle recommended blocking of the spill channel on 
~2 ~the right bank behind the bridge abutment and raising of the loose stone floor 

(u - • in the left ba.nk spa.ns where it wa.s deeper tha.n the average bed level, ·· · 
1. ~. The Director strongly ·Ca.utioned against these proposals for the 

reasons tha.t the blocking of the spill cha.nnel would ca.ase more a.fflux a.nd rais
ing the bed of the left ba.nk spa.ns would distort the nn.tura.l shape' of the bed 

(1) Annual Report (Tech) of Indian Wate~ay1 Exreriment Stn. Poona, 1944, Pa•e• 87 to 90. 
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.a.nd flow p1.ttern a.t the cur~e and wo~ld thus permanently worsen conditions, 
which werd a.lreadv bad. . · · · -.. ~ 

Inspite of this advice, however, a. costly embankment was constructed 
across the spill channel in 1939. According to Superintending Engineer, 
Northern Circle's orderd, the top of tho pitching round the bridge piert; of the 
whole bridge was slso maintained at the uniform level ( R. L~ 65.0) and the 
.river bed in-between piers was pitched toR, L. 53.0. · 

: -
1.3. These measures were, as had been pradicted, far from succes~ful 

in preventing the <!a.ma.ge in the subsequent floods and the DirectoJ,was again 
requested to give advice after the 1944 floods. He recommended that the spill 
channel near the right bank of the. bridge should be reopened by building 3 
or 4 spans, each of lOQ ft., and the top ·of pitching round piers should be 
lowerod or allowed to scour naturally from R. L. 65.0 to R. L. 53.00. 

· The spill \lha.nnel bas had ~o be ultimately reopened by removing the 
embankment and the practice of making good the pitching-stone with a. view 
to maintain the bed level uniformly at R. L. 65 ba.s·a.lso been discontinued. 
~rhis has eased conditions a. bit ; but more relief from flood damage consequent 
upon these measures owing to reduction of afflux will be apparent only in the 
next high floods. (Since this bas been done, there have been no high floods 
in the Tapti). · · 

•' 

The Director also advised model experiments as essential to evolve . 
the optimum protective measures for arresting the bank erosion from· Rander 
•rown to Hope bridge on the right bank and the severe attack on the Town 
Walls below the Hope bridge on the left bank. 

· 1.4. Government approved of this proposal and a. model extending 
from Ka.thor bridge; about·l6J miles upstream of the Hope bridge, to 7j miles Fig. IS 
downstream of it,--vide figure 18 and Photc-has b,een constructed at the C-2 (ii)-7 
Poona. Station. Photograph 

No. 5218. 

1.5 •. Two other points have also to be inve~tigated on the models:-:-: 
• ,_ • ) ••• j 

(1} At Bhatpu~, in the bight on the right bank below Sura.t, a. s~rip 
of hnd, about 2 furlongs wide, has been eroded-in a length of about 1J 
miles. Measures to prevent further erosion of these fertile and valuable lands 
&re required. · ' · · 

{2) A 'new steam power station is proposed to be constructed at 
Umra. near Surat. '!'he Electrical Commissioner, Government of Bombay, 
sought advice regarding the correct lo·ra.tion of the Pump House for the Power 
Station to avoid tror•blt:: due to erosion or sanding in futme. 

I 

1.6. · Flood control 011 tfie Tapti. 

Parts of 8:1rat City have frequently been inundated during abnormal 
_floods in the last decade. Spills and overflooding of2the banks are not, however, 
limitt!d to the areas in the vicinity of Surat. The river inundates its banks 
&t ·several pl~es between Kathor and the outfall to the sea., and local 
measures-designed with or without model aid-will not ameliorate these 
conditions. . On the general flood control problem of the Tapti, the Director 
recommended that nothing less than a comprehensive scheme incorporating 
a nuruber of multipurpose storage reservoirs would be required and . suggested 
& reference to the Central Waterways Irrigation and Navigation Commission, 
specially set up by the Central Government for the investigation of such 

· interprovincial schemes. 

1. 7. The main problems to'be solved with the aid of the model expe-. 
riments, thus, are :- · 

( 1 ), ( 2 ) to arrest erosion ori the right bank upstream of the Hope . 
bridge and the ~tta.ck on the City Walls on the left ·bank 
downstream of it; 

15 
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( 3) to determine the best site for the Pomp House which wt'uld: 
be froo from sand trouble for the Intak~ and well protected
from erosion and, at the ~me time. not too f.u removed from 
the railway line ; 

anti ( 4 ) to prevent further loss of fertile Iantis in the Bhatpur embay-
ment. · 

As f~ as possible the river training measures should. be mutually 
helpful, each keying in with the other. 

2. Rirtr Model : 

The model extends from Kathor bridge down to sea end. a length of 
about 24 miles-vide figure tS. It is laid, in 0.4 mms. Theur sand. to a hori

Fi&- -~ zontal scale of 1j330 and vertical scale of lf72. To obtain zatisfa.ctory bed 
L-2 

tu)-
7 movement and reproduce flow oonditions exactly as on the prototype. 8,_ 

_ - tilted model with V • .E. =4.58 and S. E. abou~ 2.5 has beln adopted, after 
Apr~ndnr L prel1"minarv trial runs. 
l.r2 lii)-7 - • J -

The river being of_ the- incised type, with meander imposed and mrun
tained by the local Kunkar and ha.rd clay formations. it. was found that to 
simulate gauges the- .discharge scale·required is Ld /7 = 20,200. The bed 
width to depth ratio is small for the discharge, indicating little sand charge 
moving on bed. This also justified the &doption of diecharge scale = L d v'd. 

Time scale based on the &SSUlllption that !tracti-re force in the model is 
equivalent to that in the river worked out to 1/1118 ( Appendix I ) • 

3. 1. -:~flow lines near HQ_pe bridge at -low stages of- the river-at W. 
L. 80.00 (wh-en th~ island. above Hope ·briage was just wholly submerged ) 
and at W. L .. 70.,25-(.wh~n it was partially~ exposed )-~re visually observed 
in the river. . _ . ' ·-· -~ .. "--~ ·· · · -. · -·. · ·-- · · · 

,. ,J .. 4 -~ • _.. ... "-.,.. - ~ '• ~ - ~ I' 

. FiJ, 21 In the model .. after ~bil.isattion, the flow lines were observed at water
c-2 tii>-7 level equiva.Ient,-t(r. 'Bt':L.. ro.OO-shown iri Fi.:,aure 21 ; but; at water level 

'10.25 the depUi of.~Watit=r was s9 low an4 flow 1>9little that ·.observations could 
notbedone. :-J> .->~>_:_·:>::-.: . .<:; .-: :-_: :··: .: ... · .~ .. 

In· com~~ing,: 'fl~_w. :lines in: J;he· river with those in the model, it is to 
te remembered. th&tv · ' .. ._ ,._,_ -:~- -'~- ' : · · -· ; : :. · -- ~ · · .- - . 

' . " . ~.s. : . ..~ ;. ~:. ~-:: '::. ~ . :. . .. ~ . . . ~- . -
(1) obile~ations.: Jn the· river could onJy be made from the bridge and 

:Qe~~ t.he.sidesmd,- in between _these sections, the flow lines have 
been-drawn m:bfju<\,ament; · 

arid (2). in the narrow sew~ b~Iow the bridge the river is so deep that the 
V. E. model would require side slopes steeper than the na.tural 
angle of repose of the bed material; and with natural side slopes a 
relatively wider section is obtained at the bottom in the model. The 
concentration of flow oCcurring along the left bank in the river is, 
consequently, not reproduced to the same extent in the model.· Thi& 
is one of the model limitations which has to be giYen due conside
ration while interpreting results obtained with tra.if!ing measures. 

When due a.llowance is made for these factors, it will be apparcm that. 
there is close oonformity of flow lines in the model and prototype. 

3. 2. Flow lines starting from Bander and down to Bhatpur end, and 
r.._ '!' . velocities a' typical sections. with t.he dominant discharge of 2.48 cusccs = 

c-2 tii)-7 5 lakhs cusecs, were also observed. 

The high velocity flow closely hugk the bank throughout the Randrr 
bentl and the Bhatpur bight. This is evidently the root cause of the bank ero-
sion at Bander and Bbatpur. -

Pluu. 5154 3· 3. It wa.s also seen in the model that. below Hope bridge, the flow 
and 5187 squarely attacks the left bank between Makhi Khadi & Nanpura Post Oifia 

and undermines the buildings abuttiDg against the bank dae to diviDg flow. 



Hope Bridge at 
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B. B. & C. I.-
Railway Bridge. 

3 io• 7
1
2 -Tapti Model Experiments. 

ufs end of 
model. 

Photo 5218 : show! whole of the river reaoh modelled at the Station, with upstream river 
portion 1n the foreground. 



1/330, 1(12 Tapti Model Experiments. 

Nanplll'a P. 0 . 

Makhi Kha.cli---- ----Undermining on 
left bek in model 

Photo 51~ : Looking downstream. showing tmdt•·mining on the left bank below Hope briJge a.c1 
r:o•·•·u.tly 11imulattd in the model. 

Hope Bridge •. ---

---River banll 
f'rJitalttlly r:r·arki'(J 
orad roli<IJIUd d111 
f, ulltln·tntllifl!/. 

Pboto :as; :Looking np9tream sbo.-intC the colla}J!'e doe to undermining o( a part of the vuoca 
bank in the mo..lel. repr~nting tbe masonry walla abnttin,r agaln~at the rivPr 
bank in Snrat city. 
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3. 4. At the proposed location of the Pumv House near Umra., on the 
left bank about 2 f miles downstream of Sura.t, under existing conditions the 
model indicated that a p~rennial deep water channel wquld not be ensured, 
the location being not sufficiently upstream of the trtJ,nsition of the main 
current from the left to the right bank. · 

a5. .Exploratory tests were carried out to devise suitable training works 
to solv.e the problems mentioned above. All these problems being inter-linked, 
in· the sense that the consequences of one will be felt J>y the nexG, it is decided 
tha.\ the d~Eiired results should be obtained by a. combina.tion ·of a ,Jllinimum · 
number of mutuall:Y bent1ficial training works. M ea.sures suggested by these ex- · 
plora.tory tests for more d~tailed examination on t~e model were:- : · 

(1) a repelling groyne on the right bank near Rande.r; 
{2) a. similiu groyne on the left' bank or a pitched island in mid-river 

somewhere between Makhi Khadi and District. Judge's bungalow; 
the same measure will,- if possible, be made to peg the deep water 
channel at the proposed site of Pumping Station; . , . 

and (3) a pitched island or other training works for protecting· Bhatpur 
bank. . c • 

i • . - . 

Alternative training works e. g. a pitched island upstream of the Bridge, 
did ~not hold out the same degree of pro~ise. 

1 
. 

4. Detailed Experiments for the b~st position,. orientation and dimensions 
of the repelling groyne for the protection of the Ra.nder bank are in progress. 
The_ <;>t~~r measures, tent&.tive~y obtained in the exploratory tests

1 
may require 

, modiflcat10n as a. result of det:uled tests to· follow. 
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APPENDIX I;C-2 (ii)-7. 

Design, of Model Scales. 

1. Bi~ data:-

Muimum discharge above Hope bridge 
including all spills-Q . ma.x 

Maximum discharge through Hope bridge 
Dominant dischl!orge through Hope 

bridge-Qdom 

Waterway of the bridge-A. 
Width at Hope bridge-W 

A 
A~era.ge depth= d=w 

w . 
d ra.tlO 

Average slope of river between 
M and vi and Sura.t-8 

= 10 Lakhs cusecs. 

= 7.5 Lakhs cusecs. 

= 5 Lakhs cusecs. 

= 6!,500 Sq. ft. 
= 1,800 Ft. 

= 35.8 Ft. 

= 50.3 

= 

Mean velocity through. bridge for maximum Q = 

0.391 per 1000 

750,0CO 

~ean diameter of bed sa.nd = m 

:l. llo:lel : -

fi7,500 
= 11.1 Ft/Sec. 
= .0.33 mms. 

.River reach of :l.b.Jut 2! miles, fr\lm K:~othlr bridge down to befow 
Bhatpur, is_ modelled at the Station. Jncohet·ent ·'l'heur sand· of 0.40 roms. 
diameter is used for hying the bed, while the semi-iuerodible banks are 
moulded in cohesive puddle made of mixed red and bla.ck clay to simulate 
conditions at site. 

( i ) Horizontal Sc-ale : -
A suitable horizontal Sca.le of 1/330 'Ya"S decided to be adopted. 

(ii) Di.scllarge S~le :-

The meander l~w- meander length c Q l/:3 in general-is (airly correct
ly applicable to a.lluvW rivers flowing in flood plains in tortuous courses with 
natura.lly formed meanders and hence Q scale = ( L scale )2 is adopted in the 
models of such rivers. Tapti is, however. a.n incised river with bed width to 
depth ratio, only 50.3. i. e. small for the discharge, indicating little sand 
charge mo,·ing along the bed. Also, unlike an alluvial river. Tapti near Sura.li 
has cut through tough and hard formations of clay and tho peculiar rectangu· 

· lar meander is solely due to occurrence of local Kunkar beds. Under such C<Jn· 
ditions velocities would genera.llJ be nearly proportional to '17 and hence 
Qsca.le = L.d \'d wo~ld be more correct. \Vith discharges a.ccording t.o 

L. d -IT scale, flow conditions and rive, gauges were ~rrectly simulated. 

(iii) Depth Scale and Vertical Exaggeration:-

(a) ~ccording to ernz,irico.l Station Formula.:--

It was observed t.ha.t. the relation d == 0.688 q0·71 gave correct depths 
for the Lower Sind B:nrage, Ga.ndak· and other models under analogous 
conditions of model discharge on)y. Using the s:m1e relation, t.he following 
results are obtained : - · 

Qdom ~·(ft.l 
Proto. 5 Lakhs cusecs 1000 
Model 2.48 cosecs 5.-J;) 

q (cnsres/ft.) d(ft) 

278 35.8 
0.46 0.41 

W D 
d • scale V. E. 

60.3 
13.30 l/S7 .3 3 4'8 



TAPTI RIVER AT SURAT. 

- -
·rrh~se results a.pply to wide and shallow rivers carrying relatively more . 

-charge tha.n the Tapti, which is an incised, na.rrJW and deep river with a. 
. W ra.tio of .only 50.3 a.lthourih discharge iS of the order of 10,000,000 cusecs. 

d 0 ' 

(b) .Accarding to Lacey formula:-

- [~]1f3 - .!L 1/3 
R-. f - ml/6 

~. D · D Q . 1/3 . m 1/6 
· -· scale =~= [~] · [_p_J · 

. . Dp . Qp . . ' mrn 

:. V. E. =. 3~~ -~ 11.77 

= 27.2 X 
1•847'; 28.0 
1.79 . . 

Lacey's relation (b) is applicable to rivers with little bed movement. 
It was, therefore, decided to lay the model initially to a V. E; of 4.58 

-which was found suitable on runnlng. 

(IV) Slope Beale : -:- . 
• ( a ) · According to Station experi_ence .ti practice : -

.. 
In J umna, Lower Sind Barrage, Gandak & Maha.na.di models, it was · 

.()bserved that with Theur sand "'f 0. 4 mms. diameter and with 4 · cusecs 
.discharge, when charge injected was roughly equal to material collected at the 
downstream end of the model, the stable slope was of the order of 1'.1_to 1.2 
it. per 1000. \ . 

, Sand~ Tapti is also 0.4 mms. and dominant model discharge .248 

.{ltl.Secs. With slope of 1.2 ft/1000, B.-E.,;.· o~a;l = 3.07 ( av~rage slope in t~e 
Tapti being 0.391 per: 1000 ). . . , 

Unlike the rivers mentioned above, '.rapti i~, however, an incised river, 
.relatively narrow and deep, indicating little bed charge and hence a flatter 
,slope is appropriate. The slope required for the model would, therefore,. be 
ilat-ter than ~· 2 ft/1000. . . . · 

(b) Accarding to Lacey FormtUla:-

. f 5/3 1/6 . 5/3 I/6 
S. E.=[2!.] .. [~] = [ 1~ll ] X 20200 

f Q . . 1.01 
. p . m . . . 

' 5/3 
= 1.1 X 5.2 = 1.172 X 5.2 = 6.1 

Scale ratios worked out above. are tabulated below:-:-

Scales·. 

{1) Horizontal 

{2) Discharge 

(3). Depth Scale 

- . . 
Accarding to Lacey ·Based on ;'experience of mo~l 

experimentation at the Poooa 
. - far'miUla. Station. 

. 1 
. 330 

1 - 20200 
11 ·1 
2S 87.3 
11.77 3.78 
6.1 3.07 

(4) V. E. . 
(5) ~lope Exaggeration 

As there is still unfortunately some prejudice a.ga.inst the use of tilted . 
models, to start. with the model was laid with Y.. E. = s~ E. = 4.58, giving 

depth scale :2 • Trial runs were ma.de to test whether model beha.vionr wa.s 

satisfactory with these scales. Velocities in the model were excessive, especially 

16 
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at the sharp bends at Va.ria.o and Rander as indicated by- severe action along 
the bank and rapid bed movement. Upstream of Surat in the •·left embayment 
the return a.nd slack flow regions were also disproportionately bigger in the 
model than in the river. 

As a.n improvement, S. E. was made= 3.07 keeping V. E.=4.58 as before ;. 
but the conditiontl were still unsatisfactory. · • 

The. difference between model and river conditions was attributed to 
excessive slope given to model-vide IV (a.) sup7a. 

Guided by the behaviour o~ the model,the slopo was flattened to about 
1 ft/1000 giving S. E. = 2.5 against V. E. = 4.58. A . tilted model with these 
scales beh~ved satisfactorily in respect of conditions of flow and D:iOvement ol 
bed sand. · • 

(v) Time Beale : -

According to the tractive force method : 

TP LP Sp . 
T=r;-xg->.< 

m m m 

= 330 X _.!.._ X 721/2 = ~ X 8,48: 1118 2.a 2.a 
i.e. 1 ~our in river= 3.20 seconds in the. model 

( VI ) Sana Charge : -

Quantity of sand injected at the upstream end of the model was adjusteG 
till the material collected at the downstream end was· about equal to the injcctell 
charge. This was found to be 0.04 part per 1000 by weight, at ~he dcmi
nant discharge of 2.48 cuseos = 500,000 Cusccs. . 



SCOURING OPERATIONS AT SUKKUR 

C. HYDRAULIC WORKS 
2. Rirer Control 

( iii) - Scdur · (t er0$ian. 

61 

C-2 (iii)- 1 Mid-season scouring operations of the Right 
. Pocket of Sukkur Barrage. 

I . 
1. The Sukkur Barrage authorities hav!3 had under consideration the pro

posal of J:t~ving additional scouring operations (ll of t!J.e Right P?ck~t of Sukkur 
Barrage in the months of June, July and August Without closing th~ Ca~als, 
in the hope that these flushings will keep the pocket clear and tbus provide a. 
silt trap where silt may deposit instead of being carried into the canals. 

2. The following not~ discusses whether such, scouring operatiollll afe 
necessary or likely to be useful. 

Analys-is of data. 
the lj80: 1/40 Lines of flow ·in the Right . pocket were observed in 

part-width model for the following co~ditions :- ·Fig. 1 -C.2(iii)-l 

. Bed laid according to Jsoundinga on 10.9.46, 
operations. . · 

i. e. before scouring 

Approach channel Q = 45,000 cusecs. 
Tail channel ' ... Q = 27,000 cusecs. 
Pocket ... Q = 18,000 cusecs. 
N. W. Canal .... Q = . ·4,500 cusecs •. 
Rice Canal ... Q = 10,000 cusecs. 
Dadu Canal .... Q = 3,500 cusecs. Fig. 1 {a) 

3. ·In figure 1 (a), a, b, c, d and tare sections in the pocket at .right c-2 (iii)-1 

angles to the lines of flow observed in the model at the corresponding positions. · 
Depths along these cross-sections are shown in figures 2 and 3 for years 1945 and Fig. ~.& 3 

1946, before and after the ·scouring opemtions were carried out in September. C-2(w)-l 

The approximate extent of return flow is shown at each section· 'and.this area. T b' 1 
is excluded in calc~lating A, the effective area of the section. c~I'2 

I . C-2 (fu")-1 

4. In fig. 4, the chang~ in depths a.t sections 11, 12, 13, 14 aud 15 are . 
shown for one cycle i. e. 'after scouring operation' on 19.9.45 to' after scouring Fxg.l4(a) & 

operation' pn 10.9.46. From fig. 4 it is seen that appreciable silting took c-2(iii)-l. 
place below section lo ( i. e. section passing through the middle of the Rice 
Canal Head Regulator) and it was considerable at sections 14 and 15 (sections 
14 a.t upstream end of Dadu Canal Head Regulator and section 15 near the 
do~stream end). Very little silting, however, took place- at sections 12 and 
11. ' From this, it is clear that in:spit~· of the increase in sand and silt charge: 
in the river due to .floods after 4.6.46, practically little silting took place down• 
to the tniddle of the Rice Canal Head Regulator. Further downstream, deposi-
tion took place; but this is to be expect·ed as the pocket channel must adjust. 
itself to the decreased discharge after withdrawals by canals. Near the ,Dadu. 
'Canal ~ntrance silting was maximum; but this was a.]so natural, as the balance· 
discharge for this canal is only 3500 cusecs. · . 

In table No. 1, it is shown that the stable section finally attained still 
provides sufficient cross-sectional area as assessed from Lacey's formula for the TabTe 1 
particular discharge, thus:- c-2 (ili)-1 

PrJ , the wetted perimeter, was obtained from Lacey's formula. . 

PL = 2.668 Q
1

/
2 

• 

Mean diameter of the sand in the pocket was assumed to be 0, 7 mm. (it actually· 
varied between 0.15to 0.~0 mm.) which gave f ~ yili x 1. 76 = ,73. RL= Lacey's· . 
hydraulic depth was obtained from RL =0.473 ( ~ )'/3

• 

(1) Letter from Executive Engine~r. Barra~e Division, Sukkur No. D. 2, Sukkur dated 14,6.47 
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6. From the compa.risorl of actual t\rea.s, at sections a, b, c, d and f, 

below R.L. 195, before and after scouring· operations, and those obtained. 
according to Lacey formulae for the corresponding discharges, it is seen that 
a' section (a) the actual area wa.s mach more than the Lacey area both before 
a.nd a.fter scouring; a.t section (b), thi; . actual aret~ was slightly. Jess before 
scouring opera.tion but more after the scouring operation; at section {c) it was 
slightly less both befo1=e and a.fte~ the scouring operation, while a~ sections d 
and f it was :pea.rly the same after scoul'ing as before scouring. On the whole, 
the a.va.ilable s~otion of the channel can be considered to ·be cormnensurattJ to 
. that required for carrying the desired discharge, even before the September 
scouring operations. Experience has shown that ·any surplus capa.City is soon 
lost, as is only to be expected. . · ' . . . · 

7. The usual scouring op~ration after Abkala.ni effectively flushes the 
pocket and the original bed levels are restored, as will be seen from fig. 4. 
There is 1W progresrive silting apparent in the pocket such as would endanger 
;the operation of the Right ~ank canals .. So additional securing operations in 

':the months. of June to August seem to be unnecessary and of little value. In 
1faot, the present practice of one scouring operation aher A bka.lani is apparenLly 
:Sufficient, · · 

. 8. The second suggestion of the local officers of. ha.ving scouring 
operations of short durations with canals working with reversal of the ra.tio of 
ta.il channel discha.rge to pocket discharge, is clearly undesirable, as it would 
reverse the favourable curvature at the raised sill and attract very heavy sand 
·charge into the pocket, as shpwn by model experiments, described in i~em 
( C-IQ-1 ). . . 
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Tabl~ 1/0-fJ (iii)- J 

Existing conditions in the Rt. pocket Dimensions of channel calcula.ted according 
to Lacey' for Q in column 5. ·· 

A = effective area p R hydra- Qat .. ' . .. 
AL L~cey' 

of cross section ·wetted ulic Radius the· · PL Lacey's f Lacey's . RL Laeey's 
= RLxPL below R. L. 195.0 perimeter = A/P section =2.668Q 1 12 =1.76 vm- =0.473 ( Q/f) 1 / 8 

(sq. ft.) (ft. ) . (ft.) . ( cusecs) (ft. j - (ft.) (sq. ft.) 

8 

•· 

i 2 3 4 s 6 7 8. ... , 9 10 

Year 1945 I 
Section· (a) 1870 195 

. 
'9.6. } 1.5 . 3{)00 158.0. 0.73 7.9· 1250 Before scouring ' 280Q 205 . 13.6. 2.24 

After , 
. 

Section · ( b ) 3550 300 11.8 .} 
' 0.923. 13500 310.0 12.4 3850 Before scouring . 4100 310 13.2 1.06 

After , .' .. $:1 ..... . 
- "8 -Section (c) 4030 3q0 12.2 ) 

·' 
gJ a l 0,815 

· Before scouring '4470 335 13.3 I 'a s 0.906 
After I 

~ t:-
~· 

I· 
. (l) ~ ..... 0 Section (J) 4200 390 10.8 18000 360~0 

(l) 
' 

13.1 . -4925 0.85 . I 

r 
s tl 

Before scouring . 4780 400 -11.9 d! ..... 0.97 
After , 

;a 'c:.l 

'!:I 
,...!l:l 
·0 

<:e . 0. I (l) ~ 
Section ( j) 5100 400 -12.7 J ::S .. - i '1.035. .. I, 

B~fore scouring 5400 410. 13.2 ·-- I' --109 

I 
.. 

After ,. . -
I 

- " I t ' : . 
.. -·· --



lf 

l'ear 1916 
&ction (a) 
· ·.Before scouring 

After 

Section (b) 
Before scouring 
After Jl 

Sectiou ( c ) . 
Before scouring 
After 

Sectiou ( cl ) 
Before scouring 
After ,, 

Section(/) 
Before scouring 
After ;, 

TablslJC-2 (iii)-1 (Continued) 

. . · . . . · DLme:Qsions ot channel calulated accordin~ to • 
.Extst1ng cond1t1ons m the ~t. poGket---- ···~ --~---~-- · • "'LacevTor QliiCOTunni-o.-~.,__ -----.-

A = effective area. P 
of cross section . wetted 
below R. I. 195.0 perimeter 

[sq . .ft. J (ft.) 

2 

'1900 
2810 

3500 
42,70 

3800 
4200 

4550 
5150 

5200 
5350 

1€5 
200 

300 
S15 

. . 325 
835 

395 
405 

400 
405 

R 
· hydraulic 

Radiue. = 
AJP _(ft.) 

4 

10.2 
·14.0 

. 11.6 
13.5 

11.7 
12.5 

11.5 
. 12.7 

12.9 
13.2 

.. 

. Q t the PL Lacey's RL Lacey's 
se:tion. = 2.668Q~ f Lacey~ :;: 0.47S( Q/f )1/3 .. 
( cqsecs') (.ft. ) = 1.76 V' m .. · ( ft. ) · _ 

l 5 6 j~ 7 8 • . . ·I ' . 

.. 
}35oo 158.0 0.73 7.9 

} 1350b 310.0 12.4 

\ 

I 
I 

I 
,18500 360._0 13.7 

~ 
t' 1 ~ ,, -

'0. • 

-
AL Lacey's 

=- RLX PL 
(sq. ft.) 

• 9 

1250 

3850 

t. 

A . col.2 
· AL -.~ ~1.9 

10 

1.5!.! 
2.25 

0.907 
1.1 

6 77 
0.85 

.0.92 --
1.04 

. 1.05 
1.00· 

-
-



ALEXANDRA BRIDGE ON THE CHENAB. 65 
. . 

C-2 (iii)-2. Apron design for the South Guide Bank of the Alexandra 
. ' 

Bridge on the Chenab, N. w. Railway. 

. . 
The cold weather survey of 1947 of the Chenab river at Alexandra. 

Bridge revea.led tha~ the' a.pron of the left guide bank between cha.inages 6 to 9 
and.a.t cha.inage 12 had la.unched to a. slope st~eper than 2 : 1 for which it was 
originally designed. ~he Director's opinion regarding the necessity of 

, providing_ additional stone to ensure adequate protection to the guige ·bank was, 
therefore sought. 

\ 

Fit.!, 
C-2 (iii)-2 

. With parallel flow conditions, the stone pitching, generally, is expected 
·• to ·assume a. side slope of 2,: 1. In the present case however,·. the main current F'g 6 d 1 

after leaving the P~ndi Spur nose heads directly to the· south bank, thus ~~2 (:;.2 
·craa.ting severe curve:i flow conditions. The profile of the guide bank generally · 
associated with such conditions is shown in· figures 6 and 7. · This in itself, 
should not be a source of anxiety unless accompanied by other signs of weakness 
or instability, such as insufficiency of stone. thickness Qf the launched apron. 

• ' ' j 

w. '-·· 

Fl6· 1jc-z ( iii)-2.. , . 
· With curved flow, conditions similar tq those at the head of·a large· 

radius guide bank are obtained . and as m~ximuzp. scour · in such a case is 
observed to be of the order of 2R (Lacey), the apron should be· designed for 

. scour below · H. F. L. = 2R, ( R being the Lacey normal depth )-and 
which in this ca.se =45ft. below L. W. L. · · · 

' . 
It wa.s, .therefore, recommended that-, 

{1) provJded there are po other· signs of weakness. it is not essential 
to endeavour to maintain the launched apron to the unnatural 
slope of 2:1 in continuation of the permanent slope;· 

but (2} additional stone !\pron should be provided up to a. distance of ( a ) 
. 68 ft. ( 1.5 x 45 ) from the · present toe of the launched apron 
or ( b) to the bottom of the scour if· it be deeper than 26' 8'' 
below L. w·. IJ:-1.5 R ·(Lacey )-whichever is more. 
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· · SCOUR BELOW WEIRS, . . , 

Central· Waterways,· Irrigation'&· Navigation· Research: 1 

Station, Poona 1~ . . 

C-2 (iii)-3. SCOUR BELOW WEIRS. 

., :J3y 
'( K. E:. Framji,· Esqr. , 1\L B. E~·, I. S, E. , Dir~ctor, 

Centra.) Waterways, Irrigation & Navigation Resea.-
. . rch Station, Poona. ), · · ·· · 

Synopsis : · · , ' 

6'1' 

· Prototype and model d~ta of depths of f!lcour belo~ ~eirs ~nd their ancil, 
la.ry works, a:re analysed 'with a. view to having a rational basis fo~ the· 'design 
of apron protections. Limitations of mod~ls us~d for ·the purpose and .the pit· 
falls to be avoided in interpreting their results are indicated. Two illuf.inating · 
model investigations,, one for sMur below a bridge over the Ganga. and the sec-. 
ond for scour below a Barra.ge on the Indus, are briefly set out. A close com:..' 
parision of the results of model.tests against proto~ype .behaviour shows cqnfor
inity to a. degree, when the model'is correctly operated and interpreted; but it 
a.lso reveals the need for more prototype data. in relation to the results of model 
investigations and independent .basic ~xperiments on ~coilr. , ' \ 

1,0 Introdtu:tion: 
• . . I . . i , 

1.1 I:P. .. the case of weirs, ue.ep scour occurs-
\ , , , , 1 1 I • . ' \ 

· {i) dow1;1stream of the rigid structure · due •to eddies shed from the 
1 high pavements, even when the energy of the hypercritieal jet 

has been adequately dissipated by a glacis a.nd a ciste:tn;.' . : . 
and (ii) along and a~ "enis of Divide W a.lls, Guide Banks and Spura due to·: · 

concentrated flow swi.o.ging and diving round their extremities. , • • 

In all these cases, 'the scour· is' due to·the bed velocity being far in ex6e~ 
of what is natural for the ,depth-V2 ld which is related to turbulence being' 
very high-so that' the results of violent eddies are superimposed over diving. 
curved flow~ · : ' i : · · · • , 

-~ • j • • .1. ' • ; • ! • . • . ·, ; . .. . . : . . 

· 1.2 The current practice in India. is to estimate the maximum. likely> 
scour under abnormal conditions from the normal depth. D, for regime condi
tions in a. straight I channel 'with a level bed, as obtained from La.cey<n 
formula. :- ' · · · · ·. ~, . · 

. n = oAis ( Qli >113 

: or D = 0.9 ( q2/f)113 
where · · 

... 
' .... 

.. . .. 
... ( ii) 

· Q = aggregate discharge, 
q = discharge intensity in· cusecs/ft., . 
~ '.= Lacey's s~actor which for regime oonditions approximates 

to 1. 76 \[ m , where m is the weighted niea.n diamete~; of the 
· bed meterial in mms. · · · · 

• \ ~ l • 

For design purposes Lacey defi11e<i the values to b~ adopted for va.rions 
classes of scour, thus :- · · · • . 

Class A - St~aight ~E'ach (e. g. anywher~ ju'st belew· flexible ; 
aprons.) · ••• ... · 1.27 D 

Class B ·_Moderate bend (e. g. along aprons of guide banks in 'a straight 
. rea.oh } . .... .... . .... . · •• • · · 1.50 D 

Class C -Severe bend (e. g. at and·. below noses of guide banks or 
. where vortices are anticipated ) ••• . •.•• . · 1. 75 D 

(1) Lacey'a ~table channel, in Allu,·ium, Parer No. .4736 ll930), lnstt. of tivil Engmeers, Londoa.· 
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Class D- Bight angled bend ( e. g. at and below JlQ~;ea of guide banks-

. or whe:re vortices are anticipated.) ••• 2.0 J} 
( N. B.- D is. generally, measured below maximnm water level ). 
1.3. The main purpose of this note is to examine the actual maximum. 

depths of scour in relation to the COI'J'esponding maximum discharges. in. 
nature and in the model. 

In the 1944 Annual Report ( Tech. ) ( pp. 78-83 ) of .the Station •. 
similar data hav~ been examinc·d fo!- · . 

(1) scour round piers of bridges, 
(2) scour at npses of guide ha.nk,s. groynes and sharp beD4:J.s, 

and (3) scour downstream of bridges. 

Iii was found 'that scour may be m:r.u;}, greater than estimated by Lacey .. 

2. Scour downstream of TV eir1 : 

2.1. Scour downstream of weirs occurs due to one or more of the follow
ing reasons =-

(a) excess energy ·of -hypercritical flow when insufficiently dissipated. 
by.a standing wave ; 

(b) ·an unstable standing":"wave forming below the toe of the glacis. 
and shifting beyond the rigid floor; 

and/or (c) the paven;1ent level being too high, making th& bed velocity 
abnorm!l.lly high and causing viole1;1t eddies to be shed from the· 
downstream end of the pavement. 

Scour due to cause (c), a11le, may be deeper than that due to either 
~ 1 (a.) or (b). Deep scour d.()'u;nstream oj lridgu occurs. for precisely the same 

c-.2 ~'rea.son a.s (c), and da.ta for scour below bridges ts thus of great value and has
been included in Statement I. It must, however. be remembered tha.t in a 
weir, waterway may differ· materia.lly from Lacey's "minimum stable waterr 
way'', P w (where P w = 2.6'7 '\{Q}I\nd, therefore, JormuJa (i) il n~·applicahle-

lo tceir1 but (ii) is : while a.t bridges narrowing can be done to nearly the. 
minimum stable width, such narrowing in · the case of a weir may expose 
it to serious risks. · 

2.2. Though Lacey brought grade of material into his formula to the 
lj6th power- see para. 1.2 -ncently he, and Qthers in India., ha.ve argued. 
that the depth of scour downstream of rigid structures is unaffected by bed 
material, being d(!minantly due to .flow :pattern; and as the range · of bed 
material in practice is generally small (. 0.25 to . 4 mms. ) data. could _not be 

· taken either to support or disprove this belief; but it has ·bee!l found at Poona 
t.hat even though flow pattern· is the domi11.ant factor, f is undoubtedly 
a factor affecting maximum scour and that f1!3 is probably of the right order, 
within the 'range of gra.de- .06 to .37 roms. -examined. On the C'ther 
hand, in recent experiments. on flconr below siphon spiJI"a.ys, we, have also 
found that maximum· scour depths were sensibly the same with grades of 
materia.l17 roms. and 6 roms. in diameter.' 2, 
. . 
· It will be recalled that Dr. Ing. Theoder Reb bock who found the stahl& 
final form of the model-bed, within wide limits, much the same with ditfer
ent sizes of bed material has. h()wever, stated'3 , that the similarity of 
the scour-holes would be lost .. if the mean diameter of the particles forming 
the model-bed were to become sensibly fma.ller than 0.5 mm. '' · 

. This is understandable because the settling velocitj' of sand particles • 
( dia. )2 form up to 0.10 to 0.12] roms., and • (dia). form up to 0.5 mm., and 

... 'Vdfi ., for m exceeding 0.5 mms.; so that depth of scour must depend littl«:· 

(2) See Annual R.eron (Tech.) of L W. E. ~to.. Poona. for 1946, p. 9L 
(3) Rcbbt ck: in diacu•aion ofFarcr by Eurno A \\.bite, Jour. lnttt. C. E .• Octcbcr. 1939, p.2CO

allo ill diacuHion of Para by Eutcber llt AirkiDIOD P1oc. lnar. C. E. VoL 235(1934), p. 25~ 



SCOUR BELOW WEIRS. ·69 . 

on diameter ·if its grade exceeds 0.5 mms.', ihe effect due td viscosity becomme: 
11eg Jigi ble. 

- . 

· 2.3. Comparing the scom-s below the · Mahanadi Central Sluices and 
the Sarda Barrage, in spite of the fact that Sarda is a bcrulder river its relative 
scour depth { d /DL · ) wa.s·much greater; in addition to the doubtful s acey . . 
applicability of the Lacey formulae to boulder rivers, this is' explained by the 
fact that in the Sarda the flow upstream was very obliqu_e and the downstream 
flexible apron was.very disturbed, ]Loth inordinately· augmenting the turbu
lence and gcrdnr depth: while the sc~ur below the Mahanadi Central sluices was 
merely.due to shooting flow and wapt of d1ssipation of energy by- a correctly 
J>Ositioned Standing \\ave. . 

. . 
2. 4. The predominant factors~ determini'ng the maximum depth of 

soour downstream of structures like barrages' and bridges over uide tivers .are 
the discharge intensity 'ana the turbulence ( as indicated. by v2/d ), the effect of 
sides being negligible : other important factors are the flow pattern and the 
grade of bed· material, as ibentioned in para 1 above. Whenever a rigid structure 
oonstricting ~he waterway is built across a patural channel, the velocity !ind 

. discharge intensity being greater than _in the channel, when the water leaves 
the structure and flows over the bed -of the natural ehanilel the depth of 
fJow gradually increases downstream ·of ihe masonry floor inducing a scour~ 
hole and then gradually dec1eases till the ~table depth is reached again. ·. . ' ' 

· In narrow channels, howeverr embayments ( " bellies '';) 'also occur 
vownstream of structures, as observed in the case of bridges and. regulators oyer 
the Rice Canal, the North Western Canal and tJ;.e Rohri Canal in Sind, causing 
returnjlow on the sides and jetting in the middle. The bellied sides ·have an 
appreciable effect <:n the maximum depth of scour reached in canals where the 

· width of channel is not large compared to the depth ; mQdel experiments con.: 
firmed that the deep scour was due to jetting consequeri(upon return flow along 
the banks which caused the. ·embayment's and when the erobayments were
prevented much less scour occurred. ( See Annual Report { ~l'ech )_ 1944, pages 
~25). . . 

2.5. It is thos apparent that scour below structures in narrow channels 
)9 complicated precluding basio tre-atment; as it is affected by the width to 
depth ratio and, therefore, r~quires individual trmtment. Scour below weirs
or bridges in a tcide river is of a. more simple type being unaffEctEd by . 
side effects. So basic experiments • are now in progress at the: Station to 
determine, in very wide channels, the correlation between various fact~rs, 
principally ·the discharge intenEity and V 2 fd at the structure and the 
maximum dt:-pth of scour below it. (Some of the experiments already carried 
out are described in the . Annual Report of 1945). These experiments will 
give not only the maximum depth.of. scour but also the poB'ition of relative 
·scour dep~hs, about which little is kno'\\'n: although for obvious. reasons a. 
Jesser scour in :the immediate viCinity· of a. rigid structure would . be more 
harmful than maximum scour occurring further downstream. . . 

. 2.6 .. The maximum scour dowstream of bridges is of the order of 4 X 

DLacey = 4 x 0.473_ (QJ£)113, with high level paveme~ts or pitchings. 

Since the waterway provided in the weirs is larger, the maximum 

scour downstream of weirs and barr~ges is of the order of 2 x 0.!) (q2jf)1/3; 
bot in the latter c~se, q must include an allowance for tlze crmcentratio-n of jlfJW. 
As concentrp.tion of flow is a most important factor, specific e:xperim£nts en 
a river model should be used, wherever possible, to obtain the discharge 
intensity, if not the s~our. 
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3.0. Be (JIM' at guids-bank' : 
3.1. The nsua.l factors, • adopted in design of flexible (loose st~ne) a.prooa 

for guide banks,. in terms or the Lacey regim' depth D, are :-. 
At 

. ' ' 

. Noses of guide banks. 
Transition from nose to straight. 
StJ"a.ight reaches of guide ba.J?-kB. 

Range 

. . 
2.0 to 2.5 D 

1.25 D to 1.75 D 
. 1.0 to 1.5 D 

Mea.ll · 
'•'1 

2.25 n. 
1.5 D 
1.25ll 

Experiments and experience, however, ·show that the actual scours a.re 
muc~ .aeepe~: and ~t!Ltement II shows·~ wide variation . dep~nding upon the 
se:ver1ty of the cond1~1ons. · 

~ ! .. ' • - ' • • • 

. Scour at the noses of, guide banks projecting straight upstream is very 
deep,.up to 3.8 DLa.cey : . . while guide banks whiclt swing round a.s ~res ~ 

large radius give .lower 'va.lues = 2.75 DLacey. 

, • . ~ Spurs projecting from banks. give widely varying values of scour depth, 
ranging from l. 7 to 3.8 D Lacey, depending upon the_ severity of river curva.· 

ture induced, which 'in. turn dep:mds upon the length~ orientation and 
posi~ion of the spur relative to the attack, a.s wall as the slope of the nose. 
While the scour in the Yamuna. river at Groyne· 5 near Dalhi whera flow 
~erel.Y,·b~s~es pa~t was 1.7 ~Lacey: the scour at,the; .noses of the spurs on 
right bank of the Ra.vi upstream of Delloki JVeir .was of the order of 3.u to 
3,. 74 DLa.cey' :, ' 

· ' ' 3.2 Statement Ii sbowa, ·in addition to' ma.ximum scour: observed ia 
Statement II rivers, inter alia,. the corresponding scours obtained in the vertically-exaggera.ted 

· c-2 tiii)-3 models of the Ganga. River a.t the Hudinge Bridge and the Y a.muna. near Delhi 
· Ga.te Pumping Sta.tion a.t Spur 5. In the form3r, ds wa.s 2. 3ft. for a. :total dis· 
ch:1.rge of 8 cusecs and wa.s consistent with the depth·observed in the Ganga.; in 
the Yamuna m:>:lel, ds wa.s.l.O ft a.t Spur No.5 for Q::: 2.8 cusecs, whicll wa.s 
rela.tively slightly less th:1on in the river. Thus, vertically-exaggerated model!~ 
may. give nearly correct scour d~ths but _not the "scoztr factors" or cxttmt of 
scour-see para. 4.1. below. · · 

. • ) I ' • ; I 

. 3.3. The mo:lels h$ve clea.rly demonstra..ted what has been generally 
observed that the.deep scour at the noses of guide banks aud divide walls, 
projecting st.raight upstream, is 03rllsed by vertical vortices, i. c. vortices having 

· a vertical axis; but scour d~pths in the model are. relatively much less tha.n 
in the prototype. Sm~h vortices·or swirls have a. very deep boring act,ion io tbc 
prototype a.nd can . dig out . even very heavy concrete blocl(s to a. great dep~h .• 
Such vortices are caused by the slightest obliquity of flow. 'fhe failures of th~ 
upstream nose of the river guide ba.nk at Suleima.nki in 1925 and of th<t 
Ra.snl Weir in 1029 are attributed to more thl\n anticipated· action caused 
by vertical vortices. · · · · · 

· . 4.0. Model Experi1111Jnh Qn Bcor.w : 

A very large number of experiments have been done on scour below 
.Apren<ils 1 rigid structures at the Kha.dakwasla Station .and these are re.ported in tho 
c-2 \.iiw3 Annual Reports of the Station-see ~ pp:mdix I. Space only permits ~rief 

recapitulation of one important investigation on scour bele;w the Ila.rdtngo 
Bridge and the experiments on the model of the Kotri Da.rrage which a.re noCi 
yet published. . . ·· ' 

• These values are offered u provisi.mal & dde which may have to be modified tub.equamtiJ .. 
a result of more esact knowledle, on page 155, C, P. L Publication No. 12. Kboala'•" Design of Weira 

on Permeable Foundationa. " 



4.1. 
factors :

SCOUR BELOW WEIRS. 

Scour downstream of a. rigid structure depends principally on four ' . _, . 

(1) Curvature-of flow upstream and consequent~! concentration of 
intensity of discharge; 

(2) flow pattern, particularly at noses; 
(3) depth:velocity relation·, upstream and_ downstream; 

and ( 4) material of bed. 

(1), (3)_a.nd (4) require vertical exa.ggeration while (2) requires •geCYn'ltfdrical 
$imilarity, so a. close compromise is necessary. · · 

. A vertically-exaggerated model gives, in general, nearly correct maxi-
mum depth of scour like a. geometrically-similar model, btit owing to the. fixed 
anale of repoee o{ the bed material used in the . model the exaggerated model . 
giv~s too large an extent of scour : on the other hand, a geometrically-similar 
model would give qui~e incorr~ct intensity of discharge:unless entry conditions 
are imposed. to reproduce curvature correctly. Further~ the-exaggerated extent 
()( scour increases the '' pull " of the scour-hole and the intensity of dischargE'_ 
which otherwise would be correct in a distorted model, which is more nattlra.l 
for curvo.ture. · · · · · 

' I 

In expedments where flow pattern is the prime consideration a. geomet-
rica.Uy...:simila.r model with a. rigid scour-hole reproduces the flow pattern: but 
a geometrically-similar discharge could only maintain the correct . equivalent 
depth of scour if the sand used in the ;model were very much finer or lighter 
than that in the prototype; and with the same diameter of sand in the model, 
a. dis3h:uge which is m·1ch high3r than a geom~terica.lly similar discharge 
must be run to maintain the same depth of scour. This, howeve:r, would bring 
in additional factors, such as increased impact losses at piers and distortion of 
flow paptem, which can only be neutralised to a. limited extent. Entry and exit 
conditions, must, therefore, be enforced and existing embayments may have 
to be maintained by using scour:-resis~ing materials. · 

Other important limitations of models used for estimatmg maXimum 
scour are : · i ' · · 

(a) There are different time scales for scour and silting; while it has 
been observed that over .. two-thirds of the maximum scour takes place i~ 
5Yo of the time, silting in a. model is relatively slower than in the prototypE" 
a.nd has to be exaggerated precisely as the extent of scour has to be requced., 

(b) The distribution of sand charge in .nature cannot be reproduced 
in the model : while, frequently~ more thjLn •90% of th, charge in. nature ·is 
moved in suspension, the very reverse is generally the caee in models. 

(c) In a. canal or a narrow channel, the b~d-s:1.nd movement is maxi
mum in midstream and becomes less and, less near the banks :the' bed has 
to be 'bowerl/ in cross-sectioh by depressing the bed in midstream to reproduce 
this condition in a. model. . , , 

' ' . 
One further important point which must be borne in mind is that even 

though a. model will, when correctly constructed arid interpreted, give the 
maximum ~epth of scour, it will only give the scour factor (Col.9 of Statements 
I a.nd II, VlZ. dgf_DLacey> correctly when the grade. and charge used in the 
model a.re such as would simulate the required width: depth ra.tio in the model 
channel. Lacey's formulae ara only a.pplic:1.ble .to channels carrying '"minimum 
-charge consistent with a. fully active bed'': with higher charges, as the Poona 
Station ha.s stressed, channels tend to become shallower and wider. Unless, 
the!ef~re., the cha.rge and grade. used in the model reproduce tb.e width: depth 
rat1o! 1t IS more correct to o?tam the scour factor ~ompa.ring the equivalent 
maxtmum scour depth obta.med from the model w1th the Lacey depth for 
the grade of material on the prototype. This is clear from the alternative 
figure.s (a) a.nd (b) of scour fa.cbors worked out in Statement I(a.) for the 
Sa.rda Barrage. For this reason, in Statement III, the scour factors for the 
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Kotri Barrage have been based on the Lacey depths on the prototype; calcu· 
lated from ~he intensity of discharge q as observed on the model and gradet 
of material on the prototype, aud compared to equivalent maximum depth& 
of scour observed 'in the JIJodel. 

. The Khadakvasla Station has evolved model techniques to countera.~t; 
som~ of the important limitations; what cannot be achieved by suitable 
technique is allowed for in the interpretation of the results, from long experi· 
ence gained by a close study of the confortnity of the model results with 
prototype behaviour. ' 

4.2. Model of the Harding6 Bridge. 

In the model of the Ha.rdinge Bridge, the extent of scour was obtained 
using a vertical exaggeration of 1.6 (compared with natural exaggtntion. 
of the river model = 7)-batJed on experience of models-and the depth observed 
ov. the prototype was very closely obtained in the Model. 

Fig s,z. The contours of the Ganga near the Hardinge Bridge are shown in. 
c-~ (ui)-3 . Figure 8. In 1938, when the maximum discharge was 1,67 5,000 cusecs 

(water level R L.246.4), with marked curvature of flow :resulting from· th~ 
throw-off at the nose of the Right Guide Bank, the deep scQur-hole down·. 
stream of piers 2 and 3 was 172 ft. deep, 400 ft. downstream; on 31-7-38. 
(when the slip occured), but increased to 186 ft., 600ft. downstream, on· 6-9-38 
showing that with a high level pitching scoUr was much further upt;tream: 
and more dangerous than a deeper scour-hole further away, because the
~lope. towards the scour-hole was steeper. 

The model used was a part-wodel of the Ganga River at Harding& 
Bridge to a scale of 1/400: 1j2o6. '!'he bed . upstream and doWilBtream was. 
laid in sand (m = 0.22 m·w.) according to river contours of 5-9"'-38, Three 
vanes were fix:t.d to create correct entry conditions and divert the flow towards. 
the Da.mukdia Bank whence i~ was deflected towards the head of .the Right. 
Guide Bank, reproducing the same severe conditions a~J in the river~ Experi-
ments were carried ont with the equivalent discharge of 1,67 5,000 cusecs,. 
water level.R.L. 246.4, and with stone pi~chillg round piers laid high at the 
bridge; when it was found that the scour-hole downstream was reproduced 
and stone was deple~ed from downstream of . the pier No. 3 as actually· 
~h~ppenea below the Har'dinge Bridge,'.' Whe~. the_ p~tch!ng round the pier , wa.~. 
la1d a.t a lo'Y level (at R.~.l~O),, th~' _dep~h, .df. s~o~ was reduced b7 ~~~·. 
These experiments conelus1vely proved t.ha.t-:-· 1 

• • ~ · · ·• • , ,. 
, ' I ' • • • ~ -, ' ·... , : \ : ~ • ' l ' : ' • ~ j ' I . f ' 

.·.(i) .. high levelpitching at, piers 2 ~~~ ~-~M responsible for tpe dee~?" 
. .scour-hole downstream ofspan};lo.,2;. . :. rt!jJ.i. 
(ii) a deep lcoqr-hole in 'tl;u~ vioip1ty Qf 1L'bridge is dangerous,· a'i!ii\ .· 

causes slips of stone protection; . . .. : f: · 
. • J' • . . . . ' ) 

·and (iii) the safe level.at .which to mait;ttain stone protection :r:ou.Jldr·pittr· 
No.3 of the Hardinge Bridge is R. L.150, as against R,·.L.rl6l 
at its noRe, at which level the stone was majntain~ l;>J· 
replenishment, • ' , , t r (I 

4~ 3. · Kotri :Barrage Model ; ' .. : · · · 

. An ~tensive seriet1 of experiments has been done on the Kotrr Barrage· 
model, 'inter alia to. determine the scour (a) below. the barrage ·c with· and. 
without friction blocks), (b) along and at the nose of :the·.:pivide 'Walls,. 
and (c) at pifferent sections of the Ou1de Banks and thE) Central DiviQing Island;. 

1"'1.1 9 whose alignments· a.'re. shown in line sketch ( Fig., 9 ) •. The Kotri · J3arra.ge 
(;-.2 liliJ-3 is designed to take a.dya.ntage of the ayailable favourable curvtJ.tu~;e pn botJr, 

banks, by armouring and perpetua.ti:ag .the existing natural islan,4; SQ as to be· 
able to exclude sand efficiently from canals on either bank. 11 • . ·• • 

Models of differ~nt ·sizes and exaggerations hav~ been used for the-
•• , '! different requirements. · · 

.• · 4.3.1. For scour dowp.stream of the. Bar~age and the aCsign .of the. 
flexible apron and friction blocks, experiments were first carried out in thB"o 
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SCOUR BELOW WEIRS. 73 

V. E. model (1/250: 1/50)-.,.se~ also para 4.3.4. -laid~ clean .s~~d 0.'30 mms:.· 
in diameter the weir portion bemg treated as a. geometrically-sumlar model to 
a scale of iJ50 •. Di~charges equi':alent to .2,0~,000 to· 5,50,000. cusecs, '_Vith 
necessary sand inJeCtiOn, were run 1~ th~model. till stable. d~pths were obtamed 

·downstream, the tail water levels.mamta.med bemg the m~mmwm, ever observed 
le&t retrogression 6 ~o 1.5 ft, respectively expected do~trerun• . 

Experiment~ showed that witheut the baff.le arid ~eflector~ blocks the;e __ 
would be undermimng below the masonry floor With rnax1mum aept.h of scour 
down toR. L. + 9. O, i. e. 55~6 ft. below the minimum. downstream water lev.el 
after retrogression l d /DL = 1. 23) :while with the two staggered rows Filf. 10 · 

. s acey . C-2 liii)-3 
of trapezoidal baffle blocks just downstream of the glacis and, two staggered rows 
of rectan!mlar deflectCYf blocks at the end of the rigid pavement there was no 
undermining downstream, sand piled .up against the fac~ of the curtain \Vall at .a. 
slope of 1 in 3, and the maximum depth of scour w~nt down to R. L. 23.5 only, 
i. e. 41 ft. below the minimum { af~er retrogression ) downstream water level, 
( d JDL = 0.91 )-see statement III. Nol apron would· be strictly nece-

e acey .. I Stt:. m 
a;sa.ry if deflector. blocks are provided; but, if for additional· security a. stone (..-2 (rii)-3 

apron is C<Jnsidered desirable, it shou.ld be laid to a slope of 1 in 3 so that ther~ 
is minimum disturpance and an . increase of water depth. ,Dr:.sturbed blocks 
were founa in the ca~e of the Sarda Barr~ge.to ilicreas~ the scour ino:rdinately' 
by causing greater turbulence. . . · · 

4.3.2. Sc(JUr r{JUJ1i), Divide Wall noses : 

- ·Divide Walls are provided between the Pockets (at either end o( . the 
Barrage) a·nd the Barrage proper to enable ''still-pond'' regulation (i.e. 
with pocket gates shut and Barrage gates partly or w~olly:open)1 which 
improves sand-exclusion from canals a.! ready offtaking from favourable .curva-
ture of flow. The worst river stage for depth and extent of scour a.t the lJivide 
Wall nose is when the Barrage gates are just fully open· and the Pocket 
gates shut-called ~he. ''still-pond limit"~whiGh occured (with pond level . 
R.L.70.0) when the river discharge 'was 4,52,000 cusecs till the scoul'-'holesStatemendl 
stabilized ~.t R.Ld5 (depth= 55ft.) and R.L. 25 (depth =4~ft.), feS~ectively <---2 (iii}-3 
for the left and right Divide 'Wa.lls. As models do not reproduc~ .the V.()rtex · . 
11.ction ijitantitaf:ively...:.-compare· in Statement II the depth of £cour from 
the mod~l.and protqtype :at the n9s~ of:the.outer bank for the .Sukkur Batrage 
~~t is necessary to provide for a. .l~rger depth of scour ba'Se.d pn . prototype 
texperience~ · J • ' • · · 

• • . . J ' 

;Due ~liqwance has to be. made to, .counteract the e~ggeratiop., of ·extent 
~f scour o~uri:rig fi"ae to the distortion of' the model scales (l/2~0;lf59)r 1 FroiQ. 
·past exp~r,epce 'a.~d, comparison of ' scou~s in prototype and ,model, th~ ext~p.~ 
~f -scour in· this· ease had to be adjusted by measuring it at longitudinal a.nd Fig. u 

· la~itud'ina.l·scalea:Of ljl25. Fig. 11 shows the ·prototype Cl)tJ.toms ot the scour:.~. e-2 ,iii..r:J 
·.-holethus·deri~ed •. · ··., ·, · · Ci ,- ..... 

• .. ' ~ .... • • • . • i ~ 

•1 ·. Co;I;~.tr!:trYrrto the usual practire of laJ ing the flexible apron flat around 
the Divide Wall nose, it has been suggested that the apron should be .laid 
'to' the ·natural cuP-shaped profile· to conform to the depth .and extent of. sc01iz.; Fig. 11 
·;sridec Fig.: 111 .. : J 'Ehis would c~use least loss of stone, least. disturbance .. and c-2 (tii)-,1: 

eonsequentially least scour, and 'has;· in addition, the· merit · of' 'further 
,aiding .s~~dl,filXClu~ion by imposing S.· pull and a.. favourable .twist on· I rolling . 
.mate~~~';;~~ ~e1;~~d~l.ha.,s .shown .. -. :. . · . · · · 

4.3.8 (a) Bc(JUr along left Guide Bank. 

Due to concentration of flow. towards the centre, as ·a result of the 
·attraction of the Central Island and the tendency of the large:~: discharges .to 
~ow straighter, , scour le.ss than that expected in the design was observed 
m the model. · - · 

Experience of the Sukkur Barrage, where berms· have formed in spite 
of pronounced curvature on the left bank, supports these model results. 
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Statj~~- . A scour factor of 1.25 DLacey (aga.inst 1.5 DLa.cey provided in thtt 
e-2 ~w)·J design} .is a.ll .that 11oppears necessary-see item 2(c) of Statement Ill 

(b) Scour alrmg right Guide Bank, 
c~~ .9)-l Due to the· attraction near the nose, concentration of flow occurs in thtt 

111 
hea.d rea.ch AB-see .:fig.9-a.nd the scc•ur fa.otor of 1.5 D wa.s justified b7 

Statement the mc-del-see item 2(a) of Statement III. . . 
c 

2
m. In the middle reach BC, ,the flow wa.s feeble due to change over of 

- \lUJ·J curvature; the model gave scour nearly equi~a.lent to D Lacey-;- sea item 2(bf 
of statement-as a.lready anticipated in the design. 

(c) Scour alrmg Oentral Island : 
I 

Experime!lts·carried out in the river model (1/250:1/50) showed a. deep 
scour-hole around the Central Island and inten.'e turbulence whioh. would 
throw bed sand into suspension to be carried into the Right .llank Canal 
becailse of its proximity to the Central Isl,a;nd. 

Model experiments ·were, therefore, undertaken in a. flume to evolve 
the optimum shapd of the·Isla.nd which would give minimum deptl:i and extent 
ofscour, particularly in the right arm, ~tnd which would have a. larger scour 
depth and·extent on the left side of the nose so as to improve sand-e:xolusion 
by pulling the bed sand away from the right arm. . 

It was observed that running . a. rising and· falling flood cycle gave 
less depth ana extent of scour than running the super-flood discha.rges and 
that 80 to 90 ~ of the scour occured during the :firsti few minutes; so the 
provision of an apron for the super-flood discharge-th mgh that magnitude of 
d1scha.rge will occur for a. very short duration in an exceptional season-is 
necessary. · . . ' 

4.3.4 All the above results for scour are being verified in a. large river 
.model with, very low V. E. = fJ ( 1/100: 1/50) but with entry conditions imposed, 
in reference to the 1/250: 1/50 model. 

5.0~ The data. so· far available show, in respect of bridges and weirs 
and their ancillary.works, that..--

( a.) · the•maximum scour downstream of bridgeS is of the order of 
4 DLa.cey; while below weirs, having greater waterway than Lacey's minimum · 

sta.ble waterway, ~he maximum scour will vary from 1.:5 DLa.ce; to 2 DLacey 
depending on concentration ·and intensity of turbulence ( in the case of tb& 
Sarda., a. scour factor of 3.l4 has been obta.ined for specia.l reasons) i 

· (b) due to vertical vortices,. the scour at the noses of Divide Wa\ls 
facing upstream with steeply sloping heads, will be of the same order as for spurs 
facing upstream, say 3. 8' DT. -ev-en though models may yield a. lesser depth 

. ....,acey · · 
of scour, because models fail to reproduce the full action of vertical vortices; 

and (c) scour at large radius Guide banks is of the order of 2.75 Dr,acey• 
a.t transitions 1. 5 DL and at straights 1,25 DL ; but so much depends acey acey . 

-on the intensity of discharge and sharpness of curvature that it is only with 
:the aid of model experiments, correctly made and interpreted, that the deptha 
can be estimated with reasonable secur1ty or without waste. 

This note, above all, shows the necessity for more data. from prototypes 
a.nd models, in specific cases, a.s well a.s fundamental research on soour below 
zigid structures .. 

--
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Table I - showing maximum depth of scour downstream of Weirs Bridges and Regulators , 
Q cusecs d B (ft) Lacey's 

(max. dis·~ Regime 
.. 

Year =maximum . m=mean f = 1.76 Viii ds 
0 charge) or depth of grade of (Approx.) depth= 

of q csjft. D Lacey DLacey z Site obser- scour (ft.) bed mate- Lacey's silt d8 x f•1• Remarks. 
r.ti vat ion 

(max. inten· obset•ved below rial in factor = .473 (Q/f)'i" = scour 
s1ty of corresponding mms. (Approx.) or factor 

discharge) flood levels 0. 9 (q2/f) 'I" 

1 I 2 3 I 4 I 5 I 6 

- I 7 I 8 I 9 I 10 I 11 

.1. Prototype date of scour below W~nrs, etc., 
I 

236 csjft., 
' Boulder r1ver. 1. Sa.rda Barrage U. P. 1938 40 129.0 20 12.74 3.14 108.'5 Exeess scoW' due 

2. Mahanadi below Central 1946 105.3 ,, 26.3 0.70 1.47 19.63 1.34 29.9 
to distu.rbed 

sluices (Orissa) before talus. 

modification. 
1938 3. Hardinge Bridge on Ganga. 1,670,000 216 0.37 1.07 54.1:13 3.84 221 Annual Report cusecs 

4. Rohri Canal downstream ... 10,900" 47 0.07 .47 13.49 3.48. 36.55 
{Tech) 1944. 

of head Regulator. 
App. 1-do-

5. Rohri Canal downstream .... 10,900 ,, 56 0 056 .42 14.01 4. 0 41.94 App. I -do-
of Multan Bridge. 

-
Rice Canal dfs of Rly. 10,050" 6. ... 45 0.32 1. 0 10.21 4.41 45. 0 Annual Report 
:J!3ridge at R. D. 75,000 (Tech) 1942-43, 

~ p, 21. 
7. KhankiWeir. .... 145 -csjft. 31. 6 ... - 1.0 85.0 1.25 31. 6 P. 133, C B, I. 

Publication No. 12 
8. 1\{erala Weir. 1928 160" 34. 8 .... 1. 0 26.6 .31 34. 8 "Design of Weird 

j - on permeable . Founrlations " .. 
. 1 (a) Model Data of scour below w~nrsetc., 

1. (a) Sarda Barrage, U.P. (a.) 1940 0.99 " 0. 6 0. 6 1.36 0.81 0.75 0.67 (a) Scour factor 
{geometrically- similar lf60) based on model 
(Boulder River) DL 

(b) ,, (b) 1940 0.99" 0. 6 129 20 12 74 2.83 .... (b) Scour factor 
(::36 feetL '(Proto) (Proto) (Proto)· corrected for 

proto sand 

2. M~1hanadi Central (a) 1946 0.29 ,, 0.58 0. 3 0.96 0.29 1.97 0.57 (a) Scour factor 

slutces (s14. 3)_ based on model 
remodelling (1/25 DL 
G. S. Model) (b) 1946 0.29 ,, 0. 7 1.47 8.65 1.68 ... (b) Scour factor 

(Proto) (Proto) (Proto) corrected for 
proto sand. 

3. Sone Anicut (Bihar) 1940 0.42" 0.96 o. 4 U1 0.49 1,.98 1.0 
"Central Sluic~s. 
(U.S. 1/40) without 
.protection. 

' 
(a) -do- with 
blocks, deflectors etc. 

1940 0.42" 0.50 o. 4 1.11 0.49 1.04 1.0 

4. Son9 Anicut under- 1940 0.99 " 1, 0 o. 4 1.11 0.85 1.17 1.04 Annual Report 

sluics (G. S. 1 /40) ('l'ech .) 1944. 

(without protection. ) 

5. (a) Merala Weir (a) 1.62 " 1. 6 0.25 0.88 1.29 . l.!J4 (a) Scour factor 

(without protection) 
.... based on model DL 

(b) -do- (b) ... 1.62 .. 1. 6 0.32 1. 0 1. 1 1.45 -(il) Scour factor 

(Proto) corrected for pr~-

1.11 0.18 0.75 48. 5 1.15 totype grade of 

6. Kotri Barrage over 1947 0.86 " (==55.5) {Proto) - (Proto) bed material. 

(a) Indus (1/250: 1/50) 
w~thout protection. 

0.85 (b) -do- with 1947 0.86 ,, 0.83 0.18 0.75 48. 5 
protection. (==41. 5) (Proto) (Proto) 

20 N. B. : The s~gn = md~cates equ~valent on the prototwe. 
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Statement II-showi1~g maximum depth of scour at noses of Guide Banks, Dipide Walls, Gro1J11es, &harp beruls etc. 

S. :r;;l'o. 

1 

1 (a.) 
~ 

(b) 

2 (a.) 

(b) . 

3 (a.) 

4 

5 

6 

1 

2 

(b) 

(a.) 

(b) 

(a) 
(b) 

( i ) 
( ii) 
~iii} 

3 {i) 

' (a)'. 

(b) 

Site 

The Ga.nga.,a.t Sara. Guide Ba.nk, 3 miles 
upstream Of I:lardinge Bridge. 

The Ganga. near the nose of the Right 
Guide Ba.nk o~ Ha.rdinge Bridge. 

Sukkur Ba.rra.ge, at nose of outer ba.nk. 
Approa.ch cha.nnel side. 

" 
on river side 

Ya.muna. 'nea.r Delhi Gate Pumping 
Sta.tion at spur 5 

" " Sutlej upstrea.m of Ra.ilwa.y bridge a.t 
Ferozpur-

At nose of spur 4, 

At nose of old Right Rly. Guide Bank. 
The Ravi upstrea.m of Ba.lloki Weir-
At nose of spur 5 on right ba.nk, 
At nose of spur 6 on right ba.nk. 
Sa.rda. Ba.rra.ge ( Banba.ssa. ) spur. 

Divide Wall of Sone Anicut ( 1/40 G. S. 
model ) with-

Conica.l stone pitching .. . 
Sloping 1 in 10 nose ... ... 
Arched openings and 1 in 10 nose 
Curved Guide Ba.nk ·of sone Anicut-

( 1\40 G .. S, Model ) 
Sukkur Ba.rra.ge Onter Ba.nk Nose 

( sloping n,t 1 in·2 ) d loose stone
Approa.ch channel side, 

;River side ( G. S. Model 1/65 ). 

-3 (ii)_' · Sukkur Ba.rra.ge Outer Ba.nk. 
elliptical nose 1 iri 2j of loose stone-

(a.) 

(b); 
4 

5 

6 

Approach cha.nnel side .... . .. 

River Side ( G S. Model 1/65) .... 
Sa.rda. Ba.rra.ge ( Ba.nsba.ssa Spur ) 

( V. E. 1/150 : 1/50) 
The Ganga. nea.r right Guide ba.nk of 

the Ha.rdinge Bridg<l (V. E. 1/500: 1/66) 
Ya.muna. dea.r Delhi Ga.te Pumping 

Sta.tion a.t spur 5 ( V. E. 1/200: 1/27) 

21 

Yea.r of 
observa-

tion 

3 

1933-35 

1933 

1940 
1940-41 

,, 

1938 

1939 

1944 

1944 

.1935 
1932 
1939 

1940 
1940 
1940 
1943 

19H 

1941 

1941 

1941 

'Q cusecs d8==ma.ximum 
L:iocey·s 

ID=mea.n r= 1.76\/lii Regime depth 
(m&ximum depth of scour grade of ( Approx) -D 
diecha.rge) bed mate- La.cey's 

- La.cey 

ot q csjft. 
oberved below 

ria.l in silt factor =.473(Qjf)1/3 
corresponding 

( ma.x. intensity wa.ter level. mms. ( Approx.) or 0.9(q3/f)1/3 
of discha.rge.) 

4 5 I 6 7 . I 8 

11 Scour at Noses of Guide Banks, Divide Walls eto:-Prototype data. 

1,700,000 206 0.39 1.10 54.69 
cusecs. 

1,700,000 150 0.37 1,07 55.2 
cusecs. 

50,000 66 0.27 0.92 16 9 
45,000 70 0.17 0.725 28.4 
(q.= 150) 

4,00,000 40 0.17 0.725 23.7 
(q = 115) 
48,000 30 0.32 1.0 17.27 

31,030 24 0.32 1.0 14.86 

2,09,883 65 0.32 (Assu 1.0 27.9 
med) 

2,09,883 68 0.32 " 1.p 27.9 -
50,700 65 0.32 1.0 17.4 
40,000 5fi.4 0.32 10 16.1 

2,38,000* 27.3 129 mms. 30.0 10.55 

II A- Scour at nose of Guide Banks, Divide Walls etc.__;_ModeZ Data. 

0.99 csjft. 
0.99 csjft. 
0.99.csjft. 
1.92 csjft. 

(0.87 (:=30,000)cs. 
qm=0.125 cs;ft. 

7.5 ( :=9,00,000 cs) 
qm==0.94 cs/ft. 

0.87 ( :=30,000) OS. 

qm=0.125 csjft. 
7.5 (:=9,00,000 cs) 

qm=0.94 csjft. 
7.45 cs. ( 45){, of 
this a.long spur ) 

8.0 cusecs 

2.8 cusecs 

:1.02 
0.8 
0.36 
1,16 

0.37 

1.0 

0.23 

0.85 

0.6 
(:=30ft.) 

2.3 

1.0 

0.4 roms. 
0.4 
0,4 
0.4 

0.34 

0.24 

0.34 

0.34 

129 
(Proto) 

0.6 

0.24 

1.11 
1.11 
1.11 
1.11 

1.02 

1.02 

1·02 

102 

20 
(Proto) 

1.25 

0.86 

0.86 
086 
0.86. 
1.35 

0.222~. 
I 

0.86 
·I 

0.222 I 

l 
0.86 I 

l 

·10.55 1 

(Proto) 

0.88 

0.70 

N. B. : The signkindicates eqniva.lent on the prototope •. 

·I 

I 

u s -D La.cey 
=scour 
factor. 

9 

3.77 

2 72 

3.9 
2 48 

1.7 

1.77 

1.62 

2~33 

2.44 

3.74 
3.5 
2.59 

1185 
0 835 
0,41 
0.86 

1 f37 

1.17 

104 

0.99 

2.82. 

2.61 

1.43 

d X f lf3 
s . 

10 

212.6} 

153.~ 

6!18} 
63.0 

36.0 

30.0 l 
2-1.0 . 

65.0} 

68 0 

65 } 
56.4 
74 

1.04 } 
1.04 
1.04 
1.21 

Rema.rks. 

11 

nd See Bomba.y Tech. Pa.per 95 a. 
Annual Report (Tech.) for 1937 
1938 & 1939. 

A. R. (T) for 1940-41, p, 12 Assu-
ming !rd concentra.tion along Outer 
Bank. 

Annua.l Report (Tech.) for 1937-38, 
pa.ge 65. 

A. R. T. (1944). 
Page 83. 

A. R. T. (1944), pa.ge 83; & a.ppen-
dix I of·1944 A. R. T. 
• 45 j, of total discha.rge ( 5,22,000 

cusecs ) a.long spur (seeA.R. 'f. of 
1939-40 ). 

Annua.l Report (Tech) 1940-41; 
pp. 19-22. 

A. R. T. (1944), pa.ge 22. 

.124\ 
} A. R. T. 1941-42 pp. 16-17. 

.935 

.124} 

.935 

2.48 1 
0.95 

-Do-

( 45% of tota.l model discha.rge assumed 
along spur) (see ART of 1939-40). 

See A. R. (T) 1944 p. 83. 



. Statement iiljC-2 (iii)-0 
Showina the· scour downstream of Kotri Barrage with and without baffie and deflector blocks. Scour along'the left and right guide banks, nose and.1eft and 

. 
0 

right shanks of·the central isl~n<i, and round the nose of the left pocket divide wall. - . - Depth of scour observed 
DLacey for Proto-Q 

. q min mms. f = 1.76 sm. 
Item in model below co1•responding W.L. prptotype type: Prototype (cusecsf Model Model equ1valent condttions = ds Remarks. (cusecs) ft.) Prototype Prototype Model depth in ' .l 

. 
I prototype 0.9 (q1/f)S. DLacey 

' 

1 Scour downstream . 5,50,000 I 0.86 032 10 1. 11' 55;5' • 45.0'- 1.23 1 DeJ;.th of acol.lr . 
Without blc cks observed for mini· . of Kotri barrage cusecs, .. . [1] 0.76 ' · mum downstream 

with and uithout . warer level cores-' 

b:1ffie and deflector 5,50.000 0.86 0.32 0.826' 41.3' 45.0' 0.91 rronding to discba-, With blocks J r~e a£1 er retrogres-
blocks. cusecs. -0.18 - s1on. 

-

2. Scour along Guide Bankb 7,50,000 1.20 0.32 ,, 1.234' 61.70'. 45.0' 1.37 
(a} Reach A B of the cusecs. 0.18 --

right guide bank. (Super· flood '. ,. 

(b) Reach B C of the 
·discharge)-

0.923 . 0.774' 38.70' 37.60' 1.03 
right guide bank 

, ,, ,, 
(c) Upstream reach of 0.923 

. 
0,974' 48.70' 37.60' 1.25 

the left guide bank 
, ,, , 

{d) Nose of the Central , ·o.so ,, ,, 1. 271 63.70' 34.0' 1.84. with 33% concan-
island. tration at the nose of the isla:~d, 

(e) Left .arm of the 
. 

63.701 , 0.90 , . . ,, 1.271' 37.0' . 1.72 
centra.l island. - -

(f) Right arm of the . ,. 0.60· 
" 

, 0.974' 48.70' 28.20' 1.71 
~ central island. .. 

(g) Reach GD ·of the • , 0.60 
" 

,, 0.774' 38.70' 28.20' 1.34 .. · rig~t. guide bank ~ . ~ 
' " .. -· ~- ' ' ... . ,. ''" .. . 

3. Schur _1-ound the nose 
• .. ... _ . .:. • 

4,52,000' 0.76 
.. 

1. 06' 56' 32' -1.72 Depth R. L~ 70.0 for Q = 
of the left pocket. 

, . , 
div~de wn.ll nose. 

cusecs. . 4,52,000 cusecs lStill pond . conditions.) 

....... 



· SCOUR BELOW WEIRS. 

APPENDIX I. 0-2<iii)-3. 

Showing cases of scour at and below rigid· structures dealt with in 
various A~ua.l Reports of the Central Waterways, Irrigation 

& Na.vig~tion Research Station, Kha.dakva.sla. (Poona.) 

81 

.A..B. (T) for 1931-38 Page 

Note on experiments with a. model of the Waste Weir Channel of 
Spin Ka.rez Reservoir, Baluchistan, n~ardiiJg preve.ntit n of ero~ion. 

Dissipating en~rgy below the masunary waEte we1r, Timba Tank 
a.\ Harsol. Ta.luka. Prantij, Dist. Ahmedabad (Bombay). 

Protection of brirge piers. against scour. (See also_. page 33. of 
.A.B. (T) 1939-4Q). , 

Dura.ni outfall Channel, Quetta. (Baluchistan) (Also see page 22 
of.A.;R.(T} for 1940-41) 

A .B. (T) for 1!)39-:-40 . l 

Prevention of scour below Girna. Ga.nal Aqueduct, Bombay.' . 
Estima..ted scour at piC; JOSe~ Lan uar hriq,e at Emi." an, Bn]gal. 

A..R.(T) j{YI' 1940-41 . 

. Scour at nose of the Outer Bank of the New Approach Channel 

46 

38 

39 

33 

at Sukkur in prototope and models. • 19 
' Remt>delling Son Anicut: , 

Scour at noses a.t Divide Walls upstream aud cc."nsheam of the 
hiout & Under-sluices. . 19 

· Scour downstream: of S1uda Barrage at. Banbassa, U. P. 24 

.A..R. (T)jor 1941-42 

' Protection of briage pi~rs against scour and minimum safe level . 
a.t which to lay stone around piers. 19 

The effect of high level pitching la.id round hriage piers on the 
·depth of downstrea.m scour. · 31 

Scour round piers-influence of upstream bed level and material 
of bed on maximum scour at pier. 32 

A.R.(T) jarl942-43 

Maximum scour prv:file between guide banks of the Ganga at the 
Hardinge Bridge. · · 4 

Alternative designs of baffle platform downst.ream of the Jamshed- · 
pur Siphon Sp~llwa.y for dissipating energy. 20 
. Experiments with a. model df the Rice Canal in connection with · 
protection of the Railway Bridge a.t R.D. 75,000. 21 

A .il.(T) f(JI' 1943 

Protection of scour on the Ja.mshoro Bund of the Left Bank of 
-the Indus near Hyderaba.d ( Sind). · · 39 

_ .A..B.(T) /M 1944 

Bon a.t Dehri (Bihar): 
Protective measures below the New Undersluices. 20 
Deep scour downstrem of N. W. Railway Bridge over theN. W. 

Canal at mile 18/13-4 near · Ruk ( Sind): Experiments· ca.rried out to 
evolve a suitable design of baffle and side expansion to induce accretion. ~ 23 
· Dissipation of energy below standing Wa.ve Flume Meter 
Ba.ffle Falls. . . ' · · · 29 

Maximum depth of scour a.t hea.ds of guide banks and groynes; 
piers noses a.nd downstream of bridges. 74 
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m· ANNUAL BEPOBT (TECHNICAL) OF WOBK DOSE DURING THE YEAR 1947 
. . 

Da.mage to the Old Fort WJ.ll & builaings- downstre:J.m of the 
Hope Bridge on the TapU a.t Surat, due to· high level pitching a.t 
the bridge. ; .. -·- 74 
· · Prevention of erosion of the Left. Ba.nk 9[ the Rupnara.in Riyer 
above Kol:J.ghat R~ilwa.y bridge ( Jl· N. R:1il wa.~ ). , · · · 13 

BJ.nk' scour of the Huoghly no:1r Danba.r Cotton Mills lea.ding tQ 
a knuckle formJotion a.nl how to improve ooujition. · 'l 

A.R. (T)'for.J-9-1:5 (RJport in the press.}. 

Prevention of· ·scour downstream of the proposed Low.er Sind 
Ba.rra.ge a.t Hl.jtpur~ .. 

Scour downstrea.m of rigid structures. in wide channels~ 
{ 8l3e a.lt;o p:)ga 114 of.l94? A.R. (T) •. 

A.R.(T) for 1916 , 

. . - E~crg::mt mea.su.re~ for preventing serious da.m'a.ge to the Centrai . 
Sluices of the Ma.ha.n!1odi Aoicut at Cutta.ck - Orissa.. ; · . ·.. . . ~ 

. . Training of rjver Indus above the Sukkur Ba.rra.ge to prevent slipS" 
of the right B:lJlk below no3e of the Approach Channel. · · ~ 
. . - . ' . • . . : . - .. ' . ' . . t 

:Minimum waterway· required for th~ Sagi,. Khara -~ Sukr1 
Bridges, Jodhpur. - · . · .. · j · '. -. 

-Design Of Vent ~ pproa.chcs and eXists. of road culverts with recom.· 
n:ienda.tions for preventing scour downstream. 

Scour at the Rly. Bridge No.3 of the Luni River, Jodhpur 1Rly~ 

Preventing scbrit below Cianesb Iyer Volute· Siphon Spillways by · 
'mutua~ impact of jet~ issuing from adjacent siphon outlets. , · -
· ·. Optimum sb:a.pe of the no·se of Centra.l Isla.nd a.t Kotri for the 
Lower Sind Ba.rra.ge for optimum scour & sa.nd exclQ.Sion. . 

l ' 

21 

37 

; 31 

91 

110 



TITAGHAR 'JUTE MILL ON THE HOOGHLY 

C-HYDRAULIC WORKS 

· 2. River Control. 

( Vi ) Tidal action including that in estuaries, 

C - ( Vi ) 1: Measures adopted to reduce tu,rbulence ·in the Ho9ghly1Riuer 
doW1l8tream of tile knt£ckle at the Titaghar Jute Mill . 

.. 
' . 

83 

Synopsis- -This note describes the experiments carried out ~ith tne tj3oo : 1 /6o 
scale model and the r/rs.o : r/So part-length model of the Hooghly"to test the effects 
on the flow conditions at the knuckle at the Titaghar Jute:Mills, of- · 

{ a } a series of Islands, . 
and ( b ) a continuous sep~rating wall. 

The experime~ts showed that the conditions are so set that no practicable solution 
~t reasonable cost appears feasible. - · · 

PART I. 

1. Experiments with islan Is in 1!300 : 1/60 ~odel; 
I. I· Introduction :-Figure I shows the modelrecrches of the 1 /JOO:I J6o model 

and II ISO·: IIBo model ofthe Hooghly river. In the caseof the knuckle at Titaghar 
' Jute Mill, the "change-over" . of the flow occurs immediately upstream of the 

knuckle leading to more turbulence downstream and in addition t~ this, there is a 
throttling of the width of the river cha'nnel immediately downstream of the knuckle. 
These peculiar conditions made the action of a' row of piles(1) found successful in the 
case of the Dunbar Cotton Mill knuckle (1) ineffective at Titaghar in reducing the 
turbulence aud inducing sjlting in tlie bight. . · · -. .· . . -

The previous experiments, ( 2) with. islands ·had· been done with the 
object of getting maximum improvement of flow downstream of the 
knuckle with the least number of islands. It had been found that. a single 
island ' B ' 314 mile upstream of the knuckle,. attracted the flow on to the 
right bank, and· no island upstream of B could be effective in assisting the action 
ot this island. It was, therefore, decided. to try a series of islands, downstream 
of island B, for attracting flow to the right face of the islands a~d thereby · 
relieving the concentration of flow at the knuckle. . 

1. 2- The Model:-The mo.del was laid to the 1939·40 s~rvey-and freshet spring_ 
tide curves as observed in !he river ·on 23rd September 1941 were reproduced 
and repeated ten times; ·in each experiment 'V' sand ( m = o. 2o m. m. ) was 
used as bed material. Lines of flow were observed (after coinpletion.of 10 tid~s) 
under the worst condition of ebb tide when the water· It-vel at Konnagar was 
I 3' sft. above K. 0. D. S. ( Kidderepore Old Dock Sill) and the discharga 
was=: 1,871ooo cnsecs. Besides, these observations could not obviously be made 
under tidal conditions. · 

1. 3, Experimentst:-The main requirement of these experiments was 
to reproduce freshet'~~spring tides as observed in the river on: _23rd September 
1941 . For the· correct reproduction of these tides three recorders carrying the 
model tidal curves were fixed at the upstream ( i. e. Damurdah ) and downstream 
( i. e. Cossipore) ends of the model and· at Konnagar. The obser:vations made 
in the experiment consisted of lines of flow and. velocities at C. S. 6 under 
conditions mentioned above. . . . 

1- 3- (I) Experiment No- 1-:- In this experiment, . an islahd C was 
constructed in addition to island B tried in the previous year's experiment. 

FiR", 1. 
l.r-2 l vi)-1 

The island C was placed just on the edge of the shoal and slightly upstream 
of the knnckle. After running 1 o tides it was found that this island only slightly 
attracted the flow on the shoal. It was also observed that when the water level at 

1 d 
Fig. ·z. 

I<onnagar was I 1. 5 above K. 0. ·D. S. the flow upstream of this is an ~ con----,C:~2::-(v-::iJ~-t' 

( 1. ) Annual Report (Tech ) for 1946, page 40. 

( 2 ) " " " " 19-15. 
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centra ted on the left bank and made the conditions of flow severe. This wc.:5 ]ltesumed 
to be due to the long reach between the two islands and so it was decided to add 
two small islands between B and C 

1. 3. ( ii) Expe~iment No- 2 .:.._ Two small islands D and E were placed 
~g.\ ;.T first as shown in figure 3· After running Io tides it was observed that movement 

"''" on the shoal increased a'l was indicated by increased ripples. It was, however, 
noted, as in experiment 1, that with reducing water ~evels during ebb tide, the 
flow between the. islands again concentrated on the left bank resulting in severe 
conditions. 

Various rositions and alignments of islands D and E were tried -to see if the 
concentratin o flow de!lcribed above could be reduced. The results, however, 
were not satisfactory. · 

1. 3. (iii) A submerged island was·constructed in the straight reach upstream 
of Palta, its top being k~pt ·I ft below K, O •. D. S. thus allowing 1 o ft draft. It was 
observed that such an island had little or no action and further experimental data 
were, therefore, not collected. . 

· 1:4- Discussion-The single island B was ,found bet.ter than any other com
bination of islands tested, because islands upstream of B had no effect in augmen~ 
ting the action of B, in respect of attracting flow to the right bank shoal, Island 
B faced the strong ebb current and, being at a considerable aistance from the left 
bank, did not permit concentration of flow on that bank. The series of islands 
construtted downstream of island B showed a slight increase of attraction of flow 

. on th'e shoal but the conditions again deteriorated during -the last quarter of ebb • 
. When islands downstream o_f the Island B were placed nearer to the right bank 
the flow there was never strong' enough to bring them into sufficient action, 
while, when placed nearer to the left bank, tli~y were found to do more harm 
than good, · . . 

In this case, therefore, no single island or a series of islands could be 
evolved which would have sufficient action against the unfavourable combination 
of existing econditions. 

---
PART II 

Experiments with a continuous wall on the shoal opposite the knuckle. 
2. 1. :Introduction:- A continuous wall in line with the island was con

structed with a view to prevent flow occurring between two islands because such 
flow made the attack op the left bank severe during the last of ebb. 

The top of the wall was kept= 2S ft. ·above K. Oo;. D. S., i. e. +'above 

high water level, so as to remain above high floods. The right side of the 
wall was given a slope equ~valent to J in 3 in prototype while the left side facing 
tbe knuci.Cie was given a slope equivalent to 1 in s, with a view to induce more 
scour in the right compartment by the steeper slope. The flat slopes would .also 
enable the wall being constructed out of dredged bea material in the vicinity. . 

Th~ alignment of the waif was decided from initial experiments, the first 
care being to see that it would not h~per navigation. 

2. 2. Experiments:-
Fif{. 4. ( 1 ) Experiment No 1.- The continuous wall was constructed as shown 

C:2 (vi)-C in figure + with the bulbous nose pitched. The lines of flow were observed after 
. completing 1 o tides, . It is clear from figure +that the flow was initially attracted 

· towards the nose, followed the wall to some extent, but then got somewhat 
diffused over the whole width. Slack water area was observed on tne. right bank, 

Fi~. 4 (a) 
C-2 (viH 

Fig.10. 
C:2 (viJ i 

Velocities at C. S. 6 were observed under continuous ebb and are shown 
in fig: 4 (a). The discharge .on the right side of the wall ·was observed to be?·. 2 S 
cusec out of the total of .I. 34 cs,, as compared with o. 20 cusec under ex1stmg 
conditions-see figure J o. 

(ii) Experiment No. 2 :- In this experiment the alignment of· the wall wu 
kept the same as in experiment J but the right face of the wall was pitched 
throughout~ -its length with the view to attract mpre flow to this side. 
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TITAGHAR JUTE! l'diLL O:S THE HOOGHLY 

Figure. s shows the lines. of flow after I o tides. It is clear. that the flow Fi~. 5 
followed the wall. The distribution of discharge· between the left and right sides C:2 (vi ).t 
of the_ wall was, howevre, found to be the same as in experiment, r. 

2.2. (iii ) Experiment No, 3- In this experiment,' the pitched wall ·Was . 
extended upstream and the nose was constructed nearer to the right bank as shown Fig. 6. · 
in figure 6. Lines of flow after IO tides showed that the flow followed the wall C:2 (vi) -t 
and the. slack water area was reduced compared to the area obtained in the . _ 
previous experiment. _ . 

. The discharge distribution at C. S. 6, however, showed that the discharge 
on the right side of the wall decreased, cqmpared with the corresponding discharge Zisf!/, ~t) 
in experiment No.· 1 (see para 2. 2.-( i) ). .. 

2. 2. (iv) Experiment No- 4 -In this experiment, the nose of the pitched 
wall was shifted away from the right bank, as shown in figure 7.; The lines of flow Fig .. 7. 
showed uniform" distribution of flow on the right side of die wall. As the turbulence C-2 

(VI) •
1 

at the nose extended up to the navigable channel, there would be: unw~rrantable 
interference to shipping and it was decided to shift the nose downstream. Discharge 
distribution was not, tlierefore, observed. 

2, 2. (v) Experim!'nt No- 5-Jn this experiment the wall was constructed Fil!'. It 
parallel to the left bank as shown in fig. 8. Lines of flow showed that the flow C:" I VI_J -1 

did not follow the wall and there was a-considerable slack water area. The distri-- · 
bution of discharge, howe.ver, showed that o. 26 cusec out of I· 34 cusecs passed F.' 8 ( ) 

h · h "d f h ll lg. · a on t e ng t st e o t e wa • ci ( vi )-t' 

2 2. ( vi'>. Experiment No 6 ._ The nose of the' wall was shifted downstream 
and kept away from the right bank as shown in figure 9. The lines of flow showed a 
uniform distribution of flow on the right side of the wall. The distribution of dis· C-~ir~~-) _1 
charge show~d that o. 3 I cusec aut of I. 3.4 cusecs passed on the right side; this 
was the m:zxtmum discharge on right side of a]]; the alignments tried. The ·qavi- . 
gable cha.nnel was well upstream of, and away from, the region of turbulence Fig. 9 _(a) 
at the nose. · . C-2 ( v• )-1 

Figure 9 ( b) shows the formation of a channel by the side of the wall and 
the position of bars with this optimum alignment of wall after a run of 10 tides. Fig 9 (b). 

~- 2. ( vii) :Experiment No, 7-:-In this experiment, .the wall was removed C-2 (vi >-1 

and I o ttdes ':'Vere run to see the disc?arge that was passing over the shoal under Fig 10• 1 _ 

similar existing ~onditions; the lines of flow observed under these conditions are C-2 (vi )-1 
shown in fig. 10. The discharge was foutid to be o•2o cusec on the right side of 
the alignment of the wall. Velocity distribution is given in figilre I o (a ). - -ffi· ,1:/)-~) 

2.2. (viii) Experiment No, 8-In order to find out the distribution of dis- .. 
charge with island B only, after 1 o ·tides the velocity observation was made ·at Fig. 10 5 b )~ 
C. S 6. The distribution of discharge was found to be o. 24 cusec on the right side,C-2 (VI >- 1 • 
( of the wall ). . . - ' _ 

2.3. Discussion;· -The construction of the continuous wall not only stopped 
the flow between islands but it increased the discharge on the shoal, as will be clear 
from the following table. · 

Discharge at C. S. 6 after 10 identical tides.· 

Discharge in Model PerCentage 

Expt. Right Side Left Side 
of the total discharge 

Cs. Cs 
on the right side. 

\ 

( 1 .) Existing conditions 
( see vii above ) o.2o I.I4 IS 

( 2 ) With islan~ B only 
• ( see viii above ) o.24 · •• 10 18 

( 3 ) With continuous wall 
as in Expi. 6. 0,3 I 

( see vi above ). 
1,03 24 

' 



·85 A~~U \L REPORT ( TE::li~ICAL ) OF WORK DO~E Dt:RIXG Tfl£ \'£.\R 1047 

The increase in discharge on the right side appears to be the result of the cur
vature induced by the alignment of the wall. No more curvature •. could be given 
to the wall· with advantage as the flow did not follow sh 1rper curv ture, leaving 

Fi~. 8 "9. an intermediate region of slack water near the wall, ai is clear by comparing 
C:2 (.vi~~. experiments s and 6, . 

The more the wall is moved upstream and the wider the entrance on the 
right side, the·more the disharge that is likely to be drawn towards the right bank; 
but both these factors are limited by the existing navigable channel, 

It will be evident'tbat the aim of all these experiments was to reduce the 
left bank discharge and create conditions favourable for silting downstream of the 
knuckle. The optimum alignment of the wall as in experiment 6 ( p1?ra 2. 2. (vi)) 
was, therefore, retested in a large, part-length JIJSO: Jl8o model, to study the 
effects in greater detail. 

Assuming the wall to be constructed ·o~t of the dredged' material ~with 
slopes of 1 ~n s and 1 in 3, 'the percentage obstruction will be as shown in tha table 
below:-

(Model data.) 

Total area Area of obst~uction percentage c. s. of section. 
sft. due to wall ( sft ) obstruction. 

' I 6,6, o.s-o 7·6 

6 
{ 

6.o .o.4o 67 

· Even though the percentage obstruction is 7.6 and 6. 7 respectivly, it will be 
seen that the wall has been constructed on an existin(J high shoal and the flow is 
almost wholly on the left side of the wall, so the effect on the gt:neral regime of 
the river .would be negli~ible. • ... 

PART III. 

3, Fxperiments In 1/150; 1/80 Model. 

. 3. I. The Model- The model was lajd with L<?ndha sand ( m:: o. 30 mms) 
to the 1~)39-40 survey. Discharge of 1. 7 cusecs ;: 187,ooo cusecs was run·contl
nuously for 24 hours { = 16 days ) in ai!Jexperiments, Watedevel at C. S. +A; was· 
maintained corresponding to W. L. at Konnagar :: 13.5 ft above K. 0. D. S. The 
bed ~as adjusted at the beginning of each experiment te> enable fair comparison. 
Contmuous ebb was run to expedite results, as almost all the effect was observed 
to o~cur d~ring ebbs; this was do!_le after careful comparison of the effects with 
those obtamed with tidal flow. · . 

3. 2, Preliminary e~perimeots to determine the rate of .and injection-

Ebb tide, as described in para 3.1 above, was run for~ 24 hours, and 
th~ san~ that was moving on bed was collected at the downstream end during 
th1s penod. Tqe sand thus collected was found to be 4 eft. · · . 

In the river~ there is, generelly, about 1 o % of bed load and 90 °/o 
suspended load, To start with, the same ilistribution was asc;umed in the model, 
the total load in model, during 24 hours wuuld be 40 eft.· A mixture of 36 
eft. of red silt ( m = o•o76 m. m.) and 4 eft, of Londha sand ( m = ,30 mm ):was 
injected in· 24 hourll; i, e. •i cft/hour. · 

3. 3, Experiments-

( 1 ) Experiment No 1-The wall was constructed tO' 'the alignment of 
experiment No.6 (para 2. 2. (vi ) ) in the •J3oonJ6o model and ebb tlow of -
IBJ,ooo cusecs discharge was run continuously for 24 hours. Injection was 
done at ri cftJho.ur at C. S. 7A: After one hour of injection it was found 
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TIT AGHAR •JTJTE MILL ON THE HOOGHLY 

that undue deposition of injec.ted silt took place at C. S,7 A making the condi· 
• tions unnatural. The excess deposit (measured to be 213 eft) was, therefore, 
. removed. The charge was then reduced to J eft /hour for the remaining period of 

the experiment and in all the other experiments. This charge was found suitable 
by a compar.ison of model behaviour with prototype data of existing conditions. . 

Lin.es of flow were observed after running the equivalent of 24-: hours and c:2Fi(/::
1 

the1e are shown in figure 1 1. Comparing with figure ·9, it will be seen that the lines 
1 

of flow are nearly similar except that they are drawn only _a little closer to the wall 
on th.e right side due to the continuous ebb action. With this differentiation it is 
possible to obtain results much quicker on the larger model by running continuous 
ebb tides. 

Fig. 1 2 shows the area of silting and scour in this :larger ,model. Such por· Fig; P· 
tions, where silting had occurred without ripples, indicate regions of very low velocity. C-2 ( "Y• > -1 

which are likely to silt in the rive:r; where silting had occurred in ripple formation, 
no silting in river is likely to occur but the bed will be just in a state of flux; where 
ripples had occurred without further silting, scour is likely in the liver, This figure, 
therefore, indicates that the shoal immediately on the right· of the wall is likefy to 
be scoured. 

Fig. ·• 2 and Fig. 9 ( b ) cannot be expected to give even approximately the 
same silt-scour conditions; because Fig. 9 ( b ) was obtained under tidal conditions· 
in the 1/ J od : 1 f6o model without injection of silt while Fig. 1 2 was obtained in 
the less exaggerated I./I so : 1j8o ·model (with i.Qjection) ( i. e. of least silting 
below knuckle) with maximum continuous ebb discharge of I ,87 ,ooo cusecs and 
Konnagar W.L.13.sft. above K. 0. D. S. 

Soundings were taken at C. s. sA, sB, sC.and sD. ,These show the amount., Fig: 13. 
of silting downstream of the knuckle. .As silting was equivalent to 2 1 t<? 2. si in C:2 (vi )-t 
the prototype, it was decided to see whether accretion could be expected by con-
structing piles in addition to the wall. 

3, 3, ( i i ) Experiment No, 2- A longitudinal row of piles was constructed 
in position No. 1 f 1 ) and cross row of piles was constructed as described in Fig. 14. 
experiment 1 A. ( 2 ) . . · C2 ( vi ) ~ 1 

Ebb tide representin~ I ,8] ,ooo cusecs dis~harge condition was run continuous· 
ly for 24- hours with the mjection at 1 cftjhour ( i,e.o.3 part per 1 ooo ). _ 

Fig. 14- shows the lines of flow· after 24 hours of run. At c.. S. 6 the 
flow was <lrawn towards the left bank evidently due to the piles. 

Area of silting and scour is shown in figure IS. Compared with figure 12, 
it indicates that the area between C. s. 6 and TA would silt.up as a result of slack 
flow along the pitched wall· because· area near the wall between C.S. 6 and 6 A 
silted up as a result of flow b~ing drawn towards the bank. . · . 

Fig. 14. 
C-2(vi)-1 

Fig.15. 
C-2 (vi) -1 

Soundings were taken downstream of the knuckle which showed an increase. c:~~g~f~:1 
· in· silting equivalent only to 6 11 to 9" in the prototype, following the addition 

of piles. 

. . As some silting was indicated downstream of the knuckle it was decided to 
fill the scour-hole up to the top of the knuclde (_i. e. 21 ft. below K. 0. D .S} 
and continue the experiment. Indications of scour or silting would be evidence of 
the likelihood or otherwise ofihe eventual filling up of the scour below the knuckle. 
It was .found,. after a further 24- hours run, that a deposition of silt took place on 
the top ~f this artificially filled-up scour-hole indicating thereby that the scour-hole 
would silt up, at least to this depth, in due course. 

Figure 17 shows the scouring and silting obtained in this experiment. 

3, 3. ( iii ) Experi~ent No, 3- In this experiment, the wall was ·removed, 
the bed was adjusted to I 93J·+o survey and the experiment was run with continuous 
ebb with injection at I eft hour to compare the existing conditions in the river with 
those obtained with a wall and piles. . 

( 1 ) See fig. 31/ii. iv opposite page. 40, Annual Report ( Tech ) 1946. 
( 2) See pai'e 39 of Annual Report (Tech) for 1946. · 

Fig.17. 
C-2 (vi )-t , 
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Fig. 18. It was found. that ·.deposition of silt do;nstreain of .the knuckle did not 
C:2 ( vi)- t take place. Ripples without silting were obtained downstream of the knuckle indi- · 

eating a scouring tendency of the bed: Deposition of. silt took place on the Right 
side shoal. 

• 3. 4. Discussion of experiments - Experiments in 1/1 so : 1/8 o model showed 
that with the construction of the continuous wall depositionof the 'silt downstream 
of the knuckle was possible. Construction of piles near the knuckle in addition to 
the wall, were found to help the ·action pf the wall and accelerate silting, In all the 
experiments with the wall when injection of red silt was done, it was found that there 
was a tendency of silting on the. left side of the wall facing the knuckle, it was 
therefore, necessary to see whether this rart near the wa11 remains silted under 
tidal action of two-way flow. This series o experiments are described i~ part ~V • 

. PART. IV, 

· 4, 0, Introduction - In these experiments the effect of the wall was 
. mainly tested under tidal conditions as . against under continuous ebb in the rrevious 
series, The tidal curves for the upstream and downstream end of the mode and at 
the knuckle were obtained from the simultaneous curves observed in the river on 
~3 rd Sept.emper 1941 and in all experiments these curves were repeated 10 times 
before taking observations. • 

4. l. Corre.ct bed movement cannot be expected in a model of so low a 
vertical exaggeration as I/Iso: 1j8o which is ·unnatural for reproducing curvature; 
slight difference. in flow conditions and general bed movemen~ observed in the 
model, by comparison with .the c;onditions obtained in the I j3oo • I f6o model, 
were eliminated by small adjustment in the tidal curves at entry and exit (keeping 

Fig. ~9. · the condiVons and tidal curve in the observation reach near the kunckle ·the same )-
C-2 ( v• 1-t, as shown in figure 19. As the observation and change in water levels at the knuckle 

caused by the wall is insignificant, it is reasonable to assume that the same small 
adjustments of tidal curves at entry and exit ( vide fig. 19 ) are sufficient and 
necessary, with as without the wall, 

4, 2, Experiments, 

4.2 (i) Experiment No, 1- In this experiment, the w~l wasconstructed:to the 
. alignment adopted in experiment No. 6 in the rf3oo ': I/6o model and the modified 
tidal curves were repeated 1 o times with injection of red silt at 1 dtfhr. during the 

· ebb tide only. In freshet springs the river carries a greater silt charge and the 
action of ebb tide is stronger and the flood tide is weak. The .Titagarl,l knuckle 
site, again, . is 8 8 miles upstream of the mouth of the river and the 
flood tide, if it is carrying any silt or sand, is not likely to reach as fa!"' upstream as 
Titagarh. The injection of red silt during ebb tide was, therefore, similar in action 
to the suspended silt in the river; and a part of the same silt then moves upstream 
during flood tide- as would occur in the river because of influx of comparatively 
silt-free flood-water- and .is deposited during the slack water period of the tide 
or during the intermix.ing of"the ebb an~. flood:tides, which is.favourable for deposition. 

Fi~t2~. Figure 2o shows the silting and scouring af~er ro tides. There was the sam.e 
C-2( v1 H tendency to silt on the left side of the wall as in previous experiments, which 

showed that'the flood tide was not effective in scouring the silt deposited during 
· the ebb. . 

4, 2, ( ii) Experime~t No, 2- It was; therefore, decided to test such 
Fig. 21, curvature- see fig. 21 - to the end of the. wall facing the flood tide as would 

C2 M H ff b I d d I create su icient tur u ence to remove the eposit~ si t. 

After completing .1 o tides it was found that deposition of red silt on the 
left side of the wall was obta{ned in the same way as in experiment 1, part 1 1 r, 
There was still not sufficient turbulence to remove the deposited silt on flood tide. 

[t\vf~t . Figure 2 2 shows the lines of flow under flood tide with this alignment of 
the wall. 

Fig, 23• 4,2. (iii) Experiment No, 3-Jt was decided to try still sharper cuavature 
-c:2 ( v1 )-t at the downstream end (facing flood tide ) of the wall - vide fig. 2J. Under 

continuous ebb condition, the flow had a tendency to concentrate on the left bank, 
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Figure. 24 shows- the silting after 10 tides.: It was found that with the . Fig. 24. 
increased curvature at the d9wnstream end the turbulence' was still not sufficient C-2 (vi)-1 
to scour the deposited silt ·on the left side of the w'all~ 

Experiments 2 and 3 show tha.t the curvature given to the downstream end 
of the wall does not help to scour the deposited silt and: relieve the concentrated 
flow on the left bank. 

4. 2. ( iv ) Experiment No. 4 - To. determine the maximo~ likely accteti:on1 

the bed on the left side Qf the wall, whfch showed a tendency to· silt, .was r~ised_ 
by one i.nch equivalent to 6'-81' of the prototype. The alignment of t~e wall was as 
in experiment No. 1 part I I I. This is a useful •model tech.nique to expedite results 
on maximum accretion, which would otherwise take considerable ~ime in tpe model. 
, . The model showed that silting would occur on the left side of -the 'wall .up Fig. 25., 

to 7 ft. over the existing bed -vide figure 25.· · . .... · L-2 lvi)-1 

Figure 26 shows the lines of_ flow under ebb after ~~ tides; coneentration of 
flow was observed at C.S.s A ands as a result ·presumably of the shoaling along &~v~~~1-
the left side of the wall • 

. 4, 3. Conelusion- These· experiments. showed that after accretion the condi
tions would again deteriorate, resulting in concentration of f.Iow near the knuckle 
following the shoaling along the left side of the wall which is likely to occur. Thus, 
though Initially the wall may induce some silting below t\le knuckle, this is likely ,to 
bo of little lasting good. The conditions at the lcnuckl~ are so set that no practicable 
solution at. reasonable cost appears. feasible. . · · · 

. PART v. . I 

?_··As. a purely basic experime~t, it was decided: to test whether the contrac
ftion of the river section following the curve: was primarily responsible for the 
ormation of the knuckle, vide para .I. 1 above. . 

5. 1. EJQ~eriments- To test whether the 'bottle-neck' downstream of 
the existing knuckle, contributed (1) towards the formation of the knuckle the. 
following experiments were done:- · · . · 

5, J, ( i ) . Experiment No, 1 - Th~ 241 contour of the knuckle was continu
ed up ~o C. S. s where the contraction has taken place, to represent the bank under 
the pre-knuckle conditions- vide Figure 27. The·bank in the model, s' upstream Fig. 27. 
and s' downstream of the knuckle·,_ was constructed in alternating layers of sand and. C-2_lvi)-t 

clay similar to the Mulajor~ borings. . · 
· Figure ·27 shows the lines of flow under continuous ebb when the experi-

ment was started showing the concentration of flow at the knuckle site. 
After 1 2 hours of continuous ebb, a slip of the bank -occurred at the site 

of the knuckle due to undermining. of the sand layers. The material of the slip was 
removed, as the velocities in model were not sufficient to remove it. 

Aftar 42 hours of continuous ebb a shape of· the bank similar to actual 
knuckle was formed showing clearly the tendency of_the bank to cave at the 
knuckle site . 

. s. 1, _( i i) Experiment No. 2-:The object of this experiment was to see 
whether the knuckle at C. S. sA is reformed if the existing contraction downstream 
of the knuckle is removed. The left bank was, therefore, cut back, as shown in Fig. 28. 
figure 2 8, keeping the ·same bank slope as before. . C-2 (vi )T 

To get the desired width at C. S. s, the width pf the channel. was found 
out from the Lacey formula W = 2. 67 vQ = 2, fq v 1 3'1,"C)o0 = 116o ft,. as a 
first approximation, where W is the Width of the channel and . Q the· maximum 
discharge. . _ · . 
· The existing width of the channel is 900 ft. and so the bank was receded 
by 26o' at C. S. s to get the necessary width of the channel. . 
. Continuous ebb flow was then reproduc:ed as in experiment No. 1 

(part V ). It was observed that there was much less concentration of flow at C. S. · 
5' A-the knuckle site~-compa\"ed to thaf!in the previous experiment. The experiment 
was -continned for 42 hours and no bank slips were observed during this period. 

It may be, therefore, concluded that the ' bottle-neck 'downstream of the 
present knuckle has contributed towards the form(\tion of the knuckle. 

The experiments indicated that no simple remedy is possible to ameliorate the . 
conditions at the Titaghar mill;' drastic measures such as the removal . of the 
'·bottle-neck ' contraction downstream of the wall are not practicable, having 
regard to the small likely good, and the not. inconsiderable expenditure. , 

(1) See pa~e 40 o[ 1946 Annual Report. 
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91'. 
O.._RYDRAULlO ·WORK&· 
'f I,. J: · ,. ; '' < •,: 

. 1 2., BiYer .Control .. ~ . . . . . . . . .. . ' . 
'(.YJ) 'Iidal action including that in estuaries~ ... ~' . 

'0-2 ( vi )-2 : PreZiminarrJ Note ~ 'tJLe 'Oochin 'Hdrbou.r Model. 
d t \I . I '.I I I ~ ( • ~ .. 

1 .. 0 .. lntr~4lf~~9":~ 
·; r .__ ~! 1.: 1 .. -' One of the strong reasons. ad vane~ in the. e&.rly days ( .iri '1880) 
f?r. open in~. :U~: the Coohin Ha.rbou~ was th~t · dredgi~~, -~fLinte~ance ~ould be 
bght. Bemg a. natural barbour With a cop10us ba.ok . water { extending over 
100 miles N - s in length,. 11-I 2. to 15 miles broad',' ana of great depth ) into 
which son:ie' considerable rivers from tlie distant Tra.vahcore and Cochin hill 
debouch. it was considered that the silt wouid be wholly' deposited in t~ back
water r~~.f;l:rY~* ~o,th~~ •. ~yen in ~he he.ight of, Mw .~o~soon, ~~e. ~~t~r, f~owing ~>Ut ~ 
of the {!rln~Ipal pa..~sa.~e mto .the sea a.~ Coch~:.;t would b~ p~~!ca.Uy_.Ire!3 9!. BI~t, 
~reoludmg. the fo~mat.1on of a bar (vide, page 94.:-:. ': ~tsto~r~ ?~ P~o~?~~ls ~')i~-':~ 
.,; i · · : 1.·2. Later' ( 1912-"1914) in his fina.lrepott• on-the.Goc~in Hai'boui 
lnveatigiLtions, OaJI!bell remarked that ''Silt ob$ervations i:ml.de.fu the,Oochln · 
gnt showed that more silt was· brought into the harbour· driring'·the.imon8ooii 
'ban was discharged''. { •• History of Proposals'' page ·163-J .. :.. · . -

', '\ ' • ! . •') 0 to ' ,,. 0 

1. 3. 1Ii'ni27:29, a.'sea.appi:oa:ch'cli~h!iel to·'tlie· i>61rt, 16000 ft. ·Jong 
( of which 4000 ft. was on the east or landward side of. the ~arJ \ . .fUld; 450 ft. 
wide, was dredged to-'lo depth of 37 ft .. at Low "ater Ordiilat.f' 'Spring Tide, c:'~=-! 
starting from the 32ft. COllt<?Ur at the western and to the, Sa.11le contour at the 
ea.stern end of the: ·:{)ar .. In. the inner, harbour, the · Mattancherry:· Channel1 
mooring areas and the Ernakulam Channel were dredged.: . •J t ' '· ' '.; '•i • • . ',- .. · 

·_ ' · .. 1. 4.'. ·There 'h~s 'been, since 1933, much {g~~d.t~f ~iltfrig~· ;Aslhere1 ~erEi 
two' very low annual rainfalls and orie low orie,, all 'i.ri s~~~;siolis_, . si:Rce 193s;· 
see Fig., 30, it was tho':lght at fu~t that this_Iow~ra.~rifa:ll.redu'ced ~h~· 1;1~o~j~ ~ .. 
~ffect o~ the mons~on.freshets, whiCh are usual~y fega.rded a.~ t_he:·P.i'P1-!tfP;IL~ .f~rc~. Jl'ic. ~ 
1n keeJ?Ing the cha~nel cl~a.r from ~he mud ~h10h the .combmed s~a. f?rpe~ (t~e •. e-a (ft)-2 

~well,, the flood-tide etc.) push mto the channeL It has been obser.ved, 
however,· th~t the entrance 'cha:nnel ~ilts up as mucl~ a~ 9 ft!f. d~~ing)he .. IDRll~ 
soon, see F1g. 31. When, despite twiCe the normal rainfall m .July 19'37 ·there Fit: 31 
wa~ mor~ th_a.n avera.g_e ~~lt~ng in the approach c~a~el77t~is wa.~, ~n. (act, the c-2 hi)-2 
year of maximum siltmg -1t became necessary_ to discover t~e cause, of. this 
~ea.vy silting so th~t,tbe_Port ina.y know what t,o expect .i:r;t tlie, future:·,_; .·:::~:··'c' 

.,. , . • .. • • ~ •• • • . , - .1 , ... , • • .L •• L.•J··· • ..J " • 1:1 ,.;. 1. r ,.I • 

. · · : 1. ·5. It wa.s:believed tha.~ the :two most important:oontributory. ca.nses 
Were ( 1) a known and IDea.tJUXed ·movemen't Southwa.td ,ofi • the.I_N_Ari).Jta} 
''mud-bank'' entering the approach channel and causing inor<1!f1~Jrte silting;. 
imd.(2) a.n observed riRing of .the sea bed to 'the No~th ,of the· harbour since 
1934, which may or may not ~l:l..IL·pa.rtia.l swelling 'and j liftitlg' o( tli.e ba.nk-, 
or a. movement to the east of the sea. ;bed to .the Nor.tli-\\rest' of the ap'proaoft 
channel. .. 

. . ) ' / ' ·.' ~ ... • . ·-:i -.:. . ' .. · l .•• .. 

With rega;rd to•(~l.};]t has been notjce_sl that t~9.~gl;l.~ tl:].e,;pre.v.~i\ir;tg 
drift for sand and shells is iihquestfona.bly to the North East and that the coast; 
,lin~ north of Vypee11. was stfengthened a.p.d wideped,by ,th~.~,a.r4 ]I!ateri~l pumped 
,up from the cha.nn!'ll,'the·indisputa.ble evide_i;10e pf ~p.~ 1 r.e~u.ltl\:r;tt. :Q?.O~I\lq:tfl:p.J;.of. 
the Na.rakal mud bank sduthwards shows that another force opera.tt~. (r9m:~h~·' 
North sufficient to move the mud but not' sana.· (The southern fringe of the 
mudba.nk was found, by actual survey on 20th Atigust.19~~•\·~l].op.t,~,!r;t.* south 
of the Cochin entrance while it had been definitely north of it before ). 

:;: . · . i . .'a:: :A:·~g~$~l:cohi~1ittee was~~~~~~e{9~~;~'~ppJ~~ed:i~·~~si3:: q~rg~~· 
w1th the foll?wing Terms,,?,tReference .. :~· : .. ; 1 .·:·. ·~ 1,. • ·~· i•' It·. , 'urr::t ;,.,1' 

• • 1'. :''· i. · · ~.,, ..... ~ : ., ' • I ... 

. . (i) What· is the force or the p~~bi~tion of forces, wllri:ih 
starts the Na.raka.l mudhfltll~ rnovmg north or south, and 
continue.s it in tha.t movement. af~er the origilll\l cause has 
apparently disappeared?· -

. 25 



~~· ANNlJA.L BZPOR~ (TECHNICAL) OF. WORK JX?NE DUBING THE 'fEU 19·17 . . 
(ii) 'Is there ,eyi4e11ce enough t~ justify an opinion being 

·given as to tlie cause of the rising of the mud bottom 
originating north of Cochin Harbour in 1934? Could it 
have- bee_n caused bv tpe Biha.P ea.r~hqu. a."e of 15 Januarv 1934 f . . " . - t • f . . ~ i "' 

. 
{ iii ) Why is there riot a. similar l'ising originating south of 
. the harbour mouth t 

I ·'' o ~~ • \ , • • ' \ 

[-iv )' :Gan it be stated •. from the answers to the above, and frolll 
· .other evidence available, what was the immediate cause 
·, , ~ . ohh<runu'silal silting in the Coohin channel in July 1937? 

( T ) · C:m any suggestion be made as to th~ 'possibility of keep-
ing the m~dba.nk in its present position. or near it, by a 
careful programme of dredging operations, maintenance 
-or otherwise ? . , . . 

. . Various.-theories in explanation of the silting in the Afproach Channel 
and in· the inner harbour are discusFed in the '' Blue Books • by Sir ;Robert 
Bristow on the History of Malabar Mud Banks and. in the Expert Committee's 
Report• : Some observations on the nature, origin, beha.viuur and possible 
causes .of mudbanks formation, as a. result of. the Expert inquiry, are of interes' 
'o future investjgations and are extracted below :-

I.' . • ' 

i : 
1 
~ •1 7 ~: Berort of tlte Special CW~~m·ittee 1938. _ Eztr~ from -:-

J, .·· Natu~e of the Muds; , 
. , ·.~·It .was suggested in some of the early records that th•~ ''off-shore" 

mud is of a different nature to the ''on-shore" banks which produce calm 
Statement 1 water. We ha~e no samples from. a greater depth thnn 7 fathoms, but it wilJ be 

c-2 (vi)·2 seen from Statement I-0.2 (vi)-2 that there is no evidence of any progressive or 
other ruarked change in proptrties of the mud samples either from N. to 8., or 

. from' the low-water line across the mud-bank to the 7 fathom lontour. On the 
• ~.ontmty, .the results suggE:st that all the mud samples t-xamined ha. ve a common 
··nature and origin. - These saruplts cover the area bounded by an E.-W. line 
2~ miles N. of the harbour, the shore-line, an E.-:-W. line 1 mile 8. of. the 
harbour, a'nd the 7 fathom· line. Bence we are satisfied that at least to the 
'1 fathom line the' mud of the sea bed and that of the banks ~s similar." · 
• , ' ! .. ~ , . • .. ' , ·. I~ : · • ' ! ' 

' ' · '' It will ;be ' seen from Table I that the mud is a fine grained one. 
About three-quarters of each sample is composed of particles having an e.ffective 
diameter of 0.002 millimetres or less (the so-called ''clay" fraction of a mecha
nical analysis), the remaining particles lying between the diameter . range of 
0.02-0.D02.millimetres (the "silt" fraction). '',. . ) 

; r ·· 
1 

'· • ~. ,Th~se. samples consist predominantly of clay and silt fractions in th~ 
:ratio· by, .weight of 3 to 1 There is a very sruall amount of fine, sand. and a 
p.egligible amount of coarse sand." 

. " The sea-bed ofi this part of the coast is also mud; but this mud does 
not give the S9.me quiescence to the 'Water (see (3) below).'' 

· ' ' ·''The composition of the mudbanks is, however, quite different from 
that of the back-water ruud or silt and is believed to have derived from &n 

t older source. ' 1 

• 
2. Origin of t'he muds. 

''Borings at Cocbin show that these are deposits of alluvial material 
. ~ome hundreds of feet derp OVE'rlying the rocks. This can only hAte been 
brought down over a long period by the rivers ana gradually dC'posited on the 
~eabed." , 
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, .. :, ·,; 

FeetEastreet East.' Feet Wjl Feet"' t ~'eet \\ t~'eet W. 
4,ooo 1.ooo . 2000 ~ ~~,p~- aooo.. .11.000 

', '· 
' ' -

0.0 4.9 o.o I 0.0 I o.o· ·o.o' 
' 3.7 14.9 1.5 ' 0.8 09 •. 2.7 

20.7 16.9 23.6 ' 22.4 121.9' . 22Ji 
72.8 58.7 72.4" 

: 74'.1 '74.6 71~8 
2.8 . 4.6 2.5 2.7 2-.l> : 3.'0 

.. . . - . .. - . - . ~-

1 Mile B. of Harbour 
' 

Depth at which sarnple.was taken. 
. . 

. . . '. . . ' . ,·, 

L.W. I 18-Ft. I 2t ... Ft. I 30-Ft. I 36~.Ft, ·J·42~F~. 
I 

A .. ' 
11.4 0.3 0.3 0.1 0.5 · .. ·o-.o 

44.2 2.7 13.6 ·4.2' 4.8 ' 6.4 
24.2· 21.9' 23.5.:. '; 21~8 :: 22.3. 10.2 

29.2 69.7 600 . '68.9 68 .. 9 ' . 67:~ ' 
5;0 31 I 4.2 3.3 4.0 . ·. ~-!·1:9 

.::) .," ... ,,;._,l! .; .• ·.-, 



~ UHUAL UPOR'f ('lECHNICAL) OP WOi:ut DONB DURING TRB YE.LB 1947. 

a. Be1UJ.vimw of thtJ .. Mutl Ba'n'ia. . ' 

. By the te~m ''.Mud-ba~k '','as' diStmct from the general area of mud 
on the sea bed, is meant·'~ those in-shore areas ovef all or some portion of 
w~ich \he special prop~rty is foun~ to exist of reducing wave action during 
'he-S:"W;'"M onsoons-·'&nd · producmg-a.reas ·of·· oalm-wea.thet i·n ·the ·-roughest 
weather"' .{There are ·two such areas near Coohin, one ~t Nara.ka.l and one 
at-Allepp,ey.- )-· -·--· ---- . ~ I 

•• i'·.i· .: ''During .ihe 1938 nlonso~~ ··special observa.tioJsl have been kept on 
~he:-Nar~&I-. and .. ~Ueppey-jbanks and their pqsitions· jha.ve- been fixed at 
&equ()nti 1ntervals-:'f • ·: · 

1 
· · 

~:-:;.," the.'follo!ing ta.~le~ show. the movements· :of the centre "of' these 
ba~k.e;-;an~ the~r)e~gt~'s ~~ v'rio~s ~tes frp~,August 1~7 ~o SepttJmber 1938!•; 

: , . I • ' • 

ALLEl,PEY' BANK. · · • 
I I _ I Length Position of centre of 

Date of bank• · . · bank reJ..a.tive to " 
_ ... ·- ·-·-·- ···-- _. . --·-- :__ All~p.Pei..Pier __ _ 

"A -~·193'1· · -·-·~,. I , ... ~~ . .. - . ' 
-Nov; ·1931· 

· ·· I 1· A: ril 1r38 -' .JL. . 
•• J ; ' 

.Tul ; 1938'' · ~ .. f. I • .' ' 
'·~ 4: I ! f • Sept. 1~38· · · 

4l miles- -·-st miles south 
i L': • ' ' j 

q miles 1 mil~ , ' 
! : ! 
I . r 31 miles ·· 3£ miles· · · , 
! ... , I I J' ' 

5 miles:' :·4 . ' 11 ~ . ·,: ~ 
' I ' ; l,.

1 

i ' 
· 5 niile's 5I ,~ 
' 

, ' ~ 

I 
; thiles 

21 j " ' 

I 
. 1/4 , Jq .· 

' t m; 
1~ , 

' .. 1 

North 

South 
.. . \ 
South:: 
"•' L l 

1 

' 
South ,' 

' 

----- ... --' ---·--·-· ---·· ... ____ ---·-···- ... . .... .. . --. ·-·-.. ... ..... . - --- . ' ··-

NARAKAL BANK . 
. .. -.. __,.. ____ --.. , .. ~ .. 

· ;· · , Length' · Position of ;centre of 
·. , -... P .. ate_ , ·rf ~ank• bank rel!ltive to Cochi.D · ;.~v· .. ·~ 1· '' ·. ,. ' J, Light hbuse.; 

• - • • ; i 

-*.~-. l~S7:.'::;· :~1 m\J.es. ' . , 21-~~~~ -~orth; 
' 71.h JJe 1938 51 • ·2 I ' . 

" ' . • ~·- ! '' ,, 

~;~sept. ~~ t~ .. ~ · : 1 ~ • ,, 

As•indica.ted by fringe of calm water. 

. Atnou~tof 
xnorement of 

!centre 

1/2 mile 

1 " 

Direction 
of 

movement 

South 

South 

"From the above tables it can b& seen that considerable variations occur 
.within_shQrt periods both in t?e_o.rea. and posit!o_n; of these two 'mudba.nks.'' 

I. PQSSible ca~es 'of Mud~li jo-nM.tion. - -- . ·- . - . -· -- . . .. - . . _, 
• 

0 
• ', "E1We hO.ve:a.lrea.dy:sta.ted OUr oonclusio~ that the:source 0~ the mud is 

detritus ~ought down by the rivers and we have now ·to consider how the 
m,udb..;n themselves m:1.y be formed, '' . ! ! . •· f \ l I . I J ' ' 

1 ._.; "jA.s to thi~, w~ 1\re ~a. considerable e~t~nt in the real~s. ~( conjectu~e 
owing td lack ·of. evidence. We are of ppinton; ·howeyer, subJect ~o. tbts 
qui.liJioa.tion~ tha.t; the bank~. ara ~ue to the i~ter~ction ~f f~rces of a varied 
n9.ture, 1suob a.s currents, ttver discharges,~ tides, wave a.ct1on, ground swell, 
eto. with oecasiona.l effect• due tD cyclones or ~xceptiona.l storms and seismio 

~-~--~-- ,. - . . 



disturban~es .. The ~aria.tions duito the .·_co~tli.nt: iDt~i-play ~-.ot Uie~e ·forces 
are. probably too complicated for cause and effect to be fuUy. tfaeed1 . eved after 
a long series of observations, J1 • • ' I . •· • '·. f • ' ·< • ' ' • . ! .. • • 
• . • f ' : . • • 

"n iB prota.ble ,that one cause,-.wliethet. of.· the: mOre persistent oi 
temporary type of bank, is similar to thht which causes ordinary shoaling in 
a river estuary, viz., the existence of area.-s where ·the watet'is' nearly 'still, or 
where slow back-eddies occur due to tlie bed contours 'or··tLe·:meeting.· and 

. combination of currents. ·~ · 

· · . , " It· can be readily conceived that such areas; fatolirbla fo~ shoal 'form~
tions, . exist on· th~. Malabar• coast "·here litttral· cunents oome :.in oontact 
with vast quantities of "'ater pouring into and out of the rivers and bapkwa.ters, 
'particularly in timP.s of flood • .'' . · · · · · · · 

.. 1 ''It is to be noted that. the areas where mudbanks occur are withln··a 
moderate· distance~~ such rivers except. at AlleppEly. and even ,here w~ ~r~ 
inclined lo believe that_ an OJ>c:niDg once exist~d_. It i~, in fact, shown on o,iw 
of the old maps recently obtamed from the B.ritisli. Museum (and r~terred to .~t 
page 67 (Appendix D) not reproduced.)" . · 1 • • . . 

· " lri the case of the N arakal bank the predominating factor: is · probabl~ 
{in so far as ordinary bhoaling is concerned) the s1lt brought· .do\fn· by the . 
Periyar river~ but further evidence is required before this can.. J>e, : consider~ 
Conclusive.~ ' · 

'" 
1

" A farther cause of accretions to· the.banks or the formation of- tempo
rary banks is in our opinion the ac~io11. of the sea en tluJ ''ojf-shure'-'• mud~ • 'lL 
is known that sea .disturbances can _cause ruoyement. a~ .~on~ider!).Qle. ~t-pths · 
and cases have been recorded· in many places : of. ma:teriaJs. b~it:tg_ 1 ~r'!tns¥,?~~ 
along the sea bed at; depths of 10 fathomso~ D;l~re. _n •• , · · 

' • ,. '
1 When exceptionally heavy storms· occur;l or an unu8ually severe 

grotmd swell, it is reasonable to suppo~P. that the 'sea bed may·· be disturbed 
at greater depths than in nllrn1al Illf.JlJSlc.n wuther, similar. effects "\\ouJd be 
produced either by the heavy swell ca'Q~;ed ·by cyc~oD'es '<.r by· seismic.waves •. ?' 

, ·,: 1 " Summarizing our views on the formation·M th~ banks~:we beli~ve, in 
so far as the incoruplete !evidence before us will. peunit of cc;>nc1usiohs beiDg 

pra.wn; liha' • · ' . · ·• · · · · 

<.fJ .th~ ba~.a~e f~rm~d. in two wav~.~cll~'s~n&r~telv \~~ tog~t~~~
: viz.; t"- . 

(~}by the depositing of material directly derived from &trit~s brOU!!:Ht 
· doWn by the rivers; 

. ib > by th~. throwing \IP: and redepos~t·mg ·at ~r.e~s. ~t s~~ P:tu_a; .. tr91n 
, the _sea-bed during rqugh_ seas; 

\ ' • I. • • • • • 4 •• .. .. • • ...... ' ' - • -

{ii) there -are processes· going on, particularly durilig he'avy monsoons· 
and cyclones, of fretting, stirring up and redepositing of mud .. These cause chan-
ges in th_e sizes and sha-pes ·of the mud banks; . ' ·.,: . ! : · ·. 1 •• / • • 

. {iii) banks can only be. formed where the resultant. of alJ 'tbe'forces acb-
ing is such as to produce conditions favourable for shoaling at.the ti91e ~f their 
formation; ! • · · . ~ 

· (iv) where the resultant of such forces is constantly fayoutabl~ to shoal-
. ing the banks \\'ill b~ of the more _petsistEnt 1 type; t .. • • i 

(v) where conditions are only temporarily favodnble'th~j bs.nks will be 
more or less .tapidly dissipattd and may in some cas~s ~-reformed. elsewhere.'' 

• • ,i •• • • il 

5, Travel by Mudbanks. ' 

''As can be seen from the charts in the Blue Books: the ·hanks tra~el 
considerable distances along the coast as well as undergomg changes in artaa 
and shapes." : 

26 
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•: ) ,·J ··~fAA ~q-y~J:Qeflt& l;lt ~~ttJfttttkal ~~Hk, ~./';"r, .ll'~ tbt>f .. ,P&Il ~e tr&cef}~. 
· ~~lit ~~All toll fQll~;w~~~ .. 'fJl' mo~~ . ,:qortperl~ P«;>si~~?.~ re¢Qrded "'~' · ll\. 1l17 6 ~' 
·Shown on D~lrymple s m&p, obtllolned from the Bnt11>h Museu~, when· i~ l was 
just .south of the Periyar river. Up to 1934 its centre·· iiad' never· been·· furthe~ 
ilputb; ~h.~ lhnile~t :Jl')rth of the e~trapce, at least Q.s far as iJ~ ~pown. •r · 
h l,.. ) : 'I: h t' I • , ;:1\ • 1 , • 

.. ·:~ .. ''F~~ pi~J, :y~~rsJ~. ~1\1$ ~t~ted tp' .be ~early stati9nary pff Nar~hl ~lui 
j,1.1})1VPJ8!11l f\n~ .lv.a.ll, 'n4e!';q 4!PASlperd tope fa1rl.Y stal>le.b!"~:W~en ~~p .~~~ l879~': 

"Since 1934its progt-esssouthward has beenmorei'apid a.nd·m SeptembeJ. 
liUlS ~hn §l~lltJ~ af th~ tJ)olm, W\1-~Cf pearly coincid~~ ,W-\~ ~be lip!) of . the ent· 
JlmCP .phap.~~J,i I' .tota.J IIP~~hwl}rc,l JllOVe~~ll~ of OVfJ; p m~\es iq t~~~ f~Ti.~!~'. · .i 
1

. . '"We shouid p~rb~p& refer here to the area of calm watfr'whicp appearea 
off Cpchin in about 1911 or 1912. This bank was non-e:xista:nt~ as· we 11re in:,. 
formed by Capt~ .Leverett, a retir~ Port Otficer pf Cochin, in 1910 ·when he 
left Oochin and ~trlso iii 19lS.when he ret.urned there. lt appears possible thercr. 
fore 'tpat this: w&f! a t~mporary bank· vossibly thruwn up as a result of the cy~ 
Clone of 1911 or tha-t of 1912 (which passed actually ove~ Cochin) p.pd dissip,ted 
shortly afterwards. We do not necesa.rily rega.rd it .as evidence of. t~e, Na.r~~q,J 
~u.nk .lltvipg ~~~p sp»th- pf ~Q!3 ~Jltrance. cl;la~mel at that .~iD?-,e.'.' · . · i , 

i · ''We thi:Q.k it proba.ble tba.t the cha.Dges of size and shape .of tbie b~n)t 
from tim·e to time have ·been influenced, as suggested in.tbe case pf the Allepp
ey'ba.nk, by mud thrown up in storms, cyclones, etc , and also bv the depos1t,1JI 
eilt brpug)lt~ d,Q\VJl py ~PEJ ffriy!lr. riv,e~-:-Pc;>ssibly .also by sil~ frpm t~e. Cochin 
J>acltwa~e.-. · ... · .. ·', . . . , . .. . . . . . 
:· i ; ·uwe pelic:Jyet however, that its gradual cre.ep southwards ·Which ·see~ 
'to have·been,· on 'balance, ~ntinuous since about 1920 has been more directly 
influenced by ~he currents. Evidence as to the littoral purrents as distinct from 
·tbe. ~jila.J fij)w »~~;~or ~)le Mo:r~. is Jlo~ \'Yai~al)le, but it i~J JlO~ewort~y t~at. !n the 
J.aqt:a kw f~.~rs jP.-Q~&e~.~U.rft!p.t lrqm north ~o sout4 Jla~J be.eJl- reported by ship 
Jila~t.ert ~~ JD.~QY pcc~~~o~ And this incr,ea.s,e_ )Voq.ld ~eem ~, ~P.N4e1wi~h t~ 
·nwx~ r~pi(l ~p.t.)lwStr<J p.dy{lo~ .o, ~he pa.~ m r~cept ;year~. • 1 

, • 
• • • • .t 

~ .. , .-, " ~~,.~~l'q pJot400 ~n. tp~, ·ph,m B!ttac~ed pereto as ,:APP~ndix F (not 
.. Ft!P1P4H.~~·): .i4~ ~~tAoq~J .~Ion~ ~h~ ,cen~re pf ~he approa.c~ i:Ji.an~el ~t ~he .. eP,~ 

of May for each year s10ce 19u3 when the channel was filst deepene~ ~o .abCJ)l~ 
40 fert. Tbf\S.e sections,( wbich are plotted to a great,ly t :xsggeru.ted scale) 

~show the silti~ which bas taken place in the different year~ bt:L'\\fUl the time 
of redredging the channel and the break of the monsoon; '!'hey ·therefore show 
.~M §UJijlg AijJ'JM ~p,e Sai.T wea.~~J: pepo,d iW hen' tb£ 1'(> is Ji~tl,e I ro;ugb ,sea •.rhey 
ind cats clearly that there was a ruovement of ~*d d1UJ'JP~~~~ JP.Opths January 
~o ld 'y ap.d ~pat tP.e aruoupt of the pre-monsoon stltJDg 1pcrea.se~ f~om year to 

·year as the ba:Dk·ad\'an~ed rc.nth and the channel became closer a.nd closer 
under its lee. They furtl er indicate that as the bank actually ' crossed the 

. ·channel the ye.arly increase became less &Ild has now probably abCJut reached 
ite PJ~:ximQ•n/' · · 

. ' 
" We may summarize our ,tentative opinion s,s to tile .c\1-UBes · 01 1-~ 

3ou.t.'h.-tl)fl.f4 f1l~e.me1ft ol. the. ~anks .as follows. ' We think it is dp~: : :. • 
. (a) 'r.o soft mud from the sea .bed being moved or h~ought into ~usp.e,;l-

sion by the action of waves or ground swell. · . . 

·· (b) To'the action of tbe currents in ca.rryjng or rolliDg 1his JD&.tcrial 
and depositing it. ~r pa.rt of it eventually .on the lee sido of 
-~~~ ' ~ ' . • . • . I • ~ • . ~ • ' I . . ., ·. , 

1./J) 'l'.o .the action .ot the current~· ~ ~arryi_ng 01 _;roPifg frc_sh. det14tus 
or silt derived from other sources and dcpos1tmg 1t sJm1la.rly on 
the banks. . ; . · · · · . , ~ . 

. ~d) Tp th~ p~epondero.nce Qf tho curre~ts Lcing from ,Q.Ort~ to south 
. .tpdu~ .~aus.i;ng ,the a.cr..rctio_n, "~. b~1;m~e1 to ?C.cur .o~.~ ~he ~quth 

s1 e.' · · · 



,-;~· ·Y~f~iv~ ~,ffeq o.f ~~ ¥!'4.. :P~: .. · .. j - ~- - • •p:):) 

i l Af~e ... dis~issing' .• .tie 1-hebries th~t. the -~p-reseri~1 !; cr \ ~ir' arid{. I th~:: ~1Mtl~ 
1

• 't 'e ofth •-T'Iiid are :es -~nsil)l~'-for' bi'elt edtl ti"iiof''~W~;esHe:~ ~~ 'ei I~~. 
!HtHf., n· s· .)~ JD~-\'.'~s • Pl ·_' ... h t hI!! ~~ .. f .. P"ff''i: ~ ... J,t;.:,····~~- ,;'Y.,h. "'_ :.t 
Keen,. : c., F . .n. ., exp an~~~ ~~. t,e, ~a. m.H1g.!r ,efr,.~H t:,~Te:"lfl~H~fl't.,,\!. 
due prl~Clp~lly t~ th~ m';l~-pa.rtw~es m sus~~ns10n m the ·wate~. 1 

, · •· 
1 

· . 
• ~ .• , ~ j I •. •. : • ; I ': •: ' ' ; . 

· • : . · !:Jt is known from -hy~rodyna.mi,os t?a.t waves wilJ ~e 1 ~~J ..:.!P~~ .. 
~p1~ly !f by any ~ea.ns the ratio of the· viscositY. o{ tlle med~P,rq· tR*& ,·fl~pqt•a 
is increased. The sma.ll!3r the size of particles .i.n suspension tl}e .inpre, .h~~ly.:; ~ _ 
this ra.ti~ to increase. Appendix. 0 (not r~produced) gives· res:u}ts tA- -~~.mY 
that the Na.raka.l mud brought mto suspensiOn by the forces of wave mot1on 
01' other means Will produce a. reduction_ in .~he' . amplltU~tr of th¢ 4p~oJiimg . 
;w~V~$. . pqt the _e;per+mental ~o!~ di~clo~e~ t~e ~ur~~~~. ~~g~Hc~nt. fa.~t; 
that the effect IS a. cumulative one because, a.s 'the sheanng stresses w1thm 
the· suspension become reduced, the surpension itself behO;ves' somewhat~-~~~~ 
a.· jelly and the_ re~inillg stresses are- rapi{U.v ~;~sjpa.~e4.'.! : !- ,. r •· ·· ·· 

' . . . . 
:_ • . '. : . . ~ ' . . ~ . • ' J ' • . ' i { .. ' l • • ,f ·~) 

·.. · .. "Thus ~he~tra;nsition belt ia th,e sea~ of the r~pctip~ pf 'i:P.PPffif~ ~~!fl 
mot1on because 1t Is here that the waves thems~lY~S. .~IP:lB. H~fi :W.P.ff. .. UtfB 
~q~pepst~q~" , . . 

'l. Travel of Sand. 

. . 'fi~ ha.s pe~n proveP. beypn(J dp}lbt ~4a.~ ~h~~ s~pp. pP,jpe.:p~p~ip~-~~~~ 
shore travels in a. nurtherly direction.'' -· , 

:·
1 

). · "Thi!J has b~en ~em~nstr!l-t~ by_ Mr.·l3ris~~wl~. ·~:KP¢~~ehts' ~~~th pf-
- th~. h.~~bour e~trance w~ere br()k~n brick pf -y~rlpus ~~z~s Jl~.s be~pl r,reJL4 ~» 
~p~ ~pr~~hor~ a~d o~~e!Ved. Its travel ha~ b~~n WYail~blf _pp~~~~~~J~-~~·~:_.·: 
· : · ''It h1Jos.be~~ ~pti~e~ that · a.f~~;r ibe .' mo:psop~ a :pa~~~ pf t:apd 'I!:PP~~~ 
o~. *e Po;rth s1de of the entr~nc~ · channel il-~r ~he sllo~e. J.FP.~ 'jRsl~t,o~1Pf 
!Jus ta~ddp'~' ~ ~eep. JD#k~d ·'With stakes a11d _ It P1JoB ~eex~: o~~erv~ _ ~'P · WP_. Yf' 
f-'ortr:wa.r • · · · c · 1 ; ' 1 , .,, ~• 

'~ t- • ' •· . i • i I.. .' ), ( . ; t!. J. l··IJ 

"Further, when the . cba.nm:l was first cl!edg~p 1 a. l~;rge ,ffU~ptity _ of 
sand was pumped to_ the north of the channel. -This sand': wh1cli ·was ab 
tP.11:t ~ip:~~ ~eJ~ ~o~~h ~f ~4e ;N ~r~k.~~ pn~dp~pk tr~v~H~4 : npif,,Jr~ttrP ~nq; .. sh9r&
w~rd form1p& a.p_~ppfec~ab\e a,cct.~.tiq~-~q~~p p_f t~~ J?!l'J,a.).lel ftlP.~J;,es:~~, , , ,;,· d 

. ','Tpis. nortbwa.~d travel or ~a.nd introduces a.ri. apnar~~t• iibi>rhS.iy hf ili~4. 
1.~. 1.~ ~,~ctl:i .. aJ>p~sea· t.<> .. t~e 'tr_a.v~I'f>(t4e: Iri~1~apk{}v~~~ '1.s·;s)oh'~~~:a:rdJ ':'rfi~~ 
Is, however, in our opm10n ~ diffJCulty m reconmhng tllef!.~;t),",q; f~ptst ~' .fij; 
havEl already stated that we believe the southward movement pf 'the 'bank ·1s 

·dile.to ~he prep()ndera..nce of qurreJJ.t .frC>PI tJl,~ ;np-,:th,. py:~,su,cp -S~f/l~il.are np~ 
~he, pr£¥lominant cause of the pio.veme~t .of ~b,e ,_a.a~~<l. Tim ~~ti,~ ;~n~yel 1nYJ 
taken place and pas been Obfel'V~d In ~h.e . 8~1!-llR}'{' . ,W,~~l . p)pf?_~; -. JP. .fil~J?..~f 

. l\'pere i_t 's subjected to direct waye actiop; ~njl ~~ ~p -~he J.>!Jiea.~~llg Jl! ~l!>'F~!:r..~T 
j~We)l f~om the sou.th:-west which o~rr~es th~ ,s~ p.qfli~)Va.,r~}~ -.. •: ~ >_.-·. ·,, :!~ 1 ( 
, , 

1 
• • • • ' : : ~ ; ; ! 1 f ~ • : ' 1 r . · J · · ~ J I ff 1 

. . "Un~oub.tedly mud. wil_l be ca.rr.ied northw~rd too by t~is acl-iof,\./ffi~ 
.ul~IWa.~_ely. 1t wll~ be ca!r1ed m~? t~?-"e sph~r~ o.f ,~~~uence o~ the !JY!rfepts froJ:n 
the' north and mll thus ·be carried 'southward ~;Lga.m.2 ~· -. 1 • • r' - 1 • 

..- ' :I ~ , ,' •, t ' • • ' J o ~ t ' ', · ·I • • f 1 1 

8. · CocMm. Entrance Channel. 
~ t ) 

. ·: _· , '''In 1929 and 1930 it was· d~edged t6 about 35· feet for·IL'·1ength:pfl8~ 
,feet ~h~ In i931' and 1932 to a.bp:nt 36l f~et.· below _low, w·a;ter~' 1111 1.938' ·a._ii«J 
19B4 t.he dred&ing wA.s carried to . a su-b~tantially gr~a.~er 1dep~h, 'yiz::~:; ·a.~o,ut 
.3.~t' fe,e~ a.nd 'lD 1936 and 1937, tb~ 'd,eptn 'relha_IDIDg 'after (lr'et'lgtng \f¥ 
38~ feet, From 1933 onwards it has, therefore~ lleen dredged· a.bo~t·. ·a· ~~~ 

I• • , =J1 !. i) 
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deeper thau in any o, the earlier yea.rs. The width · of cha.nnei &fter dredging 
Jlu been 450 f~t from 1929 oQ.wa.rds. There ha.s been some n~~tural falling 
ln pi the si<Jes &Jter drOOging and. in a.ll ca.ses where depths a.re referred to from 
'M_a1 'to October tliey apply to the centra.l third of the channel which is ordm~r 
•rily Used by vessels gointf to and froi:p the harbour. •• · 

J. • - '- • • ·' 

'' 'Silting shelvQs' were dredged in the neighbourhood of the old tl&r to 
-.bout 00 feet at low water on the north & south sides of the channel in 1{,27, 
l9~ and 1929. The object of .these was •to assist in keeping the sand and 
Bilt. from ·.the oha.nnel by, allowing as much of it as poss1ble .to settle on the 
ahelve&." ·' ' 
,j.,. .Ji • ' ' ~ • 

' ( i ) , Pr•mtm300fl Silting : . 
~ -! ~ I ' • . 

':u .. l ' " ln1933 .there was littl~ pre-monsoon siltin~ west of the bar. but 
~me. 2 feet op the. ea..st.'' . . . ... 

. ' . 
'' In 1934 the silting increased west of the bar, varying from Zero at the 

outer end to a maximum of 2' 9n, There was little siltmg east of the bar in 
1935. The results were· little different to those of -1934, except that the silt 
\ixtended further ea.stwa.rd!' · 

" In 1936 the pre-monsoon silting was on the '\\'hole heavier tha.u in a.ny 
year from 1933-1938.'' . . 

. ., In 1937 and 1938, between which there is little difference, there ha.s 
·been· slightly les8 silting to the west of the bar than -in 1936, but markedly 
l~s ~P tho east." · · · 
:i ... :. }'In the. period Ja.nua.ry ,to May inclusive there are comparatively few 
.. heavy seas or otheJ" ca.uses of disturbance and the rivers are not. m flood. It is. 
reasonablQ therefpre to infe~ that changes in siltation during thes& years have 
been.directly influenced by the approach of the mudbank to the channel. The 

.maximum effect is shown in 19~6 both east and :west of the bar, tiince when 

.thar6 'has been a tendency to decrease. T.be ha.nk was known to lie across the 
~.channel in 193'1. &.nd i wa~ probably close to it in 1936 and it 'is, we believe, 
fair to conclude that no greater pre-monsoon silting is likely to be caused by 
the presence of the bank across the cha.nDel than has occurred jn the past." 

;) t : : ·- ': 
~ .• ·. . . { ii )Af onsoon Silting : 

, ' 1 ' · . "-Durmg !the · monsoon period,' rna.ny other factors come. i~to 'play 
besidell the natural tendency ( which has been shown to exist during recen~ 
years ) of the bank to creep southwards.As previously indicated there must be 
;tp.rge quantities of mud not only brought down by the river Hoods but brough~ 
Jnto 'suspension or otherwise moved by se~action on the fringes of the bank 
ana on the sea bed.'" ' ' ' . . . . . ' ' ~ . . . 
~ '·; . · " Study of the seetion showing the depths of water indicates that the 
limiount of silting in' the channel during the monsoon months varirs D(lt only 
rrom'Je&rr to year but from month to month iJl any oDe }ear. For instance 
since the, channel was completed ( in March 1929 ) the maximum dept b of silt· 
iJJg west of the bar occurred in June in 1929, in August in 1930. in Septewber 
in 1931 and in July in 1934. Similar variations appe!lr in ~he channel east of 
ilia bar."· :: ' · · 
•=• I ' t • . ' • • 

- " There appears, however, to be no direct link between the amount of 
rainfall in any month with the amount of silting in that month. Nevertheless 
the rainfall must have some· effect over a. whole season since a. high ra.infall 
must increase the outflow fi·om the Cochin Gut a.nd increase the period and 
.~of, the ebb tide: thus providing greater scouring power. At the same time 
~\le · force of the : current diminishes as the distance westward f~om the Gut 
jnctea.ses BJJd its, value as a scouring agent becomes less. It IS therefore 
.probable that the maw factor in .c~using siltation is the stirring up of mud 
fturing the monsoon and its tra.n.~fer by currents and flood tides into .the 
oha.nnel. '', 
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' "Another factor which has not yet been fully· explored, but which 
may have a. greater influence than has up to now been appreciated is .the silt 
·brought down by the Periyar ·river in'times of heavy· rainfall . travelling 'down. 
the coast with the current.-· It would be desir~ble to ma.ke some further obser.:. 
-vations in connection with this river,. the catchment area• of 'which is 'st·ated to 

, be some 5,000 square miles, althorigh.the ext.:mt 'to which the rti'n-off has been 
:a..ffected by the construction of the Periyar: da.in 'is not known.'' . · · · · · · · 

• . ~ . • . • . ·' • . • • , ,. • ... "' .. a 
"Anohher fea.ture,which has l;leen'notice(i in each yeai'from 193tron.;,. 

.owa.rds is the constant tendency of the .silt to extend fitttl~er :east of'tbe bar .to
-wards .the Gut month by' month.· It·is open to •doubt. whehher :t4i~":r~~ill~
is produced wholly by the.tra.nsfer of silt from tlie ses/ further ihto' the ·cb'ai:inei 
-0! in part ~y the deposit~on of 'silt'· ca.rri~d out_ ~oinjli~ baeliw:a~erif Qtl_~g-~:: e~~ 
tide. It has been established th~t there Is'comndera.ble movement of silt 11) tlie. 
Gut particularly ncar the bottoi:n, • but further ·obs~:rVa~ions · a.re _r'equir~d ··before 
any definite conclusions can be drawn as to the extent of siltation. ; derived liom 
the backwaters.'' · . · 

( iii ) Silting at the Gut. • .. 
I o I 

· ''It is a. well established fact that silt, whicli remains in suspension in 
.fresh water may be rapidly depos,ited whe~ it coni.~~.-m.· contact with 13S.lt .. water~ 
.Experiments made indicated .. that in a solution. of common salt of. concentration 
not exce~ding 0.~5 percent· ( ~p~ G_t. 1:002) t~~,.mud dpes not s~ttle; compl!=Jte 
.and rapid sotthng occurs . when ~'the . concen~ra~jqn of.salt is 2.0 percen~ or 
,greater (Specific Gr."l.Ol3.);. at in~erm~diate ~oncentrat.ions. the bulk of the· 
mud settles out but the rest remains indefinitely,in.suspension. ~; , :. . , ,, ;_ .. ~; 

.· · ., We hav~ aiso had ~o~e test;·madf.l'of-the :.8;linity· of the· water' in 
the ch~ri.nel and these show that from the Gut: to· about. the bar the:lighter fre-sh 
·water from the backwateTs tends to flow over- tlie· heavier salt'water. ·In' view 
.of this fact and tqe experiments referred' to ·in the pr~ceeding· paragraph. it is 
not improbable that the siltation east of, .and in the 1neighbourhood of; the bar 
inay be due in part to the fresh water intermingling. ~ith . the salt ·an{l thus 
causing its silt to be coagulated afia:'deposited on the bottom a.~d .theJi:mits_of 

· .this action will-depend on the volum~ ol fresh water fl~wing out of the· Gut.'' 
~ . ·, •' 

. " rrhe. sect~ons show that 'the_year of greatest lfilting during the monsoon 
period was 1937.' Most of the silting·occurred in June and July, the !tdditions · 
in August and September being·smalL The greatest deposit was iJ;t July,,west, 
.of the bar and in June· ·east 'of the bar. It was in August 1937 that the fringe 
of the calm water was first seen to.· the south of the.eritrance ·channel an:a~a, 
survey was carried out by Mr. Bristow on 20th August, . the result of which is 
sh~wn on the pla.n at page 31 Vol. II of the Blue Books.'' 

. . 
"We -have no doubt whatever that the exceptional-silting in June aij.d 

July was c~used by too' disturbed belt of mud surrounding the calm area. cross-
ing the entrance channel during these months.'.' · 

'' Apart fronnh'e '1'noveinent ~f the· mudbank thJ variations- from yea~-. 
to year are, we believe·, 6a.t,·se"d by ·such ·varying circumstances as the l'ainfa!J, 
-the strengt.h. of .the monsoons and storms affecting the amount of mud in suspen-· 
sion and th~ area over which ii:. is deposited.'' · . - · - ' 

_~ ·~.The amount oLsilting: in the entrance channel· ··has. va.ri~d from a. 
minirriuw of.6qO;poo cubic':y!Jirds iu 1931 an~J932 to a maximum of 2,370,000 
cubic·yatcls.(n lp37~ .The·q:uantitypf silt rose abruptly f:r;om the low level of 
.650,000 in 193~ to" O'\_'er'l,600,000 in.~ 9~~ and from )~34 to 1936 was in the 
neighbourhood'6( 2,000,000. cubic yards. This'wa.fil, (qllowed by the maximum 
figure of 19~7.'t ) J? 193:8 the -~i~~ing pas_ a.mO':lntied t.o..J:.7QO,OQO cubic.yat,ds.'' -

"These actual figures afford a further confirmation of wha.t has already 
been said as to bhe etiec~ o;n·the cbannel of-the southward travel of th.e bank." 
• ·.,. -' ~ .... : ' i . ' . • . . • i • .L . -~ ·- • • • > • .. • ' 

1. 8. .Appendix I gives, iri. extenso~! Sir Robert. Bristow's appreciation Appendix. I 
-of the summary of the Report and Evidence on- the 'Movement of M~d Banks. c-2 (vi)-2 

•. • ' r • r . -· 'f • • ; • 

1. 9. ·The present po!;!itio~ in respdc't 9£ ~ilting .'·and· Illain~enauc~· · dred-_ 
ging is best described in the wotds .. of the. 'present'.' Administrative_ Officer, _' 
Cochin Port,.Mr. Milne, 0'. I. E.,· M:I .. O~·E,>-~- ~. · 

.. : - • . . ' ! . .t ' 
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., The llat~encherry . ohaoncl was · dretlgau .to. llt wiJth of 1000 ft. 
a.nd a. turning'.ba.s~n opPQsite the wharl to l\ \~·iJt~l vi Uuu tt· . . '!h~ width of the 
turning .basin was ;reduce~ abC?ut four yea.~s n,go to l:JW {t. .as 1>iltation on the 
west~rn side wa.s very rapid.; necessitating ur~domg three tirocs a. year. The 
Silting which take!! pla.oe io the approach channel ~UlOUJltS. to between}~ and 
2 millions o. yds .. per' an~uin and that in the. inner harbour is about H 
millions c. yds. · · · · 

The maintenance dredging of th~:,jl,-~pi:<)~-P-41 ehanuel· is done by· 
the Suction Dredger, ''Lor(} ,WiUingdon '' ap<l,ptpeli,ne in.:~ .period of about· 
4 weeks, in Ja.nua.ry-februMy, the most f~vqura~Je.!til®tM tn:c pipe·line dred .. · 
~ing in th-e. ~ea.. ·.'£.he ~Jilt wh~~h is jiM m.~q at~rl daJ·d_IP; l)ijU!ped .through .a. pipe-
line 3000 ft. bng and. depos1ted· 10 th!3 Eje~: .a.~ :a <lt!ltliDOt). 1of .(approXImately 
2000 ft. south of the approach channel.. ;:It; c<;>stl:l about, l · E.s. ·2 Jakhs a. year. to 
do this dredging. • · 

. The maintenance dredging in the inner channel j~r don~ 'by the 
bucket dredge~ "Lady Willingdon'' and tbree,at~ei\da-n.~l~oppJr b:uges. The 
silt dealt with here also is fine mud and clay which takes a. very long .time to 
settle in the hoppers. Weights" of three samples takrn frdAl the Ma.ttancherry 

. channel when the design of-the hopper barges wa~ -}?eing ~onsidered were 73.8 
lbs., 75~ lbs. and 83.5 lbs. per c. it. In order to obtam' as concentrated a 
hopper load as possible ip depositing the spoil at sea the hopper doors are not 
dropped as is.the usual practice. 'l'he hcpper doors are· kept sealed and the 

. material is pumped out of the· hoppers.' '!'he dumping groond ·at sea. is about 
2 miles south of the approach channel and about 2 ruil~ west of the shore where · 
the spoil.is depqsited in 3() ft: depth of water. It takes about 8 months· in ~he· 
year to· do.this maintenance dredging and the. cost is about 8 la.khs of' rupees,~ 
The 10 Ia.khs of rupees spent annua.Hy .on inner and outer channel ma.intenanoe 
dredging absorbs an unduly large proportion of the total revenue of the · Port: 
which is approximately 36:lakhs of rupees. · · 

• The areas in the inner harbour where regular maintenance dredging . 
is required are ;-:- . · _ · · · . . . .. ' . . 

( a) A width of 250 ft· at the wharf frontage where dred
ging is neeessary at least twice ~ yeq.r and often three 
times. . · · · . . 

( 11) The western half of the turning basin necessitating 
dredging twice a year. · · 

( c ) 'fhe rest of the area forming the turning basin which 
has to be dred~ed at least once a year. 

(d) The mooring areas on the western side of the· . Mattan· 
~herry channel where drt·dging ·is decessary at least· 

. once a. y~ar. · 
The silting takes :place .vely la.rgely in the monsoon months and. 

although ,it remains to be proved conclusively, ·evidence. and observation 
strongly favours the conclusion thn.t the silt oomes mainly if not wholJy from. 
outside the harbour. · 

. Silt observatiQns made i~ recent years confirm this. 
~l'here can be little doubt that the fine silt in the sea.. bed around the 

approaches to the Port being easily stirred 'Up and set .in motion in the .mon
soon condi~ions is carried in suspension on the flood tide inside the harbour a.nd 
deposited in quantity. ·It also seems a reasonable surmise that the bar which 
existed before th~ Port wa.s opened np excluded a large proportion of . the silt' 
which finds easy. entrance now.''·· · ~ . · · · 

· • 2. 0. ··In 1\Iarch 1947, the Director and Mr. Oag, Director Naviga.; 
tion, Centra.] Waterways Irrigation & Navigation Commission, paid a. visit to 
the Cochin Harbour, at the request of the Administrative Officer, Cochin, for· 
preliminary investigation a.nd made certain immediate suggestions with a. view 
to reduce the cost of maintenance dredging and ameliorating the conditions,. 

A,rendi11 II pending further recommendations as may result from modPI studies-see Appx. II. 
c-2 <vil-2 These recommend,a.tions are based on the diagnosis that the Ma.ta.ncherr.r 
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·channel, being on the co~vex side _of the · entranc~ : chann~l,_ is .the natura.! 
· intake an;~ repository .(or mborne silt on the: flood. tide,-:-tnltmg by M much F' 

"' F' 3 . . 1 I . h 't . d d d · ,g. 1~ a.s5ft. depth.during ~- y:~ar, see. 1g 2:-partlCuarJ:'Y. ~J;l..f. 1IS ro.ge ;s~ C-2 (vi)-2 
much' in excess. oHh~ . cr1t1Ca.~ sectiOn as to preclude It bemg a. se~f-~co.urrng, · 
agency. A reduction In the Width of the dredged channel-no~ 1mpra.c't1Cable 
from point of navigation-was, therefo!e, recomx:o.ep.ded. It was also,s~ggested 
that from model.·experiments it might be . possi?le to. sugge~t. a.. reai1gn~ent_ 
a.nd resectioning· of .the Approach Channel, ;wqich would mm1m1ze dredgmg,. 
'both in it a·s well as in the inner.harbour. ) . . · · · · 

. . . 2.1. The . AdmiQ.istra.tive Officer has explainea:why sue~ a gis,a~ width 
~~s _·proyiae~ to the. M·at.ancherry Channel i~ the first insta~~- : ._,:..,. . ·· · 

"The, original proposal for the. _Mattanoheny' Cha'nn~l was a charul.ei . 
. 600 to 800 feet.. wide. with fore and aft moorings and it was realised from the 
start 'tha(.tbe. inc~ea~ed width dredged to give th~ required space for ·the 

. centre mo~rings or.'' swinging berths 11 which were provided i~ the first ... 
instance· mitigated against, and reduced the _possibility of a. good ~hannl!l from· 
the niai~tenance point ot view~ In· a.. rec~nt.· art~ ole on Cochin' Port in the: _ 
"Dock ·and Harbour Authority'' Sir Robert Bristow discusses the .reasons• 
for the change from the original proposal and com~ents as 'follows : -

'; . . . . ' 
. . 

: . ' There falls into this period. ~he design arid la;ying:of the cargo ships•·: 
moorings which, of course,_were put down immediately the inside. channels had 

· been prepared. I select this Q,S illustrating a problem in whicp a Doc;lk ;i.nd . 
Harbour Authority has sometimes to choose between conflic~ing expert advice.· 
In our first designs we had shown a series of fore and aft ·moorings alongside 
a chann.el-600 to 800 feet wide, and a few 11 swinging berths"· (one buoy) in 
a part of the harbour where existing depths. over a large area permitted 'their 
use. These swinging. berths were found so ·convenient to the ships and pilots 

• that when the time came to. put .down tlie fore and aft ·berths, the Port 
Officer objected on the ground that the ships aftel' lockers contained no chains, 
and it would become necessary. to drag them aft along the deck out of the fore 
lockers. When. asked why wiro ropes could 'not be used he said it would not 

• be safe and as he was responsible he would not agree to it. The fact that the 
.. Lord Willingdon '' used wires on all her moorings which were daily expm:ed 
to stresses greatly in exces.s of any 'that· would occur in an aft mooring .. 
whether on .the ebb or flood made no a.ppeal to the Port Officer whose· views 
were.upheld by the then Presidency Port Officer_and who,_of .course, was directly 
responsible to the Government. Now the provision of swinging berths fer ordinary 
purposes meant having a channel 1000 fPet wide and ·the reservation in the 
channel. of 1000 feet space fore a~d aft for en.ch' mooring;• and this, in· turn,. 
apart from _the expense of dredging, meant widening the channel beyon·d itS:· 
critical.width as a self scouring 'or partly self scouri.ng ag~ncy. ,HL~~ever, know-; 
ing that the Madras Governmenu were bound to accept the.view of the . 
navigational authority~ we decjded not to force the issue and again~t our better
judgment consented to the arrangement for the time being. I .. ater, of course, the: · 
pilotS found· OUt for themselveS that it WaS better fn· every Way nbt to have a lOW 

oi ships ~winging in all: directions when the tide turned, and· they had. to ta.ke ·. 
a ship in or out, and were o~ly too pleased to adopt the so called" dangerous,, . 
practice. of mooring fore a_nd aft with chain and wire ropes -res_p~ctive]y',. -

; • . • • ' I ' ' '.' ; 

Sir Robe.rt .does not mention the fa.~t that it has. to. b~ remembered 
f • . 

of course that in those early da;ys the Port had nd powerful tug to assist in the. · 
han~ling of ships. 'rhe. tu& .·' 9och_in ''-.was acquired later." · 

. .• .. - . 

.Incidentally I the mooringS Oll the WeStern Side Of the Channel ha~e n()W 

been moved 200 feet 'eaitll:ards, reducing the width ,of 'the bavigation channel. 
to 800' ft. and_ t.he width of the turning basiri. has been reduced to '1000 ft:. 
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3.0. TM oljed of tJ~ model investigations. 
• I" ., 

The model is. main!y required to answer the fo~lowing questions~ 
suggested in the Adlili.nistra.tive Officer's letter no. 3427/47-1 da.ted Srd 
Oct. 1947:-

, (I) Is the assUmption COrreCt that. the main source. Qf silting. iu the 
i,nner channels and particularly hi .the Matta.ncherry Channel is fine silt:ca.rried 
into the harbolir on flood tides and deposited? , 

(If). What' steps can~ suggested to r~duce the volume of. silt~? In 
this connection it- is appreci&ted that the width of the Matta.ncherry Ch&nnel 
i!J too great to encourage a good scouring action. 

• .. • • j l . . . - ..... 

( ni) · T~e .model experiments a.re.required.to show whether the requir • 
. ed depth ~n be maintained alOngside a.b.d norihwa.rds of the. wharves in the 
Matta.ncherry Channel (where it is the intention to extend the'wharf fa.cilities) 
with(Jdt frequent dredging: and :what alignment and width Qf channel is necess
ary to.ensnre this :and to:give a satisfactory cba.nnel genera:lly from the point' 
of view pf ma.intenance~ . · · - • · 

(IV ) It ~equir~~ t~ be. t~nri~med t-ba.t the P!esent · sit~ (. trouth of the 
a.pproa.ch channel ) ~here the spoil arising .from the dredging is pumped and 

Fia. 33 deposited is the best site to · depoeit_the arisings and also as a dumping ground· 
c-z (vi)-2 for the. hopper bargE-s from· the point.of view of the possibility of the ruateria.l 

being carrird into t?e inner h~rb~ur. · · . 

(v) If it is esta.blished .tha.t the silting comes from outside, would & 

realignment of the outer .a.pproa.ch ch-a.nnelliave a.ny effect in reducing the 
.amount of silt carried into · the inner barbour ? 

Fig • ~ · (VI) Dredging is to be· done sh~rtly at ~he south~rn end of the Erna.-
c-2 tn>-2 kulam Channel a.nd the tanker~ . ber~h proposed to be sjted a.s shown on Fig •. 

34 . .It is requ~ed to know .w~ether these berths are sited to.the best adY.aotage · 
and whether the tide will run true in this position. . . 

4. Model Scale3 : 

4. 1. \Yhen . selecting va.rious scales of a model it is necessary to see 
that the flow in the model is fully turbulent, aud there is su£ficient and simila.r. 
bed mo>ement in the model. The scales of the model are interde1:lt?nJ£nt a.nd. 
their implicationS on va.rious fa.ctors will.now be considered. . '. . 

4 2. On conside.ra.tions of the av~ilable spa.ce, suitable reproduction of a.ll. 
details and fa.cility of .observation in various reaches etc.,' a. length scale oflflOOO 
was &dopted "for the pilot model. From the da.t~ of Station No.2 in the Matta.n· 

F•t. ~ cherry cha.nnel~bere silting· is known to be occurring-the va~ues of 
c-2 (n)- 2 . t ( rt" l r Reynold's Number obtained ~th alterna.tive proposa. so ve 1ca. exaggera tons, 

are given in Table No. 1 :.. . . : 

ME~n depth WA c:: ssgr,o =· 24. 84 ft. 14bS . . . 

Lowest maximum discharge obsen-ed on 1-3:"1940 = 14,881 cusecs. 
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Table No~ 1 I C-2 (vi}.-2>., 1 
__ .., __ ,;,. _________ _ 

' \ I 

! i ; 

( ~6~o 1 . i 

OA7j.L 
~~ -- , r t · ... ~ ~ 

100 ~0 2.484 i 1.488 .. :i0,a16 ;~ ,, . I . . 
50;·, ). .20 ' c 1.242 •.· I 1,488 i !(_, OJ7 1 O.ll5_1.1 L to~ooo 
40 25 0.993 ; 1.488 0.12; ' ',. o.os .. ,, . : d 7~600 i 

•. ' 20;1, ;; 00 0.496 .. , .. ! 1.488 tli.0.042 ~.Q2~:t: I 2{35() 
' 

l I 

'I l I ! ' ' - - . ·- . - - - .. - ··- --- --------- ·-. I . . ' l , . Note-: qm, in col. 6 is'the discharge per' ft.yrunrmthe,rmode1. ·cal. 7 

{ R~·~~~~~'s.n~~b~~ )l= ~:~~ _=f_ .. :~_:: .. ~~~-·~~~al_~a~~-~ ~-~~-~~~~~)·,M1eiil~~~e 
'Viscosity v:: 1.059 ~lOS From Table 1! it is cle~r ~hat ,a. minimum V. E .. of 
40 ~s req~ir~d •tp ·~~a.v~ ~ ~upiciently, higll ~,eyno]d:s A?~b~~~~·~(~~~'lt~~ref~re, 
d~mded to mvest1ga~e further ~he alter~a.t1ve mer~ts of V. E: o£ 40 aqd 50 in 
-respect oftheir,-effects ~on "other· scales. ;"bed movement- etc~, "the·-dep1ilr-scales 
witD;~. these exaggerations; being, in! l>oth cas.es, i:ea~o:ri.a.bly , la.rge:,;:enJug~ to 
·simulate the preva.~li~g •tidal i_a~e'1'\Vhich S.'~ 1.Wft. only.rH · H ·A · :.ll'f t ' -
------ -----·· ---- ' .. ______ "'_ ; ______ ! __ ~---~----··----·"··-·--·--'-~ ~ 

. 4.4.l To ensure turbulepce, Rey~old's cri~et:iollj reqlliJ:e~ h~-e-!J Ho __ _ 
1 . , ' Hl '· l•.d U·•Hfltso..I i ..3 

to Ed great~r tlia~ Oi09, :W~ere _h is the fpring~tida.l range , in ~{t~t af th~ mouth 
.o~.tha. mod~J;._H ~sJhe spnl!g_:g~al ra.n~~-~t_ the ID:oup_!~. CJ.f tJ:l:~P!.~!_o~~_:: 3ft.; · 
·~~~~-~,~the ve~tical ~xa.g_~~ra.t~on~ . 

' ; . 

'Thus. with; V. E. = 40 ; 
--- __ ---~--- _ __ _ I i · h3 ~;;.··~nrr~-~:(.-3 . }'? .• ~- ·40:-:-~-- ----·- · -

~'3ft . 20 . 30 . 
' : ; •. ·. . ! ./ Jf I ..... ' ,, : ~ I ' . ' l ' ; . 

::= o.wt which is less .tha.n 0.09;_ 

''it· tvm'th~s'b'e' ~een that, even with V. E. = 50, though the Reynold's 

num.ber is mucih~:~>::-1800, the -value of h3 e ~ is still less than 0.09. 

However. J a.ck Allen< 1 ) has confiru.;ted ,thE) I ata.tio'n experience ~bat "it is highly ' 
possible to succeed with much lowe.r ; . .Va.lq~s than 0~09•· i'f1 ~he avera.ge ca.se 
of the irregular and unsymmetrical!e~tuari~?.S found in Nature.'' 

· ·~1 .t~ · . .'~ ·, I · ,.• . . 

Ta.ble 2 shows the values o! hf e ;f-fo. obtamed. in va.rious model 

investigations·: -

l 1 #' 

(1) 'Scale model. in Hydraulic Jtnaineerinl• by I. Allea 1947. ( Publishers•. Longsmons, Greens 
It Co.) pace 1136. ' 
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Tabla No.2 I 0- s (tJi).:.. 2. 

-· v ertica.l V ertio&l Horizon- ~pr~ i . 
· Name of Model! 

, ~ tidal · 'h 3l . rg 
B.-No. tal soa.le scale · e~~ger- . ra.llge . . I e 30 y __ at1;n in ·prot~ ,J _ .. ' .--· \. X 

I , ~ type . 
' - '. ·•-"'4 

1 (a) Reynold's own l ' 
I · model of the ' ' : 
' Mersey. 31800 960 ! 33 30' ' . d.OOl 

( b ) Second model '- .. '. I ! 
' '-: '· · of Mersey i 10560 396 ;26.7 o;o1~ll - . 
I I I 

-- _,. -·-

I 2 'rModalby I I 14'. ~··I· Mll~ · Mr.~~E. W. ~rutwell 10560 384 27.5 
: •' I ,. 

a ,. Beine uiOael by· . 
100,1 . Vern~n,.Harco~rt _ 40000 400' 23'7' . 0.018' ·. 

' ' ... 

. 

I I 4 Severn·model by 8500 100 86 35' 3.8 . 
Prof. A. H. Gibson 8500. . 200 ·47.5 . 0.27. .. 

I .. . I 
t 

0 Bombay HarbOur 
' · · by Mo. Cluret 7296 96 73 14:' 0.16~ . 

: 

16' ·I 
. 

6 Rangoon ~odel 8060 192 42 0.011 

I 

~x<;ept in ·the oa~e of .the Severn and the J.3omba.y Harbour ~odels, it 

will be observed, the value of h" e g. was leS& than 0.09 : but the 
. . 30 

results of all these models a.re stated to be quite satisfactory. · 

'It wa.s, therefore, decided to test the effect of adopting a :v .. E. of 60 on 
other factors. · 

4-5. ·with V. E. = 50, other scales work out to ba a.s follows-
' . . 1 

Depth Scale = . --ro 
Discharge Scale= 

· y- Scale 
Time Scale = y _ Soale 

.L- Scale 
. = ,, '\1 D Scale 

1 \ 

= 
1000 
1 

'\120' 
1 

l 
1000x2o x v=J0:::-

1 
89500 



· COCmN HARBOUR: 105 

. i. e., 1 year in -prototype = &t 8 hours in the- model; and~the normal tid&.l 
period will take 3. 3 minutes in the model. · · 

-. 1>. Domi~nt Dis~harge of the Periyar Riv~r-
5. 1. 'In lette;r No._. 149Qj47-1 ,dated ~-4-47 from the Adi;Di.qiatra.tive 

Officer it has been stated that the ma.ximum. discharge of the Periyar River 
beyond the tidal reach, is 40,000 cusecs. In the year 1924 the maximum 
mscha.rge_ ever was, howeve~, a.bout 80,000 cusecs:. The dominant discharge 
tna.y thus ~e assumed·= 2/3' x 40,000 =26,666· =27;000 cusecs ( approx) 
not considering the abnormally high discharge. . . · · 

5. 2,. It has also been stated in report No. V::On the special observations 
made in the Monsoon of 1930, in acoorda.nce with the recommendations of the 
Special Committee on'the movement of Mudba.nks, that the average discharges 
of the Periya.r through th~ Periya.r mouth is 2o,ooo: ousecs. · 

6; Silt content& of ~lUJ Periyar. 
6. 1. The following' T~ble gives the tot~l discharge 'in Oft: a.nd the 

quantity of silt in Oft. as observed at the mouth 'of the Periyar in 1940. . -

· Table No. '3/0-2 (vi)~fJ. 
. ·-

&riMJ Date of hours 
, Total ebb Quantity of Average silt Charge 

No. of observation 
discharge in ._ 

silt in Oft. in Oft. per Oft. of .. Cft. water . 
-. . . 

1 3 p; M. on 5. 7: 40 to 14380 x lO" l I 
.. 

874800 0.000199 6. P. M. on 6. 7---. 40 
. -

2 Ill A.M. on 22. 7. 40.1 3824 X 106 I 135000 I '0.00035 to 1 P.M~ oii 23. 7. 40 

"3 ·lll!noon on. ll. 8. 40 14995 x 10" I 523800 I ·o.oo·oio5 to 1 P.M. on 3.8.40 -

4 11·30 A.'M. on 23.8.40 l to 1-30 P.M. on ·4239 x Io6
· . 315900 0.00074 

24.8.40 
·-

5 11-30 P. M. on 6.9,40 
to 12-30 P. M. on 1359x 106 24300 0.0000179 

7.9.40.- '-

I 

6 11-30 A.M. on 4,10.40 
_to 1·30 P.M. on . 2004 X 106 410400 

·\· 0.00l206 ' 5.10.40 Mean=O.OOOI06 

The weight of 1 Oft. of Periar silt = 80 lbs. The silt contents of the 
Periya.r will, therefore, be 

80 X 6~~~00106 X. 1000 : 0.13 pa.rt per 1000 by weight. 

Assuming . the sa.me silt charge in the ·model, the . quantity of silt 
required for 6 hour~ working - da.y in the model 

= 0.224 X 6 X 3600 X 62, 4 X 0,000106 
· "" 32 lbs. = 0.4 Oft. 

7. As a.n indication whether the motion of water in the model will be 
turl:)ulent, J. Allen (on P. 279 of his book(l)) suggests the criterion vi.z., 

' y Should not be greater than 20. (v H.),2/3,· where vis the maximum 
current velocity in knots during flood tide·(usua.lly occurring a.t about ha.lf-tide); 

/ . 

( 1) •scale Models in Hydraulk Engineering' by I. Allen 1947, pace 279. 
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H 'he~mean de~tli in the channel a.D.dc y_ is·· the ve~tica.LeotJ.le, : Thi~J offers; 
according to htm, a.rea.sona.bly sa~e~ ch.eok :upon the. chosen vertipal; se~Lle 
from the aspect of turbulence,, esv.e.~mlly. \{ .v, a.~d H rela.t~ to nea.P. tjdes. • 

. . ~· 1 .. At the .mouth of ,the. estuary ~t C; s .. ~ th~ following· observations 
are ava.tla.bl~ rega.rdtng water level and discba.rges during Non-mob.srion and 
MonB60n Nea~ tides. · · ' • ·.' .· · , •: · 
, · _, .· Non~moU:soon neap tide' orl 15-~-40: 1' 

i ; . :. < qD. pall.; fioo~ ~~de,;.; wa~~r leyei ;~ ~:.i. ft •.. -B.l)(),;e 'low '\vater . orClin~ 
sprtng t1de. · . .. ' · · · -- ··' · ·· .., d .... , ... 

. - . Di~cha.rge = w,ooo. oiSecs~ 
) •; ... Area. of cross~sectl~n '1· -'at L.J:w:o •. s. T. onlS:..a-4o· is no[ci.va.ila.ble, 
but Dli 22:-4:-;40 it wa.s 51,980 Sq. ft •. I/ 

Assuming pra.cticllolly tlie ~a~e: area.' as· 'Oii' 15-3:40 the '&rea/ of tsection 
up to 2.1 ft. a.bove L. W. 0. S. T. will be _.., ",, ,'\. . 

. :, (>1980 +.2.1 ~.1300,'1' '-' 
. i 1 ;: 54710 Sq. ft., . ( . I 

o • '· 10000 • .. I . . • . • ' "• • ) l '1 •.· I 

•• Velo01ty 64710:=0·. ~~ f,t(~eo.,=:: q./llJo?-Pt. 

---H - - ~ 38. 5 'FZ;l·:: 40. 6ft; -- - - · 
~ • j j I ' 'j, I 

• i' ., ' 2/3ll' .· ' .. •;, .. , ~/3 
.; ~O.(:VlH) ·- ·=20 (.O.ll>c 40 ... ~.)1, 

1 
.1 '.' j, I' • • d 20 X 1. 95 = 39') ,. 

. ' l . 2/3 . 
~·;· ·.y · - - = 1 20-:is~·?Zot greater· tha.n-20-(. · I H ) . -. :. a~d thus satisfies--the 
,,,.~ 11 . cnt~r10n: I "l•f ><I.'~:.·· , •• ,_., ,\·" 

7. 2. Simila~ly, fq~ monsoon _neap tides o 25-i-4bf'' 
On half flood tide 1 

' 1 1 ~ , ~ •.. •. ·· · 

wa.tet Level= 1.e ft.>above rt; w~-'o.-s. 'T. · 
Discharge = 3o;ooo cusecs. i , . ' _ '' . · 

. Area. of C. 8. 1 on 27~11-40 ~a.s 54210 Sq.,ft .. ;A.ssuming .~hi~ area. ·<>n 
25-9-40 the'a.rea. of C. S. up to ~a.ter' Level~1.61 f~.·a_b'?Ye. L. ~· P1 S.~ Tl will be 

54210 + 1. 6 X 1300. = 56290 Sq. ft. . 
. · 30000 · ' (I 
:. v = 

0 
=0. ~~ ftfsec.·=. 0, 31 knot. 6629 . ! 

:. 20 ( v H )2/~ = 20 ( 0. 31 x 40.1 )2/3;- 108. . 
I l '2,'3 I 

. ,.._ y = 20 is not gr.eater .tha.~ 20 (.v H) I . , ~. 

8. An analysis of experiments (p. 200•) made in -straight-sided cha.nnelB 
2! rectangular cross· section indicated that . the, m.ell:'D: velocity. of_ th~ strea.m 
V ft. f per· sec. required to move gra.ins fnrmmg an lnltta.lly flat bed 1s g1ven by 

''· ..:. ;,;·' 
1
' K ..,-,L +B) 0.44 ( ,·_"', '.:) 0.22 :.1· 0.22 M.-0.22'h: 0.06 'm:0.22 

.. v _:::: \ 21 rr , rr. , . 1 •. , • ; 

where K-=- 1.59 for movement of ina.ny pa.rticlet;',-

L;B = mean dimension'of the ·graixil 'a.s viewed' nri.d.er 0. microscope 

( inches ). · . . . . . . . • . , 
I . · = length' of ·side ;of a .cube having the sa.~. ~e~ght . as the 

average grains ( inches ); . · · '· 
tr.' = specific gra.vity,of material; · 1 . :" • 

rr = specific gravity of water { sa.y unity ); · 
M = oniformity:modulus of material; • ! ~ · . 
h =- depth of water ( inches ); ) , , , . 1 , • . 

·. ~nd ~. = ,hydra.ulic1 m,e~n. depth 'ofst~e~m ( .~~ches )~ · .. , , , .. 
. - · . • .. ; 8.1 •. The following are the obsf:lrvations o.f .L a~d ~ · ,under a. miero. 

scope of sea sand .si~r-ed throug.h 20 mesh and . _Londha. ~nd su~ved ~hr9ugh 30 
mesh. These sands were cons1dered · to .be · SU1ta.ble for these exper1ments and 
were; th~re!_ore;l a.nal~-s~ jn ~et~~~- as shown below a-

• See footnote (1), Paac 101. ' 



No. of\ 
Pa.rti· 
cles 

1 
2' 
3 l 
4 
5 
6 
7 . 
8' 
9 

10 
11 
12 

'COCHIN HABBOUR' .. if1i 
· ':fable _Np .. 4/0-2 pv )-2. \ i 

Length of partiole I Breadth of partiole 

Sea.-s;md, ·.· · ; ,:; 1 Londha sa.nd . Sea-sa.ild: Londhn. sa.nd 

'mm.· 

0.04 
0.09 
0.0~. 

. 0.024 .. 
0.042 
0.055:. 
0.031 
0.020. 
0.005' o.oo5·-

...... ·. \ .. 
mm. ·- mm.'- -· 

·o.024 . . ·.' :1 o.oa o; 

0,046 . . 0.045' ') 
0.043.: .. -0.01'1: . 
0.030' " ' 4 

.. 0.013 • \ . 
0.050 -0.018 . ' 
-o 055 -.·- · n.o1 Q • • { . ,,Vj +u: 
0.035 . ' . 0.005 
0~040 .. : 0 012 
o:o56- o:oi'l j • 

0.()51 0.040 
-tung·.r 
-o~Ols-· 

mm. 

0.003 
,.0.045 
'0.030, 
0.030' 
:o:04&· 
~.035 
0.004 
.0.023 
'0.045 
·0.039 
0.015 
0.012 

Mea.n l ' 1
. ·,'=f. • . 0.041 · r ~, ~ ,~ -,:- .0.0~~ t 

; . \ 

:. L ~ B = 0.0~~ ~mL 
= 0.0012 inch for s~ Silt~~ i.~ncl 

L+B · 
2 

. = 0.034 mm. 
• • • ~ '' \. • ! - .;: • • • --- • -: 

==. 0.00133' inch for LondhB. sand. 
· L+B ; ·. ·:: .• : .. · ''.i -

8.~. If T i~ l~s.s ~.ha.n.~.015 inch, as in this case, then 

ma.y be computed sufficiently accurately from the formula. 
· -1 . = c· L + n·)_·~ ]!_ · 

' 2 . ' L I 

0.023 . 
= 0.015 X 0.04l 

:= 0.0{'067 inch for se.a. sand ;._&. 

1 = :0.00133 X O~OS 
. 1 0.038 . 

. . I 

, . . .. ;. i0.0()0,89.inch ~or Londha. sand. 
For sea. sa.nd ! q' · = ·.2.62 a.n:d -
for! Londha.. sa.~d q' = )2.64 
M for both sa.rfis .· = ;o.75 
The depth of wp.t.er in prototrpe _ 

t , ' . . -~ 1 1 : ' . ,. ' " t ! • 

. .;. 40 It:. . . .. 
= 2 ft. in model. 

t ! ' I 

A A I 52000 . 
n proto = -p= vr: = 1300 = 4o 

' . ' . 
n modeL:::; , l;j.O . inches' ( found ..o~t ,by pJotting th~ ~ection ) • 

• " '. j • · , , i .· ' • . L • . - 1 

'"-:-V seBi·sa.n1d---=-' 1:5g. ( 
0

'
0012 )0~4~ x ( 2.62,, .. J .>0·2~-x..f-0.00067 {!:_~~-

• • ' . . : . ~.00067 . ' . . i . • . ' . . . 

X ( 0. 75 f0.22 X ( 24.0 }0.06 ~- ( f).O )0.22_ .. 
' - ' ' ; ' . . . 

· 1.59 X 1.29 X 1.11 X 0-2 X 1~21 X 1.425 · 
0·88·' 

.= 0.9 ft/.sec. 

29 
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V Londba. sand = 1.59 ( 0·00133 ) 0.-!4 x (2.~-f..'f )0. 22 x ( 0.00089 )0.29.-
- ·- . . ... --·-0.000t39. ~ - - ·- ........ ·.-.. -- ... ~ - -
~ I I •• .,. •••• • ·' ' I I 

- , i · x-(o. 75 >7°·~2 x c 24.o P·96 x (5.o >~:22 · ~ 
I ' ' 

="= -1.59 X 1.19 X 1.11 X 0.212 X 1.21 X 1,425 
0.88 

. = 0·87 ftjs~·o. 
. . , ·a. 3. • Cofsld~ring, ; no~, · the Mo~nd formula. (2 )',' (given on p. · 280 

1 of .!)len ~ Book ) ; for ~he first disturbance of t be particles 
1 
forming a mound 

of ma.ter1~l, namelyl, _l. \ 1 j . , · · 
. v = 1• 30. { 'v' _ 

17 
)0.27 10.27 m~o.27 h 0.23 

1 l , , \ ; . . l , , 
1 

;; (sea seond )-: ~ 1.3 ( 1.62 )0·27 ( 0.00067 )O.'i.7 ( 24.0 )0.28 

' ' ' '' - ! ' : -i ( 0.75 ).27 
1 1:3 )( '1.139 X 0.14 X 2.07 ' . 
~ . 0.88 
= 0.49 ft see •... ___ . ------~-

- , : . . ') I) 11.3 ( 1-64) 0·~7 ( 0.00089 )0•~7, ( 24.0) 0,!,&'3:_. 
_ Y ( Londha. sa.n<l) .. _- ( O. 

7 5 
)0.

27 
. . . . . c .•• 

;: 1.3 X 1.1~.~ 0.15 X 2.07 

= 0.525 ft/seo · • 
8. 4. Maximum flood velocity in model 

= 2.()3 X 1.69 : O 95 'ftj 
4.49 . . see~ 

Maximu~ ebb velocity in model 

= 2.93 X 1.69 = ll. ft' 
4.49 · . tBeO. 

, 8. 5. The following Table gives the velocity to move many particles 
velocity for the first disturbance of particles forming a. ' mound, ' and th~ 
model velocities corresponding to the maximum ebb and flood velocities in the 
prototype:-

Table N&. 5/0 - 2 ( tJi) -fl. 
--

I 
v v I Model Velocities 

Type of sand · fc.r many according 
Maximum J Maximum particles to Mound 

to move: furmula. . Flood. ebb. 

Se&-Sa.nd . 
(Sieved through 
30 mesh); 

0·9 ft Sec. m = 0.191 mm. 0.49 ft/Sec. 0.95 ft/Seo. ~.1 ft/Seo. 

Londha. Sand ' 
sieved through 

-· 

30 mesh; mean 
0.87 ft/Sec. 1.1. ft. Sec. dis..= 0.24 mm. 0.525 ft/Sec. 0.95 ftjSeo 

The above Ta.ble (No.5), therefore, shows. that the velocities in the 
model will .be sufficient to move the bed particles and the vertical scale of 
1 f20 will be satisfactory from the aspect of bed movement. Doth the sa.~ds 
analysed are suitable in this respect but sea-sand has been preferred be1Dg 
finer. For the mudba.nks and the mud.bed, the CYTiginal mudbanks material from 
Cochin is proposed to be used, 

" 
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9. Adopting the V. ~~=-50 and th~ ·~depth~ scale = 1/20, the silt in 

the model should have a verti~al motion 1000 _= 11.1 times as last a.s iu 
~ \ . ' ' ·'.(20)3/2 ,, .. 

the prototype •. 
!. :. 

,The. following Table I shows tlils 1actorTD. other 'mcidelai::. ~ 
• ~~ - 1 ' • ' ' t ' . 

Table No. 6 / 0 - fJ (vi)- fJ; i ,;, : 

Name of the model .. 
I 

i 

'' ! • 

t') 

1.---Mersey ·(Manchester-- -· · 
. · . . . University ) 

2 Rangoon River 
3 River Parrett 
4 S~vem ·· 

" 
5 Dee-- : . ,, 

'. 

6 Great buse & Wash 
' 

1 r . r 

· &rizonta.l·. ' Vertical 
Scale Seal~ 
i X 
·' 

' 7040 ' \ 190 ' , J 

.8060 -192 
r 3000' · l , :260 I 

: 8500 ~ . ' . . 200 l . -· . 

• 
(a) 5000 -- 25 l 

(b) 40000 \ 100: . 2500 41.7 :,. 
'o ' 

,, i2,68 
3.04 
0.716 
3.0 

40.0 
40.0 

8.95 

l . 

9. 1. In comparison with the first four models, it will. be seen that a. faster 
rate of fall of water-borne silt is required in this modeL The V. E., however. 
ca.rinot' be reduced to get the rate of fall equal to 3 times that in the proto-type-· 
as the important scales like depth scale, discharge scale would then become 
unsuitable. Alum will, of 'course, be essential and arrangements are made for. 
recirculation to economise in cost of alum. 

· 10. The following· scales are, therefore,· tentatively. decided to be 
adopted for the, pilot model 

, Length Scale 
1 

= 1000 

. ~epth Scale 
1 

= 20 
V. E-. -· 50 

Discharge Scale 
1 = 89100 

Time Seal~ = 1 
.·,;. 223 

Velocity Scala 
1 

= 4.49 

, 11. Adopting these scal~s the · tida.l ·curves obtained for the model, 
corresponding to the tidal curves observed in the harbour in 1940 will be as 

' ~ 

shown in Fig. 35. These tidal curves are for Stn. No. 1 at the Gut. The curves' Fi._ 35 

ha.ve been . plotted assuming the speed. of the recorder as 1 inch .0£ the c-2 
(vi)-

2 

pe~iphery in 4 minutes. ' · 
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Table '1 / 0 - 2 (vi)- fJ, 

Water. Level for- Station No. 1. 
\ i 

Non-monsoon Spring Tide 

Tinie. 1 W. L. above low I 
W. 0. S. T. 

7 
9 
u~ 

13 
lo-
1'1. 
19 

Ft. , --· 0.6' 
1.1 

' 2.7 
3.0' 
3.3 
2.5 
1.6 

'Ndn-Moksoon Neap Tide ~ ( .'I , : 

,: 

Monsoon Sprjng Tide 

· Time· ·1 W. L. above 
L. W. 0. S. T. 

9 
11· 

-13 .. , 
15 
17 
19 

Ft. -1.7 
2.9 

- 3.3 
2.8 
1.7-
1.4 

·.·'Monsoon Neap Tide 

~ •Tilne I ' . W· L. above ... I 
L •. W. 0. s. T.; 

Time w.~L- Above 
L. W. 0. S~ T. 

. . . 

·10 
~ 12 
14 

"Io- --- -· --
18 
20': 
22 

I 

• 

Ft. -0.1 ( 
1.0 
2.3 

-2'.9 
2.7 
2.2 
1.5 

23 
1 
3 
5 
7 
9 

11 

Ft. -0.7 
1.0 
1.7 
2;3 
2.4 
2.2 

'2.0 

The tide data is being yet analysed to study the representative tidet · 
which must be reproduced to simulate in magnitude, order and frequency the· 
integrated tidal effect. · 

. 11. 1. In response to a request from the Director, the President Survey 
~p~etd-~I~ Research Institute, Survey o£ India, furJlished a note on the main features of the 

- vl tides at Cochin. These notes a.re reproduced in Appendix III. 

12. Other Relet•ant Features : 

1. The coastal currents are supposed to run south for 8 months in 
the year, to be more or less:stationary for a. month and to run north for the 
rema.inder. The Meteofological Atlas shows varying speeds, roughly in pro
portion with wind velocity. There is practically complete agreement among 
sailore that the north to south drift has been much stronger since 1934 or 
1935. Notwithstanding this, the sand and shells continue to move north with 
the ground swell. --

' ' 
The oppo~;Jing force is the south-west swell set up by wind waves 

before and at the· beginning of the S. W. Monsoon. · 

2. Boundinr/s off Cochin. 

· (a.) From 1835 to 1913, ·the ~contours may be reckoned either as 
fairly· stable or-returning to about their normal position if temporarily dis
placed between the dates of charts; 

- ( b ) at some time unknown. between 1913 and 1920, there was ~. 
shallowing but of no material importance ; · 

.. 
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( o} between 1920 and 1931, the :shallowing beca.me obvious speci-
ally to the north of the harbour entrance; . 

(d) after 1933 or 1934 the shallowing to the north increased, and 
rapidly so in 1936-38; a.nd · . · · 

( e ) on the contrary, 1 ~ miles south of the Flag-sta.f~ . the con
tours returned to their . original line of 100 years ago, or near it. 

It is of interest that the rate of shallowing .coineided with the 
approach of the Nara.ka.l bank towards the harbour entrance; the neater the 
bank the quicker the shallowing. . · 

3. Soundings in Outer Channel. 

The depths in the channel be.fore a.nd after the monsoon are given in 
the app~nded table. The most marked difference occurs :in 1937 when the. 
average sounding for the wliole channel was the lowest· on· record except 
in 1928. 

Table 8 1 0-2 ( vi J-2. 

' 

. • Measured depths in outer cha~nel. 

Year 
After I After ' ' I Billing in millions dredging monsoon Least 

depth· . cubic yards. . 
I 

average average. . . . 
. . 

Feet Feet Feet t .. 
L.W.O.S.T. L. W. 0. S. T. L. W. 0. S. T. 

1928 34.0 27 24 1.26 
1929 35.9 32.7 29.3 .87 
1930 35.9 . 3~.1 28.8 1.06 
1931 36.5 34.1 31.6 .65 
1932 36 5 34.1 31.0 .60 
1933 39.8 33.5 30.5 1.54 
1934 39.6. 31.6 -29.5 .. 2.02 
1935 38.4 31.3 29.3 1.89 
1936 38.5 31:4 29.8 1.95 
1937 38.5 I 29.9 28.8. 2.37 
1938 38.2 i 331 30.8 1.7 
1939 38.25 33.4 30.2 .·1.65 
1940 38.2 ' 33.1 31.5 U:i . . 

13. The data are still under further _investiga.tion. 'The contruction 
of the model is started. It is fully · reali!!1:ld that _this model ·investigation will · 
be very greatly complicated by the unique phenomena. · of the formation, move- . 
ment and the calming effect of the mudbanks. The difficulties. of simUlation 
of these effects in the model will be grea.t but they can be surmounted, it is 
believed, by suitable model technique and by making due a.llowa.noes for 
model limitations. 

30 
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Appendix IJC-2 (vi )-2 

MOVEMENT OF MUDBANKS, COCHIN 

SUMMARY OF THP llEPORT AND EVIDENCE. 

1. Behind the Malabar Coast there iies a strip of laterite which bas a 
petrological content unique in geology. On disintegration by weather or flood it 
forms an exceedingly fine mud and is carried out to sea through the two main 
river ~penings at Cochin and Periyar, about 1 f miles apart. Although .the silt 
content in t6e water is a very small percentage, yet the catchment area is so 
great (over 3 ,ooo square miles ) and the fluvial discharge so high, that in the 
aggregate, and o-.er a long period of time·, there is either what is called a secular 
rise in the sea bottom, or an extension of the mud fringe farther out to sea, 
perhaps a little of both. . . 

2. The slow and regular deposition of the mud, however, is affected 
in three ways; first, by the meeting of the fluvial discharge with the seawater • 
which accelerates the deposition of sift; secund, by the opposing ground swell 
which drives the materi~l i~ course of deposition, or part of it, bad( shorewards; 
aud third, by what has been called the encircling arms of the Cochin and Periyar 
discharges. (The natural flow of the Periyar discharge is to the 'south, ~nd 
that of Cochin chiefly to the norlh ). • · 

. . 
3. The net results of these opposing forces art that outside the littoral 

sand. consi~ting of the larger grains of gneiss etc1 brought down by the rivers and 
deposited., more quickly than the mud, there exists a long belt of fine mud, with 
occasional·teml orary or permanent banks held in place by tidal and fluvial currents.· 
The "toes., ol these banks protrude beyond the regular contours off the seacoast, 
which ordinarily run parallel with the shore and when a storm occurs these "toes'' 
are immediately altacked by· the ground swell in its efwrt to restore normality 
of contours. . · 

. . ' 
.of.. In thi~ action lies the secret of the calm areas. The water over the 

" toes" is thrown into a highly viscous state by th: st:rJed-up mud. and this forms 
a medium in which the ocean swell is rapidly dissipatt d~ This phenomenon is not 
observable elsewhere in the world tu anything lik~ the same extent simply because 
the fineness and composition of the laterite mud are t;nique •. 

• 
· f. Apart from the varying forces engaged upon the formation of the banks 

there are two other which affect their stabi.Jt) after formation, and these are the 
sea current·"and the sea waves produced by lorgshore wind. There seems no doubt 
that taken over the whole y~ the prepon:lerating effect of these is southward. 
and while their movements are not strong eO( ugh to affect sand, they will certain
ly move this fine mud. Consequently • the Narrakal bank "hich was charted as 
immediately south of the Periyar opening in 17H has moved south to the 
Cochin op ;ning in a period of about 1 6 2 years. It may be assumed that the bank 
will conti aue to 'ross the Cochin opening. and afterwaras mov~ south much more 
rapidly, because it will have no "encircling arm" coming up from the south to 
keep it in position at any point. Meanwhile another bank will probably form 
between Cochin and Periyar. and is in fact believed to be accreting now. 

6. From the abo~e st~tement of the sequence of events and other pointl in 
the Committee's report the causes of silting both in the outer channel and in the 
inner harbour may b~ readily diagnosed. · · 

(a) Tbe charts show that frcm ISH to 1913 the secular rise of the sea 
heel 'or the extension seaward of the mud contours was so slow as. to be of no 
practical consequence. . .... 

(b) After 191 3 • and possibly owing largely to the severe and successive cyclones 
in 1911 and 1912, the mudbank liegan to move south, and from this tlme onwards 
the ~owth of the mud contours seaward, (with accelerating rapidity), began to be 
noted off Cochin. 
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(c) The- fi~e cyclones in the years 19_20 to 1922 inclusive, the two cyclones 
in 19'3 1 /3'1 arid the earthquake in 19 34, aU combined ~owards this acceleration, with 
the result that the oqter channel became closer and closer under the lee of the 
advancing bank and was crossed by it in 1937. 

(d) In monsoon time there is an oscillation of silt along the bed of the 
outer channel caused by the ebb and flow of tides, 'and a resultant. movement 
towards the harbour caused by the occean ground swell. _ · 

(e) Inside the harbour the deJ:>th and volume o( water.flowing through the 
Ernakulam channel keep it clear, with the result that the Mattancherry channel 
which has been widened beyond its '' critical • width. becomes a silting traJ;> for the 
mud in suspension in the harbour. This was probably inevitable even iflhe channel 
bad not been widened beyond 6oo feet. . _ -

(f) No doubt there will be silting in the outer channel even if the mudbank 
moves completely away from it. The silt would be stirred· up in the op.en·· sea and 
driven into the channel. But the fact of the · madbank being alongside naturally 
increased the quantity of silting, especially when each year's silt was pumped , .to 
the north instead of the south. 

7. It is thus apparent the system of dredging in force now, 'with · both 
. outer and inner silting being discharged south of the harbour, is in accordance with_ 

the natural forces at play along this coast; and although occasional ~nd . abnormal 
pheno!Jtena m~y give rise to other questions in the future, the port can only budget .. 
for ,what appears to be the average and normal condition. This d.oes not give rise 
to any fear as to the future of the Port. · 

. The ah~ve remarks are based on the rec:ent Committee's report, ·and may be 
of some use as a non-technical introduttion to th~ closer study which the report . 
requires. · · 
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. APPENDIX II / C-2 (vi)- 2 

• Preliminary He port on the improvement ~f Cochin Harbour • 
dated June 1947. by K. K. FRAMJI, ·Director Ce~tral 

Waterwars Irrigation & .Navigation Research ~tn. 
& T. M. OAG, Director, Navi~ation, Central 

Waterways lrri~alion & Navigation Commission. 
· ( 1 ) The harbour area west of Wlllingdon Island approaching the deep 

sea berths being an offtake channel on the convex side of the originally dredged 
channel leading to Ernakulam basin is the natural intake for inborne silt and 
detritus on the flood tide. 

( 2 ) Being oversize in section, it acts readily as a reservoir for the 
deposition of this inborne material : because there is an optimum section to 
which a natural channel will adjust itself (and at wnich it will neither silt nor 
scour) .for passing a given discharge, sand charge and grade of material at 
a given slope, and excessive waterway will lend itself readily to inordinate 
silting. . · 1 

For equal discharge, the harbour ( Mattanchery) channel carrying a 
heavier charge or grade or both requires a somewhat wider ·and shallower sec
tion than the Ernaleulam channel which, offtaking on the concave side, draws 
relatively sand-free top water. The Ernakulam channel will also, however, carry 
'relatively more discharge on the flood tide · current, being on the concave arm of 
the bifurcatiQn. The Ernakulam channel is more or less stable at about 30/3 2 
ft. depth over a bed width of soof6oo ft. Since the harbou~ channel will carry relatively. 
le1s discharge and more bed charge, and since minimum -depths ( 30/3 2 ft. ) 
required for. navigation must be provided, it may be assumed to· require about 
the same dimensions as the Ernakulam channel, for minimum silting. It must, 
however, be stated clearly that, though this will reduce silting, the section cannot 

. · be stable until the inherent defects of the adverse physical configuration which 
will always attract inborne material are countered with the aid of model tests. 

(For this reason, pending results of model experiments, the channel may be 
dredged some 2S per cent more in width than. the minimum width considered 
essential for manoeuvring ships in the harbour channel or 6oo ft. wide, whichever, 
is more, to allow for silting which may occur between dredging operations. ) 

( 3 ) If the proposed reduction in width is accepted, the best results could 
be attained by dredging·on the _concave side adjacent to the Willingdon Island where 
there would be least risk of silting as it would theo be reasonable to expect that:

( a ) the channel would gradually accrete on the convex side, that is 
off British Cochin;, 

and (b) as the channel contracts to the desired width the dredging visual-
./ ized at the offtake may be reduced ~r become less frequent. 

( +) In any case, the proposal to accept a channel with the minimum 
practicable width, as suggested in ( 2) ante, would reduce dredging by more 
than so per cent immediately. · . . 

( s) It is suggested t~at the bed width of 16oo ft. is unjustified as a naviga
tional requirement. This width is out of all proportion to existing widths of 
channel in other major river ports, namely Calcutta, Chittagong and Rangoon, where 

· restricted manoeuvring space only is avc.ilable, yet Calcutta port handles-·almost half 
the port tonnage for a11 India. It is felt that a channel of the width specified abo,·e 
should impoae no difficulty whatsoever in handling the largest vesaels 
likely to visit the port of Cochin. It is suggested that vessels could be 
berthed on the flood tide by turning them on an anchor before reaching the harbour 
channel and then back up to the allotted berth, J>e it to the mooring buoys or 
wharves. It is emphasized that backing vessels in· this manner with an anchor 
'' underfoot '' is . the accepted daily practice in all riverine ports. In Calcutta the 
channel is a winding one over 6 miles in length and the width seldom exceeds 3 ~o. ft. 

(6) Should pilots consider this proposed evolution impracticable an a 
channel of the width proposed, in the port of Cochin, it is suggested that prac~ice 
should be initiated immediately in the wide channel so that the art may be acqutred 
to work in restricted channels with confidence. 

It seems unreaspnable that the existing width namely 16oo ·feet should I.Je 
imposed upon the port of Cochin where the channel is comparatively straight, 
sheltere4, and the current velocity is ideal for manoeuvring. 
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Appendix III/C-1 ~vi r.-2 
NOTES ON THE TIDES NEAR COCHIN 

115 

1. Tide guage observations were taken at this port during the years 
1 88 6-1 8 9 2, and were subjected to harmonic analysis.· The amplitudes and phases 
of the constituents are:-

Consti-
H ( ft) go(I.S.T.) 

consti-
H(ft) 

go Consti • H(ft) go 
tuents tuents (I.S.T.) tuents (I.S.T.) . ·, 

Ao 1.91 - - - - - -
2M2Ki 0•019 I 14· Mt 0•011 !69 M+ 0·026 089 
2S M2 0•004- 311 Kt 0•080 036 M6 0•009 107. 
M S4- 0•020 '1!9 PI 0•166 os-6 Sr 0•029 19! 

Jr o•0]8 on, Nt o•rs-6 307 Mt 0•727 339 
Qr o·ou o6s MtN I o·olo I 14- St 0·~61 04-2 
T2 0•036 o.p M2K1 0•030 I# KI 0"5"91 <?!8 
Lt 0•030 oos Sa 0"337 ]02 Or 0"]09 0!9 
Yt 0"039 329 Ssa O•I I 8 I.fl 1N2 0"019 2p 

I ' 

2. From the above, it will be seen that the tide at thiaportisacombination 
of the semi-diurnal and diurnal waves, the two species having. more or less an equal 
range. 

3. Two high and two low waters occur during each tidal day, but with 
marked diurnal inequality. The difference in height between the morning and 
evening tides amounts at times (when the moon's declination is high) to as much as 
90.X. of the range. · . 

'-· This diurnal inequality in heights is featured prominently in both the 
high and low waters. The inequality in the latter is,however, comparatively greater. 

s. The sequence of the (tropic) tide is" lower low" to" higher high". 
6. The inequality in time, too, is considerable, especially in the cas~ of the 

high waters. The time intervals between successive high waters differ at times· by as 
much as 1 o hours. 

7. The tide is of the synodio type, though the declination effect is strik
ingly predominent. The anomaZistic influence is also present, but compaJ;"atively in a 
much lesser degree. 
_ 8. Spring and neap tidea follow fulljnew moon and rstj3rd quarters of 
the moon respectively by about 2 days. Perigean and Apogean tides .follow moon'il 
perigee and apogee by about a day.· 

9. The mean range of the tide at Cochin is 1.7 ft. The mean range of 
greatest ordinary springs is 3 2 ft. The Establishment of the port is 11°-26.' · 

10. The highest high water so far recorded ( since 1886 ) occurred in 
December 1887 and was 4-.3 ft. above the datum of soundings. The lowest low 
water occurred in may 1 8 8 9 and was o. 6 ft. below the datum. . . 

11. The monsoon effects during the months of December to February and 
July to September ·generally raise the tide level by about a third of a foot. 

12. On certain occasions when the moon's quarters happen to combinewith 
the moon's (and also sun's) maximum south declination the water remains nearly" slack" 
for a-considerable period of time ( about 6-8 hours ) between the higher low 
water and the lower high water. During such occasions, generally, the former height is 
slightly greater than th.e latter. · 

. 1 3. There occur occasional very, rapid changes in the level of water, to the 
extent of a foot, due to squalls. 

14-. The sti'eam, flowing into the back water, is sometimeil constant for 
about 2o hours The regular but inconsiderable rise and fall of the water is. however, 
noticeable on a tide-gauge record. 

1 s. The c~mpound tide at Cochin has admitted of the usual theoretical 
treatment and the ordinary harmonic analysis.1 Tidal predictions for this port by the 
harmonic method using 24- constituents only ( including a few shallow water and 
over tides components) have been found to be fairly satisfactory. • . 
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C-BYDRAULIC WORKS, 

4--DAMS AND1 WEIRS 

(ii)-DESIGNS-

c-~ ( ii ) 1 Proposed Design of Lower Bind Barrage at Kotri for effectit~ 
Mnd ezclu.non from canals Bind. 

( 1 ) Introduction 

The experiments reported in Annual Report (Tech.) 1946 dealt with (a) 
preliminary experiments without the barrage for proving the model and (b) experi
ments with the barrage mainly for testing the design as proposed by Sind. 

1. 1 The former, (a), indicated that the survey between C. S. miles d to 7 
was either incorrect or that there was a hard,:.inerodible bank in this reach or both. 
When resurveyed, it showed that the survey was incorrect and that inerodible 
material exists in this reach. Experiments also revealed the unsuitability of the 
position of the Fuleli Offtake at Jamshoro \Vith respect to the existing riv~r bank. 

The latter, (b), show~d that there was very little difficulty in excluding 
sand from the Pinyari feeder offtakmg from the pocket at the Barrage; but exclusion 
from the Fuleli head at Jamshoro gave trouble due to 

(a) 

(b) 

(c) 

(d) 

counteraction of curvature by the Barrage; 

unsuitable position of the existing Fuleli Head at Jamshoro in respect 
of ,the river curvature; 
excessive draw-off of discharge into the canal at the low stage of river 
discharge (2oo,ooo cusecs); and 

attraction of flow by the central island. 

I. 2 In order to restore curvature and improve sand exclusion from the 
Fuleli, different measures, such as (a) concave guide bank aU along the left bank, (b) a 
raised crest at the entrance of the approach channel to the Fuleli, (c) change in the 
shape and size of the central island, (d) a divide· wall extending right up to the 

· upstream abutment of the Fuleli Canal, (e)~wedge-shaped regulation of the Barrage, 
and (f) a submerged, curved vane located suffjciently upstream in the gorge, were • 
tested but proved unsuccessful for an " all time " solution. 

1. 3 While these experiments were in full swing, a discrepancy in the 
plotting of the • Mukam' (burial ground) was reported. Hence a new alignment 
of the Barrage was suggested by the Director so as to make the barrage normal to 
the flow and reduce the len~h of the central"island and the afflux between the two 

f . I:J 
arms o the nver. 

. The experiments repeated with the new alignment ( ~hich was accepted ~y 
Smd ) showed no perceptible improvement in the sand exclus10n from the Ful~li, 
thus confirming the unsuitability of measures mentioned above. 

1. 4- It was only when the Fuleli Head Regulator was shifted alongside the 
Pioyari Head Regulator in • the left pocket that there was surfic~e~t promis~ of 
satisfactory sand exclusion from the canals. The design was modified accordmgly 
and recommended to Sind who accepted it. 

1. s The. central island of the double Barrage design was found. emine~tly success
ful in creating favourable curvature on both banks and in securing the desired control 
over distribution of discharge in the two arms of the river- the two purposes for 
which it was designed. Tbe experiments also gave valuable information abo.ut ~he 
main factors governing the design of a barrage particularly in re~pect of the prmcipal 
requirement of efficient exclusion of sand from its offtakes. 

1. 6 This year's work mainly covers the experiments carried out for deter
mining the salient features in the detign of the barrage, such as:-

( a ) Sills of H~ad Regulators; ( b ) design of the left and right poc~et and 
the optimum number of spans; (c) long pocket t'er!UI short pocket; (d) destgn of 
guide banks; ( e ) location of the :teft abutment; ( f ) left and right pocket 
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divide .·walls; ( g ) river c conditions after the construction of the barrage; ( h ) 
r~gulat1on of the Barrage and ~he necessity or otherwise of keeping the pocket gates 
h1gher than the other barrage gates; and ( i ) necessity or otherwise of paving the bed 
of the pockets. 

[Note :- For ( h ) and ( i ) see item c-4 ( ii) - 2 of the Report] 

( 2 ) The Model, 

• The model, which represented a reach of Stand 6t miles upstream and 
downstream of the proposed barrage, respectively, had the following scale ratioa:-

·length scale ratio I/lso c 

Depth scale ratio If so 
Discharge scale ratio I/621soo 
Vertical exaggeration s.o 
Surface slope exaggeration 1·S ito s.s respectively 

for. Q := 2oo,ooo cusecs. 
to Q = s,3o,ooo cusecs. 

/ 
( 3 ) Sill levels of head regulators -

After carrying out experiments with- alternative sill levels for the Fuleli and 
Pinyari Head Regulators, i. e. at R, L. 49.0 ( 3' lower than the crest of the banage 
pocket spans and 3' higher than the upstream pavement level of R. L, 46) and at R. 
L. s2.o (sill flush with the pocket crest), it was observed that there was very little 

. or no improvement in exclusion consequent on high regulator crests. 

Hence,-in the design proposed by the Director, the low sill levels were 
favoured for the following reasons:-

(a) Low s~lls would allow minimum pond levels at low river stages. 
(b) High sills would make the Head ~egulator designs less economical requir• 

ing an increase of 3 spans of ~4-' • 

. (c) Experience on some of the existing barrages has already shown that the 
relative difference between the crest of the Barrage and sills of the head regulators 
is not effective in arresting the excess influx of bed sand into the canals; but, it is 
mainly favourable curvature, associated with favourable VRfVp ratio, which governs 
the bed sand entry into the canals. 

There is one school of thought which considers t}lat a step between thh 
regulator sill and pocket level provides a silt tt:ap. But there is very little strengte 
in this argument as it would ~ake ·little time to fill this reserve; and there is no 
support to this belief from model experiments which show that any bed sand which 
rolls into the Pocket finds its way into the Canals regardless of the height of sill 
above Pocket Level. 

(d) Experiments have also shown that the divide wall nose should extend 
up to the upstream abutment of the:first feeder ( i. e. Fuleli Feeder) to get satisfactory 
sand exclusion from the canals. With higher sill, the divide wall nose will have to be 
pushed further upstream of the barrage by· 87ft.- thus shifting the control point, 
whit:h, when nearer the barrage, is beneficial at the time when the wedge-shaped 
regulation is required (see paras. 2 below), namely at low stages of r~ver discharge. 

(e) Higher sills necessitate widening the Head Regulator to such an extent 
that it becomes wider. than the canal widtn downstream of the Head Regulator. 
Experience at Sukkur has shown that the carrying capacity of end spans is consider
ably reduced under such conditions- sometimes throwing the end spans completely 
out of action. . 

·.Notwithstanding these advantages, it was decided by Sind to maintain sills at 
R. L. p,o and subsequent model tests were made with Head:Regulator Sills at R.L.s2. 

(4). Design of the left and right pocket and the optimum number of spans.: 
4· I After shifting the Fuleli Head Regulator into the Pocket alongside the 

Pinyari Head Regulator, experiments were carried out to ascertain the efficacy of 8 
and 4 spans in tlie left and r~ht pockets, respectively, as tentatively proposed by 

FigJ t. 
C-4 (iiA 
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the Director in the note on revised design suggested by him; and also to determine 
the optimum widtb at the entrance to die pock~t so as to get as efficient sand 
exclusion as possible. · . 

The width of the left pocket was changed by giving the necessary spliy to 
the head regulator face line by maintaining 8 spans in the pocket as proposed. It 
was observed that a minimum width of· 6oo' was essential at the entrance to the 
pocket to ensure satisfactory sand exclusion from the canals by lowering the Vp{VR 
ratio sufficiently. . 

[Correctly speaking, the crucial ratio is VpfVp0 + VR fVRoi but depth• 
inside and ouside the pocket being nearly equal VrfVR. is as good a criterion.] 

·Alternatively, it would have been possible to. get a uniform ~idth of 6oo' 
in 'the pocket by accommodating nine spans of 6o' each. Though one additional 
span in the pocket, the aggregate width rerpaining unchanged, would have made 
the river section of the barrage slightly tighter ( thus lowering the " Still pond " 
limit )- a splayed Head R~gulator face with 8 spans in the left pocket was 
considered to be a better proposal for the foUowing reasons:-

( a ) A tapering pocket is better than a pocket of uniform width in respec 
of scouring operations as V fV 0 (V being scouring velocity ~nd V0 the critical velocity 
for the depth of flow ) increases progressively at sections from the nose of divi~e 
wall to the Barrage; so that any shoaling against the divide wall in the pocket (due 
to curved flow) will be more easily scoured with a tapering pocket. 

· . ( b ) It would slightly ease the sharp curve otherwise to be negotiated bet-
ween the roadways over the barrage and the head regulator. • 

(c) There is also a very sharp curve in the Pinyari Canal just below the head 
regulator; and had there been no splay to the face ofthe he~d rogulator, this curve, 
too, would have been more difficult to negotiate, 

4·2 As the length of the right pocket is small, a simliar splay has insigni
ficant ~ffect. Moreov,er, the same width of 2 6 1' at tbe entrance to the pocket 
as at the Barraage- i.e. 4 spans of 6o' each- was quite satisfactory for sand 
exclusion from the KalrrBagl:iar Feed~r. 

4· 3 Subse·quently, on a request from Sind, model tests were' made to see 
whether- without 'creating other complications.- the number of spans in the left 
pocket could be reduced from 8 to 7 or even 6, and in the right pocket from 4 to 
3, keeping the widths at entry the same ( i. e. , 6oo' and 2 61' in the left and right 
pocket, respectively) by increasing the splay of the face of the head regulators. 

These model tests were ~ade to compare pockets with different number 
of spans for-

( a) the bed and surface lines of flow to assess the relative efficiency of 
exclusion; 

( b ) the regions of return or slack flow and still wateri and 

(c) velocitie-s in the pocket and in the 'river section, particularly at points 
in the vicinity of the divide wall, fo~ the relative values of VR : Vp and Vp: Yo. 

All these comparisons were made for the worst river discharge :: 2 ,oo,ooo 
cusecs; but at least four complete cycles of discharges were run before these 
observations were made for Q :: 2,oo,ooo cusecs in order to get the correct forma-
tion of shoals and deeps as affecting the rising river dilcharges. _ 
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[Note :-2,oo,ooo cusecs is the ·lowest river discharge at which sufficient 
bed movement occurs in the river; of all the discharges that can be reproduced in 
the model, this is the discharge at the rising stage, at which exclusion is most 
difficult-i. e. at which there is maximum entry of bed m~terial into the canals. J 

4. 4 It was observed that the original proposal .of the Station, as recommend
ed in the Revised Design-namely 8 spans in the left pocket and 4 spans in the 
right pocket-was better than 7 or 6 in the former and 3 in !the latter, for the 
following r~asons:- . · · . 

· (a} As figures 2 (a), 2 (b) and 2 (c) for:the left pocket and 3 (a) and 3 (b) Figs. 2 and 3 
for the right pock:et will show, far from the area of shoal . :against: :the divide wall C4 (iiJ-i. 
being larger in a wider pocket, as one would expect, the very_ reverse ~as:true: with a 
reduction io.the number of spans riot only was the region of return or "Slack flow 
greater in area relative to the area of the pocket, but even in absolute area. The 
explanation for this.behaviour apparently is that in ·a narrower pocket-jwith its 
attendant greater splay to the face of the Head Regulators-- the current direction 
in the pocket (particularly in the vicinity of the Divide.WaJl) becomes more oblique, 
while in a wider pocket the direction of the current (particularly adjacent t~ the 
Divide Wall) is more .or less parallel to the Divide_ Wall. The ':"ider pocket is, 
.therefore, to be preferred as less shoaling is ~esirable . 

. , 
· (b). With givea shape and dimensions of the Central Island -,-.which 

depend on other factors, such•as distribution of discharge in the two arms, afflux 
between the arms, scour at the nose of the. jsland etc., -the ratio . VR f Vp 
governing the curvature of flow and the sand' exclusion at the divide· wall is ~(~~i;1• greater for'the largest numb,er of pocket spans.ln Appendix 1, the ratios have been , 
calculated for the various alternatives : from the velocities measured in the model 
these ratios (·VRfVp) similarly decrea.~e with decrease~ of number .of pocket' 
spans as shown in Table. 1, 

Table l/c-~ ( ii )-1 

I 

8 spans. ·7 spans 6 spans 

Equivalent mean V p ( ftjsec 
, at entrance, 3.10 3.10. 3,10 
, , VR , 3,6o 3·S0 3.4o ,., , VpfYp (model). I,IS I,12 I.0.9 
,. , VRjVp ( App. I ) lo I 2 . l,O] 1,03 

Hence, for this reason, too, the Station proposal. of 3 spans was preferable 
.to the other alternatives. . . 

(c) The respective Iitles of flow for each case showed that ~ith a greater num 
her ofspans in the pocket more surface water was tapped "by the pocket, with a 
corresdonding l'eduction in ~he bed flow, 

(d) Moreover, it has been observed in die model tests that exclusion becomes 
less efficient after shoaling; so that, in the narrower pockets,· where the . area of 
shoaling is both relatively ( to the area of the pocket.) and absotutely larger, the loss 
of efficiency in sand exclusion consequent on shoaling will become greater. · 

· · (e) These observations for relative efficiency of exclusion were made while 
maintaining the same scoured bed level.at the nose of the. divide wall; in actualfact, 
the differential scour betweed the river and pocket will be greater with 8 spans 
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than with 6· or 7 and hence the twist at the nose- and the exclusion would be 
correspondingly better with 8 spans. lq other words, the tests were made under 
unfavourable hypothesis for the larger number of sparis •. 

' 
· . (f) The greater the number of· spans in the pocket, with consequent 

reduction in the river span'- the total length ·of the Barrage remaining unchanged
the lower will be the " still pond 11 limit. This iS a great advantage as it enablea 
keeping the upstream water level relatively lower, thus tending- to reduce: accrdion • . 

(g) As Appendix II clearly shows, without lowering the ciltern levels scour
ing o~rations would not be equally feasible with 6 or 7 spans as with 8 spans in 
the left pocketi and, even after lowering the cistern levels- which is undesirable 
on grounds of extra expense and greater: construction difficulties -the V fV o ratio, 
which denotes th~ scouring potential, would be lower: while with 8 apans, 
it should be possible to scour reasonably efficiently with the given cistern level at 
the intensity of q = 1 1 f cusecsjft. 

For all these reasons, 8 and 4 spans were again recommended for the left 
and right pockets,·respectively, and are accepted by Sind. 

( 5 ) Lon' pocket versua short pocket. 
. -

{. 1 The following two proposal;! were made by the Superintending Engineer, 
Project Circle, for layouts of the left pocket head reguJ.ators :-

. . 
( a ) To put the Pinyari head regulator on a skew at an angle of 6o0 to- the 

river, with or without the inclusion of Wadhu Wah and Fisadi Wah h~ad regulators 
inside the pockets,. with a view to flatten the very sharp curve of s ,ooo' ra<lius in 
the Pinyari lower down to a ,radius of 1 r-,ooo ft. · · 

(b) To introduce head regulators for the two small channels,· Fisadi Wah 
and Wadhu Wah ( # and 16 cusecs respectively), required for local irrigation of 

·lands near Hyderabad. which are very high and cannot be irrigated properly from 
the Pinyari, specially in the beginning and end of the season when the Pinyari will be 
running low, without introducing a cross ~gulator in the head reach of the Pinyari, 
which is very undesirable. These bead regulators were to be included, w.itlwut ikeu.;PlJ 
the Pinyari Head Regulator. · 

In the proposal (b), the Left Pocket would have increased in length from 
!88' to 8r2', while in proposal (a)- viz. skewing Pinyari as well as inCluding the 
Wadhu -Wah and Fisadi Wah head regulators in the pocket-the length would 
have increased to 8 so' i. e. the proposed length would have been about half as long 
again as the ori~nally proposed length of tile Pocket. 

. · r.2 Exp~riments with ~he layo~t ilS proposed in (a~ above sho":ed 
that the short pocket (without skew bead regulator for the .Pmyari and wrth 
length of pocket = sBS') was superior to the long pocket in many respects:-

( a ) The ·advantages obtained from shifting the Fuleli Head ~egulator 
into the.pocket were largely lost. 

· ( b ) While experimenting with different numbers· of pocket spa~s It was fo~nd 
that a greater splay to the face of the left bank head regulator than r 10 8 ( obtain
ed witli 8 pocket spans ) was undesirable. A skew H~ad _Regulator to the 
Pinyari bas an· identical effect and is subject to the same: objection.. The area of 
the still water region in the pocket increases and hence, after shoal an g. the. flow 
conditions would be wor~e, for nod exclusion from the canals. 



I I• I 

- liZ jo-61,·11 ' ! : : 
. ·· .·· 

.. · . .. ·· .. ·· . .·· .. ···· . .·· .. .... ·· .. ·· .. ·· .. -· 
... · .·' .~·· .. ·· ... · .. ·· 

.. · .·• .. ·· .·· . · .•.·· .· .· . . . . . . .. · .. . .·.· .· .• . . . . . . . ... .. . . :.·: ... 
: ::! : 
: fl: l 

,o' 

(a) 

8 SPJINS OF 60 ,., EACJI + 7 P.tfi'R.S 

- t1'" '? F" E:IICH • 

. . 
. . . .. 

: 0 .. 
• o' ... 

• 0 • . . . . . .· 
• 0 • . .. . ·. 
: .· .. . . 
: 

. . . . · . . . . . . . . 

. 
. . . . 

CENrlfEllf'IE 
OF fiAilRAGE 

(b) 

"(c) 
\ 

NO 621EI 
'· w._r. S.PDtJNA. 

·F'IG. zjc-4{ii >-r. 
KOTRI BARRAG£ MOOE.L. 

PLAN SHOW/N6 Sl/RFAC£ 

~ 8£0 LINES OF FLOW 

IN THE L£FT POCKET 

QR E 200,<'00. Cs • 

Qp E 37Z5.., Cs. 

SCALE 1''= ·zsb 

NOTE:-.. BED W;1TER
-OBSE:~VED AT 250FT Vjs OF t:'ULEtl 

IS MID-DEPTH WATER Hlull£/l UP 

.DIVING TOWAilOS BED AT TillS POINT· 

ReF£/lENCES :~ . 

SUI{ FACE 1../N£5 OF FJ.DW • .. ._ ---'--

B£11 LINES OF FLOW; oo••···· • ····~ 

COMP~R/SON OF FLOW 
COIID/7/0N WITH S, 7 
ct · 6. SPANS IN TilE 
LEFT POCKET. 



J 

PLAN 

RIGHTGU/0£ 

. ·8/lNI( 

FIG: .. 3 /C-4(ii)-1. 
I 

SHOWING SURFACE AND 8£0 

LINtS OF FlOW IN T}{£ 

IV!'. 62/7 
C. W.f.c\ N./M.f9 

POOHA. 

RIGI-/T POCJ(£T (Foil O.R = 2oo,ooa Cs.) · 
.. 

SCAL£: .. 1 = IZ5 

taJ ~EFERCNCEf:...._ 

,. faZ'- ~ ~~ IUilt"ACE lllfr dF FlOW.. _ __._ ___ _ - ...... . .. ·r· BED •• M .. ----------------

' \\. \\. .. Mt~ :::~ ~~-:A-T~~-----
l •, '· -OBSEflVEJJ AT 187FT Ujs OF R . 

~ 'r\. FEEJ)E:I( IS MID-DEPTH WAT£1l, 

' t ~ 111/iHER UP, .IJJVIN6 TOWA/lOS 
--'f:i~-f---· -iZ&i- · __,...._ _ _,. .. t \ - \ BED AT THIS POINT· 

I 

J}IGHTGUlDE: 

-I 
I 

------- "' ...-

. 
' . 
:. 
i 
l 

\ 
. . . . 
I 

\ 
l •. .· i 

'/J/1/fOE: WALL : 

\ .... 
\ 
\ 
\. 

\ 
·•. 

\ ... . 
\ 
\ . . 
\-

DIIHDE Jbfl.l,. 

I:.D.,_P DnnNA. Ia.&• 



fiG. 4(o)/C-4(ii)-l 
I 

N0.6481 . 
C. W.! v N. R. slallun 

·PDONA, 

,4: AN SIIOW/N6 TilE lEFT POCKET AR/lAN6lMENi PROPOSED 

• 

cenlre /tnt cf · 
llorroge crest. 

~y 5[ATION. 

Scale:- t"• SIJO reef. 

.• .. :·.:. 
: .:Si/t/ ·_ : I 
/Vater. rejion . . 
:. . : ~ .. . .· ... '. .. . 
. ~ ·. .. .. 

.. 

Rli. 4 rnJ'c-4 tiiJ-1· 

!'LAN SIIOWIN6 TilE lEFT POCKET ARNAN6EM£NT PlllJPQJ£0 

BY ·.Sit/0. 

.Piwife wol/. 

Settle:- ! "'= :100 Feel. 

' . () .. 
'!'\ • •• 
q) • . •• . . . 

. . ....... 
.. '.Jfi/1 water ... : .. . . . 

...---529' ----~ 
8 SPANS OF lfO 'EACH+ 7 PtE!;S 

OF7.' 

. . 

l . 



LOWER SIN:8 BARRAGE: AT- KO'PRl. 121 

. (c). It is obvioua that a. short pocket has: less sand to :sqour · awa.y, 
and as the velocity with the1 same head available varies approximately as 

. VLJL1 . while the 'Yeight · of solids which a channel can move var~es 
theoretica.lly as V6 the rate of scour should theoretically vary ~ <L/L,)3... and 
the time reguired to scour the pocket .as (L/L1)

4
; Model ex];fe.riments done 

in another connection have, however, shown that 'the theoretical approxima
tion of time required to scour, varying as (L/L,)4 is on the low side. Thus, 
a short pocket can be scoured enormously more quickly than a long one. · ~ 
With the originn.llength of pocket ( = 2j3rd the length of the proposed pocket) 
the time required to scour would be less than ( 2/3 )\ i.e. less than 1/5th of 
the time repuirea to scour the pocket as proposed by. Sind. . ' 

(d) With.tke cistern levei R.L.37.0. and even the short pock~t design, 
there are already serious limitations to the scouring operations that· can be 
safely and usefully done. Fo:r a !)ufficiently high scouring .velocity, during 
the initial years . when retrogressiu:p. of dow~stream water levels persists, the 
scouring operations can only b~ don,e ~n the m~ddle of the Abkalani, when the 
do:wnstream water level is sufficiently high so as to ensure. the formation qf 
a. standing wave on the p·acca pavement, with a. river discharge of 1,50,000 
cusecs and above. Later, when the dowstream water .level rises up. to mean 
.specific level, or higher after accretion, scouring operations may be possible 
at 1·iv·er discharges of 1,00,000 cusecs, or possibly even lower. Even then
since such river discharges will, after the new Punjab Projects, be only 

. obtainable between June and September-the scouring operatiqns will cause 
undesirable interference with the irrigation operati0nD. Thus, the pro:rosal 
of lengthening the pocket would incre·ase tl}e duration and difficulties and 
limitations of efficient scouring operations~ -

(e) If .even frequent and ' long period·' scouring operatip~ (which must 
be made in mid-season) fail to 8cpur the silt at tpe entFance of the pocket, 
the velocity in the pocket would increase and cause a relative drop in t.he 
V R /V p ratio, thereby affecting sand exclusion adv~rsely~ . . . ·. 

{ f ) Moreover, the further the. nose of the divide wall upstream .of the 
Barrage, the less wi1l be the effect of the beneficial wedge~shaped' regulation 
ali the barrage on the curvature of flow at the nose, which helps so greatly in 
getting more effipient sand exclusion, particularly at certain low stages of the 
riverl 1 ). • 

( g ) Apart from cost, the short pocket reduces the •Work of cofferdam 
const;ru?tion which is already' heavy in the first season. 

5.3. :With a view t.o IJ;lake the pocket as short as possible, while'provi· 
ding,· at the slune time, a high water level to these two small channels, it was 
suggested by the Director to take of a 'corn bined head regulator for the .~wo, 
upstream of the new head regulator off Fuleli and outside the po~ket, and then 
cross the combined channel over the Fuleli by means of a siphon;· the 
Wadhu Wah would then take off and the balance supply would be,siphoned 
again below the Piny11.ri for Fisadi Wah. Thus, the channels would get the 
same water levels as when offtaking. from the Pocket, less only the. loss of 
head in siphons, without· affecting the Fuleli an~ Pinyari Canal Systems. 

Alternatively, the Director suggested a. 5' diameter Hume Pipe Line 
for Wadhu Wah over or through the 25' •wide separating wall between Fuleli 
and Pinyari to be extended up to the toe ofthe berm of the Fuleli Feeder, 
whence it could take off as. an opm channel, and the Fis~Ldi Wa.h to be ta.~en 
off between the Pinyari and the Ba.rrage. 

5.4. The alternative proposal of the Station was accepted by Sind, except 
that.in place of the Hume :Pipe Line they proposed to carry an open channel 
on top of the 25 ft. wall between the Pinyari and FuleJi Head Regulators.' 

. . A 
( 1) Annual Report for 1946 ( p. 101, Pata 5.7. ) 
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They a.lso a.greed to drop the proposal of taking the Pinya.ri Hea<l Hegulator at 
a. skew.· 

With the proposals a.s accepted, the length of the Pocket becom/s 637' 
as against 6' origi~lly proposed. 

6. Design of guide banks :-
•· 

6.1 Experiments were carried out to determine the optimum position, 
alignme.nt and length of the left and right guide banks, with left abutment at 
600' from the toe of the J a.mshoro bund. 

6.2 Necessity ofthe guide banks:- . . 
When a full rising and falling cycle was run without any guide banks, 

it was observed that there was a considerable 1egion of slack a.ndjor rtturn 
flow against both the pucca banks of the river, as a result of which the favour
able curvature, which is alrea_dy partly counteracted by the ·barrage, was 
reduced: Hence, it was considered that guide ·banks on both the banks were 
essential to lead the water gently to the barrage with: proper curvature 
imposed from a considerable length upstream o.f the barrage .. 

6.'3 Type f?f guide banlcs. 

The practice followed so far in aligning the guide banks of a weir is to 
put in either parallel or converging ( towards the weir ) type of guide banks. 
based on Bell'a..guide bank system, so as to ensure leading water gently ·tC\ the 
barrage or fluming gradually from the noses of guide -banks to the B_arrage, 
with a view to give protwtion against outflanking by the river and to protect . 

. as long a length of the marginal bunds as possible. , 

Of t_hese, the more recent converging type has not proved gene1ally 
successfnl in that it leads to undue shoaling and oblique entry. The 7-arallel 
type is not suitable for the douple barrage de;;igu ·with a central island in 
between the two a~ins of the river. 

· It would have been possible to reduce the length of the guide banks by 
-putting in converging type of guide banks, such as at l)anjnad, Triwrnu and 
Kalabagh, symmetrical with the shape Clf the central island; but this was 
considered less . suitable as (a) water after leaving the bend of the. guide bank 
in a. tangential direction approaches tM barrage SJ:ans with a very high 
velocity, thus h~creasing the · conccntratitn of discharge in certain spans, and 
(b) there still remains a slack water region against the pocket u.nd the guide 
bank. This necessarily distorts the natural favourable conditions of curvature 
exiRting at the barr11.ge site. · 

• Moreover, it has been ob!Eerved that b~th these typ'e of guide banks 
create unpredictable, sometimes even dangerous, conditions by attracting flow 
and pinning it to .their heads an'd upset the normal expectations of their 
working unless &.ssociated with other training wot ks such as spurs or islands 
as correctives; a~d these ancillary training works are generally undesirable as 
they create turbulence just where smooth flow is the prime essential. Hence, 
it was decided to ha.ve a. type of guide bank that would maintain the existing 
favourable conditions at the site. 

6.4 Alignment of the guide banks. 

The follQwing were the main considerations in fixing the alignment:-
( A ) The overriding consideration is to have an alignment that will 

distort existing flow conditions to the least extent and make the test use of 
the river energy to develop further suitable conditions-such as a deep channel 
along the guide· bank so-as to maintain the favourable curvature even under 

·the worst post-barrage conditions. . 

( b ) It was a.lso important to see that water followed the guide banks 
at all river stages under different condition; of regulation of the barrage, 
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especia.lly.a.t thehigh sta.ges of discharge when it is more difficult for water to 
follow too sharp a curve. · 

·At high river stages, with the gates fully open, there is little ponding 
<>Ver the natural water levels and, thus, there is sufficient latitude · for the 
·river to move freely and follow the same flat curvature as it does under 
pre-barrage conditions. On the· other hand, at a low stage of discharge, though 
the natural tendency of the river without a barrage is to have a sharp curve, 
with the ba.rrage unnatural conditons.occur-such as ponding over the natural 
Tiver water levels-and water can only follow the same flat curve as at high. 
stage discharge conditions; Thus, the range of curvature which water can 
.follow is reduced under post-Barrage conditions. The best alignment 
-genera.ny suitable for all stages was evolved by trial and error and· is shown in 
fig. 5. . 

' . 
( c ) Finally, the alignment c,! the guide bank should, as far as possible~. 

:avoid the deep water channel, with a. view to economy.· · 

6.4.1. ·Left .(}u,ide Bank :- Accordingly, an alignment of the left guide 
bank, concave throughout its length, was fixed in the model by demarcating· 
the boundary of the sti11 water region alorlg the pucca edge of the river a.nd 
then putting the guide bank along this line. The final a.lignment of the Fif 5 . 
guide bank, with abutment at 325' from the . toe of the Jamshoro bund, ·is C-4 (ii)-1 
-shown, in Fig. 5. ' 

I 

6.4.2 Right ~ide BanlC :- It will be seen, from Fig. 5, that . there is 
:a sharp change of curvature on the right bank between cross sections miles 4! 
to 5~ under the existing conditions of the river. It was observed that curvature, 
.somewhat counteracted by the barrage, beca.me considerably flatter and wa:.ter 
.did not follow the existing change of curvature_ between these cross sections. 

. Fig. 5 

The alignment ·of the right guide bank was determined by the same C-4 (ii)-l 

trial method as that- adopted for the left gui\Ie bank, the transition from 
.convex to cocave curve being made as gradual as possible so that water followed 
the curve all along its length. Moreover, it was observed that it was desirable to 
have a guide bank sufficiently long, extending to midway between C. S. mile· 

..5 a.nd 5~, so as to enable it to attract with the aid of its pitching some more. 
flow towa.rds the right arm channel before it is "captured'' by the central 
island. ';rhis would secure or improve the conditions of the right arm channel 
by as natural a method as possible without the undesirable necessity of forcing 
down by regulation of· gates a. higher percentage of discharge, ·which is 
-generally attended with greater turbulence and throwing of sand into suspen-
sion to be drawn by the canal. 'rhe right guide bank is also taken sufficiently 
(about 250 ft. ) riverwards to. facilitate flattening of the transition curve from 
convex to concave, and to counteract to some extent the damping· effect on 
velocities caused by the ponding at the barrage, thus minimising the fonuation 
-of undesirable shoa.ls along the guide ba~ and in the middle of the river. 

6.5. Length of the guide bank : - The lengths of the left and right guide 
banks with the left abutment at 325' &from the toe of the Ja.mshoro bund, 
-wou~d be 5900' and 6650', respectively. 

6.6. Position of the left guide bank:- With a view to counteract the 
., attracting '' effect of the Central Island at low. discharge stages, it was. 
believed possible to improve exclusion by positioning the left guide bank well . 

9 
f. 

inside the river (as shown in Fig 9/c-2 (iii)-3 ). But it was observed that, F~~2 ~U:;~~ 
-contrary to expectations,' this had an adverse effect on exclusion, as this 
position of the guide bank twisted the flow and· made it considerably oblique 

. to the pocket, This oblique flow increased the crucial velocity ratio of the 
velocities just inside and outside the. pocket impairing the efficiency of 
·exclusion. 

· 6. 7. Side pitching far guit7.e ba'(l.ks:- The preliminary. experiments for 
evolving the best alignment of the guide bank were made with G. I. sheets to 
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facilitate quick changes in the model. Subsequently, the guide banks were 
constructed to these alignments in mud with pitching to sca.le. It was observed 
from the indications of the formation of ripples along the bed of the river near 
the guide banks that pitched guide banks would enable maintaining a deep 
channel on the left bank and, similarly, attracting theJlow along the right 
bank and would thus reduce the possibility of the formation of shoals along 
the gufde banks on either side. 

7. Location of tluJ left abutintmt : - From the original plan and crot~s
sections, a. position of the left abutment, 500 ft. riverwards from the toe of 
the J_amshoro bund, was selected with a. view to avoid encroachment on the 
'Mukam' area. (burial ground) as w.ell as to prevent the flow impinging on 
the J amshoro Bund downstream of the Barrage. The initial experiments were 
made with this position of the abutment. Later, when a new cross section was 
observed along the barrage line, after the:recession of the floc.ds of 1946, it was 
observed that the abutment at 500' would be located in very deep water a.nd 
thus would increase the cost and constructional difficulties. It was, therefore~ 
proposed by the Station that the abutment be located at 275' frolii the toe of 

. the J amshoro bund and Govern~ent sanction be obtained for the subllJtrgcrce 
. of the old and disused Mukam. ~ . · . : 

Comparative tests made with the left abutment at 275' and 500' from 
the bund showed the foUowing additional advantages in favour of the fOJmer :-

(a) A much longer left guide bank- actua1ly 2o20' longer, i. e. about 
half as long a.ga.in - was required with abutment at 500' from the toe of 
the J a.mshoro bund. 

(b) With the left abutment set further riverwards into deep .water,. 
the left guide bank also had to be in deep water. Fc·r the optimum alignment 
ofthe guide bank, designed to give the moHt satisfacory sand exclusion and 

· minimum region of return flow along the guide .bank, a fairly long length 
pf the longer guide bank would then have to be located in deep "·ater. 

These would have caused serious difficulties during C()nstrnctiln ud 
maintenance as well as increased the initial and recurring costs. 

(c) The curvature imposed l;>y tb.e guide ba.nk with the nearer position 
· ()f the abutment followed the existing natural curvature of the left bank more . 

closely with cosequent advantages. 

With the best of efforts, sand exclusion fro:m the left bank offtakes wa1 
not as satisfactory when the abutment a.nd guide bank were set so far 
into the river. 

7.1 Iu addition to the above-mentioned advantages evident {rem the 
model tests, there are the following other equally important considerations :-

(a) . The location of the abutment further from the bank wilJ reduce 
the ·available waterway during the first season's cofferdam by 225 ft. with 
adverse effects on the rivE'r course, increasing construction difficulties by, way 
of gre}l.ter scour, attack at key points, and possible damage to the existing· 
river bunds. 

( b ) This might also lead . to some increase in the afilux during con-· 
struction and so add to the cost of the cofferdam work itself. 

The constructional difficulties following the location of the abutment in 
deep water would be serious and might necessitate a reduction in the first 
season's work and an increase in the period of construction, causing additional 
overhead· charges (interest charges, working ~xpens~s, maintenance ~uring 
construction ) during one more year and, at the same time, a delay m the· 
revenue returns by a. year. · 

7.2 For all these reasons, the Director strongly recommended that 
Government should be apprised of the consequences of letting the Mukam 
interfere with the best design and construction plan of the Barrage. 
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7.3 It has since been decided•to shift the main tomb in the 'Mukam', 
with due ceremony, to another site; with the proviso that there will be no, 
excavation in the 'Mukam' area, though it may be covered. The left abut· 
ment is thus finally approved to be located 325 ft. from the toe of the: 
Ja.mshoro Bund. 

8. Left and ''ight pocket _div·ide ·walls. 

8.1 Left Pocket Divide Wall. . . -

Experiments were ·carried out with the left Divide Wall extending up· 
to the upstream abutment of the Fuleli Canal as well as with length = 213 x 
the· length of the pocket; a shorter ·Divide Wall brings the .control point 
(i.e. Divide Wall nose) nearer the barrage and would be certainly better from 
the point of scouring operations; and had it not been for the large 'draw-off· 
of the uppermost canal (i.e. Fuleli Feeder, withdrawing 16,600 cusecs ), the· 
shorter Divide Wall would have been preferred to the longer one. It wa.e,. 
however, observed that the longer1Divide Wall was, in -this case, far better in. 
respect of sand exclusion, especially at the low; crucial stages of ri~er discharge:. 
with it practically all the bed seeds dropped, even at cross section 5, were. 
excluded from the canals, at all stages of the rising and falling cycle, under
'still pond' conditions. The longer Divide Wall is better because of the lal'ger· 
'sphere of influence' of the scour round the nose of the divide wall capturing. 
the bed flow from about 200 ft. beyond the upstream abutment of the. 
uppermost canal~ leaving little opportunity for the Fuleli Feeder .to draw: 
bed sand in~o it : while with a shorter Divide . Wall, the scour hardlY' 
extended up to the upstream abutment of the Ful~li and thus failed to deflect; 
the bed material away from the Fuleli in to the barrage spans. Hence, the -
left Divide Wall should extend uv to the upstream abutment ·of the Fnleli 
Feeder. 

8. 2. Right Pocket Di11ide W alZ. 

On the right side there is only one canal·of 8,484 cusecs capacity 

There is thus little to choose between a short or long DiYide 'Wall olt. 
the right side from the point of having the- Divide Wall noee as.n«:al' to the
barrage as possible · for efficient scouring operations, as the length of the · 
Head regulator is only 198 ft. ( 7 spans of' 24' + 6 piers of 5') -hardly one ' 
third the aggregate length of the left Head Regulators. 

On the other hand, a full length Divide Wall will be better on the; 
~ight side, because 

(a.) With a shorter Divide Wall the loose stone protection upstream
of the pacca pavement of -the barrage exhends up to the nose of the Divide, 
Wall and may retard the free development of the scour-hole round its nose,. 

·which (the scour-hole) helps to deflect the bed sand away from the pocket, 
. particularly at low stages of discharge. · 

( b ) On the other hand, heavy action at the nose of the shorter divide:· 
wall is likely to disturb and distort the upstream protection of the pocket and. 
the barrage spa.ns. From this point of view even a longer wall is desirable. 

· ( c ) A longer divide wall provides a. b~tte~ shield against the entry of· 
bed material that is likely to be thrown into suspension by· the turbulence a.t . 
the nose of the central pitched isla.nd. · 

8. 3. Depth and extent of free scaur-holes r()'U/11,d the noses of Divide Wall&. 

Rising and falling cycles were run, this time up to Q = 5,50,000 cusecs7 , 

under 'still pond'- condition (which is the wurst condJ.tion for ·depth' and2 
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extent of scour ) till the scour-holes stabilized. The equivalent R, L. 8 of 
·bottom of scour were observed to be R. L. 15.0 and R. L. 25.0 in the left and 
'the right bank scour-holes, respectively. 

As regards their shape and extent, allowance has to be ma.de for the 
-vertic::~ol exaggeration of the model { = 5.0). Previous experiments carried 
-out at the station have shown that depths of scour obtained in a. vertically-
. exaggerated model a.re proportionally correct; while the extent of scour bas to 
be adjusted between that o'Qto.ined in a geometrically-simila.r model and in 

· the vertically-exaggerated model. In this case, accordingly, the latitudinal 
. a.nd longitudinal scales will approximately be l/125. 

. Figure 11/C-2 (iii)-3 shows the prototype contours of the scour-holes for 
c~~:u~:3 the left and right pocket, respectively, derived with due allowance for v. E. 

· from the scour-holes obtained in the model, 

. 8. 4 Apron protection round tlt.e noses of Divide Walls and ·along their slUJnka. 
In these cases, the design is still more ·complex ' unless assisted by 

·specific model experiments for each case, as the shape of the scour would 
also vary according to the flow conditions existing round the nose ana along 
.lhe shank of the d1vide wall. 

( a. ) Top of apron protection. 

. So far, the practi~e has been to lay a flat apron protection round 
<the nose of the Divide Walls. But as with such protection many of the stones 
-are likely to be washed away long before the apron stabilises t:> suit the extent 
and shape of the scour-hole, it· was proposed to lay the apron according to 
the shape of the scour-hole formed at the nose. Accordingly,· in the Kotri 
Barrage design, it was first proposed to lay the top of concrete block protection 
a.t R. L. 23. ·o. As this would entail deep excavation and, consequently, great 
·constmctional difficultie~ and increased pumping costs, it is proposed to keep 
the top at R. L. 37. 0 (the depth up to which axcavation has to be done, in 
a.ny case, for the downstream cistern ) ~ . 

Experiments were carried out to see whether there was a substantial 
·difference in exclusion with apron top laid alternatively at R. L. 37. 0 and 
R. L. 23. 0.. . 

Figures 6 ( a ), ( b ) and ( c ) show the lines of flow at the iDOse 
· .observed under free scour, and with apron tops at R. L. 37. 0 and at R. 

~b';'·! ~a~ L. 23. 0, respectively. It is evident from the bed 1ine divide tapped by the 
t:-<l \iir~ Pocket that the exclusion is best under fre~ scour. and that there is little or no 

difference in exclusion with apron tops at R. L. 37.0 or R. L. 23.0. 
Moreover, it was observed that for scouring operations of the pocket, 

due to greater concentration of flow with apron top at R. L. 23.Q-the apron 
,. top being low-scouring action was feeble along the upstream face of the 

c-4 1 ~~~-l Fuleli Head Regulator: whereas with the apron top at R. L. 37, the scouring 
of the pocket was more or less uniform throughout its length, Hence, the 
apron top may' be kept at R. L. 37.0. 

( b ) Extent of protection_. 
I 

"''i«•· s ~·a > · Figures 8 ( a. ) and ( b ) ,show the extents of protections required for the 
~ ~ii)~l left and righ~ Pockets, respectively, f~r _the wo~st c?nditi~ns to which t~ey 
· would be subJect (e. g. the Pocket s1de protect10n 1s designed for scouring 

operations when the discharge intens!ty would be greater).· The· protection 
Statement should slope from contour R. L. 46. 0 toR. L. 37.0 at the nose . 
. c-t.\u) 1 . · Detailed calculations .for the quantities of protection are given in 

· statement I attached. . · • 
Experiments carried out after laying the protection according to the 

final shape showed the necessity of ·laying the apron protection along the 
·shanks of the Divide walls graduo.lly sloping from B. L. 46. 0 of the stone 
protection of the floor toR. L. 37. 0 of the top of protection at the nose of 

·.the Divide walls, the width of the protection being 3G ft. 
1 ( c} Nature of protection. 

It' had been proposed to use 4' x 4' x 3' concrete blocks for this 



. ·· 

.• 

CEHTif'E LIN~ 01> 

11-'IRRAGE CllEST.J_ 

CENTRE LINe 
OF BARRAGE CREST 

CENTRE L.INE OF 

.11.1/lf'R-'IGE CREST 

S SPANS OF 60' EACH ,.. PI FRS 7-
~---------589'~------~ 

l 
II J'PIIIU OF 60• E-'ICH 7 P,£/lST

1 

52.!t 1·------~ 

Nlt64TZ 
~· W.I.N.Ifl.S7'N.pooN#II• 

" FIG. 6/_C-4riiJ-t . 

(a) 
PLAN SHOW!Nu LINES OF FLOW 

-.WITH NATURAL. SCOUR 

HOUND THE NOSE OF THE 

LEFT 0/VIO£ WALL. 

SCRLE. /'= .zso' 

. ~ .... 
NOTE:-

. BED WATER. 
-OBSERV£0 ~T 250t:T ujs OF 

FlJLEL I IS MIQ-.QEPTH WATER 

HltiHER up; DIVING' T,WE/lS .8£0 
AT THIS. POINT. 

(b) 
PLAN SHOWIN6 L/N£.5 OF Fl. OW 

WITH ·nPRON ROUND TH£ HOSE 

OF THE 011(/0E WALL LAID /If 

A CUP SHAPE WIT/I TOP AT 

R..L. 37·0 . 

(C~ 
PLAN SHOW/Hti LINES OF 

FlOW WITH 1/PRON ROUND 

THE ('IO.J£ OF THE 0/VJO£ 

WALL LA/0 INA CUP SHAPF 

WITH TOP AT R.L.Z'S 

-·········· BED FJ..OW LINES 

--- SIJIN'ACE FlOW UNES 



FIG. 7/C-4(ii)-1. 
N~ 6471 

e.w.t.J. N.a.sT.¥ PooMA 

SEC."'rtON A-A 

!l-'T" .. R.L.9o·o ..---""":"'"----------------------- t..s. 

·:;.:..-::=:.e::.---------':':'::::.::.-:-:"_...~···---:.:::.:~--...'W':.~ .... ..:::.===~==.;;:::--
R.\..AO·'l. 

SE.C1'10N. B-B 

SECT\ON C-C 
DATUM R.L SO·o,.:--.-------::---::-----------.:_ ____ .:...;__ 

.• 

· SE~T\ON. D-0 
D"TUM R.L..90oOr"--------..-----__,.-------"-------

•· . 

R.t..4o· 

SECT\ON ~-E 
DATU'M ~.\..9o-o.-------------------......_ _ _;. _____ _ 

~ " .. 

SHOWI.NG APVAKTAGE OF 

LEFT POC~ET SHO~ltU:i 

1'HE PostTtON O'F'· C.R.OSS SECTIONS 
SCOURING OPERATIC)NS 

WITH TOP OF DlVlD£ WALL 

.. APRON A.T R-1.. '37·0 . 

tl , 

SCA\..£ I = 37 S 

D 

. l)lV\011. WA\..t.. 

e 
. I • 

CENTRE \..\NE OF' ·SARIU.G~ 

L.B, 
REF. 

---:-'pocir.E'T B&D AS LAlD BEFORE 

. SC:.~UR\NQ OP~~T\ON. 

----"" POC1CET BED AS OS5£RVEO . ~ . 

AFTER SCOUil11'tG OPERI>-'UONS 

·• W\TH TOP p; APilOJil R.\.,.87·0 

--Poe.KsT is.ED AS oasEFtVI!D 

AFTER SCOUfllNG OPE~ATlOHS 

WlTH TOP OF APRON '(l,L.;23·0 



I 
II 

Fltf. 8(0)/C-4(ii)-l 
. r . 

PLAN SHOWIN6 THE, SHAPE .OF APRON 
TO B£ LA(D · NOUNO .THE IVOS£' OF THE' 

. ZEFT 011/10£ WAll •. 

Scale.l-;2.30' 

.L 

, . . . · .... 

Looseslt~fNI prtlfl!tlliDn~ 
. 1/ • .1.. 46·00 qj 

Unfre fjpe OT divide Wa//. · _-

Cenlrt•line IIT!Jarroge crest. I 8SPANS'DF Gii'E«:H WlrH • 
1 . ?'PIERS OF 7.. . ·.I 

I"'~ S~9' -. -- ~--·: 

Ft6~ a·(b)/c-4:rii)-t _· · ··~ -:-· 
. • . .. . . . . .. . I . . .. 

PLAN SHOWIN6 TilE SHAPE· OP AP_~ON .. 

,.TO BL' i.AUJ NOU#O. THE IVOSE-OF THE 

NIGHT JJIV/0£ WAI.l.. 

.•'j 

· Waler -?ide lop of ' . · 
ll(tjlrl 6u.ide Bank. 

K.Al/!1 8A611AH 
FEE DEN 
~ 

Scale. l"=lzs' · · 

. .. 

-------...o~-----·261'--·---
30' 

.. 

N(J.6~94 
t:.W.I. 5. N,P,Sfh.P 

Edge of lo0Slsion8 
. protection. · 

'. 

-. 
-~~,~--------------,~-~-------------• , 1 Ct'111re /liM' o1' /Jorroge crest: . 

· · 'l4SjX!nsol' 50+1 piers of 7 1 
I • I 



LOWER SIND BARRAGE AT KOTRI 127 

protection. Each block will weigh about 3 tons. Handling and la.ying these 
bloQks will be difficult; what is more important, the blocks will not settle 
uniformly in the way a. launching apron made of ununiform stones doesj in view 
of this it appears better to lay this protection with two to three.,-men-stone 
(each stone 200-300 lbs. ), i. e. a heaviet: protection than the usual one 
made up of one-man-stone ( 90-100 lbs. } for lining the scour reasonably uni· 
form~y against the severe action at the nose .. 

. 9. Tests jC»" ExclusiM um.der the wC»"st post-Barrage. conditions. • 

It was observed that under the post-barrage conditions, water did not 
abruptly turn round the corner G shown in Fig. 9. but showed a tendency to Fig. 9 
:straighten. The brunt of the attack was borne by the nose of the Centra.!. C-4 ,(ii)-: 

Island. 

Figs. 9 & 10 show, respectively, 'the lines· of.flow and the contour plan 
of the river reach upstream of the barrage after run:Q.ing four consecutive rising Figs. 9 &: 1 
and falling cycles with a. very heavy charge of fine ._red Rilt ( 6 parts per G-4 (ii)-l 

1000 ) .. Under these extreme super-c.ha.rge conditions, silting was indicated . 
along the left and right Gui:de Banks; with normal charge, although silting is 
very unlik~ly on th~ ~eft bank, nevertheless the :n;todel w~s .tested· for th~ Fig. 11 : 
worst possible conditiOns, and so the one bed hne entering the Fuleh C-4 (ii)-l 

(.because of greater concentration )-shown in figure 11-ma.y.be disr.eg·uded~ · 
· It is expected that the pitched right Guide Bank will tend to attract the 

flow and thus somewhat reduce the natural tendency· of ber{D. formation near 
the right bank. Model limitations preclude clear indications whether the 
attracting effect of the pitching will dominate over the natural tendency for 
berm formation. Even under the worst hypothesis of the attraction· of the 
pitched right bank being wholly ineffective and the flow being more attracted 
to the nose of ~he Central Island, the model showed that a. ~ha.nnel will persist 
round the nose towards the right· pocket with favourable ourva.ture for 
satisfactory sand exclusion. This was tested in the model by laying a. -berm . 
<>f fine silt up to R. L. 68.0, along the edge .of R. L. 55 contou~, which did c!~~J._J 
not cause a deterioration in exclusion. 

10 0 onclusiO'nS :'-

(a.) Sills Dj the Head RegulatMs ( para 3). 

The sills of the Pinya.ri and Fuleli Head Regulators a.re to be main• 
ta.ined at R. L. 52.0 i. e. flush with the pocket crest or 6' higher than 
the ups,tream pavement level (R. L. 46.0. ). · 

{b) Design of the, left and right' pocket and the Dptimum num~1· Df spans (para 4).· 

8 spans and 4 spans of 60' each were found suitable for the left and 
right pocket, respectively, from considerations of.optimum scouring velocities, 
downstream cistern levels, shoaling . in the pocket, and satisfactory V R/ V P 

l'atio which governs the curvature of flow. : 

( c ) Long pocket versus short pocket ( para 5) 

The short pocket 637 ft. long was found to be superior to the long pock~t 
·850ft long in respect of scouring operations, quantity of sand to. be scoured 
and less time for scouring, reduction of cofferdam work, and the control point 
( i. e. divide wall nos~ ) being nearer the barrage. · . 

It is finally decided to have· the left pocket 637; long with an open 
channel for W adhuwa.h through the 25' oomm<;>n wall ,between the Fuleli and 
Pinyari Head Regulators, Fisa.diwa.h offta.king upstream of the Pinyari Head 
Regulator through two hume pipes, 5' diameter each. 

( d ) Design of guide bank$ (para 6). 

The left guide bank as r~commended is 5900' long, concave throughout 
its length, so that it does not distort the existing conditions, avoids the deep -
water .. channel and allows water to follow it at all the river stages. 
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. The Righ~ Guide Bank is recommended to be 6650' long, convex
concave in alignment. 

(e) L9Cali{}n of tM left abutment (para 7 ). 
The left abutment is decided to be 325' from the toe of the J amshoro 

bund, so a.s to have a. short guide bank, less distortion of natural curvature, 
minimum reduction of waterway during the first season's cofferdam Work and 
less difficulties during construction of the abutment. 

( f ) Left and right poc'kel dividtl wall& ( para 8 ). 

(i) The left and right pocket divide walls extenc:nng up to the upstream 
- abutment of the Fuleli Feeder and the right bank Feeder respectively, were 

found better th&n the shorter divide walls.- · 

(2) It is also recommended that the apron protection round the noses 
of divide walls be laid in a cup-shaped pattern conforming with the extent 

· -~d depth of the na.tura.l scour-holes. 

(3) As the concrete blocks 4' x 4' x 3' ( proposed by Sind) are not. 
expected to settle uniformly, it was recomihended that the apron be laid with 
' t~ ~ three-men' stol,les. 
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¥PEND IX 1/ 0--4 { ii )-1 

OalculatifmSj(fJ' v R I v R ratios j(ff ' iiiflerent . . 

arrangiJme,nt of spans in the left pocke~ · 

As width at entrance to the pocket' is kept constant {viz. 601ft.),; V ~ 
wiU be constant in.all cases. 

-~7.287 
601x 22 

at Pond R. L~ 68.0 
- . ' 

= .2.82 ft~ I sec. 

( a ) 8 left pocket spans :...:... 

Final width at the 'nose of tqe left divide wall = .162~. ·,The model 
showed 80 : 20 distribution in the left and. right arms o( the river, respec~ively, 
fo~ sa.tisfactqry sand exclusion... . · , · · · · · 

. . . 
. r i ' ~ 

:, . discharge in the left arm= 1,60,000 cusecs, . 

• ·• ~he discharge through the left· arm weir spans.= 1,12, 734 c~secs. · 
y - 1 1,12,734 , - ' , h . . '.' 

· :. ;R - 1625 x 22 . - 3.16 ft.JSec. Wit Pond R. L. 68.0 

:. VB IYp = 1.12 .. \ . 

(b·) 'I left pocket spans :-
River width at the nose as one more spa.11 is~ ~aded • ~?·, live.r _spa.~,· 

will be increased to 1625' + 67' = 1692' -

V iJ2,734. . h d R 
:. . R = 1692 X 22 . Wit poii. . ·. L. 68.0 . ' . . . . . ' 

• . . 

·' . .. . ~ 3.02 ' .. 
= 3.02 ftjsec. .... V ..JV p = 2.82 · = 1.07 

(c) fi l~ft·pocket sPan• :-
River width at the nos.e of the divide' wall .. = :16~' ;.67' :::;,, 1759' · 

.:. ) . 

=. 1~i:':S:2 · . ~:2.~2 ft./sec. with Po~d B. L,. 68.0 .. · 
.i I 

VR I Vp :::1:2.92 I 2.82 = 1.00 
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• 
APPENDIX 11/0-4 (U)-1 

Compari&rm of tJelooit&es during scouring o~ratiol~ witl& diffmnt number 
of left pocket spans, 8, 7 an/l 6, respectivoly. 

1. The optimu1n intensity of discharge with QR = 1,00,000 cs.- the 

only pmctioa.ble discharge which would be a.va.ila.ble a.t the time. scouring 
operations would be done-with 8 left pocket spans~ a.nd the cistern level 
not lower tha.n R. Lh 37.0 is 115 ouseos, V jV 0 a.t the entra.noe to the pocket 

being 5.47/3.83 == 1.43. The discha.rge in the left pocket during the scouring 
operations would, therefore be 55,200~ouseos. 

fJ. Scouring tJelocity f9T 6 left pocket spaM : -

(i) If the number of pocket spa.n~ be reduced to six spa.ns only, either 
the oistem lev~l would require to be lowered to get the sa.me scouring velocity 
or the scouring will ha.ve to be oa.rried out with a. low V fV ra.tio, as under: · 

0 
Asa~.5~,2QO r.usecs be pa.ssed down the 6 left pocket spa.ns-

. -n5 x- 480 · 
q =.. 360 _ . = 153.33 ouseqs/ft. . . 

Under worst conditions, i. e. with ma.ximum retrogression, and scouring 
operations done a.t the river discha.rge of 1,00,oOO:cu~ecs, 

Downstrea.m W. L. = 51.~0 

c (in ~- :..: • cl11.5)::: ·a for low submergence, :. q/c = 51.11 
- ~ . - . ,.. 

:. H = ( qfc ) -s = 13.80 . 

:. Upstream T. E. L: .,.; 52+ 13.80 ~ 65.80 
1 55,200 55, 2oo n 

; • V a. =. 6q1 x ( 65~ 45-46 ) = 601 x 19. 45 = 4• ftJsec. 

:. V a. 2 f2g = ha. = 0.35 ft .. Therefore, upstrea:m W. L._ = 65.4~ 
~ . - . ' . 55,200 . . = 55,200 = 9.80' /sec. 

V r .-• ( 6 X 6<Y + 7' X 5) ( 61.3 - 37 ) 396 X 14,3\) 

• h =:V 2J2rr=·1hl\ . . ·· · •• ~ r, t:J.. .yv . 

:. T~ E. L. downstream= 51.30 + 1.50 = 52.80 

:. HL = 65.80- 52.8J = 13.0 f~. 

:. ·E£2 = 19.60 ft. 

:. Cistern level= 52.80-19.60 =33.20 R. L. 

V in the pocket= 0.63 x ( 19.45 )·
64 

::::4.25 ft./Sec. 
0 . 

:._ VJV
0 

=4.72/4.25 = 1.1l(Verypoor). 

Hence, even were it possible to lower the cistem to R. L. 33 ( which 
it is not ), the V fV 

0 
ratio, would be too low for efficient operations. 

(ii) T8 find t'M sC()U8'ing tJelocity ratio to suit t'M. pre-determined ci1tem 

Zetlei of B. L. :n.o tuitk 6 left pocket spaM:-

Assume q = 100 cusecs. 
:.' qfo = 100/3.,= 33.33 

2 
:. H.= ( qfo )i :: ( 33. 33 )ll == 10.40 ft . 
• ·• T, E. L. upEtrea.m = 62. 40 
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36000. ' ~ 
V a. = 601 ~ 16.15_ = 3:70 ftfsec. 
. . 

2 ha. = 3.7 '/2g = 0.22 ft. 

:. Upstr~a.m W. L. = 62.18 ft. 

:. V r = 39:~~30 = 6.4 ft/sec~_ 
:. T. E. L."downstrea.m = 51.30 + 0.64':::- 51,.94 
.; •. ~L = 62.40- 51.94 = 10.46 ft. 

<· Ef2 = 14.90 ft. . 

:. Downstrea.m cistern level ::1: 51.94 - 14.'90 
= 37.04 .. · 

181 

Hence~ with a. discha.rge intensity of q = 100 Cl,lsecsfft the .. cis~e).'n leyel 
is suit~ble; a.t thi~ intensity~ V a. = 3.70 ftfsec_. :: . . 

v ::io:· 0.63 ( 16. 18 ) :64 
0 . 

= 3. 78 ft./sees. 
:. ·V fV ·= '3.70f3.78 = o.97. 

,.0 • 

which. is useless for effective soouring opera.tions. 

Thus, six spans a.re 'l.llnSUitable· as either reqm.rmg a. lower qistern, or 

gl.ving too low a veJocity, to e~ble scouring operations ~o be suceessful. 
• ·• ft . . 

2. Bcooring velo&ity for 7 left pocket spa;ns : .-
. ' 

. (i) Assuming· same ·river· 'discha.rge durfug ,.soouring oper~tion8 as for' 8 
.. . . , . ! • ·: l • ,_, ·~ • r [ :: : i 

~pans~ 
48 11 . . 

.'1 = ~;O 5 = 132 cusecs{ft. 

:. qfc = 132/3 = 44.0 . .. . 
:. H:( qfc ys = 12.50 ft. 
:. T. E.' t. upstream= 52+ 12.50 =64.50. 

. v - 55,200 _:_ . 55,200 - 5 06 ft/ 
• • a. -. 601 >< (64.1o-46)- 601 x 18.10- · sec. 

:. V a2 f2g = ha ~ 0.40 ft. 

V = 55,200 . = 8.36 ftjsec~ 
r 462 x 14.30 · . . 

:. h = 1.10 ft .. r. 

:. T. E .. L. downstream =. 51.30 + 1.10::;:52.40 
. :. HL .= 64.5Q- 52.40 = 12.10 ft. 

:. E£2 = 17.80 ft. 

:. Downstream cistern Jevel = 52.40- 17.80 
. · ,;,. R. L. 34.60. 

V = 0.63 x ( 18·1<) )·64 = 4.03 ft/sec. 
0 . . ' .. 

:. V /V 
0 

= 5.06{4.03·= 1.26 
I . . • 

But, the cistern level ca.imot be lowered to R. L. 34'.60. 

:35 
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(ii) To work ou,t the ·scouring velocity to suit tl11J p,ro-ddtermi,IIJd oister,._ 
level of R. L. 37.0 with seven pocket span8 :- · 

Assume q = 105 ousecsjft. 
qfo = 105/3 = 35. · 

s . 
;. H = (35)~ = 10.60 ft. 
:. T. E. L. upstream= 62.60 

44000 .· .. 
. V a = 601 ~ 16.30. = 4.50 ft./seo. 

:. v a2 /2g ~ ~a = o.a1 ct. 
:. W. L. upstream= 62.29 

V r = 46~~~~.30 =6. 65. ~t fseo .• 

;. hr =·0.69 ft. 

:: T. E. ·L. downstream= 51.99 
H. L: .= 69.60 - 51.99 = 10.61 ft. 
Ef2 = 15.30 '· 

. 
;. Downstream cistern level= 51.99-15.30 

. ~36.60; say R. ~· 37.0 
' . 64 

V 
0 

:: 0.63 ~ ( 1.6~2Q )' ~,3, 78 ft/sec . 

. •. v fV ·= i 4 .. 50/3.78:: 1.19 
' 0 . ' 

•.rhus, neither 6 nor 7 spa.ns ~re suitable "from point of efficient scouring 
9pera~ioi;I~ witl:t fixed cistern le~el of ~. L .. 37 .0. Hence,.!or this reason, ~oo, 8 

. -spans are to be preferred in the .left Pocket. · 



Discho.rge 

Width at nose of divide wall 

Q ,,. , 

R = 0.96 q213 

Water level 

" 

8cQ.ur .ractor ( X in XR ) 

Depth of Scour below water level ( fe~t ) 

R. L. of scour 
~ 

~iver bed level 

· Depth of scour below bed level ( feet ) 

Length of spread ( feet ) 

Scbui slope · · 

'Btate~ent 1/0-4 ( ii J-1. 
Showing calculations Cor protection at U /8 nosrs of divide walls. 

Barrage spans ( left side. ) 
' . 

3,42,000 cusecs. · 
( 84 : 16 distribution; 
QR = 4,52,000 cusecs 

. '' Still Pond'' ). 
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· ~eft pocket side Barrage spans ( right side ) 

55,200 cusecs discha.rge 1,04,516 cusecs ( 75.: 25 
.un~_er scouring onerations. distribution; QR = 4,52, 000 

...,. cusecs ). 
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iO -I (il)-2. Regulation of the Ko~l Barrage ..- ''stlll pond_'' or "semt-
: open Dow"- and c~nsequent .. helght of Pocket gates. 

0 

I l, 1 As a ~esult of model ,experilnen~sUl a~d workin~ experience of the 
Sukkur Barrage, 1n accordance w1th the Duector s suggestiOns the design of 

.the Kotri Barrage was basPd on th~ assumption of "still pond" re(Tulation up 
to the highest lik~ly river discharge of 5,65,000 cusecs requiring the Pocket 
gates to be 4 ft. h1gher than the other Barrage gates. · 

:· 1. 2 ·A few quick tests indicated th:1t "semi-open.•• flow re!!11lation was 
. quite as good as " still pond" in. the Kotri Barrage design, in respect of· sand 

exclusion, fo~ discharges higher than the '·still pond limit" ( 3,84,000 cusec~:~) 
· -i.e. the discharge at wlucb the Barrage gates would be just· out of water 

with ''still pond regulation'' and pontl Ievd of R. L. 68. O. The chif'f mf'rit of 
ustill pond" ·regulation is that it ~ssists natura.lly fa.vourable curvature of 
flow in. improving exclusion: where, for any reason, "semi-open" flow is 
equal!Y effecti!e, there .are several'. ~ood reasons to vrefer it. For exa.mple 
• seiDl- open flow causes less headmg up of nn.tural rtver levels thus rcducincr 
accretion; £he differential bead across the divide wall and the dC'pth and 
extent of scour-hole ~round its nose are less; it leads.to less shoaling in and 
downstream of the Pockets. requiring scouring operations less frequPntly and of 
shorter duration; it ke~ps flow more active along the guide banks thus 
retarding shoaling along them which partly neutralizes the beneficial 

AJ_:;n~;.! curvature effect; and it requires a. relatively higher downstream cistern level. 
· ( Appendix I shows that the cistern level of the Left Bank river spans would 

be R. L. 34.0 with 'still-pond' regulation up to upstream W. L. of R L. 72.0 
agai:lSt R. L. 37.0 desired ~nd obtained under 'semi-open' fl.ow ). 

• 1. 3 Further consideration and more deta,Ucd model tests were, however, 
necessary in view of the expcrknce at the Sukl..'llr Barrage where it wa.s fOund 
necessary to raise the right Pocket gates by adding pieces at top in Epite of th" 
Pocket gates being originally 3ft. higher than the. river gates; becauso it is . 
oonsidered inadvisable at Sukkur fi'l open th~ Pocket gates at any stage • 

.. A detailed comparison of the conditions· obtaining At Kotri and Sukkur 
Barrage explains largely the reason why restricted 'semi-open' flow regulation · 
is suitable at Kotri though ?Wt at Sukkur (right ba.nk ), thus :- • . 

' ( a ) Assuming curvature effect the same ~exclusion is governed by the 
r,.tio V B!V R ~ y p f- V p or, for equal depths, .by the ratio V R fV p ( whore 

l. - o... . 0 . r R' v p are .the actual velocities and v R I v p the regime critical velocities 
- . 0 0 . . 

. an the ~iver and Pocket sides of the Divide Wall ). It will be seen from St:ttf'~ 
~e~~~~ 1 JPent I, that this ratio for the Kotri Barrage is 1.74 timcii that at Sukkur, 

!iliowing exclusion at Kotri is far superior to that at Sukkur even if curvature 
were the same at both. 

! - . . . 
, . (b) Actually, h9wc-ver, curvature is more pronounced at Kotri tha.n 

a~ Sukkur, being intPnsified by the central dividing island at Kotri. , 
( c ) The length of the Pocket at Sukkur is over three tif'IU!s as long as 

at Kotri. The longer pocket is worse for sand-exclusion ( the QOntrol, i. e. the 
Divide wall nose, being further away) as well a.s for scouring at its i'ntmnce; 
during scouring operations with a higher Pocket· bed at the entrance .at Sukkur, 
the actus.l V R fV p ratio may be less than th_e calculated value ( 1.67 ) and 

the relative advantage of Kotri design would be -grl'a.tf'r. · 

- ( d )At the Suklmr Barrage, the long scp:uating walls between a!ljacent 
Head Regulators provide a considerable inactive region within the .Pocket 
causing shoals. TheRe shoals and still-water pOckets within the Pocket adversely 
affect exclusion. making ' semi-open ' regulation inefficient. · 

. C 1 ) Bomba1 Tech. Paper 45 and 46. 
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In spite of thes~ c~mparatively unfavourable conditions, sand. exclusion in 
the left Pock~t at Sukkur is effective with ' semi-open ' flow ( restricted up to :+ 
ft. gate openings)' as both model experiments and experience have shown. In fact, the 
ahoaling in the Pocket has reduced considerabltsince • semi-open ' flow regulation 
is in uogue at Sukkur at river di~charges exceeding 3, IO,ooo cusecs, ·since the year 

. 1943 at the. repeated suggestion of this Station. 

If restricted •semi-open flow' regulation is by experiments and exp~rience 
found adequate forth~ Left Bank Canal& at Sukkur the same should also prove 
efficient at Kot~i. 

•• 1. 4 'nle Consulting Engineer to the Government of India, when consulted 
on this iss~EJ, expressed the opinion that he would favour keeping the PQcket-spans 
higher by a couple of feet bu.tnomore ,, 

· This proposal has been carefully investigated on the model with a view to 
answer the following questions'"-· 

. ( i ) Should the design be based on ' stilt-pond regulation ' for all river 
stages; if not, to what river stage will still-pond.regulation be necessry and sufficient? 

· ( ii) Is it desirable to k~ep t~e Pocket gates 2; (or more) higher than the 
river spans gates or caQ this be avoided in any way ? 

Obviously, the higher Pocket gat~s would be .most .. needed afte~ accretion 
upstream and downstream of the Barrage. The first experiments, directe~ to 
determine the 'still-pond' limit with Pond level R. L. 68, o and 4 ft. accretio~ 
upstream and downstr«:!am, showed that .all the Barrage gates ·would be just open, 
pocket gates shut, for ;::: 3, oo,ooo cusecs. This agreed with the discharge worked A d. 

111
_ 

o~t hy calculation's (see Appendix III) and so the lower limit ·of the .range of ~n(i~~-2 
discharges to be tested for optimum regulation was fixed at 3 ,oo,ooo cs. The 
upper limit was fixed at I,oo,ooo cusecs from a study of·the discharges expeded 
after the contemplated further withdrawals in the Punjab take place. The maximum 
discharge for any five-day period, in the eleven years (1931.:...41) examined, after 
full development of th~ Indus Basin, ranges 'from 2,8s,ooo to 4, 16,ooo cusecs, 
with an average of 3, 68,ooo cusecs. Allowing for one· exceptional year in every 
ten and for certain of the contemplated withdrawals being/ostponed or given ·up, 
'semi-open' flow and 'still pond' regulation were compare over the range 3,oo,ooo 
to s ,oo,ooo cusecs. · 

The following follr phases of regulation were critically studied. at the dis- · 
charge stages, 3,oo,ooo, 3,so,ooo, 4,oo,ooo and s,oo,ooo cusecs, under all_ 
possible post-Barrage conditions downstream of the. Barrage ( i. e. with retrograded; 
mean and accret,ed specific levels, downstream of the Barrage ) :-

( a ) .Still'-pond; 

( b) restricted ' semi-open' flow so as not t6 overtop pocket gates of given 
_ height•; 

(c) unrestricted semi-open flow so as 'to. get as low a water level upstream 
as possible; and · · 

(d) free flow. ' 

. The following Model data ·were collected in each case :-

- . ( i) For each of these discharges, exclusion was. tested by the usual method 
cf bed seeds. In the quick tests carried out previously, bed se~ds were dropped at 
oross section mile .r!; but this time seeds were dropped at cross section mile s 
( i. e. 'half a mile· lower down) so as to have a higher factor of safety in the 
results showing • semi-open ' to be ·as good as ' still pond ' eve~ for . the bed 
material very near the left bank. of the river at cross section s. ( If bed seeds were 
thrown from a higher section, more were excluded under any regulation). The 
procedure followed was to drop a fixed number of-seeds three times and then find 
the mean percentage of seeds entering the canals for. conditions (a) to (d) as set 
out above. . 
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( ii ) Percentage of discharge in t})e left and right arm channels. 
(iii) Y.R I Vp ratio at the nose of the divide wall. 
( iv) Difterence in •water level between the left and right arm channels with 

equal gate opening. . . 

( ~) Afflux in the left and right channels i, e. difference in water levels 
upstream and downstream of the Barrage. · 

Table 1 to 4 The results of these observations 9re shown in Tables 1, 2, 3, and 4 . 
C4 ( ii) -2 [ N. B. -· In these experiments the left· and right arm river span gates 

were kept e1ually opened- i. e. there was no regulation between the arms ~Df the 
. river, J . · 

I. 5 Discussion of results. 

A 
11 

· · The results of· these observations ( as shown in tables i, 2, 3 and 4 and 
6: 1 iit~_; Appendices II to V) are recapitulated below in respect of the effects of different 

types of regulation on exclusion :-

. (i) Q = 3,00,000 cusecs. (Table J ); 

. (a) Barrage gates ~ill be just out with upstream water l~vel at R, L. 68.o 
-~pp. Ill for Q = 3;oo,ooo cusecs, even after 4' accretion over the mean ~ater level of R. L, 
C-4 Ui J-2 63,0 downstream. Thus, the. barrage can be worked under (still pond ' with rl!tro-

graded, mean, o.r accreted conditions, downstream of the barrage. · 

. (b) Restricted 'semi-open' f!ow, i.e. pocket gates higher by l' only, is as 
good as 'still_ pond' in point of sand exclusion for the left bmk canals. (Table 1 ). 

(c) Conditions on the right bank are more favourable for'' semi-open' flow • 
. Right pocket gates can be opened even;up to 4' without disturbing the exclusion of 
sand from the right bank feeder. The explanations for this behaviour are that the 
right pocket is wider than the left pocket relative to the draw-offs of these two 
pqckets, and the cut-off in the right arm channel being less than in the left arm 
channel there is greater margin for greater openings of the right pocket gates. 

{ ii) Q = · 3, 50,000 cusecs- ( Table 2 ) . 

' (a) Restricted 'semi-open' flow-i.e. pocket gates opened by 2' only-
is as good as ' still pond 'after 4' accretion. . .. 

. ' . (b) If the pocket gates are kept ·l' higher than the Barrage gates, · the 
barrage can be worked under 'still pond' ·even after 4ft.' accretion upstream and 
downstream of the barrage. ' 

( iii ) 9 = 4,00,000 cusecs - ( Table 3 ) . . 
{a ) It will be seen from Table 3 that the water level upstream would 

be higher than R. L. 68.o with only me;.n water level downstream and hence the 
necessity of keeping the top ,of pocket gates higher would arise above this stage of 

Appen~ix .!!. discharge; the calculations shown in Appendix II will also show that all the gates 
C-4 < 11 )-l will be completely out with upstream water at R. L; 68.o above Q = 3 ,8+,ooo cs. 

(b) Even if the gat~s are kept l' higher, the gates are likely to . be over
topped after 4' accretion as the water level obtained upstream is R. L. 7 1. l o under 
• still pond'- ir e. 1. 2 o' higher than 'the permissible water level of R. L. 70.0 

(with the pocket gates 2' higber than the weir gates the 'still pond limit' being Q = 
3,75·,ooo:,cusecs ) .. 

(c) But, at this stage of discharge, restricted ' semi-open ' flo~ - i. e. 
pocket gates opened by 21 only - is as good as ' still pond ' and there will be no 

·aanger .of the gates being overtopped even after accretion. 

(iv) Q = S,OO,OOO cusecs. (Table 4 ). 

(a) Appendix V and the water level of R. L. 72.20 obtained upstream for 
. mean watet level downstream show that it'is not possible to regulate the barrage 

~ppen~ox v
2
- under ' still pond ' conditions unless the .top of pocket gates be kept +' higher 

C·4 (n)· · than the barrage span gates. . 
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(b) For mean water level·downstream, restricted 'semi-open' flow-i. e. 

pocket gates op~ned by, 2' only - is as good as ' still pond '. · 

(c) After 4' accretion of downstr~am water levels, the pocket gates can' be · 
opened by 4' so as not to overtop the gates. Exclusion obtained under these 'condi,t-
ions is as good as. under ' still pond ' regulation. A glance at table 4 will show that ·1abl~. 4 
the, permissible opening of the pocket gates is more under accreted conditions of C-4 (u)-l 

downstream water level than under the mean or retrograded water level· conditions 
downstream of the barrage; the reason being that the cut-off ( difference in upstream 
and downstream water levels) decreases with accretion and, thus,· the discharge 
passing through .the pocket spans is less than that under. mean or retrogradedJ water 
level cond_i~ions for the same opening of the pocket gates. 

(d) The exclusion from the canals was not so satisfactory with pocket and 
Barrage gates fully open ( i. e. free flow). 

I .6 Summarising, the experiments showed that the conditions at Kotri were 
better than at Sukkur and the results obtained in the model confirmed that resf:ricted 
'semi-open' flow is certainly as good as 'sti~l pond''. The_ model, howeyer, showed 
that even with restricted ' semi-open ' flow regulation, it is necessary to keep the 
pocket gates at least 21 higher than the Barrage gates, i. e. top at R. L. 7 I .o. . 

I •7 The ·model showed that, though designed for 2 s%, .less ~han lO% of 
the total river· discharge passes down the right arm chann~l withoot regulation 
between the two arms; but this is more than sufficientfor efficient excluskm of sand 

J from the Right Bank Feeder; arid the more the _discharge going into the left arm, 
the easier 'becomes the exclusion. from the left Bank Feeders .. ~t may, however, be
come necessary to force the designed 2S% down the right arm by regulation,_ for: 
a time, so as to flush out the ,right arm channel of the Barrage. "'Such regula
tion would require a considerable difference in the water levels bet~e~n the two 
arms of the river and, at that stage, there is the possibility of the Left Pocket gates being 
overtopped, even if they are 2 ft. higher than the Barrage gates. Scouring the right 
arm upstream of the Barrage may, however, result in sanding the right arm channel on 
its downstream side; because the increase in sand charge is likely to be dispropor
tionately greater than the increase in 'the discharge. It will be seen from the graph of 
distribution of discharges that the natural percentages of discharge in the r~ght arm 
do not .exceed 14~fo and . 2o % in Jthe pre-Barrage and . post-Barrage conditions, 
respectively, and ·it is advisable to depart artificialfy as little as possible from these 
na:tural conditions. · · 

Fig~re x·o of item C-4 ( ii )-x) sho'wing the contours obtai~ed in the Model Figf0o£.~tem 
after running. four consecutive rising and falling cycles, indicates that silting is likely C. 4 < 11 >-1 

to occur near, the right bank ifthe right bank pitching is more orless ineffective. Due 
to ~odel limit~tions the model is not C7xpected to show the silting quanti~atively bu~ 
it is apparent that silting would occur in the triangular. portion upstream of tho-
right arm barrage somewhere alo.Qg :the contour R. L. ss. but then a narrow 
cb.annel would continue to be alive around the central island by virtue of the scour 
developed by the flow attracted by the island. At such a stage, it may be 
necessary to flush this channel; the gates must be such that they arC? not overtopped 
by reason of the high afflux: required to "flush the channel. Experirnen,ts 
carried out" with Q = s lacs cusecs showed that an afflux of 1 •. 8ft. with upstream 
left pond water level of R. L. 7 s. 4 was required ( under the wCYrst conditions . 
obtained after accretion) to pass 26 % of the discharge down the right arm. As, at 
this stage, the left Barrage arm remained ponded, which counteracted t~e curva .. 
ture and increased the cut-off in the left arm gates it was not possible to open the 
left Pocket gates by more than 2 ft .. without adversely affecting exclusion. Under 
such conditions, the necessity of having the left pocket gates 4 ft. hig~er would 
be felt. 

1"· 
' 

2 ft. 
There is not the same necessity for having the Right Pocket Gates more than 
higher than the Barrage gates, · 
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1. 8 Recommendations. 

( a ) Pocket Gatea. 

If the top of- pocket gates are kept + ft. higher from the start, there is the 
danger of th_e Pond lnel being unnec~~ily raised o~ • still pond 1 bein~- maintained 
where' seDU-open • flow would be JUSt as good, wttb the attendant disadnnta~es 
mentioned in para r. 2 above. Hence the top of pocket gates should be initially 
kept only 2' higher willi provision to enable the Left Pocket gates being subseque
ndy raised. if required, by another 2 ft. 

, ( b) Experience at Suk.lcur and experiment! at Poona have shown that 
unfavourable curvature cannot be reversed by • still-pond • regulation; but where 
there is favourable curvature, still-pond regulation assists excfusion, particularly at 
low stages of discharges - when the curvature is counteracted by the beading up 
over the natlwU"al water levf'ls and when the crucial ratio VRfVP governing exclusion 
is low. The recommended regulation is, therefore, based on the following 
~iderata: . . . 

.. ( i) '' Still-pond 11 regtdation for as long as possible for low and medium 
diesbarges during· the: sea,on; and . 

( ii ) the upstream water level to be maintained as low as possible by avoid-
ing unnecessary heading up. · . · 

The experiments have, however, shown that it is necessary to s~cify 
Table 5 different regulations for different discharges in relation t_!) downstream as well a~ 

c:i ( ii) -I upstream water levels. Table s .gives the recommended regulation at a glance. 

. 2. Necesstl)" or otherwise of paving the bed ol the Pockets. 

Bed sand from the Pockets was not scooped out even under ' semi-open 
flow' conditions in the Kotri Barrage design. Even the deposit of a .thin layer of 
silt, which is inevitable, would render the paved pocket virtually the same as an 
unpaved pocket from point of facility of scouring operations. Hence, there appears 
no necesaity for paving the beds of the pockets. 

APPENDIX I. / C-4- ( ii )-2 

With "Still Pond " level up to R. L. 72-o, river discharge f,6r,ooo 
cusecs, the distribution between the t\\O arms of bigher;discbarges being So=. :zo, 
which may even i~creaseto. 84- : 16 as indicated by the model, the requtred 
cistern levels would beas under :- . 
Distribution ( Left:right ) 84: 1 6 
Left arm discharge ( cusecs) .f.,J4-,000 
left weir span discharge 

· ( cusecs) 
q ( with 2o% concentration ) 

( cuseceJft. ) .•• 
qR at cross-section at Divide wall 

nose ( cusecsjft.) 
V a = qR/ 7 :z .4-6 ( ftjsec ). 
ha (ft.) 
Upstream water level ( R. L. ) . • • • •• 
Downstream water le.el (minimum ) (R.L.) 
Upstream T. E. L. ( R. L. ) ••• 
Downstream T. E. L'\·( R. L. ) ••• 
HL (ft.) 
Er • .... 

397 

202 

7.Bftjsec. 
1.0 

7.$0 
)1.7 

3)-8 D js Cistern level 
Say R. L. 3-f-.O 

Bo::zo 

379 

o., 
]2.0 

64-fO 
]2.9 

6S·.f. 
].!0 

)0.9 

34--!0 
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.Appendiz 11. l C-It_ (ii) -:-fJ. 

CJ.lcula.tions showing the~· StilLPond''.limit discharge with Pond..B.. L" 
~~:o ( a~ter retrogra ssion downstream of the Ba~rage. ). . 
Assuming river Q =· 3,80,000 cusecs~ 
Downstream W. L. = R. L. 60 .. 0 

Left arm 
Upstream discharge { cusecs) _ , 

.(distribution assumed 80:20) = ·3,04,000 
Upstream W. L, ( ~- L.) = 68.0 
Depth o'Ver the upstream·· .. 
pavement R. L. ·46.0 (in ft.) = 22.0 , 
-v a at section across the = 3 ,04~000-37 ,287,. 
·:nose of divide ~al~. (ftlseo.). , 1650 x 22.0 

- 2,66,713 
- 1650 x·22.0 

2 ::; 7.36 
vi. 1 2g::! h., rtr. ...•• :.: o.84 

·, ~ight ~rm; .. 

:76,000 
.67.50 

-·21.50 . 
. . ' ' .. . j ... 

,76,000 -.8484:. 
~~ox 21.9o i. • •. 

.. 67,5~6 .· . '' 
-4:20 X 21.50. 
1.4·: 
0.8T 

T. ln. L. (R~ L.) upstream = 68.84 613.37' 
q .required. (cusecslft.') , · = 202 _ 188 
0 ( ass~med· J .... · .... : - .. · 3.0 3.0 
.q = CH312 {cusecslft.) = .3 x (16.84) 3

'
2 

·. 3 x ( 16.37) a a 
= '204 . . 195 

Q ( River ) _ _(. cusecslft. ) =· 3;84,.000 . _ 1 . 

After retrogression, the '' still pond " limit with' Pond R. :L. 68:0 ( i. e. 
-discharge at. which river gate~. j_ust-open) will. be Q =. _3,~,000 cusecs ( with 
£ates unincreased in height. · ·. · '' · - · · · . ., · " · · .. · · 

! ~ ' 

· APP.~"':~t~_IIII0--4 ·_ (ii)-2 

Calculations showing the·,, still Pond " limit with Pond R. L. 68.0 ajtef'' 
4ft. accretion'( over the M. W.':G.}downstrea.m of the barrage. 

, .Assuming river Q = 3.00,000 Ctli!eCB~ •; I .. ,,;_ 

Downstream W. L. · · = R. L. 67.0\ (4cft1 accretion over 

Upstream.- ~ater Jevel (P,~ L.)., 
Upstrea.m·dtscharge (cnsecs) ... 
~ 19% ~atribution a.!i . · ' 
observed) in model. · 

~eft arm.· 
'' =~_68.0 •.. 

=. 2-,4a,ooo.: 
= 22.'0 -

~he_ mea.It;w._.It.). · 
' · ']light arM." 

. 67,50 

,.· . 

Depth over uls pavement (ft) ••• 
-v a. at cross-section across the = 2,43,000-37,287 

57,000, 
2L.50 
57,000-8484 

.nose of the Divide. Wall { ftlsec.) 

J 

• ·. V a 
2

J2g = ha. {ft.) 
. 

22 X 1650 
2,05,713 

= 22 X 1650 
= 5.80 

::::t 0.50 

• •• T. E. L. upstrea.m ( R. L. ) 
Drowning :ratio 

- ·· = ""68.5o 
= 15/16 = 94% 

:. C assumed 

21.50 X 420 
48,516 

420 X 21.50 
5.40 

0.45 

67.95 
15115.50 = 96.50% 

:( according to model tests ). ... = 2.35 ~.0 
f! required. (cusecs I ft.) '"\ = 156 . 135 
"q obtai:t;ed ( cusec~ I ft. ) ... = 2.35 (76 .50) 3 12 2 x (15.95) 3 f3 

- . . = 156 126 . 
:. "Still pond" limit after~' accretion over mea.n W. L. downstream is 300 000 

.cusecs with pond R. L. 68.0 ( with gates unincreased in he_ight. ) · ' 

37 
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APPENDIX IV /C - .f ( U )'- 2 

. ·, . 
Ca.loula.tions show~ "still pond'' limit for pond ;R. L. 70.0 ofter .1: ft .. 

aecretirm onr the meiLD W. L. downstrea.m of the b&!l'ra.ge. · 

Asaume river· Q = 3,75,000 ousecs. 
do~trea.m W. L. = R. L. 68.55. 

Left arm 
:;: 70.0 1;1pstrea.m w. L:c:n. L.) 

Upstream disoha.rge ( cuseos) 
( 00 :. 20·distribution) . · '·:: 300,000 

Depth over upstream 
pavement ( ft, ) . 

\ ' 

=·24.0 . 
V a at sectio~ a.cross the nose 300,000-37,287 
of the Divide Wall ( ftjaeo. ) .. 

• •• T. E. L. upstream (R. L.) · 

q reqd. ( cusecsjft. ) 

Drowning ratio 

0 assumecf( fr~m model . 
.. teilia )c .. 

· · c~· B/2 ( cusecsjft. ) 

== 1650x 24 
- I 

- 2,62,713 
- 1650x 24 .-

~ 6.64 .. 
. !:;: 0.70 

:I •70.70' 

= 198 
16.85 .= ·--=~ 
1~. 

'=92%. 
•' .. i 

=2.6 

=200 

Right arm • 
69.50 

75,000 . 

23.50. 

. 7 5,000 - 8484· .. 

. '420 )( 23.5 

' 66,516 
420x 23.li 

- ' 
6.77 

. 0.72' 

70.22. 
186 ' 

. 16.55 
17.50 
95%.' 

j : 

t:. 

2.3 r 

180 
• ' ~ ! ' ' . 

:. ., Still Pond" limit after ~ ft. accretion O'Ver .. mean a~wnst.ream· 

water level .. wiH be Q = 3, 75,000 cusecs with Pond B. lA, 70.01 i. e. a.fte1 
illereuing the height of the gatea by 2'. 



REGULA.TION 0]' KOT.RI BARRAGE. ·Hl. 

APPBNJllX .Y I C-1 (ii)~-: 2 
. I . 

,· 

.. Calculations showing the'" Still Pond " limit with · Po:Da R. L~ -70.0 
( top of gates· 2' higher than . the.·. weir gates. i. e, @ R. L. ·n.o ) ajte'r 
retr~gremtm do_wnstream of the b~age. · 

As~time river Q 
Downstream W. L. 

·:: 4,00;000 ousecs. 

= 61.55 
• 

Left arm. 

Upstream discharge ( ousecs) = 3,60,000 
( distribution assumed ) 

8Q:~Q 

Upstream water level ( R. L. ) _ =. 70.0 

Depth over the upstream 
. ' 

p~Jovement. R; L. 46.0 (ft. ) · 

V a at the nose 

.of the D~vide wall ( ft.jsee.) 

ya2 /2g = ~a·(ft.) 
.:. T. E. L. upstream (R. L.) 

q req~. ( ouseos J ft.) 
c ( assmned )' 

q obtained (cuseos/ft.) 

= 24.0 

= 3,60,000 - 37/1.87. 
16.50 X 24 

'3,22,713 
=. 1~60x 24 · 

= 8:14 

~ '1~02 

= 71,02 
=· 244 

,· 

= 3.0 

F 3 X ( i9.02').1.S .· 

:::i243. 

Bighe a:rm.' . 
' ~ .. 
90~000-

69.50 

. 23:50' 

. , 90,000 - 84&t 
420 X 23.50 

'. 81,616 
42() X 23~60 ' 

8.27 

.. 1.06 

-70Ji6 

·~~ 

3.0 

·.ax· (18.56)1·5 

: 238( _:4,f)2,oo0' 
,· ousecs.) 

:. After retrogressim, if gates be· raised by·2 ft. only,' the." still po~d., 
limit will be Q;;; 4,52,000 cusecs for Pond R.. ~· 70,Q. 
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STATEMENT 1/C-I.(ii).-2 

Cttmpamon of th~ BukJ."u/r BarragB with t]/,8 Lowe'f Bincl BarragtJ at Kotri jw Q = 
IIJO,OOO cuseca ( Still Pond. cond£tiom ) j(ll' ~lt.e sand exclu.&ifm and tl-, , 

potentialitie• •f " 8e~-Open ., flow Begulatirm. 

(1) Left Pocket wi~hdrawals 

( 2} Number of spans in ·the 
left pocket. 

Sukkur ]Jarrage 

~~ ,600 cu'secs 

"l spans of 60' 
=42.0' 

LOWM". Sind Barragt1 
cdKotr;, 

87,300 cusecs. 

each 8 Spa.I?-s of 6Q' each 
=480' 

( 3 ) Width of the left pocket at 
the nose of the divide wall. 

500' 600' ' 

I 

( 4) Length of the pocket up to 2020' - 637' ( As fin!\lly pro-
the nose of the divide wa.U 

{ 5) Width bebween the nose of 2325' 
the divide wa.ll and the 
-outer ba.nk of the. a.pproacn' 
.channel' in . case of :; the 
former a.nd the Central · 

.- Island in ca.se of the 1.11tter· 
~c 6 ) U pstrea.m. Pa.vement level , ~ 76.0 

in the pocket (R. L.) 
{ 7 ) Upstream Pavement lev:el ~ 1 'll.O 

in weir portion (R. L.) 
( 8 ) Ba.rrage sill level R. L. ._ l77 .o· 
( 9) Upstream:· Pond level, for 196.84 · 

Q == 400,000 c~secs, ( Still 1 · ' . 

. · Po.nd. Conditions ),. (R, .. L.). 

q..o>. Do\Vnstre~ w. L. (R. L.) 196..10 
( Accreted W. L. ) , 

= 
4
, • 

3,25, 00 
2,32~ x, 25.8:1: 

posed). 
1650' 

46.0 

4.6.0 

52.0 
· · ·}~Arter 4' 71·20 accretion 

62.30 

2,97.,500 
.1,650 x25.20 
',. 

=5.4 ':: 7.15. 
( b l VR ( ft.jsec,) 

0 

(12) ( a..) V p ( ft./sec. ) 

( b ) V p ( ft./sec.) 
0 

= .. 64 d·64:.6! (25.8!)•64 

=5.12 
...... ·· 

= 29,600 -2 .. 84 2.46 
600x ~0.00 · , 

. ·- --;-:64 (20.84>·64 = 4.48 

= 1.67 !l .. 90 

• Q = 3,25 .. 400 = 4.00,000- (left pocket withdrawals+ approach channel Q) 
= 4,00,000- ( 29,6()0 + 45,000 ) CUICCL. 



REGULATION OF'KoTIU BARRAGE. 

· (14) Intensity.of river discharge at• the 
nose of the divide wal1. (cusecflllt. l 

· Ounclusifln8 ,:-

3. 25,400 =140 
2325 . . 

J:4s; 

2, 97,500= 180· 
1650 . 

( a ) As V R/ V pratio in case of the K~tri Barrage is ( =· 2.9/1.67 ) , 

1. 7 4 . times that for the Sukkur Barrage under the same; conditions ( still' 
·pond conditions in Pockets with barrage gates fully open) conditiona. ar~ 

fTUYI'e fwvourable for semi-open flow at Kotri Barrage~ · 
' . 

Had there been no Approach Cha.ni;le1, which necessitated closing'ol 
·eight river spans ~.f 60ft. ·each, V R :V p ratio would h~ve been;stillless J~vfiur-

• able in the case. of the Sukkur Barrage. 

( b) Thls can be also seen from the comparison of the intensity o£ · 
diecharge at the nose of the divide wall ( item 14 ). 

-~ 



Tab~ NB. 1 / 0-4 ( ii )-2 

Table No. 1-Showing, for Q 300,000 cusecs, the exclusion under difCerent t,ypes of regulation tested. 

Upstream Upstream Afflux Cut-off left Cut-off ~~Dis .. Q Q Q Q 

Regulation left arm right arm between Downstream arm channel rjght arm cbar~e Left Pocket Left barrage Ri&bt Right \'R/Vp I VRfVp Exclusion Exclu'lion 
pond gauge pond guage !eft~ •igh• water level ( !t.) channel right arm ( cu..,cs) spans Pocket Barrage Left arm Right arm left arm right arm Remarks 

arms (ft.) (R. L.) (ft. ) ( cuaecs) ( cusecs ) spans (cs ) 

I 
I 

'' Still pond". 68.0 67.60 '0.40 63,0 5.0 4.60 19% 37,300 2,05,70f) 8,400 48,600 5.66 =C) 0 5.37 = 3.6 All seeds All seeds Left & right 
mean 2.t>2 ~· 1.49 : excluded. excluded. arm barrage 
W.L. gates equn.lly 

opened. 
67 .o 

'' Still-pond''. 68.15 67.80 0.35 W.L. 1.15 0.80 
" 

37,300 2,05,700 8,400 48,600 5.60 = 2 c 5)32::3.62 ., " " after 4' 2.80 ° 1.47 
accrc-

cion over 
M.W.L. 

Pocket gates 
" 

,, 
" .. " " 

,, 43,800 199,20CJ 11,000 46,000 5.45 =1 65 5.05::2.60 " 
,, 

" opened by 2.' 3.30 . L.94 

" 
4'. ., ,, 

" " 
,, '· " 

50,500 1,92,500 14,0000 43,000 5.45 =1.37 4.70 ~ 2 0 30% into " 
,, 

3.8~ 2.3t> . canals. 

Table No. 2 -shGwing, /liYI' Q = 350,000 cusecs, exclusion m1der dijje1ent types of re,quZation tested. 

' ''Still pond ". 68.0 67.60 0.40 64 20 3.80 3.40 17% 37,300 2,53,200 8,400 51,100 I.:Q__= 2 48 5.64_ 3 "8 All seeds All seeds Left & right 
Mean 2.82 . l.4't- ,/ excluded. excluded 3-rm barrage 

W.L djs. gates equal! 

; 
opened. 

y 

'' Still pond ". 69.55 69.25 I o.3o 68.20 1.35 1.05 17 % " " 
,, 

" ~:~7 =2.48 
5.23_3~6 " " 

Barrage gate 

I 
1.39- 'I fully opened. 

s 

Pocket gates 69.50 69.20 0.30 68.20 1.30 1.00 17% 44,000 fl,46,500 11,500. 48,000 6.4 4.92_2 37 " " " ············= 2.07 
opened by 2'. 3.1 2.08 . 

Pocket gates 69.45 69.15 0.30 68.20 1.25 .95 50.600 2,39,900 14.50J 45,000 ~.18=1.72 4.62= 1.92 5"' 
" 

,o " " 
·opened by 4'. 3.6 2.40 

-do -·6'. 69.40 69.10 0.30 68.20 1.20 0.90 " 
57,500 :.1,33 ,000 17,100 42,000 6.0'=1.46 4 · 5~= 1 56 10% into 5% into " 

4.1 2.85 . canals canals. 



'fable Ro. 3./0-1 (ii)-2. J.47 

Table No. 3-showin:~, f(!T' Q = 400,000 cusecs, the e:z:clusi•n obtained under rliffere111 types of vtgulation terterl. 

I 
AIIlux h•t- %discharge Q Q Q Q 

VR/Vp VR/Vp u--~u,..... ween left E)ownstteam Cut-off Cut-off Left barrage Right ~>:,elusion Exclusion 
Regulation lefr arm riaht arm a: right left arm rilhtarm in the ritbt Lefe pocket Right barrage ll:ight ' REMARKS 

pond gauJe pond gauae arms water level channel (ft.) (cs.) spans pocket spans· left arm right ann 
(ft.) (R. L.) (ft.) arm (cs.) (cs.) (cs.) Left arm arm 

"Still pond.'' 68.90 68.75 0.15 65.30 3.60 3.45 16,30 37,300 2,97,500 8,400 56,800 7.88~·15.96.4.1~ All "'"' All seeds 
Barrage gates 
left&right arm 

2. 71 1.42 excluded excluded fully opened. 

Left and right arm 68.85 68.65 0.20 " 
3.55 3.35 

" 
-48,900 2,85,900 14.000 I 91,200 7.55=~.13 5·40-2 28 

r 
eket gates opened 3.55 2.37 . " 

,, ,, 
y 2'. 

Pocket gates opened 68.80 68.60 0.20 3.50 3.30 
" 

60,400 2,!4,4001 19.600 I 45,600 7>0 l•.ao 110%"""" /"~ ..... " by 4'. 
.. - = 1.66 

3 32
=1.45; entered mto the 

t 
4.40 · the ca!lals canals 

' 
''Still pond". 71.20 I 70.85 0.31) 69.30 1.90 1.45 37,300 2,97,500 8,400 56,800 7.15=2.90 5.45=4 20 All seeds All seeds , 

excluded .. 
(4' a.core· ~.46 1.30 . excluded 
tion ovPr I 

mean W. 
L.) . 

170.65 
' 

5.14=2.76 
,. ,. .. 

Pocket gates opened 71.10 0.45 1.80 1.35 ,, 45,600 2,89,200 12,000 53,200 ~-0 2 32 
by2'. 

.. 3.o:r · 1.86 
I 

53,400 2,81,400 15,300 49,900 I' IV! d.90 4.84_2.03 5% ;.., th •

1 

.. I ., 
Pocket gates opened 71.0 70.55 0....15 1.70 1.25 . , , canals, 

by 4'. 3 p6 ~.38 

18,200 47,000 ~ =1.64 4.60:::1.60 
ID% ;ntn tho 6~ ;ntn th~ .. 

Pocket gates opened 70.90 70.40 Q,;jQ 
" 

1.60 1.10 " 
60,700 2,74,100 left bank right bank 

by6'. 4.pti 2.87 canals. canals 

I l I I I I I 15.00 1 1,19,800 12,22,,200 31 000 15,.38 =.66,~:::.67 160% into the/35% in to I , 
Free flow. 69.95 69.85 0.10 0,62 0.55 29,000 ' 8TI 4.64 

left bank canals 
" c!lnals 



Upstream 
Reulation left arm 

pond gauge 

" Still pond ". 74.00 

Pocket gates I 73 .95 
~pened by 2'. 

Pocket gates 1 73 _85 . opened by 4'. 

>I 6'.,73.60 

" ~ 73.50 

Free flow. 72.50 

" Still pond ". 72.20 

Pocket gate~ I 7i.10 opened by 2. 

,, 4'.,71.65 

Table 4/0-1, ( ii.)-2 14!) 

Table No. 4-showing, for Q=500,000 cusecs, the exclusion obtained under different types of regulation tested. 

TJ pstteam Afflex Cut-off left Cue-off %Dis- Q Q Q 
Q 

Ex:dusion right arm between • Downstream arm channel right arm charge Left Pocket Lert barrag:e, Righc Right vR I vP vR I vp ExClusion 
pond gauge left & right "·acer level (ft.) channel right arm ( cs. ) spans Pocket 

Bar:mge 
Left arr::::J.. Right arm left arm Right arm Remarks. arms tft) (R. L) (ft.\ srans ( cs. ) ( cs.) (c•.) 

il.5U 

73.68 0.35 (max.W.L. 2.50 2.15 16.0% 37,300 3,8:2,700 8,400 71,600 8.30 =3 73 6.16=5.30 All seeds 
I 

with 4' All oo•d•~B~mg• g•-acoretion 2.22 ° 1.16 excluded exclude tes left & 
over the right arms mean) 

fully opened 

173.65 1 0.30 I " I 2.45 12.15 I " 147,000 3,73,0~0112,900 167,100 f·;.o8 = 2.8815. 78= 3.221 
I I " ,, ., :,.tn 1. 7\:J 

173.60 1 0.25 12-35 ]2.10 ,, 
1

56,000 ,3,64,000 117,400 162,400 ,'
7
·
92=2 3715.42 = 2.241 3.35 . .2.42 ,, 

" 

173.35 1 0.25 I I 11.85 I 164,000 ,3,56,000 121,000 159.000 17 81 t 15 10 /o in t()l 

I " 
2.10 ,, -. ·-. = 2.03-. ·-= 1.74 the 

" " -3.86 :2.95 :cA.nals 

173.25 1 0.30 I I 11.75 I 171,800 ,3,48,200,24,700 I 7.69=17614.80=1 3120o' 
l01o in 

" 
2.00 

" 55,300 the 
" ±.35 ° 3.48 ° /O " 

canals. 

72.40 0.10 " 1.00 0.90 14% 1,80,300 2,49,700 33,000 37,000 5.70 0 51 !:~ =0.70 
10 % into 10%in the , 

11.30= 0 the canals. caanls rest 
Re•t of the oftheseeds 
seeds tho- went thro-
ugh cxolud- ugh the 
ed went pocket. 
through the 
first fou 
spans of the 
the pocket. 

67.50 
71.85 0.35 (meanW. 4.70 4.35 17;)G 37,300 3,77,900 8,400 76,600 . 8.74 =3 66 7.06_5 65 All seeds All seeds 

" L. down· 2.38 • 1.25 ° . excluded. excluded. 
~tream, l 

.171.60 I 0.50 I " 14.60 ,4.10 I " 
50,500 ,3,64,500114,600 170,400 18.44 =2 6016.53=·2·ggl 

" I " I " 3.2:.! 
0 

:2.20 ' . 

171.20 1 0.45 l ,, ,4.15 13.70 I " I 62,300 ,3,52,700,20,300 164,700 18 · 30=2.041~= 1 96110 ~~into I " " 4.06 3.12 ' canals 

6'.171.25 170.85 0.40 •• 1 3.75 3.35 , 173,300 13,41,700125,400 159,600 1~:~~ = 1.69\~::~= 1.45120 7~ .. 1 ;~n~~n 1 

__________ L_ ____ ~------~----~------~----~,-----~----~,-----~------T-----~~------1- bA.me as Hameas 
" 

,, 

Free flow. 69.40 69.25 0.15 1.90 1.75 15 ~G 1,77,300 2,87,700 35,000 

1

40,000 7.40=0.59 4.10= 0_70 free flow free flow 
12.60 5.80 for accre- for accre

ted water ted "1\"a.ter 
level. level. 
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-

Phage, River Discharge. ( cs. ) Water levels (R.L.) Regulation Phase R ~ 
. 

r k s. u;s · DJS u;s D/8 
m 

I .. 

' 

-
For ' water ·. 

I. 3,84,000 3,38,200 68.0 levels .ran- '' Still Pond'' For retrograded and mean water . ging from levels downstream of the barrage. 
60.0•to 65.0 

. 
• 

. 

~ For water 
II. 4,52,000 4,06,200 70.0 levels from " Still Pond'' " 

,, , 
61.5 . to 
66.3 - 4 

For water 
III.· 5,00:000 4,54,200: 72.10 levels from · · Restricted "Semi-open'~ ,, , " 62.55 to Pocket gates opened by 2'. ·· 

' 
'67.30 . ' 

6,00,000& . -
IV. above up to Open Flo_w Canals closed. 

7,50,000 

v. 3,75,000 3,29,200 I. 70.0 68.55 l . " Still Pond '' After 4' accretion . 
"· , I 

'Restricted " Semi-Open ", Pocket - gates opened by 4' so not Vl. 5,00,000 4,54,200. 73.86 71.50' as . 
to overtop -the pocket gates ,, , , 

6,00,000 -vn. and above Open li,low Ca.n&.ls closed. 
up. to . . 
7,50,000 I 

.. 



TAXSA WASTE WEIR C BOMBAY ) 

C. -HYDRAULIC WORKS. 

SPILLWAYS 
C-6-1. A utomatic1 Gates on Tansa • Waste Weir ( Bom~ay ) -Experiments 

withlzalf size model. 

1. Introduction. 
" . In. order to provide partial relief against the acute water-shortage facing the 
Bombay city, it was decided to increac;e tl:ie storage capacity of the Tansa. Lake by 
raising the retention level- and, therefore, the crest level of. the waste weir- Fig 1 
froll\ R. L. 420.00 to R. L. 42 2 .oo T .H.D (Town Hall Datum) by installing automa- C-6-t -
tic gates on tpe_ weir wall. Experiments with I /8 and If I o scale geometrh:ally-
similar models were conducted in I 94~ at the Poona Station to collect data necessary 
for the design of the automatic gates. (1) On the basis of these;data the automatic gates . 
were tentatively designed. Experiments contemplated with a full scale gate not l:ieing . 
feasible at the, Station, experiments with half size geometrisally-similar model of 
the weir and the gate were made ·in. the 8 ft. wide flume. The length of the gate Phote Nos. 

was, however~ equivalent to 16ft. only as against so ft. in the prototype. 5144&5145 
These experiments were made on behalf of, and at the cost of, Messrs. 

Duncan Stratton and Co., Bombay. 
2. The Model. 

The height of the Tansa Weir is 130ft. In the m~d~l only the top 20 ft. 
were reproduced •. As the ratio of height of weir to depth of water in the model 
was not less than 10, the velocity of approach was negligible. · 

The 8 ft: wide flume had .direct connection . with the Lake, thus allowing 
any desired discharge to be drawn. Discharges up to 6~ cusecs were run in 
several tests. The discharge passing over 'the gate. was measured over a s ft •. wide 
standing wave flume, so ft. below the Gate. To even out the distribution of water 
'and damp down the turbulence, elaborate arrangements consist'ing of a combination 
· of baffles, ·grids and cross-wall were provided with marked success. Photo 5236 

Accurate recording of water levels was done in a ·gauge chamber, 1 1! ft. 
upstream of the g~te. · · . 
· Air vents were provide~ in the side walls to 1:>e open to atmosphere through 
vertical shafts connected with the vents. 

3 Requirements and programme of experiments.' . 
3. 1. The gate was designed to operate as ~oon as the water level rosejfell 

just'abovejbelow the retention level ( R. L. 4-2 2 ·oo ) and, in its final position, to 
lie at an angle of about 4° with th~ horizontal at the highest permissible water level_ 
of R. L. 42r2s. Actually, the dam section is designed to be sFable at th~ maximum._ 
water level of R. L. 422·so; but a margin of o .2I ft between the permissible 
and ma-cimum water levels was provided in the interests of safety. · 

The gate was required to escape the flood discharge equal to about 6. 45' =: 
18. 25' csjft. at the permissible water level 4-2 2.2s T. H: D. . 

An i~portant r!'!quirement was that the gate should be sufficiently sensitive 
· to close completely at the retention level so that there would be no loss of storage 
capacity below retention level. · · 

3. 2 The 'following pr-ogramme of experiments was fixed to test whether 
. the gate behaves correctly according to design:- · 

Experiment No: 1 To ascertain the exact water levels at which
(a) the gate starts opening; · 

. (b). . the gate _is fully dawn; 
(c) the gate starts returning; 

. and (d) _the gate is completely shut. . 
Experiment No.2. To ascertain the discharge passing over the gate when the 

' lake· level in the prototype is at-
( I) R. L. 422·12s; 
(2) R. L. 4-22·2so; 
(3) R. L. 422•37H 

and (4) R. L. 422·soo. 
These 'experiinents were to be done with · and without the anti-vibra-

tion fins. .. . 
(1) Item U of Annual Report 1 Technical) 1,9-J,;) ol the Indian ·Waterways E:o:penment Statio.n, Poona. 
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Experiment No. 3 To determine and tabulate the water pressure curve on 
· the deck plating at three different lines on the gate and 

for the . following inclinations of the gates with the 
horizontal :-
(a) !2° - 30'. 
(b) .)0° - oo' 
(c) 45'

0 
- oo' 

(d140° - oo' 
(e) H 0

• - oo' 
(f) 30° - oo' 
(g) 2.)

0 
- oo1 

(h)' 20° - oo1 

(i) 1.)
0 

- oo' 
(j) I0° - oo' 
(k) S0 

- oo' 
. (I) 0° ... oo1 , 

Experiment No 4. To study ~he· effect on the discharge. and operational 
behavio;ur of the gate of-different' w~ir profiles with a . 

-view to-obtain' optiriutm conditions in respect of disch-
arge and aeration.. . · · · · · · . · 

4. . Experiments and their results. . 
The results of Experiments ~os •. r, 2 and 4 .( acc;:ording to programme) are 

set out. below. Experiment No •. 3 is in progress and will be reported .next year. 
The g~te with. its- .count!!rweight, bear,ings etc._ was designed_ and supplied by 

. Messrs. DtJn~a,ri..Stt:attoil &. Co., Bombay. ·· 
Experi~?I'Jl~':lt!l ~os:( l. & 2~ (Series I ). 
The~e. 11rc; gr~upe,q )n: S~ri~s '1.:· . . ; . 

. E~pel'im~n• N .. -J.·, 1··:·,· · · • ·• · • . • !'~ .. -~., •... ;. ~~·~ ••• ,· •••.. 

(a) The g~t~ s~arted ·opeQ.ing just-~-~~ ~e~)D as.th~ ~ater level rose to R.L •• p 2'oo. 
(b) De.~ig~.c;:~l¢~,IlationsJ~4i¢at¥;t_hiit. a~.1Jpstr~am w;~ter level R. L. 422,2s-,the 

gate would_ sul?,t¢.p_d. .~n ·angle ;of.~.~-·yvtth :t!te hor~zonti3l.:. Actually, however 1 at this 
water level~th~ inclination ;of the gate wltb the. horizontal was n°. Even at the 
maximum vy'at~t: level (B,:~L~42_2~SO.). th~. gilte r~mjli~ed i~flined at 8,0 t I 0 1 In both casc:l 
the nappe was·unaeraied contra~y·. to the dt;~igll.hypo~hesis · .aJ?d. : . l • · 

( c ) In 'bserice· of aerati9J;l ~ith· fallillg water level .the gate gradually came 
up till it su~tended an: :angle .. · .. oJt:;2·ro ·:.with··, the horjzpntal •.. It th~n stopped mov
ing and as SOOJ:!: :~.s -t}ie nip~i:r¢a~( wa.te~Jevel !::\ & L~ 42J -44. W:3!i .r~olched, it sudden- . 
ly r~se up to.'d,ose· cc;nnpl~~elj-,;.: 

PhotnNn ExperiOten~Jilo·2ir:~i!~·-i·_,.,. -~· ........ ., .... . . ..... _. 
5HI ~isch~rges :Q~er; th~: g~t~ -fil~ tJ.ariP1Mt wat~r.leyel~- in ~th~ lak~' were ascertained 

, Statement 
1 

and are se~ ou~ --~~ • S~at~meJ,lt· :1 :~ ar.pen~ed_. at ,_ cth~ . .'en~ •.. DiscJurge at water. 
-c:c;.1- level422. 2S·Was 1 ::~I-4.SO .•csjft~ agamst 18,24 csjft •.. 

Further Experiments. . 
In ~,he mqd~] th,e gate did not go _dpwJ;J s,ufficiently to pass tbe necessary disch

arge at water level R.L 42 2. 2 s. The nappe over the gate was also not aeraUd in die mod. 
el owing to back pressure exerted by water wbicli piled up under the gate up to the 
undersiae of the nappe; the air vent consequently got sealed up with water and did 
not function. ' -

_ Anti-vibration fins, 2"x2"x4'' and 4" high, were suggested by Messrs, Duncan 
Strattbn & Co. for preventing '' chatterring ' 1 of the gate. Such cludterring .was 
not observed in -the model. Fins of thif\ size were also not useful for providing 
aeration by breaking the napp~. The model showed that the fins would cause 
efficient.aeration onlr when about 3 ft. high but such high fins are objectionable· 

Photo No. as they will entangle floating debris and are also liable to be damaged, vitiating the 
-5~ working of the gates. · . , 

The gate has to fulfil two prime requirements: it should be' able to pass 6. H 
:: 18.24 csjft. at water level R.L. 42 2•2S and the nappe should befullyaeraterl a tall 
stage!J, at least up to water level R.L 422•2 5' and J>r~ferably higher. The model results 
can only. be depended upon when -the nappes of both morleZ and prototype are fuUy 
aerat~d· With an unaerated napfe in the model and an aerated nappe over the full-size 
gate, the full-size qischarge wil naturally be less than shown by the model; because 
the forces responsible for aeration in the model and the proto are not pr~portlonal 
and so it is not possible -and it is even dangerous - to p1edict the dJscbarging 



Half size model of the automatio gate proposed for the Tansa \Vaste Weir ( Bombl.y ) 

--Large fins 

Photo 5146 : (Looking upstream). . · . 
ShowB:fiiis which caused fai,Iy satisfactory aeration below the 11appe. 



1:nlf size model of the automattegate proposed fo? .the Tansa Waste Weir {Bombay'). 

Photo 5144 : Model gate seen from ~t.pst ·1' eam side. 

Dearings ____ · 

Photo 5145 :·Model gate seen from downstream side. 

__ Gate. 

_ _ Counterweight . 
• •. ' f'"• 

__ Brackets . for 
: supporting: counter-

\Veighf. · - · 'J 



Half size model of the automatic gate proposed for the Tansa Waste Weir (Bombay). 

5-ft. Standing Wave __ 
Flume for measuring discha
rges. 

Tansa \ size spillway __ 
Gate. 

Counterwejght. 

Gridea to damp down tur
bulence and even out 
velocity across the· · entry 
channel. 

--Mutba Hight Bank 
Canal." 

Photo 5236 : Showing Bird's-eye view of Tansa Gate Model. ( Looking down~tream ). 

Pointer fitted __ 
in model for directly 
reading the inclina
tion of the gate with 
&he horizontal. 

Pho\9 t)147 : Showing gate in operation, ( Looking upstream ), 

- Gate in tilted 

pu!<ition. 



FIG: 1/C-6 .. 1 . 
PRO FILE OF 'TANSA WEIR TESTED 

IN EXPERl ME'NTS4 &6. SER\ES 1t. 
SCALE: 1~1 

.. ,· 

' . .lJfs··FAc~ ·~F :T~i! I:>Atw\ 
···'-· .... - .. " .. '·\·' .. ':".'":"" ...... ~ 

NQ6SI6 
c.w.t.&._H-R-STN .POOH~ 

. PRoFiLE ·i,.;;z;;.P~~;j.,I!;Ts-: t~a_sER!E~::t,~'RoPosE-o av M/s.ouNcA"' 
· •. • .• __ .• _STRA.TTOl-1 A·e!!:-, • · · · 
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capa~ity of the prototype.from the model, unless the nappe is fully aerated in the 
model. Experiment 3 according to the original programme was, therefore, deferred 
to~ first evolve a suitable weir profile capable of 'passing the required discharge 
under_fully aerated conditions. · 

4. 2. Experiment No. 4 ( Experiments in Series 11. ) Statement 
Experiments wl!re, accordingly; carried out 'with different profiles of• the I/C-6-t 

weir. The one found to give results satisfactory both ii;t respect of aeration and Fig.t/C-6-t 
discharge is shown in figure 1. 

0 

Staunching bars of iron were provided at both sides of the gate to minimize 
leakage. After working the gate for several times, it was noticed that the 
side f~iction between the staunching bar and the side of pier, against which it 
presses, reduced with time; · . 

For. getting comparative results it is essential that side friction ,:-should be 
substantially the same in all the experiments- a difficult requirement in practice. 

In the prototype, the gate being 5"0 ft. wide, the effect of the side friction, 
on the whole, will be negligible; on the other hand, in t_he model the ga~e widt~ 
was only 8 feet and, consequently, this effect was disproportionately exaggerated. 
The model without the staunching bars will, therefore, yield more accurate results 
~orrespording to conditions in prototype than with the staunching bars. 

Experiments 3 and 4- of Series II w.ere, therefore, repeated after receding 
the staunching bars clear of the pier sides. All further experiments were carried o~ut, 
similarly, with s~aunching bars receded. . 0 

4. 3. Experiments in Series Ill. 
The profile ·of experiments 4- and 6, SC?ries II, would ~ave been recommen

ded for adoption, had the original weir 0 section been sufficiently 'Stable to 0 allow the 
necessary cutting. Stability cafculations, however, disclosed that ·with the oexi~ti.ng , 
Tansa weir section, the resultant already fell outside' the oute~ middle third by o. I 7 
ft. at the critical section at R. L. 36.).00, with water level in ·the lake at R.L.422:5"o 
T •. H. D,; and in the profile originally approved by the Bombay Muni~ipality, the 
resultant was further out by o,o8 ft. : while with the profile of Experiments. Nos .. 4-
or 6 of Series II- which gave the best results as mentioned above- the ·resultant 
fell outside the middle third by·o.49 ft. which might be considered· objectionable. 
It was also not desirable 'to cut the profile under the gate, as the concrete siab, 4-' 9

11 

wide with top at R. L. 4-18.oo., was already constructed at site. · 
Series III experiments were designed to evolve a profile in wh,ich the res~l

tant would not fall outside the middle third by more than o~25" ft (as in·the origm-
ally approved profile) and wherein the 0 slab already cast would not have to be 
disturbed; the necessary modifications were made by adding masonry on top of the . · 
present• slab and by altering the downstream glacis portion. . 

. The optimum profile thus obtained is shown in Fig. 2 and has been accepted Fig. 2/c-6-1 

with very slight alteration by:Messrs. Duncan Stratton & Co. and the Special Engineer, 
Bombay Municipality, for adoption at site. ' . 0 

0 

0 

During these experiments, however, aeration was mostly wanting; and so 
the discharging 

0 

c~pacity . obtained from model tests could· not be accepted as 
applicable to the prototype for reasons already mentioned. 

4.4. Fxperiments in Series IV. 
The shape of the profile having been fixed, means for creating aeration at 

all stages, at least up to Water level R.L.4-2 2 '2 5" i~ not at hight:l' levels, were devised 
in experiments of Series IV. 

Experiment 1. 
The semi-circular .ease-water was removed so as to allow the falling nappe . 

to flow clear of the side instead of. clinging to 
0 

the curved side of the ease-water. 
This slight change was very effective in creating aeration at all rising flood 

stages except at W. L.4-2 2.{0 when the aeration totally disappeared. ·In the falUng 
flood, aeration progressive} y developed from piers towards the centre, The mod~l 
gate is 8 ft. wide and the pier is reproduced only on one side. Under these condi
tions aeration never failed tore-establish before water level'fell to 4-22,160 T. H. D. 

A, was anticipated, aeration the . discharge over the gate reduecd' 
fr?m 6-5"6 := 18, 6o csjft.(in Experiment No 7 of Series III) to 6.30 :::; I 7.70 csjft. 

Expt:r:ment No. 2. · 
The piers with ease-waters were already constructed at site, so cutting of ease
waters, though successful in creating aeration, was impracticable, owing to existing 
reinforcement bars; Other devices, such as a projecting ledge, a slotted recess, a 



Statement 
j,~,l 

Fig.2/C-6-t. 
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niChe ·in the side of the pier etc, were, therefore, tested for obtaining aeration, The 
niche.~ the pier wall- tested in Experiment 2 of Series IV- appeared to be the 
only promising device, though not as good as the rectanoular pier-end, 

. . The results of this final experiment are arrange3 in two sets, ( 1) under 
rts~J stage conditions,· and (2) under _falling conditions. Also, unlike the previous 
experiments in which obs~rvations under fallina stage conditions alone were made 
in this experiment observations were taken both under rising as well as falling flood 
conditions. The discharge was observed to be nwre under falling flood conditions 

· than. under rising flood conditions, as also under unaerateil conditions ·than 
under aerated condit_ions, · 

( a ) Rising stag-e conditions. 
. The discharge intensity was less under the rising stage conditions ( with 

the angle of· gate correspondingly greater ) than under falling conditions, The 
reasons for this behaviour appear to be. as under ;- . 

. ( i ) Inertia, 

. In the model, in a rising flood, at W. L, 422•2s T. H. D., the gate 
attained the position at an inclination of 1 3~ with corresponding discharge: of 4'7 
.~sJft. := 13·30 csjft. When upstream water level was slightly raised the gate went 
down a little. With the increase in discharge following the falling of the gates the 

. upstream water· level dropped a little; but due to inertia, the gate did not rise 
correspondingly. · . 

Thus, <?De of the reasons was the relative insensitivity of the gate, 
. (ii) In the gate design, the forces on the,deck plate of the gate resulting from 

the change in momentum are not explicitly accounted for. 
• Actually, these appear to have some effect, the· more so when the gate is 

inclined. -· . 
(b) Falling stage conditions. · · · ·• 

The reappearance of aeration in. the falling flood depended on the position 
of the gate at W. L. 422.so T. H. D. If the gate did not go down below 3°, the 
aeration did not alt_ogether disappear and with falling flood it easily re-established, 
On th~ ~ther hand, once the gate went below 3°- apparently the critical angle -
aeration completely vanished and could not fully develop till water level fell to. 
the retention level, . · 

When unaeraied condtitonS were obtained in the, falling flood, following 
the disappearance of aeration at W. L. 422.so. T.H.D., discharges.were higher than 
corresponding discharges under aerated conditions. · · 

When aerated conditons were obtained in the falling flood, the discharges 
were within the range given in Statement x. These are hig~er than at c~rrespood
ing rising stages, but lower than under unaerated falling stage conditions. 

S. Conclusions. , 
fig.2/C.6-1 - ( i ) The final design now adopted - shown in Fig. 2- will pass a minimum 

of _4·7 := .13·3 csjft. discharge in the rising flood under fully Mrated conditions, 
against 6'45' := I 8. 24 csjft. required. 

Under the falling st.age conditions, with aerated .nappe, .the discharg~ will 
be more than under rising_ stage conditions; but still less ~han the n~cessa~y discha
rge at W. L. 422·2s,; wli1le. with unaerated nappe the d1scharge w1ll be 10 excess 
of th~minimum necessary. · 

To pass the required discharge of I 8 • 24 csjft. on rising flood the upstream 
~ater leTel has to be ~igher, say, R. L422. 40TH. D. . . 

( ii ) In the profile of the final design, the resultant falls outside the m1ddle 
third at section at R. L. 36s.oo with W.L. 422. 25' by o. 3 ft., i.e. nearly by the 
same amount as in th~ original'profile accepted by the Bombay Municipali.ty. . 

(iii) It is not possible to say" with certainty that the device wh1ch g1ves 
aeration in the model will. give equally good aeration in the prototype (for. reasons 
already mentioned), or vice versa. . • 

(iv) It has been observed that aeration is important for sensitivity, i.e. thr 
smooth working of the gates; as, inter alia~ the counterweight other.wise falls rathee 
suddenly against the brackets. ' · 

(v) On the other hand, unaerated conditions give a somewhat higher disc-
harge. · 



Channel suppo~ling 
counterweight. 

o/s Fac:e orihe da'm wall 

Par·kl\i. 
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Summary of Results of Experiments. 

Angle.of Discharge Discharge Disch!J.rge Average dapfh 
~ '· gate with over the per foot per foot of waterabove Conditions of J-4 

Shape of the Profile Experiment U/SW.L. gate in. R.L.418.00un- aeration = S. No. horizon- in moder· in proto 8 
tal. model in. in ·casecs .in cllsecs der-side of the underneath ~ . cusecs . ~ate. ( £t.) the gate. 

1 I . 2 3 t ' .4 10 
-·- -

11"~ I . ' ·, 

·Series 1 ..... Original propo·sed · } 422,250' 41 5.13. 14.50 •68 Intermittent 
Experi· •. 7. •••.• design as in Fig. 1/C· ' in left half. I IN,s 

47 
'. 

ment 2. ~ ,; . .; - • 6-1 No. 604/45 _re- 422.375 S0-50'. 5.88 16.65' '68 no a.era.tion~ 
ceivea from Messrs. 422.500 8°-10' 51 6.$7. . 18.05 ·68 no aeration. . .. 
Duncan Stratton & :_. ; i 

'I 
I I I 

Co. Ltd. · I ll5 ' Series 11 . ' 
} 422:'150 13°-51$' I 37 I 4.625 13.09 ·12 Intermit tent, C'! ,... -cq 

Experi· r-•u ., I "i"••;, Glacis lowered by ., sporadic, poor me:l 

:fuent 1. 
11/SoO 

\ 
4~" = 9" at the D/8 422.o84 .. 13°-10' 45 . . 5.625 15.90 ·82 ·No aeration . 

~"0:11 
111111/ZtllfT'" p.• 

end of rest blooks 422.!774 ., 13°-0' 50 ' i 6.250. 17. '70 '89 No aeration. 0..:::1 
i 

422.924' 12°.:.50'· 55 -- 6.875 ~9.46 ·us No aeration. ~~ ~ and from thence. 
kept horizontM. G) 

' : '· .. - .., . -~~ 
Series II ' I'\ 

( / 1 422:024' 7°-30' .40 5•0 14.15 .46 Sa.tisfactory. ~ 
0'' 

Experi--
--~ 

Glacis ~ow~J:ed · bj l422.216 . 6°-30' 45 5•63. . 15.90 .48 Satisfactory. G)~ r~'-'·U "ics / - J.<UI 
xnent 2. 41··· . 4f" :::9" at the D/S 422.250 6~-15' 47 . . 5•85 . 16.55 .48 Intermittent. Ul 0 

liN'" . . ·:"0:11 end of the rest · ' poor in L. half. _.,C'I 
... 

blocks, glacis slop~ J 422.390. 5()--2{1 ""'00~5 --- o:sr rr:mr .54- . · No !Leration. ·-d!- • 
'! ··.....:.-

~ 
i bi)CX) 

1 in 1.0 422.500 5°-10' I 54.5 ' . 6.81 19.30 .64. No aeration. G).-1 ; 

·series II '1"\ . oL 422.686 Bb-45l 6o.o- · 7·.50 21.20 " .67- -No aeration·. ..cllll 
8ao 

Experi- R~L I .. :s .. , ,. 
- ·' 

"0:11 

ment 3. 41··0D Glacis lowered by } 422.130 9°-20'·: 40.0 5.00 14.16 . •18 Satisfactory. ~ 
'. lfN,s 45"-9'' 1 .. ·.422.126. 6°-20'.; . 45.0, 

,. 
5.63·- . 15.90 '22- Sa.tisfa.otory. . = , g 91018 . ,. .. 

422.250 . . 1°-:55' . ' 6.84; 
·• 

17.90- ·14 . Satisfactory. . '-· ; . slope 1 in 5. 51.0, 
422.508 1°-30' . 57.0'' 

·. 
7.13' '20.20 . ·32. Reduced, esp-I 

- .. , ... -- - -- '---- 422.586 --lo_got. _ . 60~0 ..... - '1~0(}- 91-.20- ··1- • •82- ecia1ly · ·· .. . 

in Rt. half . 
. .. 



( 8tat~mer6t IJO-B-1) crmtinusd.- -~-

Discharge 
, Average- .. 

Angle of : Discharge Discharge ·aeptl{of · Conditions 

S. No. Shape o~ the Profile Experiment UJS W.L . . gate with overlihe ,per foo~ per foot w.ater . above of aeration Remarks. 
·. horizont_al gate in mo-. in model ~proto R. L.418.00 J,lnderneath · 

del in cusecs in cnsecs. 1n cusecs under-side the ga.te. 

~ 
. - .of the g_atP. . 

2 8 I 4 I 5 I 6 
.. I· ~ 8 : 'J ' Q . . 1 ~. 10 ·t 11 

. ' . ' ' 
,• , .. ' I 

.. ~·z••1 Glacis. lowered by 
1422.174 

.. S0-15'· . :42.0 5.25 '14.85 ' .06 Satisfactory 
Series 

r r-. , 
7°-o' · 

. 
,i_,l I J 4f'"'••• dl"=9" at 41" =8~" 422.214 45.0 . 5.63 ; 15.90 ·07 Satisfactory 

li Expt. ........ -, .. -l from U /8 lace of dam; 422.230 8°-45' . 49.6 6.19 -·· 17.50 ; .07 Satisfactory 
4. glacis slope 1 in ~. 422.272 8°-0' 50.0 625 17.60 ·07 Sa.tisfactory 

422.808 ·0°-80' 55.0 6~88 19.45 ' ;o7 Satisfactory 
. 422.ii00 0°-80' '60.0 7 50 21.20 .08 Satisfactory 

.. -Series Sketch sa.me as for Same as experiment } 422.124 8'-l5' .40.0 5.00· 
.. 

14.15 .18 Sastisfactory With side 
II Expt. Expt. S above. No.Sin series IT, above, . 422.250 10-0'. 54.0 6.75 19.10 .23 lntermittent sta.unc . 

5. but without side 
' ~poradic in L. bars 

friction between gate 422.500 1°-30' 60.0 7.00 "21.20' haU only. receded 
and pier waJI. · . 

' . • 82 Nil • ciea.r <>f pie 
Series Sketch same for \ sides. 
li Expt. 

. 
ExtJt. 4 above Sa.me as experiment 1422.174 . 9°-15' ·40.0. 5.00 14.15 .10 Satisfa.ctory. 

6. No 4 in series n, 422.208 .'6°-45' 45.() 5.63 "15.90. .12 Satisfactory. 
but without side 422.250 2°-45' 51.0 6.88 18.00 .11 Satisfactory. 

" " friction between da.m 422.308 00-4"5' -so.d 6.88 19.50 .08 Satisfactory. 
gate a.nd pier wall 422:464 1°-15' . 60.0 7.50 21.20 .07 Satisfactory. 

r 

," .. -- -- - . 

Sorio3 {;: 43 ... , . Glacis lowered 21.11 = } 422.092· 6°-30' 45.0 5.63 Js.go .10 Sa.tisr actory. 

11 Expt. ~ r ... .., ... 4f' at 41"= 8~~'b:om .422.120 oo-0' 00.0 . 6.25 17.70 .~0 Fairly sa.tis-

•• 
. ll_l I I •'tl._"'!t U /S face of the dam, factory, 

·. 422.250 No a.eration. . , glacis slope 1 in 3.865 0°-45' 55.0 6,88 19.50 .22 " " R.L.418•CIO ''\' ~ ... requiring cutting of 422·600 1°-15' ·60.5. -- 7.06. - 21.40 --- ·lJO·-- .. No aeration. 
same Yolume as in ex· 
periment 4 (ser,i.es ll}. 



S. No. 

1 . I 
Series 

IliExpt. 
l.A. 

Series 
III Expt. 

lB. 

Series 
lliExpt. 
. 2. 

Series 
UIExpt. a, : 

• I 

(.8tatenl1Bnt 1/0 -6-1 ) C9ntinu.ea. 159 

! ..... 

Shape pf the profile Experiment. U fS W. L .. 

.I 
Pa.l~ir'type pro
file a.ccording } 

to Drg. No.'167/ 
47 of M/S Dup
can Stratton & 
. ·' Oo· · 

4 

422~25 

422~60 

..-do-
. l 422.25 

f 422.50 

Pa.lair type pr~ ·· 
~-~·4 .. ·oor i'(,._ . !, ·file but with _ 

l ~ .. ~.N: '"·o • dqwnstream gla· }· . 422;2'5 
. i~7·S -=- ·.cis raised by · .. . . . . ..- .. 

~ 4•tl , 4 ~l•'J • ~ e\D~ 3" = 6" &t 'Up• ' . 
· 11/$ · strea.m end be- . 422~50 

R"'·4tll•r- "'((~. · · ,.
1 i ....... ~ .. .,,,. ~ 

·• - • •10 . • • ..~.l 
:-- ··~ -- 1•101-- 0"' • ..,., .• U/S• :r -~ . •. 

low ·the step · · . . 
- . 
Palair type pro--
file but with } 

. 0./s gla.ois raised 
by 6"-el' a.t u/s 
end below the 

step. 

422.25 

~~.50 -

.. 

Angle of :D~::~~e. _.Discharge Discharge ~v~f~: !b~~ Conditio.ns 
ga.te_'with gate in . per foot . J?er foot . R L. ~ 418 00 . of a.er~tion Rema.rks 
hor1zon- model in ~n model .1n proto -Un.der-side of underneath 

taJ. cusecs. 1n cuseos. m cusecs. the·'la.te. (ft.) the gate. 

-I 6 l . 7 ' ,. 8 . ~ I· I 9 I . 10 11 

55 
' 

' ,. oo 62 
"' 

I : 

-[001-80'] 56 . 
I 

.. 
-[0°-451 63 . ... 

8~88· .--
. 

.-: 
7~75 ---

' 

7.0 

7~88 . 

6.88 

> 

... 

. 
19.5()· 

' . 
- l 

22.00. 
' ' 

.. ! -~ ~' . 

.19.80 

22.80' 

19.00 

' I . 

1. '7,f15 
. I 

22.00' -(1 o;_15') = ' . 62 
. ~ .. 

. I 

. ·-... .. -. . . - - ~ 

-(2!'"'9') .. qa, -· :. J>.bs · ·: ._ : · 18.7o · . 
.. , 

1 o.;.ao• 
,, '. 

~3 . - .· -7~ !. ~ ' 1 

• 1 , "20.59. . 

·.23 

.. 28 

• ~21 

~31 

1.2r 
I 

I l .. 
-~3&. 

-
. 
. 

I 

• 
.. ' 
" ' 

--

. 
.. 

.. 

Slight ten- With rest-
dency in blocks. 
left half. 

. 
•. 

Absent _.,.. do . 

Absent- Without 
rest 

IJ, 

-· 

" 
,, 

., 

blocks.,. 
-do-

n 

~· . 
. ,, 
--



( Staiement lf 0-6-1 ) OontinueJ.. 160 

I UfS.\V.L. 
' l )Jisoho.rg~ Discharge I Diseh•rge Average dept ConditionS of Ahgle of over tha· · per foot · per foot of water a hove 

S.No. Shn.pe of the Profile. Experim~nt. gate with gate in in 1£-bdel in P!oto R. L. 418.00 aeration un- ·Remarks. 
derneath the 

ho~izonta.l model in ltt ltt under-Bide gate. · cusecs. cusecs. cusecs. · the gate (ft.) 

. 
Series Se.me as Expt. 3 above } 41m.124 2°-- o'· 50 6.25 17.10 .32 Absent With rest 

III. but wibh rest blocks a.nd 422.2501 10- c{ 54 6.15 19.10 .30 blocks. 

Expt.4. sill under the gate a.t R.L . . 422.500 · 0°-o1 60.5 7.56 21.40 .35' ., -do-
418. 375. ., -do-

Profile sa.me a.~ in Expt. } 422.00 to 5°-SO' to unsMa.dy 5.0 U.15 .33 Varying ... The crit-

Series 4 above, but with d/s 422.051 8°-SO' butabout40 ical stage in 

III. glacis raised by 9" = 1.6 422.104 . 0°-30' 45 5.63 16.90 .33 Satisfactory respect of 

Expt.6. a.t u/s end below the step. in left ha.U but a.era.tion wa.s 
interm.ltten.li . reached. 

} 422.144 2°-01 50 6.~5 .33 . 
in right half. 

. , 17.70. Absent 
422.250 r-14' 54 6.75 19.10 .35' ,, 
422.600 1°-15'. 60 7.5 21.20 .41 . 

·" Profile same _a.s in Expt.4 
7°-30' .42 Intermittent a.bove, but with d/st glacis } 422.064 40 5.0 14.15 ... ·Discharge 

Series ra.ised by 12" = 2' a.t ufs 422.124 6°-30' 45 5.63 15.90 .38 Absent less than 

III. end below the ste~. 422.250 4°-45' 50 625 17.40 .39 ,, required. 

Expt.6. 422.404 4°- 0' • 55 688 19.45 .40 , 
422.600 3°-30' 68 '1.25 20.00 .43 H 

Profile sarue as in Expt. } 422.044 3°--30' -45 5.63 15.90' .41 Intermittent 
5 tiliove, but with sill 422.250 2°-15' 52.5 5.56 18.60 . -.41 Abaent 

Series 
1111dE>r the g&tie miRed to 422.364 2°-10' 55-- 6.68_- _19.45 . .a -t. 

III. 
R. L. 418.55 i.e. up to 422.500 1°-45' 59 ' '1.88 20.90 ., 

Expt.7. 
top of rest blocks. . -



S. Nof Shape of th~ Profile Experimep.t 

Angl f ·Discharge: Disoharfe ~ .0 over the 
U/S w. ·L. gate. w1th__ gate _ in per foot n 
. , hor1Zon. mod 1 in in mode 
· · · · . tal. 1 ou;!os. (osjft ... 

Disolin.rge 
per foot iin· 

proto. 
'(csjft.)i 

A vera.ge depth 
of water above 
R. L. 418.00. 
under side of 

the gate (ft.) 

Conditions 
of aeration 
underneath 
the ga.te .. 

i61 

Rf>inarks 

~1~-~:IL-----2~--.. ~~~---a-+;~~r·,.~·-4 ___ -~·~'-5~--~~~~--~~----~· I 
· ' I • •. · · '· 

6 
\ l -7 '8 I I .:~ ·9 l .. , 

. .. 1o 1: . . u 
' 

: 
Series' 

IV' Exp~. 
Weir p~ofile . 4~2,.144 , . 9°-1?'1 

same as lllj ex~ - · . . · 
. ~~r~~e~t No.7, ~~2.1'i4 7°:-3aA 
ser1esiii,i. e, · '- 1 1 

'with . b.do;tel 422.250 4°-S<Y. 
pr<>ri1e: & t;eot·. .. . , , . o 
O.iJ.gU~Qi' ~aS&• ' U~ 324 I g - ci 
Wa.ter. · 

" • . • i 1 
' 422.500 r- .or 

''"'"1' I .. ' ,I 

. 1-· ., 

40 .. 
. • I 

41 
.• It ..• 

60 

·iS 

59 

" : 
50 I 

: I' 

5~9 
) . . 
6.3. 

; 

; ·-."6.9! 
t· 

I 7.41 • I 

' --
' 

... 

.' / .. 
14.1$) 0.36 . j' t f ' 

I 

16.70 0~36 
' : ,) ' . . 

17.70 0.37. 

I, i .; 19,50 ' '0.37 

20.9'4 0.38 -

Full The gate i s 
9 required to pas 

0 6.45:::18.24 OS I " .. 
,, 

Slightly _· 
reduced 

. Only in the 
vicinity of 
t_he pier. 

ft. at W. L. 
422.25 T.H.D 



Rising Stage Ocm,d-itions witl, aeratsd nappe. ( Btatenunt 1 f 0-6-1 ) continued. 162 

I · Discharge Discharge Discharge Average depth Conditions of Angle of over the I per · per foot of water a. hove a.era.tion S.No. Sb:~.pe of the Profile. Experiment U/SW.L. ~a.te with gate in 1 foot in in proto R. L 418,00 ttndernea.th Remarks. 
... - -~·'olr·• -... -- -... --.-- ... ··~. ~~,_. ,.. -~ .. '"" ........ -..... ~' ·--·..-. ......-.. orizontB.l. model ~ model "-(cs I ft.)- under side of . .the.gate"'··· .. ·---- _._ ... ...._.,..._. __ -

- the gate;( ft.)·-I --.. n cusec:'S.'i!tcs/ft.r 

1 
I. I 

2 :3 ;4 ;5 6 'I 7 ·I I 8 I ,9 I ! 10 I 11 ! ; ' l l I • i 

Wit~ adopted 
j l ! ; .. 
I 

j. I ' Seriu 422.00 52°-30' 
I ·- - i - - I - I ; Retention 

IV I ' r · level. profile a.nd, 1 . - . .. 0' I 

' ' 
. J 

I ! - I I . I' . ' 

Expt~. niobe in the l ~0.8: 
j : 

; 17°-0' /3.81' .. ~ 
I 

pier wa.ll. (See . 422.144 l' ;,30.50 ! i 0.20 • Full·. . 
figure No.3 . I • I a.era.tion I 

' i I 2bQ-6-1 in . - l : ' t ~ • t - . • . 
I I . ~ ~ I -' ·~ ·-' .. 

t e note.)· 422.174 14°-30' I 
34.00 

i . 
:12.0 0.33 t i··Ul5 ,, 

; 
., .. 

' I • ·' I . '\ i \ , . ' : 
' ' ' : ..... '· ... I ) 

~ .. I 
0 '422.250 13°-0' 

I ' 13.30 0.44 I 37.50 I 4.68 " , I l I ·: .! I, .. j . ' 
1, __ 46.00 

I I ~ ' .! ' ~ ., 

422.324 .So-30' I 5.7Q_ __ '16.30 0.46 . - -· ,_ 
., 

5o-so'· I !18.40 422.400 52~00 I 6.50 0.51 .: 
" Not possible - -~. -~ ._, ------. '· to observe I I 

422.500' ' I under a.era.· - l - '. - ..... - -
ted conditi- • 
ODS. See foot 

- ! 
note (1). 

. . . . . .· . 

. 
Foot Note-( 1 ) It wa.s wt possible to observe under a.era.tcd conditions. With attempts to introduce aeration by high fins, discha.rge measured to 

21,20 cusccs, bot this is not strictly co~po.ra.ble, a.s the fins introduce~ other opposing features, e. g. decrease in wa.te~a.y a.nd increase in b~k prcssur~ 
decreasing CJ a.nd the fins trying to press the gate dowu iucrel\si~~ q. · 



I 

I B. No.j 

1 f 

Series !t 
Experi-; 

ment 2l 
continu,d 

I 

' ., 
. I 

Shape of the Profilfl 
! 
i 

2 

Fall~'l}fl §_~e~ Oemclitions with aerated nappe ( Statement lj0.-6. -1.) Oontint~ed. 163 
l 

Experimj 
i 

I 
' 3 i 

i 
I 

with adopted, 
profile & a! 

niche in th,. 
pier wall. 

i 

,. 

' ' Discharge . . : Average depth\ . I 

l Angle of over the • Di80harge :_ Discharge :of water above Conditi.ons I 
U/S W.~. gate with gate in per foot : J?er foot 1 R.L. 41.8.00j .. of aerat1on! Remarks. 

. , · ~ · ! : ; j :horizontal I model in ' 1n PlOdel . m pro~o i 1,1nder-s1de i .underneath 1 
- 1• , osf.ft. ; cs/.ft. · !ofthegate.(ft.~l, the gate. · I 

Retention l~vel 
ga.te coinplet· 

ely closes. 



Faiiin.g Stage (J();ulitions with. u,Jiaerated nappe ( Slatem~nt i 1 d-6-1 ) continued 164 
·--- .. '··~ -· ~- -

Angle of Discharge 
Discha.rg~ Discha.rge-

Average depth 
Conditions 

over the gate of water a.bove 
of aeration S. No. Shape of the Profile Experiment UjSW. L gate wi-th in model in per foot in per foot in 41&00 R. L. 
underneath Remarks 

horiv.onta.l model cs(ft. proto cs/ft ooder-side cusecs. of the gate( ft.) the gate. 
·-~· -~- ·-··· 

I I 4 6 I 6 I 1 2 3 
--

7 I 8 I 9 I ·- I 10 11 

' -

4~2.50 30-0' 53 to 7·25 to 20.50 to Not observed A.t 3° -0' aeration 
~ 

Series With qilopted 
IV Expt. profile & a. 60 7·5 ·21.20 to 0.46 is slight, inter~ 
2. contd. niche in the mi~t &only 

pier Wa.ll. in ·the vicinity Qf 
tihe pier. At 0°-30' 
aeration nil. 

422.40 r-O' 53 7·25 20.50 0.42 r~ittle and intermit-
~ent a.nd near t:be 
pier only. 

422.324 1°-20' 55 6·87 19 50 0.43 . Nil. 
422 250 1°-10' 54 6·75 19.10 041 , 
422.174 1°-30' 51 tt8S 18.0 0~39 ,, 
422.144 1°.,-45' 50 6·25 17.70 0.39 Slight aeration 

- near the pier. 

-........·.-·· 



VOLUTE .SIPHONS. 165 

0-6-2 VOLUTE SIPHON SPILLWAYS. 

Preventing scour below Volute Siphon Spillways by fanning out jets with 
dispersers and ledges. 

1. Synopsis : Experiments were carried out last year in which attempts 
were made to prevent scour below Volute Siphons by making the high velocity 
jets hit each other at an angle. < 1 > This method of dispersion was not found 
sat~sfactory as the maximum depth of scour under these conditions was more 
than .obtained with siphon jets issuing straight or acting singly. 

In experiments carried out this year, jet 'dispersers, with and without a 
tilting ledge, were fixed at the siphon outlets so that the jets were spread out 
evenly, and at the same time deflected upwards at various angles, before 
impinging. ':[lhis resulted in reducing the intensity of the jet and in lesser scour 
downstream. As anticipated, there was a small reduction in the coefficient of 
discharge. 

2. Model and Procedure of experiments : 
. Two volute siphon. models, with ope~atl.ng head of 2.064 feet, wel'e used. ~~!-i----

The <hameter ol the. vertical shaft was 4 ms. The. bed downstream of the . 
siphons was laid to a depth of 2 ft. in incoherent sand of mean dia. 0 4 rn.m. 
In all the experiments, a constant water level was mainta;ined upstream of the 
siphons and also over the sand bed downstream of the siphons .. The siphons 
. were run for a period of 10 hoUi's which was found quite sufficient to give 
.comparative results with the different dispersers tested though not sufficient to 
give final stable scour-holes; because 90 to £15 percent of the ultimate scour 
depth is reached within 5 to 10 percent of the run required for the final scour 
and the rate of scour thereafter is very slow. 

3. Experiments : 
3.1. Scour depths : 
In Experiment No. 1 the maximum depth of scour downstream of 

siphons, without dispersers or expansio:as was observed; this formed the Yardstick 
for comparison with scours obtained with dispersers in· position. In experiments Fig,. 4 
2, 3 and 4, expansions or dispersers were fixed just outside the outlets of the ___.;C;..:;:-6-2;:.;...;.
siphons. Fig. 4, shows the dispersers tested. 

· Fig. 5 shows the longitudinat profile ·of scour-holes daveloped, at the end 
of the run under .different outlet conditions. Thus, the maximum depths of 
scour observed were :-

Maximum depth of Maximum depth of 
seour downstrea. m be· scou~ below wa.ter Ref. to 
low original bed level. level. Fig. 

( ft. ) {ft. ) 

( 1) Siphons witlwut 0.526 1.272 dispersers. 

(2) Expansion below out· . 
· let; length 0.208 ft. 0.440 1.186 Fig.4 (a) 

(3) Disperser below out· f 

Iet; length 0.208 ft. 0.229 0.975 Fig.4 (b) 
Side expansion 4:10 

( 4) Disperser below out· 
let; lengt~ 0.208 ft. 0.175 0.921 Fig.4 (c) 
Side expansion 8:10 . ' .. . . .. 

( 1) l W, E. Stn. A. R. T. for I94Q ( P .. 91 ), 
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The velocity of the jet of the siphons witltout disperser or expansion was 

9.1 ft.Jsec. a.nd gave the greatest maximum depth of scour; though the least 
depth of maximum scour was obtained with disperser as in Fig 4 (c), the flow 
was more evenly distributed with disperser as in Fig 4 (b) and the difference 
in maximum depth of scour in these two cases was only 0.054 ft. ( = 1.9-1 ft.). 
This disperser·was, therefore, adopted for further experiments. Photo No. 5243 
shows a close view of the disperser. . . 

3.2. Coefficient of disclwige : 
With the dispersers the coefficient of discha.rge was reduced, as is to be 

e~pected; due to back pressure caused by impact. 
The actual coefficient of discharge in each case was verified by . rnnning 

various disch!).rges and noting the depth of water upstream over the crest of 
bellmouth of the siphon in each case. Thus, for a depth of 0.056 ft. upstream, 

Fig. 6 the under-mentioned coefficients .were observed; these coefficients are only to be 
C-6-2 taken to give a comparative idea of the relative reductions~~ 

( 1) Siphons without adjllncts 0. 773 
( 2 ) Siphons with expansion below 

outlet as in Fig. 4 ( a. ). 0. 766 
( 3) Siphons with disperser as in 
. Fig. 4 (b).. 0.765 

( 4 ) Siphons with disperser as in 
. . Fig. 4 (c). 0.703 

3.3. Further· expe1iments· -with a ledge : 
In further experiments, hi order' to fan out the: jet. a horizontal ledge 

( length= .1.66 ft. ) was added at the end of th~ disperser, The angle of the 
ledge could be varied, givillg the desired upward tilt to the. jet· issuing from the 
disperser. as. shown in Fig; 4 (:b ) .. !l1o ·study the .~ffect of. the addition of a 
ledge oil thamalimum d~pth.of downstream scouf~ the· fo_llowing angles were 

Fit~ 7 tried and the eorrespon~ipg .Inaxi~um ,depths of. scour r observed in each case 
.V-6-2 were a.s under;:~ L: · 

··Ma;cimum· depth of scour down.nreatn. 
· · · · below. _origillwZ bed level. 

( 1') .Siphonr with :disperser. as. in , 
. Fig, .4 ( b ) but nQ ledge. . . 

( 2 )' Siphonwith- disp se·r··as·-fu-- -
I -:J!1g~ •4 l ~ ) • but errith ledge~ • 
1 angle .10 • · · . · 

· ( 3 ) · Siphon with disperser as 'in 
Fig. 4 { b ) but Jedge angle· 

1 ·20°; . -. . . . .. , :· - .. 

( 4) Siphon with disperser as in 
Fig. 4 ( b ) but ledge angle · 
35°. 

( 5 ). Siphon with dfsperser as in 
· Fig. ,4 ( .b ) but ledge angle 45° • . 

;229 ft. 

.190 " 

.136' 
" 

.114 ., 
.106 ., 

. Thus, with a. ledge at 4SO tilt, the maximum depth of scour was further 
reduced to 1/3 rd the depth obtained with a. disperser but without the ledge 
and to 1/5 th depth obtained without the disperser a.nd the ledge. The 
coefficient of discharge decreased to 0.75 with ledge angle of 45° against 0.703 
without ledge, i. e. a. further reduction of only 3 percent. 

4.0. Conciusion :-
Experiments have shown that the arrangement as tried in the abov-e 

experiments would substantially reduce the depth of seoUl' and would make 
N ·costly protective works on river beds unnecessary. Photos nos. 5205, 5198, 5100 

r.ros~·5;8, and 5217 are attached showing fanning out of jets obtained with di~:~perscrs and 
51~~~~~d, a. !edge. · 



Disperser. 

___ Ledge. 

5:!43 Volute Siphon Experiments. Outlet of Siphon with disperser and ledge. 



Dissipating Energy downstream of Volute Siphons by fanning out jets with 
dispers~rs and ledges. 

No. 5205, Jets in Siphons with disperser; 
and·a ledge at an angle 450. 

No. 5199, .Showing downstream bed after 10 hours 
run with disperser and a ledge ( angle 450]. 

No. 5198, Jets in Siphons with disperser; 
and a ledge at an angle 200. : 

1oi o. 5211, Siphons with dllpeJ"'er; aide expan1lon 
4: 10 (with ledge no& In actlClll ). 
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VERTIOAL FALLS AND GLACIS-BAFFLE FALLS 
0 

C - HYDRAULIC WORKS 
8 - Canal Falls 

C-8-1. Dissipation of enerqy below fl~tmed vertical falls. and non -
· · · fl~tmed 8. W. baffle falls. · ·. . . 

16T 

1. Introduction: - At the 17th Annual Meeting of Research Officers of 
the Central Board of Irrigation, while discussing Canal Falls, Col. T. Blench, 
Director of the Punjab Irrigation ResearClh Institute, suggested that, in Flumetl 
Falls, inste-ad·of expanding the suberitical flow below the Fall, it should be 
better to expand the hypercritical.flow above it, since the latter can be fanned 

, out to any sbarp divergence, thereby reducing ,the discharge intensity and 
leading. to a cheaper design. 

It is also known that vertica.l falls, particular.ly of the. flumed category,. 
have a tendency of ''bellying''· unless corrected by suitable devices. ' · 

. There is a. misguided tendency of comparing costs of flumed and wnflumerl 
Falls regardless of the additional purposesserved by, and the greater intensity 
imposed on, tJ:e form~r. It would be useful to show that the same type· of F~l 
e. g. the Central StatiOn Baffle Fall - could be considerably cheapened If 
fluming is not imposed. 

The present series of basic experiments .was, thus, started at the Poona. 
Research Station, with a view to- ·· 

( a ) study the effects· of expanding the hypercritical jet above .a fall; 
( b) devise means of preve.nting the tendency to erode the banks which 

· cause embayments downstrea.~ of flumed vertical falls; and 
(c) evolve an ec01;10mical station design of a nOn- flumed, baffle 

type Fall. . . • 
2. Models : 1/6 scale, geometrically- similar· models of the flumed F' 

1 
8t 

2 . vertic!l!l and the non- flumed baffle type fal.Js were designed to the . 1g~-8-l · 
following data :.:- · 

Q = 100 cusecs. 
·H =·8ft. . 
dl :::: d3 = -3.5!3 ft .. 
~-· . ' 

B = 16.20 ft. 
·the data being the same as th_at of the flumed Fall designs .reported in the-
Annual Report (Tech.) 19#. <lJ·· · ·. · · 

· The model'I>ed below the fall was laid in 0.34 mm. Koregaon sand and: 
the tests were done without any sand cE.arge .. The scour pattern. obtained in 
the sa.nd-bed was observed and the general flow conditions were noted and. 
photographed; to compare the designs with dif(erent modifications incorporated. 
in them. .. · . · , . · 

" I PART' I 
3. Discusl[ion of Results of TeSts on Flu'ITwd Vertical Falls. 
3.1 lnitiaZ,obse1·vations ~·:-;-;:' 
3. 1. 1 It was at once e~ident from the model that it is not quite correct; · 

to say that a• hypercritical jet can be made to follow any· degree of expansion,. 
leading to uniformly reduced intensity of discharge, ·For .· example, it was . 
obserired that. though the hyp,ercritdcal jet fpllowed 2 : 1 .side expansions~ yet 
the distribution of discharge across the 'section was not uniform and with. 
sharper expansions the distribution was made worse. To· study . this .fa.ctor in: 
detail, observations of water level elevations were. made with different side, 
splays below the parallel-sided control section. : . . -. · · . 

3.1.2 Figures 3, 4 & 5 show the water surface contours in tlie throat· 
and the extended flat bed bel'ow it, but above the 1 fall. In figure 3, the side Figs. 3 4& 5 
expansions below the parallel sides were 1 in 2; in Fig. 4 the sides w~re l'eceded erS-1 
·so that water could freely follow its own course; and in fig.- 5 the extreme flow 
·lines obtained in fig. 4 were adopted as the natural side expansions. 

Though in erodible channels, it is natural to have the discharge 
intensity in the centre greater than that at the' side, yet just above & fall, it is 
desirable to get uniform distribution all &.cross the ~ection because this will 

( 1 ) Annual Report ( Tech. ) 1944 Pages 51 to 53. 
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give uniform pressure - plus ..- m.omentum required to ba.la.nce the standina 
wave and will ultima.tely pr~'!ent a.ny j~tting tendency wh~oh otherwise persit~ 
due to curvature of hypercnttoe.l flow, mduoed. by no.n-untform distribution of 
disch!Llge intensity. . . · · , · · . - - · 

3.1.3 With too low a. discharge· intensity at the sides above a. fa.ll 
optimum dissipation of energy eannat'.be expected; and, as·seen from-li(Tures 3 
·to 5, the ratio of central to side depths at the end cross section worked

0
out to 

1•74 in fig. 3, 9.14 in fig. 4, and 3.86 in fig. 5;. and, tho1,1gh the velocities in 
very low hypercritical depths could .not be observed, yet it. was ·noted that the 
discharge intensity at the sides was. less than in the centre. · · · ·. 0 

Table 1 ° 3.1:4 Velocitie,s were, howevet', observed . in the. central po~tion at a 
c-s-1 cross sectiOn 9• ( ::4j ) below the end of the parallel throat.\ Table 1 below 

shows' the computations of ~ischarge intensities on thi~ cross section. . 
3.1.5 Comparing the discharge intensities· at ·the centre and 6" 

( ;::3' ) from the centre line on either side in the three oases, it will be seen 
that the. effect of expansions sharper than 1 in 2 was to reduce the central 
intensity and itWJ'easB it.up to I ft. from. centrej though this. h!Joppened in the 
central 2' strip below the throat,. yet further away from the centre the dis· 
charge intensity was feeble. Generally, however, the result. was that the 
discharge intensity all across the s~otion was not uniform,· but it was rendered 
less un..:uniform ill the central portion when . .the sides b~low .the parallel-sided 
throat were made to expand along the extreme line of free flow. , 
. 3. '1. 6. On theorltica.l grounds, expanding sides r~quire a. 'rising bed 
along the li.r,J.e of flow: this-was a.lsq :tested but uniform disch:u-ge intensity was 
still not obtained.. ·~~ , ·_ · · J · , :

0 

• 

0 

• • : • 

3. 1. 7 These tests-to make the discharge in~ensity unifQrm above the 
Jall.-.- beiDg Of fundamental intetest; are being sti.ll pursued. ·. . . · '. . ' . 

. '3 •. 2 l,;,pr<»'ing t~- ~if~e ~iflu~rJ. ~ertical fall (fig, 1 ) :
Starting with the design shown in fig~.l 1 the· following modifications were 

tested to improve the scour p·attern ·and 'to 'redupe the side emba.yments 
.downstream. ._. . · · · ·· - " 

. ( i ) Effect oj length of Ciste"' -jl09~- t .:. 

· 3. 2. 1 Acco~ding to the Centrai Boara of Irrigation publication No. 12 ~ 
!'Design Qf'Weirs on Permeable _Foundation,'''- the length in which the 
disturbances below a. sta.n~ng. ~~v~ .. ~e _Stn()othed out is. 5 .< D2 ~ Dl}• where 

D2 = Subcri~ical· depth below the:. standing. wave and D1 =hypercritical depth 

abooe the standing, wave. · · . · · · · · 
This wo~ld require al~ngth of the cister~ floor of 5 ( D2 ·-· D f .l . bel<?~ 

the position of the standing wave; but further experimental verification of this 
length is desirable. .. ~ · , . 

In_ the p~sent case, D~ = 8.~ ft. and D10= 0.5~ ft. 

:o.D2· _. D1 = 2 .54 ft. . 

• •• 0 In the first design,· the length· of the downstream floor wa.s 8' = 3.14 
( D2 - D1 ) as measured from the nps_tream end of t_he ciste:m, but it was only 2 

~:t:ti105 .ft.·::: Q.78 ( D2 - D 1 )measure4.from.thepoint where the nappe dropped into the 
· cistern. This experiment was abandoned -after only half an hour's ·run because 

intensely severe scour occurred in. spite of the deflector, w~ic~ did not ?tork. 
Visual observations of the turbulence below the nappe 1ndica.ted that the 
cistern length .should be = 16', i. e. ~.9-1 ( D 2-.n1 )beyond the point where the 

Pil(. 6 
l,..-cl-1 

nappe fell. The effect of increa.~~tf ~i~t.~~~ l~ogth froiJ?. o. 78 ( D2-:p1 ) ·.to 3.9-t 

( D 2-: D1) was very .marked; the s~ur d~pth.s. were markedly .less, ?ut the 
results wera not sa~isfa.otory because of the scour-holes nea.t the sides . which 
tended to undermine the pavement-Bee fig. 6. 'fhis was due to· jetting p.caraides 
and surface return flow in midst_r~~~-·-· ___ . 



Flumed Vertical Falls. 

Photo 5105 : Photo showing scoured 
bed nnder conditions of 
design of Flnmed Vertical 
Fall given in Fig.l[C-S-1. 

Photo 5159 : Photo showing surface 
. turbulence with 25 percent 
1'etrog1·ession in dJs water 
level; cistern = 21.34' 
wide and 16 ft. long with 
bed at:R. L. = 89. 12. and 
deflector 0.36ft. high fixed 
on its bed. Note the side 
jetting & scour. 

Photo 5168 : Photo showing scour 
condition with 25 per· 
cent t•etJ·ogression in 
downstream water level; 
cistern bed = R. L. 89.12 
with sloping sides. 
Deflector top was R. L.= 
89.48. Pavement length 
= 16 feet. 



Flumed Vertical Falls. Shed 'No. :!. 

Photo 5173 : Showing surface flow conditi~~s with 25 per cent t•ett•CJg?·n~ion in downstream bed = R. L. 
89.12 with sloping sides; deflector top at = R. L. 89.48; the cistern length ":.s increaBHl 
to = 25ft. Notice the two f~rward flow jets at the sides. 

I . 
Photo 5179 : Photo sho"in; final scour with 25 per cent t·etrog,·tJ!Rion in djs water level; the design was· 

the same ns In photo 517:1. ! 



FJumed Vertical Falls. Sheet No.3. 

Photo :ill1 Photo Showing scour after 1 hour's run with normal W. L. dJs and cistern at = R. L. 91.76. 
Note scour-holes at sides and bank erosion and undermining tendency at sides but not in 
the centre. 

Photo 5116 : Photo showing scour. after one. hour~!! run with nonnal· W. L- Cistern at = R. L. 89.12, 
and curtain wall and a deflector, top of deflector being at C. B. L.~ R. L. 92.0. 



Flomed V~rtica.l Falla. Slwl No.#. 

Photo 5127 : Photo sbowinJ flow conditions with = 26.9-1 ft. wide cistem with bed at = R. L. 89.12; 
deflector top at C. B. L. = R. L. .9'2.0. The sides of the oistem were made vertical 

T'boto 5126 :Showing scour under conditione of photo 5127. 



Flumed Vertical Falls Sheet No /j 

Photo 513G : Photo showing sw:face 

turbulence with normal 
water lev~ls; cistem = 
21.34' wide; bet.l R. L = 
89.12 and deflector top 
at R. L. = 92. 

Photo 5129 : showing scour after one 
hl'ur·s run under conlli
tions of photo 5136. 

Photo 5134 : Same as photo 5129 but 
showing fiJwl scour. 



Flamed Vertical Falls. 

Photo 5142 1 Photo showing .final scour conditions when design in photo 5129 was testt>d 
with 25 per cent t·ett·og•·ession of downstream water·level.· (The design 
consisted: of a cistern = 21.34~ wide; bed R. L. = 89.12 and defleotor 
top at R. L. = 92. ). 

Photo 5108 : Photo showing flow conditions with raormal water Ieveli dJs. in the experl· 
ment with length of the cistern ~ 16 ft. Note side jetting and erosion. 



Non-Flumed Baffle Falls ( Station Design ). Sl1eet No.7. 

Photo 5113 :Photo looking uJs show
ing no sconr in Baffle 
Fall with 1 : 1 glacis and 
pavement 1 e n g t h 
5.80 ( D2-D1 ). Fall work
ing under normc'l water 
level downstream. 

Photo 5143 : Showing finr'l scour 
with 2 : 3 ( i. e. 2 hori
zontal : 3 vertical gla
cis and pavement length 
7 ( D2-D1 ). Fall work
ing under 25 per cent 
t•etrogt·aded d/s water 
level. 

Photo 5160 : Showing satisfactory 
dissipation of energy 
with 1/2 : 1 glacis and 
length of pavement 
7 ( Dz-D1 ); 25 per cent 
t·ett·ogt·ession in down-

stream water level. 
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1 in 2 side expansion below the throat I 
1 2 3 ·1 4 1 5 6 I 

- -

1\Iodel chainage 1' (L) 6" 0 6" 1'(R) -
across section 
ftom centre as 
starting point. 

V ftjseo. 3.95 3.97 3.61 3.99 3.8~ .., 

d (ft) 0.196 0.236 0.231 0.237 0.203 

; 

q ouseosjft. 0.774 0.936 0.833 o:945 0.790 
\ 

Table 1/0-8-1 

Free expansion, i. e. no ree;tric
tion below parallel throat 

. . 
Sides belQW J>arallel throat expanding along ex
treme lines of flow obtained:under free expausion. 

7 1 8 1 . 9 1 10 1 . u 1 12 1 13 1 14 1 15 1· 16 1 17 . 

1' (L) 611 0 6'' 1/(R) l'(L) 6" 0 6'' l'(R) 

~ 

- . 
4.08 3.89 3.66 3.-95 4.10 4.01 3.78 3.62 3.81 4.06 

0.192 0.222 !0.223 0.226 0.207 0.200 0.233' 0.230 0.235 0.212 
. -

0.785 0.864 0.816 0.895 0.850 0.800 0.8_80 0.833 0.896 0.860 

' . 

Note - Zero c~a.lna.ge was al<Yng the centre line of the throat. 
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Even with a deeper cistern, tliough a cistern length 3 ·94 (D 2-D 1) ft. gave 
satisfactory scour conditiom under normal water levels, yet when the· experiment 
was run with 2 5"% retrogres.~ion of tail. water level the surface turbulence-see photo 
5" 1 5"9 - indicated the necessity of a greater length of cistern. 

Increasing the floor length to 25"ft.,i.e.7.48-(D2-D 1) beyond where:the nappe 
fell, reduced the intensity of return flow at sides, and the conditions of surface 
turbulence were the best of all observed- see photo 5" I 73·· The final scour patterQ 
( fig.s and photo .P 79 ), tlio~gh 'not ideal, was considered better than any previous
ly obtained because the deep scour was central and away from the pukka work, 
i. e. not near the deflector ...:.. see longitudinal section of fig.s • . 

Thus; the experiments- ·~ade during the year in~icate that unless, measut:es 
are taken to make tll.e flow unifor~ and natural at the exit section, a cistern length 
of about 7 .s( D 2-D I ) is require~ in this type of Hll.· 

In his paper" Development of Hydraulic Design, Saint Anthony Falls' 
Stilling Basin" Mr. Fred W. Blaisdell has given the following equation for the 
length of ' stilling basin '{2) · · · · · 

NO:SB/1 
(;,W.I.(,N.R.STN. 

PO DNA. 

PROPORTIONS OF TIIF SAF STILLIN6 BASIN. 

SAF $SAINT ANTHONY FALLS. . (a) PLAN. 

Var1es 

_cut-offW4ll 

(/;)CENTER LIN£ s'ccrtON (C) DOWNSTREAM ELEVATION 
. II'Aifkli!i,_ ......... - . .. 

La 
D2 = (Fr. ) o·38 

where LR = Length of cistern floor, · 
D1 = Hypercritical depth above standing wave, . 
D2 = Subcritical depth below standing wave: . · · 
Fr = Froude No. above .the standing w.ave = V12 f gD1 

. This relation is ~pplicable to S. A. F. ( Saint Anthony Falls ) designs, which 
hue a glacis of varying slope; chute blocks at the toe of the glacis and floor blocks 
at one-third the length of stilling besin from toe of glacis ( chute blocks and floor 
~locks of height eqlkl to the depth Dt of hypercritical jet ); an_d an end sill ( i. e. 

(2) Proceedings cf the Am. Soc. o[ Civil Engineers, vol. i3, Fc:Jl. 1947, page 134. 

Photo 5159 
Sheet 1 

Photo 5173 · 
Sheet 2 
Fig.8{C-8-t 
Photo 5179 
Sheet 2 

Fill"- 6{a) 
C-8-1 
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deflector ) - see fig. 6 (a ). ·The length of the Stilling Basin is suggested to be 
conservative without being wasteful; and to apply over a range of Froude numbers 
from 1 to 288. 

In the presen.t case, this equation gives : 

length of cistern 
floor (Fr) o·.38 

4.5" X 3.04 
{9.!2) o·38 

= _s-.81 ft. (•; Fr =~ ·tl'H
2 

gDt 32xo.s 
. = 9"5"2 ) 

i.e. 2.29 (D?-Dt) bejoRd the point where th~ nappe falls, against 7.48 
(D~Dt) necessary according to the model. 

In discussing Blaisdell's paper in the December 1947 issue of the Proceedings. 
American Society of Civll Engineers, J. H. Douma, Senior Hydraulic Engineer, Off
ice, Chief of Engineers. Wasliingtol! D. C. has given the criterion-

Ls=3 Dz·. 

· from the U. S. B. R. tests for Stilling Ba~ins ·of flood fontrol and multipur-
pose dams, Fourteen cases are cited of the U. S. B R. Stilling Basins, which are 
said to be of the horizontal-apron type with baffle blocks and end:-sills; all are said 
to have .been model-tested for satisfactory operation under maximum design 
conditions (rang~ of Kinetic flow factor= V t 2jgD1 fr.om 2 9 to 1 { 1 ); and those that 
have been constructed in prototype are reported to have operated in a fully satisfac
tory manner within the range of experienced discharge. This would give, in our 
case, a length of ,stilling basin= 3 x 3 o4 = 9.12 ft beyond the point where the nappe 
fell, i. e. less than half that indicated by our model tests. . 

It. must be remembered that both Blaisdell's and Dou~a's results are for 
lengths of stilling basins with baffle blocks and l:nd sills while, in the case under 
di:cussion, the~e was no dissipation of energy by friction .blocks. Douma also gives 
tlie results of the .Bakhmete( and Metze tests, (3) & (I) which are for lengths 
based on the formati!Jn of a jump on a horizontal apron without baffle blocks or ~n 
endsill.ThesegiveforF=9~s.ls/Dz=S·2•i.e.Ls=.I.·2X 3·04=•s.s ft. which 
ia still a little shorter than indicated as desirable by our model. 

· Thus, it appears that Vertical Falls require a relatively longer cistern floor: 
while the Blaisdell's figures of the S. A. F. stilling basin are even too short compar
ed to the usual requireme{lts of glacis falls with friction· blocks. Further experiments 
are proposed to relate cistern lengths to Dz andfor Fr in case of Vertical Falls. 

(ii) Depth of Cistern: 

3.2.2. The design with 16 ft. length of cistern with bed at R. L. 9 r.76 -
photo 5ft2 i.e. 0.24 ft. below C. B. L. so as to give 2S% more energy of flow in .the cistern

sheet 3 did not give satisfactory scour pattern; because scour-holes occurred near the sides 
right against the deflector •' thus showing a marlced tendency for undermining at· the 
sides. The deflector was, howev~r, not exposed. in the central portion-photoS II 2. 

(3) Discussions on (2) by J. H. Douma, Proceedings Am. S. C. E.. .-ol. 73, No. fO 
( 1917 ' 

(4) The Hydraulic Jump in terms of Dynamic Similarity by B. A. Bakhmetelf and A. E. Mdze, ' 
Tr.maactions of American ~iety of Ci•il Engineers, .-ol. 101, 1!36, page 660. 
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Deepening the cistern bed to R. L,89,1 2-designed on: the Bombay P. W, D. Photo 5H 6 
Hand Book: formulae (5J-improved the scour pattern.considerably(see·Photo su6) sheet3-
under designed conditions of downstream water level iri that the scour shifted fur-
eher downstream jlw~y from the floor, and was tentral;' yet " bellying " was not ~; 
tliminated, as apparent from the shape of the canal bed level contour( R •. L. 92,0) 
in fig.7 and photo s 116. 

(iii) Width of Cistern and Height of deflector. . . · · 
].2.3. Widening the cistern .from:: 16,20 ft to 27ft. to easily accommodate Photos5f26 

the whole nappe ( thd .end par.ts of which were fouling. against the sloping sides ), & 5127 
and making the sides vertical, worsened scour conditiorls-see photo s 1 2 6......:. sheet 4 

though, to the eye, the surface turbulence did not appear more severe, s~e photo 
S I 2 7. • • 

This photo also shows that the cistern was a little too wide and when red- . · 
uced ( to =· ~ 1 ft.) to be just sufficient for the falling nappe, the scour pattern was 
satisfactory - see Photos s I 2 9, s 134 & s 13 6- though the surface turbulence was 
still severe, see photo s I 3 6. • . . · Photos 5129 

Though the final scour with normal downstream water level was satisfactory 5134 & 5136 
(vide .:Photo s 134)- except f()r "bellying"~£ the sides common ~o ·all these experi- sheet_5 
ments -·when the same design was testea with 2So/uretrogression of downstream 
water level the deflector was undermined in the centre, as seen in photo SI42. , Photo 5142 

This ahows how necessa1·y it is always to test the final design under sheet 6 
1·etrogmded downstream water levels to avoid'resting. under a false sense of aecurity. 

In the above experiments, very excessive turbulence was observed over the 
deflector which, in effect, wa~ 2.88 ~t. above cistern bed ( = dzf2.24, .since d;, 
the normal depth of water in the cistern, was 6.46 ft.); The bottom forward.flow 
in the cistern, after impinging against the deflector, shot up partly to. flow down
stream and partly to flow l>ack upstream along the surface, causing a surface wave, 
the water surface. over th~ deflector being higber than the main water leveL 

The next experiment was aJso done ,!Vith 2 s % retrogression· of downstream 

water levels but ·with the deflector only ~.36 ft. high over cistern ·bed= ~where 
• IS-S . 

dz, was the depth in the cistern with retrogreded downstream water level ), the 
top of the deflector being at R. L. 89.48 against R. L. 92.0 in. the previous experi
ment. This improved surface turbulence noticeably -- see photo s I S9- though 
surface return flow at sides persisted. The deflector height tallies closely with tlie 
optimum height of end sill given by Douma ( see Footnate 3 ) =.I 2 s X D2 = • ~ 2 r X Pho~ 
3.04. = ,38 ft. and is rather higher than Blaisdell's{2) 

1 
suggestion of sheet 1 

0.07 D2· = 0, 2 I ft. , . . . . 
To minimize the side return flow, with the same bottom width ( = 2 I.J+ .. 

ft~) of cistern the .sides were made to slope at 1: I an.d the experiments repeated 
under 25% retrograded water levels. Surface turbu~ence appeared much sJ;Iioot~er 
and return flow at the sides was also noticeably reduced in extent;. bed scour was 
less; the deflector was not undermined; but side scour below the cistern pe.rsisted 
- see photo 5 I 6 8 The characteristic flow pattern was still the same: at the deflector 
section the sirrface velocity was slacker in the centre and higher at about quarter . , 

_w_i~dt::::h:-::-a_w_a~y_o_n-=-e-:it:;;h;-e-:r:::-s_id-:e;;-o-;f;-t::::h;-e-;c_e_n_tr_,e,..·~;--;--:~~;:-::-.....;:_:--::--.:--:-::-:--~~-:-- Photo 5168 
.., (5) Bombay P. W. D. Hand Book, page 522 ( 1925 edition ) gives the followina- for~ulae sheet t 
for design of water cushion - see Fig. 7 ( a). · 

t:"Jr. •• 7 (a)jc-s-i, 

s 
( 1 )x=H+vJI"vd. 

( 2 ) Y=4/3 v ~X H 

Nil C•tS. c.w.,.,, .... , 
where H = Depth of water onr 

top of weir. 
d = Height of fall. 
z = Difference of levels of 

the crest & the bed of 
water cushion •. 
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With the same design. when the floor length was increased to 2 s ft. ( i e. 
7,4-8 ( 02- Ot ) beyond the point where the nappe fell ) return flow at the sides 
also reduced - see photo I 173 -- and the scour pattern was the best of any 
obtained in this series. vide p~ra 3.2,1 supra. 

3·3 Review. 

The condition of flow in the cistern in all the tests was as seen in photo 
Photo5t08 froB; the surface flow ne:.r the sides was forward but heading towards the bank, 

5hee' 6 while in the centre it was backwar~s ~rom the deflector towards th~ nappe: an~. 
for the lower filaments, the flow md1cator showed that there was forward flow m 

· the bottom t ft. depth only ( out of the total depth of +·6• • ft. ) and that. too. 
occurred iq intermittent spurts of fast current. . 

3.3,1 A, feature,. but for which the scour pattern would have been wholly 
_ satisfactory, was the bellying of the scour contour lines at the sides. This is due 

Phhto t5~73 to the nature of flow conditions, even in the best design so far tested. as seen in 
5F:8 . photo SI73• where two forward flow jets near the sides can be clearly seen, 

'c::s=t Under these Conditions of flow, the best scour conditions obtainable appear toeb 
. those of fig.s .. 

• 3·3·2 To ensure an _ideal pattern of scour it is necessary to produce natural forward 
F' 9 ( ) flow at the exit section .of the deflector. and after .a number of exploratory tests 
t~9 (d) a it was found that the addition of a centr~l pier gave the desired results. 

C:S:t . 

Eig.2 
CS:t 

3.3.3 Figures 9(a} to 9(d).show the surface and bed lines of flow in 'the 
throat_ withput and with a pier. The side divergence downstream of the parallel-sided 
throat were :- · 

(a) 1 in 2- [figures 9 (a) & 9_(b)] 

(b) along exneme line of flow line of unrestricted flow below the throat-· 
(fig 9(c) and 9(d). . · 

It will be obsened that the effect of a central pier is to pull back the flow 
lines, which otherwise tend to flow-away from the centre, towards it. This ,result 
may be explained by the fact that due to the form drag of the pier sides. the velo-, 
cities just neat the pier face {}ecrease relatively more than at quarter widths of 
the throat, deflecting the f:low lines towards the centre. 

3· 3• 4 These studies on jlumed Vertical Falls are still in progress: 

( a ) in respect of the effect of the central stabilizing pier on scour and · 
bellying:; · 

( b ) for obtaining 'the optimum and cheapest design; 

and ( c ) relating the dimensioN to flow parameters and dimensionlesa 
numb~rs, i. c. standardizing the design. 
. ' 

'4. PART n--NON-FLUMED BAFFLE FALLS. 

4· I The design shown ·in fig. 2 worked very well in that there was 
· satisfactaory dissipation of energy in the primary and secondary standing waves 

resulting in no scour downstream. From preliminary tests the pavement length 
was redUced to I•I8 ft.= 2,19 ( 02-0t) ·and, even so, the results as regards 
scour and flow pattern were satisfactory. 

photo 5113 
Sheet 7 

With the glacis sloping at r:., and a pavement length of 14.74-' = 5'·8 
( O:r-Ot ) ( •• that the deflector remained at the same distance relative to the 
crest of fall) also gave satisfactory scour conditions- see photo s••l· 
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VERTICAL FALLS AND GLACIS-BAFFLE FALLS ti5 

Making the glacis slope 2 : 3 ( I. e. 2 horizontal: 3 vertical ) so that the 
pavement length became 1 ( D2-D 1 ) gne negligible scour, the maximum final _!h_~to 5143 
depth of scour with 2 r per cent retroD"ression of downstream .water level being sheet 7 
only := 9" in .the centre, 61 away 1rom the deflector- see photo .P·H; also Ph t 5160 
with glacis slope of i: I and the pavement length.= I ·S' = s.9 ( D2-D1) the energy s:e:t 7 
dissipation was very effective (photo s I 6o) and there was no scour dowmtream as 
seen from fig.t o. . 

. Finally, with a view to- study the minimum l~ngth of pukka floor required, 
when the bed immediately below the baffle was made. erodible (i.e. there was no 
cistern), -the mlX:imum depth of scour obtained was 1,2' below the 'retrograded 
canal bed level; the scour p1ttern was central and surface velocity distribution ( as 
tested by floats) was also norm1l, being high in the centre and low at,sides. · 

It must also be emphasised that, with 2S% retrogression of downstream 
water levels, the hydraulic jump is swept out of the Stilling Basins in all types of 
Falls tested at the Station except the StatilJn type Baffle Fall, which works equally 
satisfactorily with (JI' without retrogression. 

Thus, exploratory experiments made so far with the Station type design 
for a non-proportional, unjluond, B1fflc-type fall have shown that Ij2:I 

glacis and about 2.2 ( D2-D1 ) feet lonD" cistern below the baffle gives sufficient 
length in which turbulence is sufficientiy damped down. Thus, the preliminary tests 
have confirmed, as is only to be expected, that where Pluming is not required 
the Station type design can be substantially cheapened. # •. 

The difference in aost obtained by adopting a steeper glacis and shorter pave 
ment in l~rge falls will be appreciable, . . . . . . 

. Further experiments are in progress to evolve the most economicill unflu
mea design of the Baffle type Fall. 

Fig.10 
~1 ' . 
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C-HYDRAULIC WORKS. 

( 10) EX.CLUDE:aS & EJF.C'l'OllS.. 

0-10-1. Comparison of sanfl.- exclusion at the ~as& of the. Outer Bank 
and at t]/,8 raised sill of the 4pproa.cll,. Channel. under present conditi()ns 

antl with Outer Bfi4nk extended ro position Q-Experiments i~ 
1 f80 : 1/40 part-width, Sukkur Barrage Model. 

1. Introduction:~ 
·At present, at the entrance of the Approach .Ch:;mnel, there is a. deep 

,gcour-hole.~eaching toR. L. 120, i.e. about. 75ft. below Pond leve}. There, 
tis, therefore,. concentrated flow a.fi the entrance of the Approach Channel in 
the middle with return flow regions along the nose a.nd the right bank, the --;:F;-'ig.;.;.-,1=-
extent of which varies in a.pcorda.nae with upstream flow conditions. C-1o-l 

Due to slack return flow a.lon~ the Right bank, berms had formed a.~ 
·sections 3 and 4 which slipped when either they baca.-me too steep or the water 
level in the. Barrage was suddenly lowered during th~ Dooemherclosure. Two 
·such slips occurred . ill 1944 and 1945, damaging. the BundE;r wa.ll and the 
Sukkur Road. _ . . . . 

It was found from model experiments, desoribe.d in last yea.r•a . An~nal 
Report' 11 , that, to start with, the construction of a. truncated :o,ose about 
.500 ft.upstrea.m of the present nose ~nd the subsequent continuous extention of 
the Outer bank to the trtJ.naa.ted nose would reduce scour· at the entr!l.nce of the 
Approach Channel due to the fhued entrance and the (la.t slope ·af the nose 
( 5 : 1 slope of the truncated nose a.s a.ga.insu 2t; l ot fue present nos~). ' 

In addition to the improvement in locaJ conditions, it wa.a also expected. 
tha.t the general flow conditions wanld improve and insure better sand exclu· 
:sion at the nose and a..t the raised sill. 

2. The following experiments were carried out to test the effec~ of the 
·extended bank on sa.nd-exclusion:-

Experiment ( 1 J : -
· Exclusion at the nose and at the raised sill 

wUk the eristing unextended Outer Bank. 

The 1/80 : lf4Qp!)or~-width ;model w.as l~id _ _in _Km;egaon sand ·Of 0.34 
.m. m. dia.. to the 1947 soundings. · 

The following discharges a.nd gauges werE! mantained : 
' Q River 2,!75,000 cs. 

Q App. Channel . ·. · il:5,000 cs. · 
Q Tail Gha.uneL ·----- - -~. 27,000. cs. 
Q Pocket , 18,000 cs. 
Outfall gauge R. L. 196.8 

Fig. 1 
c-1o-l 

W a.ter level downst~ea.m of Barrage R; L. 193.3 
Surface a.nd bed lines !of flow were observed by' wool thr. ·ea.d 

1
in the .....;::Fi""=·g.:-;:;2-:-c-1o-1 

.Ap proa.ch, Channel. 

- Eeperiment ( 2 l : -
Thb Outer bank of the Approa.ch Cha.Ilnel wa.s,extended to position Q 

and the scour-hole at the present nose was filled up to R.iL. 175 as obtained in Fig. 3 
,prefious experiments. Same· gauges and discharges as in'Exper:iment 1 were~c~-1~o-""1,._ 
ma.inta.inad. 

Experiment (3):- -

. Though actually Do appreciable scc•ur occurred on. the Approach Channel 
:side of the nose in Experiment 2 the bed was laid down to R. L. 160 (a.s shown 
in Fig 4) to impo.~e tl/,8 w(Jl'st conditions, assuming a. scour-hole would form, 
.though ofJess depth than under existing conditions due to thE) flat slope of 
.the extended nose. 

(1) Annual Report, 19~6. Ind~an Waterways Experiment Station Poona. pp. 17-'l:I. 

Fig 4 
\,;-l0-1 
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8. Bemlts 

For efficient sand ex~lusion at the raised sill, the flow in the Approachr 
Channel should follow the right bank; actually under the present conditions it 
hugs the Outer Bank. This partly neutralises the curvature of the Approach 
Channel intended to exclude bed material at the raised sill. The exclusion at 
the nose has also deteriorated since the bed material is attracted into the deeper 
scour-hole on the Approach Channel side. · 

With continuous extension of"the Outer Bank to the position Q, the flow 
conditions were appreciably improved, both at the entrance of the Approach. 
Channel.o.nd at the raised sill. 
. There was no return flow at the entrance of the Approach Channel and 
the surface flow followed the Right bank, thus establishing the desired favour-
able curvature for sand exclusion. . . · 

T bl 1 · Table 1 shows distances of bed divides from Right bank at Outfall and: 
---:~~~:::1;_1 CD sections; i. e. the widths of bed material which entered the Approch 

Channel and the right pocket, respectively. 
' . ·, . , Inspite of the wider entrance ·of the Approa.ch Channel when extended tO' 

position·Q, the width of bed· material drawn by the Approach Channel was· 1 

les~, being only ·4c.o ft. against· 530ft, 'under present conditions. Exclusion; 
a~ the raised sill was also noticeably better in Experiment 2, as the · dfstance 
of-the divide from Right bank was only 110ft. as against 160ft. under 'present 
conditions. ' .. ; l • . . 

'. 
1

' With. scour-hole laid' down to 'R. L . .160 on the Approach Channel· 
. side of the nose in Experiment 3--"-a severe assumed condition-slightly more 

bed iria'.terial was attra.ct.ed ·into. the Approach Chanzrel· as ·compared to Expe
rb11ent 2 ;· but this .wa.s still better than With the present unextended nose. 
Exclusion ·at the raised sill remained 'a.s :good as in Experiment 2. 
·:. ' · Tabls V 0-10-1· . · · 

Expt. 
~o. 

Condi tiona of 
· Experiments 

· Equivalent . Equivalent • 
DiHta.nce of divide Distance of divide 
at Outfall section. at OP section. 

(ft.)· .. (ft.) 

·. 1 ·I· 2 . I 3 4 . I 
Expt. Mode~ l!"d a.ccording I 

1 to eX'tBtm,g A pproa.ch 
Channel conditions. · · · 530 160 . . . 

E:xpt. continuous extention 
2 of Outer bank to trtin· 

ca.ted . nc,se Q with 
present scour-hole 450 110 

filled up 

Expt. Sa.me as Expt. 2 with 
3 scour-hole · on the 

' .. Approach Cha.nnul 
490 ·uo side laid toR. L. 160. 

4. Conclusions . 

Remarks. 

5 

With the extension of the Outer Bank, as a.lready r~commended, th~ dc~p 
scour- hole near the nose in the Approach Channel wdl.accrete a.nd shps 1n 

the Right bank will be prevented. . . , . . 
Sand Exclusion a.t the nose and at the raised sill w1ll be matlma.lly 

improved and will remain so even if a. scour- hole develops a.t. the. entrance 
of the A pproa.ch Channel. --
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•' 

0-10-2 Effect of change in regztlation operations of the Right Pocket Of the 

Sukkur Barrage on sand exclusion-Experiments in 1/80:!1/40 parl~dth 

8-ukkztr Barrage Model. 

1. IntroduCtion ; 

Since the construction of the Approach Channeli it has been usual to 
carty out the ann:ua.l scouring operations of the Right Pocket towards the end of 
Abkalani, in the middle of.September. The Pocket thus flushed remains clear 
till the next floods. With river discharge above ·a. lakhs· cusecs, there·is excessive Figs. 1 &: 
silt in suspension and the pocket gets silted.fairly quickly, especiaUy in the H11) of item 
reach up to 900ft. upstream of the barrage. A stable channel section sufficient ~-2 ~iii)-1 
to ·carry the designed ~ischarge, however, remains and there ·is no progressive 
reduction in area. of the ·pocket ·as is generally supposed-vide item. C-2 (iii)-1. 
Nor can the qua:qtity of the deposited silt, when scoured later, make a. significant 
addition to the silt charge entering the canals. 

The September' scouring. operation is carried out With. canals1clo'sea and ar 
maximum discharge-of 27,000 cusecs is run in the Pocket and ls;ooo cusecs i~ __ 
the Tail Channel, thus making a total of 45,000 cs. in the Approach Cbannel.:. 
In previous years, the canals were kept closed during ~bkalani scour!ng in June,. 
J uli or August; but this naturally seriously : :lnterferred ·with . irtigation 
operations. So, t~e Exe~utive Engineer, ~~~age Divisio1;1. < ~ > · re~uired in~orniat!oi:r.. 
about the folloWing pomts ·: · 

'' ( i) Can any short scouring operati<;>n in the right bank pocket be done· 
in. the months_ of June to September while the canals are made to flow w!thout. 
admitting any harmful silt in the canals by'. increasing the discharge in·: the· 
Approach Channel frqm 5tl,OOO cs.·to 60,000' cs. for short period o~ two· days in. 
a. month without creating any slips near the l3under wal1 or the; ·outer guide. 
bank when cut-off on upstream and downstream (naturally or bypoiiding) i'. 'e;.. ·· 
difference of wate_r levels upstream and' downstream of .und~rsluices:..:..permits 
scouring operation? .If so, can tail channel be run then 'with 24',000' cs;-, · and 
pocket 36,000.cs. for at leas~ two days utilizing 16,000 cs~. for runnjn~ canals 
and 20,000 cs. for scouring operation (scouring 2 sluices 'out. of five a~ a. time) 
without admitting any harmful silt in the Right Bank Cana,ls? ''. · · ' · · · ·· · 

" (iy If it is risky to rmi approach channel with 60~000 cs., it could run 
with 50,000 cs. and the pocket ma,y draw 29,000 cs. and the rest in tail cha,~:. 
nel. In this case, canals would be run with the design~!} di!.10harge of.:l8.JOOO cs .. 
and one sluice be scoured at a time with a discharge of about 11,000 Of:!. wit4-
out admitting any harmful silt in the Right Bank Canals. '' ·. · 

2.0. The following experiments were carried out to compare sand exclu.., 
sion at the raised sill of the offtake- into the Right Pocket under existing. 
regulation operations and under those suggested by the Executive En:ginee:r• · 

2.1. Experiment 1 

The 1/00: 1/40 part- width Sukkur Barrage model1was laid in Kore-
gaon sand (mean diameter= 0.34 mm) to the river comigoration observed at. 
4 lakhs cusecs discharge except for the Approach Channel ( including taiL 
channel and pocket ) which was laid according to soundings on 12-9-I946, i. ~ .. 
before the scouring operations were carried out. 

( I ) . Letter from Executive Engineer, Barrage Division D. 0, No. D-2, Sukk~, dated 14.-6-1947.~ : 
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The .following discharges a.nd gauges were maintained : -

River discharge = 4,00,000 ousecs 
.Approach Channel discharge = 45,000 ,, 
'Tail Channel - • - ,. = 27,000 , 
Pocket discharge = 18,000 ,, 

'QT. C./ QPocket = 1.5 
N .. W. Ca.nal discharge = 4,500 cs. 
:Rice Ca.na.l discharge . = 10,000 " 
IDa.du , , . ,, = 3,500 , 
Water level of Outfall = B. L. 196.8 

. ·w 8.ter level downstream of River R L. 196.0 

"The model was run under thess conditions for ~ hours so tha.t ripples 
tormed on the bed in-·the pocket. 

The following observations were ma.de:-

( i) ~ineJ of flow:-Lines of flaw, bed a.nd surface, downstream of 
Pumping Engine section .iJ:l the Approach CD.a.nnel, were observed by wool 
thread. • · 

(ii) Injecticm of seeds :-Seeds were dropped, at intervals, at Section FG 
·in the Approach Cha.nnel. The% of ·seeds, which were observed to enter the 
Pocket and Tail Chil.miel, are given in table ~. 'J:'his per:lentage wali arrived a.t 
from a. large number ( 40 to 50 ) of seeds at each po'int. 

. . . . . 

· 10 seeds· were also dropped a.t a time at section 8 in the p<)cket, well 
distributed over the section at each time, and the numbers entering the North 
Western, Rice Canal a.nd Dadu canals were observed. The J"esults given in 
Table 3 are average of about 100 seeds dropped at section 8. Bracketed figures 
in table 3 are obtained by multiplying the percentage by 100 and dividing 
it by the 'respective discharge so as to give a rough comparative indica.tion of 
sand charge~ with Table 4 .. 

. . (iii). Injection of 1and :-Korega.on sa.nd was injected for 18 houra at 
section 8 ili the pocket at the rate of 0. 75 cft/hr ( 0.33 parts per thousand ), 

Table 4 i. e. a ]J,igl& charge, to give quick results. S!l.n':l was colH~cted downstream of 
oC-l0-2._.. the canals.· Sa.nd charges obtained from this experiment are also given in 

Table 4. · - " 

2.2. Experiment 2 • 
. ' 

With other conditions similar to those in Experiment 1 the discharge . 
• in the Approach Cha~~l was increased to 60.0000 cusecs. .. -
-: • '" 4 I 

1 j, ,., ' : • . 

, . . :This was distributed as follows:-

Approach channel discharge 
Tail Channel discharge 
Pocket discharge 

QT. C/QPocket 

Canal discharge 
Undersluices discharge 

:: 60,000 cs. 
= 36,000 ,, 
= 24,000 , 

= 1.5 
= 18,000 cnsecs. 
= 6,(K)O ,, 

Water level in the river downstream of the Tail Channel and Pocket 
-was maintained a.t R. L. 1W.7 to simulate the usua.l 4.0 ft. heading up 
'UDder s~uring operations. 
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In the model, three gates were provided iii 'the· pocket representing 
five undersluioes of the Sukkur Barrage. 6000 ouseos were passed through 

. ·gate No. 3 in· the mode} which:wa.!f .roughly eqtiiva.le:ilt' ta sluices Nos: 4 and 5 
r in the. b~rrage .( _s~uice No._l abuts t4e.right abutmen~.oUhe PocketJ.: '· 
I • ' !. • ' • ~ J. . t ' • ' ; .' • ~ J '• 

i - -.-r '· Lines·of-flow -were 'observed by·.woolthread. nistributi6n Jof seeds. 1was 
:. tested as in experiment :No.· 1. 

2. 3. E,xpe?~irrlfnt· ;B. ; .. 

' . :·· ·) ,~ith,w'1t~r lcr~eLR• L. 196.8 at Outfall Section and:R.:L.,.192t'7 of Tail 
·_Channel, .the maximum .discharge which could be pass_ed -over the ,raised silt into 
' the P~ck_~~. \vas ,34,_600. ciusecs. instead ·~'£1 36,000 c'u~eos · re<J.uired :.!.._ .. · · 

1 

• · ' 

. _ -~ ,, ,. ... , _,. _., , . . , ..... ; , . ~ . L , . .. .. · 1 

Approach Channel discha.r'ge • .. : •::i ,56,500.icu·eecs;J 
Tail Channel ,, = 21,900 ,, 
Pocket discharge = 34,600 ·'·' . 
:Q: !' Q . :. ,' '· -. 

T.C.f Pocket, -~ : 0.{>3,', ~ 
O~na.l. disqh~rge ' t _;; 1, ,18;000 CJ.lS~cs~-" 
Undcrsluioe,s ·djsph.~rge , 1 ., ; 1 , . : 1: /,16,60.0 . , ~- . 

' . " 
Gates Nos. 2 and 3 in the model ( equivalent to tduiees' Nos~ i3,4 a.-nd 5 in 

Fi,. 6 
C-1G-2 

the barrage ) were opened equally to pass 16,600 cusecs. . 
Fi«.7 

Lines of flow and distribution of seeds were observed ·as in the previous c-1o-2 

experiments. · 

K . d · • d · th . k . 8 -h Tables 2 cf 3 orega.on san was mJecte m e poe et at sectton at t e rate of 1.5 c-10_2 . 
cft/hr ( 0.84 part~ per thousand) for 7 hours. Sand charge is given in table 4. 

Table 4 
3. o. Results : c-1o-2 

( i ) Effect on sand e:ccZusion at tlte raised sill. 

( a ) Lines of flow : - In experiment 1 bed lines of flow up to a divide of 
2 ft.= 160' from right bank at section CD entered the pocket. This increased to Figs.5. 6 a: 7 

2.75 ft. =220ft. and 3.5 ft. = 280ft., respectively, in experiments 2 and 3, c-ro-2 

( b ) Bed seeds :- Table 2 shows the· increase in % of seeds ( dropped at 
Section FG ) entering the pocket in experiments 2 and 3 as compared to the _Tai,Je 2 
existing conditions in experiment 1. c-10-2 

( ii ) Distribution of sand entering the pockBt. 

·The results obtained from ~bservations of lines of flow, injection, of 
seeds and sand varied. This was due to the limitation and drawbacks of each 
method of observation. The observation of bed Jines of flow by wool thread 
indicated that insignificant bed material would enter either the Rice or Da.du 
Canal; this was due to the high forward·velocity at these sections, created by 
considerable discharge passed through the undersluices. Seeds dropped to ob-
serve distribution travelled along the bed only, while sand injected was thrown 
in suspension, in experiments 2 and 3, n~ar the Dadu Canal due to turbulence. 

In. spite of these quantitative differences, the qualitative inferences are 
clear. The results given in Tables 3 and 4 mu$ not be taken, therefore, to give 
the quantities of sand charges under the three different conditions of regula
tion but merely.as a comparative indication of how the material entering the 
pocket would be shared by the canals under each type of operation. 

Under existinl operations ( experiment 1 ) , the N. W. Canal and the 
Rice Canal draw most of the sand entering the pocket. With increase in pocket 
discharge to 34,600 ousecs sand charge in Dadu Canal increased considerably.
{ Compare results of experiment 1 to those of experiment 3 ). · 

Fig, 7 
C-10-2 
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4.·4nalysis of ths remUs: 

. Increase in. the pocket discharge to 24,000 cusecs maintaining ra.tiu 

QT. C./Qpocket = 1. 5 deteriorated the exclusion at the raised sill. Reversal 
of this ratio ( experiment 3 ) apparently reverses the favourable curvature fi.t 
the ra.ised sill. This is only to be expected. So, either an increase in pocket 
discharge maintaining the dit;charge ratio of 1. 5 or altering this ratio even 
for a short . period is likely to draw more sand into the pocket. · -

. . I . . 

• 1Thus, with the scouring operations, as suggested by the Regulation Officer, 
thereiwould be a. 'higher sand charge drawn by the pocket and, consequently, 
theN. W. Canal· and the Rice Canal would draw more sand than at present. 
The Dadu Canal is lilkely to be the worst affected compared to existing 
conditions. , , 

By admitting more water· in the Pocket, as compared with the· disch· 
arge in the Tail Channel, in order to scour the pocket (while keeping the canals 
running), the favourable· curvature at the raised sill is reversed and large qu• 
antities of sand will be drawn by the Pocket, which would subsequently find 
their way into all these canals, 

5 t .. 
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Table No. 2 I 0-10-2 

'"'" Giving tlt.e percentage of seeds entering tile poc~t and tail chanwl tdten Moppe•l ttlt~~lllion PG. 

Dietance from l(ight Bank at 1.0 1.5 2.0 2.5 3.0 :1.:. 4.0 u Section FG. (ft.) ~.II 

%in tail I %, in %in tail %in %in tall I 0
/ 0 in %in tail I ~o in %in tall

1 
~~ in 0

0 in tall' ~o ln "" In tall ~o in ". In tall . . '" •• 111 lall I . channel pocket channel pocket chnnel Pocket channel IH>Cket channel I pooket obaunol poobt channel I>OC.C~t ahuul ""*"' ohalll\ol . '" poollol 

1 I 2 I 3 4 5 6 l 7 8 I 9 10 I 11 1:1 I l:J J.J liS I lG 17 lH \ lU 

Experiment 1-QT.C._IQPocket = 1.5. 

Expt. 1: App. Ch. diecharge= 
45,009 cs. 

90 30 70 90 JO 100 0 Canal dis. = 18,000 ,, 10 
Tail Ch. , = 27,000 " U ndersluices 

. 
i 

I Expt. 2: 

I 

App. Ch. dis. = 60,000 cs. 
10 90 10 90 50 50 80 20 100 0 Ca.na.ls dis. = 18,000 ,, . 

Undersluices = 6,000 " 
Tail Ch. dis. = 36,000 ,, 

Experiment 3: 
•zo RO App. Ch. dis. = 56,500 cs. 

0 100 0 100 JO 00 
Canals ,, = 18,000 , 0 100 0 100 0 lQO 
Undersluioes = 16,600 " T&il Ch. dis. = 21,900 ,, 



1 

Expt. 1 
. 

Expt. 2 

Expt. 3 

TABLE B.J0-10-2. 

' Percentage of seed.s dropped at Section 8 entering the canais and tindersluices. 

%of seeds entering 
N. W. Canal. 

2 

40 
( .9 ) 

30 
( .67) , 

15 
( .33) 

% of seeds entering 
· Rice Canal. 

3 

60 
( 0.6) 

50 
( .5) 

25 
( .25) 

% of seeds entering 
Dadu Canal 

4 

0 
( 0 ) 

10 
( .286) 

10 
( .286) 

% of seeds passing through the U ndersluices 

5 

Closed 
( 0 ) 

10 
( .167 ) 

50 
( .3) 

N t F . . b k . l r· percentage X 100 Th' ff d . . h T bl 4 . . 1 d o e:- Igures m rae et give va ues o . h · IS a or s a comparison Wit a e g1vmg parts per t wusan . 
Disc arge -

Table 4/0-10-2. 

Giving the sand charge in canals in experiments 1 and 3. 

Parts per 1000 in Parts per 1000 in Parts per 1000 in 
Parts per 1000 t.hrough the Undersluices. N. W. Cv,nal. Rice Canal. Dadu Canal 

~ ... 

1 2 3 4 5 -
! . 

Experinment No. 1 0.026 .0.0105 ·0.008 Under sluices closed. 
Rate of injection 
0.75 cft/hr. 

Experiment 3 0.0195 0.0232 0.195 0.101 
Rate of injection 
1.5 cftjhr. 

18/J 
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J.\MSHEDPUR WATER SUPPLY I~TAKE 

C- HYDRAULIC WORKS 

1 2-0ther works. 

C-12-1 Supply of sand-free water to Jamshedpur Pump House. 

1. Introduction :-

. Both the Jamshedpur Steel Works and the town were ·previously served by 
water pumped from the Subarnarekha river. Recently, the Dimna nala has b~en 
dammed some six miles north east of Jamshedpur and water supply for the town is 
tapped froiri this Dimna reservoir; but water for the Steel Works continues to be Figs. 1 & 2 
pumped from the river just upstream of the pick-up weir, shown in figure 2. The C12-l 
existing pumping installations have a total capapity of 3 I, 8 so gallons per minute. 
The existing suction main is a 4 ft. diameter, cast iron pipe with its open end loca-
ted midstream, some distance above the weir, at a point where bed water heavily 
charged with bed sand is evidently sucked in without hindrance. 

I 
The pumps can be worked continuously all th~ year round except for the 

danger of the heavy charge of sand being drawn during the flood season, ' which 
causes heavy wear and tear of pump casings and impellors, thus reducing their life 
and efficiency. Hence, during floods, the pumps are being worked at present to 
meet only ·the minimum requirements. In spite of this precaution, in the monsoon 
about sooo cubic feet of sand collects daily in the main common suction · chamber 
inside the Pump House and has to be promptly removed; and, as a result, the pump 
casings have been severely pitted and have slowly disintegrated by attrition. 

The case was referred to the Station for its recommendations and suggestions 
as to how to ensure supply of relatively sand-free water to the Pump House at all 
river stages. · 

2. Station recommendations :-

2.1 Location of the Pump House -'-

The first requirement, was to design a practically sand-excluding ·Intake. 

Various methods have been tried and tested, in the past, for sand exclusion, 
mainly in connection with the design of canal headworks. None has been found as 
sati'lfactory, in general, as locating the intake on the concave ( i. e. outer) bank of a 
,curve, where the bed water containing sand is naturally deflected away and only 
sand-free, top water enters the intake works. 

The jir1>'t essential was, therefore, to locate the Intake ne~ the downstream 
end of the available concave bend, though well upstream of the cross-over ofthe deep
water river channel, so as to obtain.the maximum benefit of the favourable river 
curvature. A suitable point near the existing Pump House was suggested by the 
Station for the lntali:e, on these considerations. 

Two counteracting features, reducing the efficiency of sand exclusion, must, 
however, be borne in mind :-

(I) The effect of curvature is diminished in periods of low river by ponding 
of water caused by the weir; and, . 

(2) in high floods, in spite of repositioning of the Intake, the· bed sand 
thrown into suspension by turbulence and intermixing of the water at different 
depths- may still be sucked in, to a certain extent, unless arrangements are made to 
tap only the top filaments and to insure minimum agitation. 

In addition to correctly relocating the Intake, some additional arrangement 
to prevent the entry of sand in the suction pipe was, therefore, considered necessary. 

2.2 Intake Tower:-

An Intake Tower, well streamlined in plan to minimise turbulence and with 
an arrangement for tapping :sz£rjace water at all river stages, as shown in figures 3 
and ·h was, therefore, .recommended by the Station. 

Figs. 3 &: 4 
C-12-1 

• 
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t88 A~~UAL REPORT ( TECHSICAL) OF THE WORK DOSE DC~ISG THE \'EAR 1~7. 

(A) Salient features of the proposed Intake Tower:-

In dry weather, when the water in the river is low and there is little or 
no detritus, water enters through vents from all sides and is collected in the central 
chambers, from where it is carried to the Pump House by water mains. When the 

. water level rises, the bottom water from the side vents is cut-off; top water then 
enters the central chambers by spilling over a set of movina gates which can be 
operated to maintain the top of the gates at any desired )evef from the operating 
platform. If the top of the Tower is kept sufficiently high with a reasonable free· 
board, gates can be opearted all the year round, even in the highest floods. 

(B) Typel of Intake Towers:~ . 
Two designs were suggested:-

( a ) Figure 1 shows a design of the Tower similar to the one supplying 
water to the Wazirabad Pump House at Delhi, but modified to suit the Jamshedpur 
conditions. 

The water after entering the bell-mouthed vents flows down the Intake 
pipes and thence to the inner chambers. When the water level rises, the pipes 
are closed at the beJI-mouthed ends by covers, the outer most gates on both sides 
lowered, and connection between the outer and inner chambers completely cut-off; 
the w~ter then passes only over· the top. of one of the gates, depending on the 
river level at the time. · · · 

(b) The alternative design of the Tower in fig.+ waa evolved at the Station 
-z:;.;·~~·:;.-2--:-:-and has some special features difterent from those of the Wazirabad type. A short

crested weir in the Statipn type replaces the intake pipe~ This does not require 
any covering slab as in the other design and hence is perhaps more economical; 
alsO, in lieu of peripheral pipes rectangular vents with bell· mouth ends are 
provided around the periphery. 

This design may require slightly more head, say o•s- feet as against 0•2 ft. 
in the Wazirabad type. . . 

Both designs are expected to work efficiently and either can be adopted, 
depending on the suitability to local conditions, construction facilities etc. . 

( C ) Design details:-. 
( 1) Tower design-

( a ) W azirabad type:-
( i ) Shape, orientation, size and height:-

It is essential that the Intake Towers should cause· as little obstruction to 
flow as possible; otherwise, besides the danger of undermining, the bed sand 
would be thrown into suspenstion due to turbulence and the design would thus redu
ce in efficiency. The Tower was, therefore, provided with streamlined ends, and 
so oriented, in respect to the direction of riveroflow, that the flow lines would be 
least distorted. · 

The size of the Tower is governed by the intake capacity required and 
the maximum H. F. L., and so, by the size of gates, intake pipes and vents, the 
designs of which are given below-

It is desirable that it should be possible to operate the gates up to· a 
level as near the highest probable high flood level in the river as possible: unless 
the difference between tbe frequent flood level and the highest H. F. L. is so 
large that raising the Tower above the highest H. F. L. to provide reasonabJ~ 
free-board becomes uneconmical. In the present case, the river being of tlre 
flashy twe with the highest high floods occurring for an inconsiderable duration, 
the Tower can be allC?wed to l>e submerged; as even then, the functioning of the 
Tower will not in any way be adversely affected because the sluice valves at the 
Pump House end can, nevertheless, still be operated as desired. 

From the analysis of available data of flood water levels of the SubarnreL:ha . 
river at the Pump House, it is seen that, with the Tower top at R. L 41o.oo, 
the best compromise was obtained between conrtructional cost and the 
operational or control period. Even under worst conditions as of the 194-2 
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floods-and such abnormal floods are generelly rare- regulation of the Tower 
with its top at R. L. 41 o.oo will be permissible throughout tbe year, exeept for 3 
conseczttive days, or 10 days in the aggregate with intervening periods of low 
water levels. 

Any higher level does not give corresponding advantage in the control period 
commensurate to the cost. For example, raising the Tower to R.L. 415'.00 would 
only reduce the aggregate period by about 3 days, while ~he consecutive period 
would remain the same. Additonal control for 3 more days in a season does pot app
ear to justif)' the extra cost involved, and hence was not recommended; while raising 
the T?wer above H.H.F,L (viz. R. L.44o), obtainable perhaps only for a single day 
at several years' interval, was out of ~onsideration. . . 

The top of the Tower, therefore, w.as suggested to be kept at R. L. 41o,oo 
In the short and infrequent periods when the river level is above R. L, 410.0 the 
supply can be taken from the Dimna'reservoir, or from the Work's Supply Balancing 
Tanks, if drawing it above the topmost gate at these .river stages is found to 
draw in sand with it. 

The old weir with crest"at R. L. 394.34• being meant only as a diversion 
weir not intended tp impound water, the Tower was aesigned to supply the necess
ary discharge at water level R L. 394,00, 

The width of the inside chamber as provided was designed to ensure thar, 
even with river water: level at R. L. 41 S.so and the inside water level at its lowest 
( -.iz. at R. L. 394.00 ), the nappe falling over the ~oving gate would no): hit against 
the opposite wall. · .. 

( ii) Foundations:-

The nature of the bed at the proposed position of the .Intake pier was not 
exactly known. The scattered out-'crops of rock on the right ~bank suggested tha~ 
sound dependable rock· may be available for foundations near the bed of the 

~ proposed site, · · · · · ' 

nable 
Well or pile foundations were suggested in case rock is not struck at !l. reaso

depth. 

(iii) Peripheral vents :-

All along the periphery, 101 vent pipes, l:o" diameter, with bell-mouth 
ends were provided. The ~umber of vents and their sizes were so designed that, 
even with the lowest obtainable W. L., more than the required discharge 
will be passed. ' 

. ( iv) Intake pipes with bel~-moutha:-

30 pipes, each 18" diameter, were found to be necessary to pass the requi
red discharge with a liberal margin of safety • 

. V. Other details:-

Gates: 

Two sets of 10 ft. · wide C. I. vertical gates, moving in gaides were 
suggested •. " ~~ct;ptin:g the top gate whkh may be 4- ft. high, it was suggested . 
that thi ot~er gates may be { ft. high, with an overlap of 6~ between two. 
adjacent ~a~e's. The outermost bottom gates were provided on both sides for· 
cutting lOff .the connection between the outer and inner chambers in high .floods, 
or whenevec· required for cleaning, repairs, inspection _etc. .. . . . . 

~ 

· ·Trash rack:-... ":' 
· Flt preventing .floating d~bris finding access into the Tower, trash 

rack of ·eJtpanded metal are prpposed to be fitted in front of the 
gates. . ·.~. , 

F ~at-bridge:-., 
'l 

J\. f~ur foot wide feet-bridge from the operational platform to the bank was 
suggested to be _.provided. 
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Minor details, such as gate valves for 4 ft. pipe mains, aeration pipes, 
~Fi.;;;•tr;...:;3:;,.. • ...--foot-rests, wooden planks for covering the central chambrrs etc. are shown in fil!. l 

C-12-t .... 
2.3 Pipe lines from Intake Tower to Pump House;-

Alignment:- The best alignment can only be determined from a contoured 
-.;.2;o;1•[•·t- plan, or else from cross-sections and L. section, which w,.ere not a\·ailable. 

The tentative alignment, as proposed, is shown in fig.2; but this may be required 
to be modified to suit local contours and conditions. 

Size:-

It is always desirable to maintain as high a water level in the Tower as 
possible in keeping with the cut-off necessary-to pass the required discharge into 
the chambers over the movable gates. .It is, however, preferable that pipe dia
meters should be designed for the lowest water level inside the Tower. The 
size of the pipe being thus determined, further reduction of pipe diameter merely 
to increase the scouring velocity-to keep the pipe flushed-is not permissible as 
the capacity of the pipe will then be inadequate at low water level in the chamber. 
Moreover, for flushings, high velocities can be generated by proper control of the 
Tower gates and gate valves in the intake pipes. These considerations led to the 
adoption of 4 ft. spun-concrete pipes as leading mains from the twin inlet chambers 
and s ft. diameter pipe as common main connecting the 4ft. pipes with the Pump 
Hou.se sump. 

3, · Regulation. 

In low river, all the gates excepting the bottom gates are to be closed so 
that water will only enter through the peripheral vents, flow down the intake pipes 
and collect in the middle chamber, from where it is carried to the Pump House by 
the mains. 

With the oncome of floods, the W.L. will first snfficiently rise to permit 
taking water over the top of the lowest gate. The intake pipes are then to be 
closed with the covers and the outer gates fully lowered. 

Depth of water for passing 1 B·H cusecs over the pair' of gates is estimat-
ed to be about 1 ft. . 

The gates are always to be.so operated, as far as possible, that only about 
one foot layer of surface water is tapped 

The inner chambers of the Tower can easily be closed--one at a time or both 
together-by lowering all the gates and draining the chambers by opening the 
sluice valves in the water mains. During this time-which will not be frequent or 
long-water for works. can be supplied lrom the second chamber: of. the Tower, if 
one is closed down; or, i( both chambers~are simultaneously closed, trom the Cool
ing Pond or else from the Dimna reservoir. 

Constructional clifficultiea :- • 
As water supply can be taken from the Dimna reservoir during the period of 

construction, no serious difficulty is anticipated in constructing the proposed Tower. 
As soon as the water level has gone sufficiently low, the existing diversion 

weir below ,Pump House can be cut to drain off the water. The foundations can 
then be built in the dry without having recourse to coffer-dams or .a ~ng bund. 

After the work has sufficiently progressed and is carried above foun<lations, 
the breach in the weir can be made good. 

S. ~tation type Tower design:-
Excepting for the vents in the side walls and the short-crested weir, this 

design is similar to Wazirabad type. 

(1) Vents:-
Jo6 vents, each 1' x 9", were suggested. 

(2). Short-crested weir:-
Head required to pass I 3 3. r { CUSeCS over the short-crested Weir of I I 2 ft. 

length was e~timated to be = 6" 
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C-12-2 EXPERIMENTS TO TEST THE SUITABILITY OF THE POSITION 
'oF THE LOCK SPAN PROPOSED IN THE SIND DESIG~. 

It is contemplated in the design of the lower Sind Barrage to site the 
Lock span just wt.ride the leJt pocket divide wall with a. Fender Lock wa.ll 
:210' upstream·of the weir; the length being fixed from the consideration of the 
biggest craft .that is likely to use the Lock. Length of the biggest craft is assu· 
med to be 200' and an extra. 10' i.s provided in the length of the approach or 
Fender Lock wall. · · ' 

Fil(. 5 
C-12-2 

( 2 ) Experiments were carried out in the 1/250 : 1/50 vertically~exa.gg~· · . 
ll'a.ted model with the p~oposed position and arra.t;tgement of the Lock : - · · 

(a.) to test the suitability of the position proposed iil the design; or 
otherwise to determine the best location of the Lock span from 
the point of view of affording a. sa.fe approach; 

and (b) · to determine the optimum length of the appl'oacli wall from the. 
point of view of least suction caused by'-th'e adjacent river. spans, 
drawi~g the craft towards them during floods. .. ! • ·: • 

(. 3 ) Experim;nts reveal~ the uns;,itallitity . ~f. the proposed position 
from the following points ·o£ view : -· · · · · · · . .. . 

(a.) Due to curved, and persistently turbulent flow, associated with:the 
.Jiving flow at the nose. of. the· leit ipop;ket divide· wall, this positioq left much 
to be desired in respeot t>f.satisfa.etpry ,and sa.f9 _p,pproa.ch conditions. '. :1.: ·; 

(b) E\"en if th~:r;e ~~re perlecth<?nditions ofriara.Ilel flow, the' velocity 
<>f 10' /sec. to 12'/seo. ( or' )sometimes even more ) in this zone would. cettMnly 
ma.ke the berthing of a. vessel along the approach quay to the· Lock in this posi
tion a. difficult task, a.nd bne of. Gonsiderable risk both· . to the- vessel as, well a.s 
to the quay, · 

· ' (c) Though the Fendei :(Jock wall produced t;h.e desired· effect of creating 
sla.cker water within the area. boimded by it and .the left poc:Ket divide wall, a ship 
model showed that the manoeuvring of th~ vessel 'would still be difficult, even. 
after it o;rossed the, first hurdle· at the nose of thb Jeft pocket. div~de .,wall, in 
view of the secondary· turbufert4 region.Jormed; just . outside t.he. nose ot the 
Fender wall. . . ' · . ' · · • 

1 j l , I. 4 "' ' r ~ • . . . ,. , : ' t 

; . · · · ( d ) A p.umb~r: of. tests were 1\Iso carrj.ed out with this. Fender ·wan 
varying in length from 15d to 400'; but neither a short nor along, :w~Jl'could · 

,.reduce the hazards of turbulence. · . 

. ( ·4 ) . At this stage, the following alterna.tive positions for the Look we~a 
oonsidEfl'ed :- · 

: · . 4. 1, As there is only one canal on 'the right b~nk the. ~ock CQuiq,' ·b~ 
~onstructe~ in it with two approach cha.nnels, one to the upstream a.J;id :the 
o0ther to the downstream side of . the barrage, ~ith the following possible 
:advaijta.ges .:-- j • . ·, • • • • 

~ · · · ( ~ ).~conomically, the eost of the approaches might be m~re tha.n 
offset llgainst the eosli of :the Fender' W a.ll and much. .lower costs' of Lock gates, 
Lock bridge, etc.; · ' . .. 

' • • • j; 

· (b) hydraulically, it would ~void the hazards of turbulent apd diving 
flow and afford easy aud safe approach cenditions for vessels; it: 'Y~~~d also 
largely be unaffected by the operation of the Bn.rrage gates. ' 

> ) ._ 4 ' ' : ~ • 

. , The following disad-vantages, however·, more than couriterweighed tha· 
:&dva.nta.aes .:- · · ·' , 

0 • 

,( a. ) this arrangement would interfere with the operation of the cana.l' -
Jaa.sed on consid~rations of irrigation demand; the excessive heading-up,· 
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caused in the head reach above t}le first cross regulator, at periods when the 
canal would be running with a. low capacity factor, would lead to periodio 
silting iii this reach; 

. ( b ) and it is also likely that th3 right_ arm channel may build up its 
bed and may not provide sufficient draft at the entrance and/ or exit of the 
approach channels linking the Lock to the river. 

· 4. 2. The second proposal was to site the Look at the extreme right end 
.of the left arm barrage to take advantage of the Central Island as an .approach 
quay for the vessels. 

But this position was also ruled out after model tests for the following 
reasons : - · . . 

(a.) it would have made the approach conditions even more difficult 
than if located just outside the Pocket, due to greater turbulence

. and higher velocity along the shank of the island; 
(o) there would also be less draft a.vaila.ole on the downstream side 

of the Loc~ as it lies on the convex, and so the so.nding, side o£ 
the curve in the left arm channel; 

' '. 
and (c) it would have been hazardous to manoeuvre· the crafts along the

submerged s_lopes of the left arm shank of the Central Island. 

4.3. 'l1he third and best a1ternative site considered was just inside the 
left pocket having the following merits:-

. (~) as the-discharge in the pocket is limited, -the maximum velocity is 
never likely to exceed 5 ft.fsec ( and under 'still pond' up to river discharge:= 
452000 cusecs, only 2.82 ft/seo.) with the regulation phases recommended ( see 
item C-4 (ii).2 ) and so would never be subjected to such turbulence as would 
be_ objectionable to the safe manoeuvring of ships; 

(b) while working the ship model, it was ol>Rerved that there is no 
draw of current au·ay from the divide wall in its vicinity, thereby producing 
unfavourable conditiol\s for berthing a. vessel alongside of it; besid<·s there is 
likely to be a. deep water channel from the left guide bank, upstream of the 
pocket, to the Divide wall nose; 

(c) it would a.lso enable handling a. larg~ volum~ of traffic at a time, 
due to sufficient space being available inside the pocket; 

(d) the twist and scour at the nose of the Fender lock wall could also 
partly aid exclusion of sand rolling along the narrow strip besides the pocket 
divide wall. 

: 5. All doubts whether the requisite draft will still be available in case 
the pocket gets badly silted along the divide walJ, as in the case of the Left 
pocket of the Sukknr Barrage, were disproved by rigorous model tests made for 
this purpose. These tests ~bowed that, ·under the worst conditions, sufficient 
depth would still be maintained to give' the . required draft and scouring 
operations could 9uickly and efficiently incrrase depths, if a.nd when necessaryp 

5.1. An appreciab!e reduction in silting of the left pocket of the Sukkur 
Barrage, since it has been run under ''semi-open'' flow conditions, for diacharges 
higher than 3,50,000 cusecs, is convincing of the superiority of the ''semi-open'' 
flow recommended; if simil1r regulation is enforced, there will be no excessive 
ailting in the left pocket at the Kotri Barrage • 

. 
5.2. Moreover, the three left bank canals at Sukkur, nearest to the 

barrage line, (i.e. Khairpur Feeder East, Khairpur Feeder West and the 
Eastern Nara Canal), drawing a. maximum aggregate discharge of 16,000 
cusecs, a.re p.ccommoda.ted in a. width of 7 50' along the Head Regulator face
line, as a. result of which the mean velocity in the zone oft he left pocket contribu· 
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ting this-discharge to these three canals is hardly more than 1.25 ft/sec., against; 
3ft.Jsec. in the case of the Pinyari Feeder of the Kotri Barrage dra.wing 20,600, 
cusecs a.nd accommodated in a restricted width of hardly 314'. Thus, the higher 
velocity obtainable in the Kotri Barrage design will always ma.inta.in a. 
minimum depth of 11' ( a.gainst 3' in the Sukkur Barrage) below the pond level,. 
based on V /V 

0 
considerations in these zones. 

5.3. The question of the optimum position of the Lock from the point of 
navigation was discussed with Col. T. M. Oag, Director of Navigation, Centra.l 
Waterways, Irrigation and Navigation Commission. Col. Oag also saw the 
experiments with different positions of the Lock and the attached note ( see 
Appeitdix I ) is the result of his observations. 

' 6.1, One series· of experiments were aimed at working~ out the 
discharge tha.t can be boosted in the pocket and pushed through the lock 
approach channel to keep it clear of silt, with. tlie _optimum permissible opening 
of the I.Jock span gate, without vitiating the sand exclusion from the pocket or. 
affecting the regulation phases. 

App, :t 
C-12-2 

Statement I shows the discharge. in the. Lock span for the_optimum ~~;.":~:-';::-2~-:2:--
opening of the· Lock span g~te, V jV 

0 
in the Lock approach chan~el, and the 

·theoretical maximum depth up to which it will b'e possible to scour· the silt 
deposited in the Lock _apprQac~ channel. · · . · . 

. . . 
6. 2. 'rho.ugh the V JV ratios worked out in State.ment I are 

0 . 
· somewhat disappointing, it will be possible to improve these ratios by pushing; 

in the difference of discharge between the full and actual capacity factors at 
which the can&.ls will be run duriug the abkalani; this ·only means that impro
vement of the lock approach channel will be suitably timed when the canals. 
are drawing low discharges.. · 

~ . 
If the balance discharge then available is diverted through the Lock~ 

span and the spans adjacent to it, it will maintain satisfactory· conditions in· 
the pocket by preventing silting which would otherwise take place at a low: 
capacity factor of the canals. The model showed that ~ven 10% · difference· 
in the capacity factors of the canals, forced th;rough ·the Loc.k span, willl 
substantiaHy improve the Lock approach channel. · 

.. 6.3. If despite this the ·appro~ch chann~l shows signs of undu:~< 
silting, with the pocket gates kept 3' higher than the barr.age gates (instead 

· of 2' recommended), more discharge can be .forced through1the lock span and 
the spans adjacent to it under semi-open flow cond~tions than through the. 
spans uearer the face of the Head Regulator, by throttling the latter as-., 
required without the pocket gates being overtopped. . 

. 7. 1. After deciding upon the best position of the Lock, experiments. 
were carried out for determining the optimum length of the approach or Fender· 
wall with the following main considerations in view ; -
• ,l ' -

(a) to avoid danger to the _crafts by the, suction caused by adjacent; 
spans; 

and (b) to provide satisfactory approach conditions by ensuring sufficient. 
draft at the entrance to and in the Approach.· 

7.2. As the pocket gates adjacent to the Lock span will not be kept open. 
to the same extent as the barrage gates, suction ·effect was hardly observed to.
extend 100' upstream of the weir line and thus did not influence the length of. 
the approach wall. · 

7.3. For consideration (b) above, four different lengths= 337',275', 230';' 
and 210' upstream of the weir, were tested in the model.. After running rising 
and falling cycles with the optim':m pe!~issi~le openings of the Loc~ span a.s. 
worked out in Statement l-and W1th slltmg m the dead water reg1on of the:' 
left pocket artificially reproduced right up to the pond level (i.e. the worst hyper 
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thesis )-it w&s observed tha.t the longer wall was bette'r th:1.n the shorter wa.ll 
for the purpose of clearing the silt from, and in front of, the Look appro&oh 
channel ( see t&ble 1 below ) ·• . 

. . I 
~. F1gure 2 s_hows the R. L~. of silt laid. in the pooke' and the R. Ls. of 
t~e sco~r a.a obta.med for the 230 Lo:tg Look wall-fim.lly adopted for reasons 
gtven subsequently. · · 

Length . of the 
Fender waJl 

337' 
275' 
230' 
~10' 

Table'1. 0-1.2-2. 

·Minimum R. L. down I 
to which sa.nd was scou
red in front of the wall 

R. L. 50.0 
R. L. 53.0 
R. L. 56.0 
R. L. 60.0 

REMARKS 

Lock spa.n gn.te op~ned as 
shown' in Sta.tement I. 

· Ha.d it not· been for the diving mid-depth flow at the· nose of the pocket 
divide wa.ll extending 150' below ih- under the worst conditions of the regula..· 

Fig. 7 tion-the longest Lock wall would have been, therefore, preferred With the 
.c-12-2 Lock wall 337' in length, the noses of the two wa.lls will be 293' a. part a.nd crafts 

would'ha.ve.steady w&ter for a length of ha.rdly.143' ( obt&ined. by deducting 150' 
from 293'); which is less than the length of the biggest craft (200') likely to use 
thE! Lock: For sa.tisf~tory approach conditions there_ must remain a. distance 
-pf at least · 200'-prefera.bly 250'- eseential to a. void vessels being directly 
-drawn to, a.nd. impinging·a.ga.inst, the nose of the· Lock wall. 'fo meet this 
ll'equirement, th~ Approach Wall would ba.ve to be _not _more than 230 Ct. lo~. 

8.. Length of downstream LGck Wall :-
. In the Project design, the downstream Lock wa.ll is proposed to be 290' 
in length measured from the \Veir crest, the length being fixed by the maximum 
length of .the craft: a.nd the minimum additional distance required for operating 
the flap gates of the 'Jock. . . ' 
· · Model ex:periments.showed that this length was suitable from the poin~ 

.of yiew .of approach a.nd exit to the lock as the nose of the downstream divide 
'\Vall of the Left Pocket, i.e. the point of the maximum turbulence, is sufficient
ay away { by about 155' ) from the nose of t_he 'downstream Lock wa.ll. ' . 
: · The mui~um draft of 10' required for. the craft is also likely to'" be 
~nsu!ed by the 'regulation of the Lock span a.~ prol>Osed In Statement I, · 

Hence, the length of. the do'\Vllstrea.m Lock wall a.s contemplated in the 
.design ma.y be retained. · · 

9. BecurmnenilatiO'nB :-
( 1 ) The Lock ·should' be constructed in.the Left Pocket, i.e. imme:. 

-4iately to the left C?f the Left Pocket divide wa.l~. 
· { 2) The length of the upstream Fender Lock wa.U should be 230 ft. 

. · ( 3 ) The left pocket divide wall should be used as the approach to 
.enter the lock with bolla.rds fitted to it a.t intervals of 100' from the upstream 
-end of the Lock. 
• ( 4) Through .the: Lock span and spa.a.S a.djaoenL t~ · it _supplies. 

:a.vaila.ble owing to the aifierence between the a.otua.l and capacJty discharge 
drawn by t.he ca.na.ls should be utilized to minimize sanding of the Lock span. 

{ 5 ) The left pock~t ga.~es ma.y be kept 3' higher than ~he other 
ba.rrage gates ( instead of 2 previously recommended) to enable flushmg of the 
Lock span. •. · . · 

. : ' { 6 ) The l~ngth of the downstram Lock wall may be kept 290ft. aa 
.contemplated in the design. , · --
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Showing the optimum permissible opening and discharge through the Lock span. 
I . - -

Discharge Water Water Cut-off Maximum Permissible Discharge Velocity in Vo VfVo Theoretical maxi-

in the river level level =col. 2 permissible opening of through the the Lock in the = cul. 8 mum d~pth down Remarks. 
ujs of the ujs djs minus opening of the other Lock appro- approach r.ock app. col. 9 to which silt ca.n 

barrage. col. 3 the lock pocket gates. ach channel . channel ch. · be scoured for 

.( Cs.) ( ft. ) spa.n. ( cs.) ( ft.jsec, ) ft./sec. velocity in Col. 8. 
(ft. ) ( fh ). 

1 I 2 3 4 5 6 7 8 9 I · 10 11 - 12 

200,000 68.0 63.40 4.60 2 Closed 1620 1.25 4.62 0.27 2.85 
.. 
Sand exclusi~~ from lef 

(accreted - bank canals just sa tis 
- w. 1.) 

. ' factory. 

t 

300,000 68.0. 67 .. 0 ,, 1.0 10 , 3840 2.90 4.62 . 0.63 . • 10.80 Exclusion very goo~. 
' -/ . 

350,000 68.0 64.20 3.80. 8 ,, 6000 4.55 4.62 0.99 22. -do-
(Mean . 

, 

. w. 1.) 
. 

' 
350,000 . 69.55 68.20 1.35 12 ,, 5350 4.05. 4.S5 0.835 18 -do-

• (accreted 
w.l.) . 

400,000 68.90 65.30 
(Mean 

w.l. t_ 

3.60 12 ,, . 8750 6.45 4.74 1.340 Approach channel -do-
completely scoured. 

400,000 71.20 69.30 1.90. 12 rhe pocket 6350 - 4. 20 5.05 0.83 ig -do-
• (accreted gates opened 

·. w.l. ~ by 2'. - -

500,000 72.20 67.50 4.70 ·8 -do- ··6700 4.25 . 5.18 0.82 ' 20 -do-
(Mean . .. w.1) 

.... - I -· 
500,QOO 73.~5 71.50' 2.35'. 12 The pocket 7200 4.33 5.37 . 0.81 20.5 -do-

(accreted · gates opened -
w. 1.) . by 4' 



LOCK SPAN OF KOTRI RARRAGE 197 

APPENDIX IJC-I 2-2. 

NOTE ON 

THE LOCK SPAN OF .THE KOTRI BARRAGE· 

by 

T. M. Oag Esq. :; Director ( Navigation ), .. 
Central Waterpower, lrf-~~ation & Navigation Commission, 

. . Th~ _navigational problem at the Kotri Barrage iS' qne ohi.t.ing ~h .. e lock in a 
position to afford the most practicable and easy approach for craft lo.pass through. 
This was seen on the model to be contemplated in the Project on the right sid~·of 
the Divide Wall with f,lri additional wall parallel to the Diyide Wall, at a· ~istanc~ 
equivalent to the width 9f ~he lock away from it, to ~reate easy approach conditions. 

The area on the right of the left pocket Divide Wall is sul?j~ct to turbulent ·. 
flow varying in intensity as the current velocity increases. At the maximum velocity 
of 10 to I 2 feet P.eli second, even under perfect conditions of parallel flow, berth
ing a ~essel alongside any approach quay to a lock vyould be attended with consider
able rtsk both to vessel and ·quay and should be avOided. -

A number of experiments were tried with the approach wall plac~d in 
relative prototype positions varying in length from rso to 210 feet. An approach 
wall, as visualised in the Project certainly produced the desired effect of creating 
slacker water but only within the enclosed area ( though not at its entrance ) and 
in the matter of practicable ship manoeuvring the hazard was only shifted further 
upstream so that, in practice, the pi;"ecise conditions which the. wall intended to 
eliminate still existed, in the area then to be used to approach the Djvide Wall .to 
enter the approach channel to tile locks, by warping under control . of ropes and 
hawsers from the Divide Wall. 

Accordingly, I agree with the Director, Central Waterways, Irrigation & Na
vigation Research, that no method of placing a parallel stilling wall could ameliorate 
the fundemental hazard of turbulent flow at high velocity to obtain an easy appro
ach to~ lock entrance on the right or west side of the divide wall. Mr. Framji, 
theref~re; desired my opinion on the placing of the stilling wall within the Pocket. 

I 

l 
'The area 6n the left of the left pocket Divide Wall was then tried, and, in 

several. experiments it was seen that a parallel wall in this area would answer the 
purpose of creating workable conditions. · · 

The maximum velocity in the area would never exceed 5 feet per second in 
the prototype and it was observed while working a ship model that there was a 
slight draw of current tGJWards the Divide Wall, tberebyproducing an ideal condition 
for berthing a vessel alongside of it. 

Several lengths of approach wall were tried on the left side of the Divide 
Wall and it seems to me that its finallength should be determined as the minimum 
necessary to eliminate draw-down near the sluices. With this exception, manoeuv
ring conditions are ideal and the Divide Wall itself can be used as approach to 
the lock. 

It is therefore recommended that: 

(a ) The lock should be constructed in the barrage immediately left of 
the Divide Wall, 
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and ( b ) the experiments at present in hand should be continued to determine 
the minimum length · of parallel wall necessary to eliminate the 
turbulence created by the draw-down at the barrage gates. 

(c) The Divide Wall should be used as the approach wall to enter the 
lock and, therefore, it should be· fitted with bollards from the 
upstream end to the lock entrance at intervals of 1 oo feet. 

At Kut Barrage. on the River Tigris, as far as I can recollect, the parallel 
walls to approach the lock on either side were short ones, not more than 70 feet in 
length. In the case of the Kotrl Barrage, even a shorter ·length may be found 
satisfactory, and it is for consideration whether it should be fitted with sluices 
which could be opened to keep· the approach clear of silt when the lock is not . in 
use. Whether or not it will be necessary to construct a stilling wall· on the 
downstream end should also be tested in the model, as I doubt if an extension of 
the Divide Wall will be sufficient to completely eliminate turbulence within the 
unlocking area for vessels. · 

Although the question was not raised, it is understood that the lock dimen-
sions at Kotri Barrage are to be something of the order of 6o' x 2so'. · . 

The factors affecting the considerations of these dimension_s are not known 
But it is suggested for consideration that for practical shif manoeuvring, to pass 
through·a lock the margins of safety accepted are usually o the order of 2 feet on 
the beam, s feet on the length and 3 inches under the bottom at the maximum 
draft. . · 

If for any other reasons it is necessary to standardize the dimensions of the 
width of the lock to be in keeping with the other Barrageg ates it is for consideration 
whether a longer lock might not prove more economical in the practical operation 
of shipping. It is usually accepted that the length of a lock is from 1 o to 1 2 times 
the width, and thus in_ this case a lock 6o' x 300' would have the same capacity 
as one of 30' x 6oo' within certain craft dimensional limits. 



SAKRt RIVER PROJECT ( BIHA.B ) . 

G-GENERAL 

1. PROJECTS EXlSTING AND PROPOSED__:. -

G-1-1 The Sakri River Project (Bihar.). . -
1. Introduction:-

. 199 

1.1 The project provides for an inundation c~tonal taking off from the 
·SR.kri River in Bihar; The principal function of this canal is to fill tanks etc. 
--so sa to enable the irrigators to lift water at their convenience. · 

· The project is suggested to be developed' in three stages as under :-
. . . . 

1st Stage:- . 
Th~ Canal iEI to draw up to a. maximum of 1,000 cusecs and m~st depend 

for sand -exclusion ma~nly on the proper positioning and alignment of th.e . head 
:-regulator. · · . 

r!nd .Stage :-
Should the sand exclusion by natural curvature be found inadequate 

.after 3 to 4 years, a. sand ejector is to be constructed.-

Srd Stag:e ;_ 

The Canal section a.nd. Head Regulator ·~re tQ be reme>dell~d . for 
.increased demand of water up to maximum o£.2,000 cusecs. • 
• 1.2 '.rhe case was referred to the Station for general advice regarding 
.the design of a sand-excluding H~ad. Regulator,· ~Jt the .canal and a.~lied works ia 
the project. · 

As the project is to be developed in three stages, the. design has been 
'·dealt with, accordingly, in three p_arts. · ·- · 

PART I. 
Proiect ilerign jQT' cfm(],ition.J in Stage 1. _ 

2.1 Requirement•: 

The gross requiremen~s including losses worked out to 9,650 cusecs days. 

:.2.2 Head Regulator: . ' 
( A ) Positioning of Head Regulator : 

1The forst requirement governing' the choice of site for, the Head 
Regulator is sufficiently developed, favourable natural curvature in the parent 
-channel. Experience and experiments made at the Poona. Station 'have shown· 
.that, in alluvi~l rivers, relia.bl~ and effective silt- or, more correct1y, sand- · 
exclusion can be obtained by correctly positioning- the o(f-ta.ke of a ca.na.l 
towards the 'lower end of a. suitably concave ba.nk so as ·only to draw off the 
.relatively sand-free, surface water, the bottom bed water being dellected into· 
the river. This is Nature's way of -exclusion and experiments with the Sa.rda. 

. ..Ba.rra.ae(l) a.nd the Son Anicut<2> have shown this open-type excluder to be 
efficie;t even with rel3.tively. coarse . material. A site was suggested . which 

.11oppea.red suita.ble for natural exclusion in this manner, see Fig. · 1. 
The selec~ion of the site was also guided by othet' considerations such 

as stability of the river reach in the vicinity, availability of hard and reliable 
.st:ra.ta at the proper level for foundations, adequate command of the area. 
,proposed to be flow irrigated, et cetera. · 

(B) Alignm~nt of the Head Regulato1' : 
It wa.s suggested that the Regulator should be located on the curved 

.riaht ba.nk facing fa.irly squa.re to the current and the canal made to take off 

.ta~gentia.lly to the river curve-as shown in Fig. 2. . 

( 1) Pa&e 19. A. R. ( T) of I, W. E. Station, Poo11a for 1941-42, 
( a) Pa:e 20. - De - . 

Fig. 1. 
G-1-1 

Fif, 2 
.G-1-1 
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This would result in the optilnum sand exclusion ppssible under the· 
existing conditions; and incidentally help in obtaining a. high velocity of 
a.pproa.ch-practicall.f equal to the river velocity-which will enable some 
shortening of tohe regulator .w~dth. 

( C ) Olear waterway of the Head Regulator : 

, The only hydrograph available was for the year 1946. Afte; detailed 
ostudy.and.a.nalysis of thi!) hydrograph, the sill of the Head Regulator was 
proposed to be . at R. L. 263.00, i. e. 6" above t~e river bed. The clear lineal 
waterway required to pass the necessary disClbarges, a.t all stages, will b& 
proportionate to the river discharge, as desired. 

(D) De~ails of th6 Head Regulator : 
0 

It. was suggested that the Head Regulator should consist of.lO spans,. 
with piers 2t ft. wide provided with semicircular cut-and ease-waters. The 
width between abutments will then be 122j ft., i.e. equal to the "'idth of the 
,canal, designed f,or a. higl!- bed width/depth .ratio.· · · · 

In order to enable the canal to tap only the surface, sand-free water· 
at low and medium river stages, a set of sliding gates was suggested by the 
Station. The design of. the regulator gates proposed by the Station is shown. 
in Figure 3. 0 

.. ; SJ(F:TCH. SHOWING TH~ ARRANG~M!NT 
0~ HEAD REGULATOR GAT~S' •. 

I, s . 
• Rol.. 
1 · l!•s·o 
• 

RIVER BCD' 
'261·5' 

2.3. OanaZ desig~ : ':"' . 
· · -( .&) Capacity : -

, ~ANAL SID£ 

. . 
MIDIIL~ GAT~ 9 HIGH. 

FIG· 3/G -1-1. 

The design was made for 1,000 ~usecs capacit:y with ~c~pe for increaser 
and for transporting lower discharges w1thout undue risk of sllt1n~. 
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( B ) Conditions guiding tlte cq,nnl clesign : : · 
. The _F. S. L. of the canal, in this case, will mainly depend on the river 

water level available for passing 1,000 cusecs through the Head Regulator; 
and has to be as low as possible with' non-silting slope so that it will run in 
low cutting avoiding heavy losses. . · 

The Bjd ratio of the river=180;indicating a heavy bed charge in the river-. 
A wider, shallower and steeper canal than according to the Lacey dimensions 
was, therefore, suggested. A wide, initial .section was also desirable to allow 
the deepening of the canal for paesing increased discharges, in future, rather 
than widening it as the latter would be more expensive entailing· alterations to 
cross-=drainage works, crossings etc. Tha steeper sl9pe provided would avoid 
the necessity of subsequent raising of the banks following sand..ing due to 
deficient slope. · 

The canal was designed "for 1/2: 1 side slopes but was recommended to 
be constructed to flatter side slopes so ·a1 to alluw sufficient capacity even after 
berming to 1/2 : 1 slope. · · -

(0) Oarzal section and slope adopted : - .. 
Various alternative designs, with different slopes and with a width 

equal to or wider th~n the width between abutm~nts of- the Head ft~gul.ator, 
were prepared accordmg to Lacey and Kennedy formulae. ' 

Conditions guiding the design-mentioned· in 2.3 (B) abov~ suggestd 
the choice of ~he following design :-

Bed width 
Slope 
s. s. . 
Depth for 1,000 cusecs 
Velocity for 1,000 cusecs 
F. S. L .. for 1,000 cusecs 

(D) Canal alignment : -

;. 120ft.· . 
= o.oo04, i. ~- 1 in 2,ooo. 
= 1/2 : 1 (to be constructed at 1: 1).. 
:: 3.22·ft· 
=. 2.61 ftjsec. 
= R. L. 262.03 .. 

The canal alignment proposed by the local Project Engineer approached 
dangerously c1ose to tLe river at the point, marked (A) in figure No. 1. The 
river in this reach is flowing along a sharp bend, and the possibility of an 
inroad into the canal must not be overlooked. It was, therefore, suggested 
that the canal should, from the start, be sufficiently retired in this Lreach, to 
avoid the nece!'lsity of a subsequent diversion. 

· 2.4. Pucca Datum. 
A '' pucca datum " across the: river designed to maintain its bed ·at the- · 

same level as the Regulator sill was proposed by the Project Engineer .. 
In order to protect the Datum ·wall from scour and subsequent under~ 

cutting, loose stone pitching-as in Fig. 4 -was suggested. This will also
prevent any retrogression of levels downstream of the datum affecting the bed! 
levels upstream. 

a'll ~T; THICIIt STOii£ OR •. 
C:ENE"T B&.OCJC PITCHII'tQ 

tUVI:R aao on D/1 ••D& ---J 
F/6.4/fi-1-1. 

Fig. I 
G-l-1 
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2. 5. Training Wtwk.t: 

. Td h6ld the river between its present high ban.ks, . to provide a smooth 
-approa.ch and to stabilise the existing fa.voura.ble concave ourva.ture along the 

. riaht bank for a suitable offtake, it wa.s recommended tha.t the right bank 
s~ould be pitched and sufficient apron be provided a.ga.inst the proba.bl~ scour • . 

l,ABT II. 

B. Project design for cond-ition~ in Stage 2: 
'Theta is scope in- the proposed design for the subsequent addition, in 

the future, . of an lt]ector near point A in Fig. l. if at all found necessary. 

PART Ili 
4. Project design for conditions in Stage 3. 
In future, the requirements "ate -expected to increa.se to double the 

.presenh requirements. . 

· The modifioa.ti~ns then required will ~e a.s follows:--:- . 

{1). The Bead Regulator will have to be sufficiently ·widened~ or 
flumed and widened, to double the discharging capacity. 

(2) The.canal will have to be remodelled and/or lined, the choice 
t>emg .governed by the considerations of .economy and efficiency. 

The design sugge·sted, while meeting the ptesen~ requirements, allows 
full scope for such alterations and modifica.tioilB as a.re like 1y to be necessary. 



· G- GENERAL . 
-···' 

1 ProJects existing and proposed • 

• I"" ' 

The' relevant portions of thed947·Report ·( prep~red by ·Mr. Fenton, the 
Dy. Chief Engineer, Ganga. Bridge Project of the E. I. Railway) on th~ propo- · 
:sal for ~he.Q91istruction o~ a.. combind .road. a~~ rail bridge over th~ ?~nga. river 
-were forwarded to the D1r~ctor for hts opm1on. · . · · ' · · · 

) ' ' • : .•4 . .• • • • • 

. The field wor],t had included investigations at both the .alternative 81tes 
-of Pa.tna. and Mokameh~Fig. 5. The results . of Mr. ;Fenton's investig~tions 
:Showed, that t~e Patna. ~ite. at the . present time a;nd in. the near future, · is 
unfavourable from ari engineering point of view and that the ' construction. of a. 
bridge in that neighbourhood is not ,a; feasible proposition: ~ . . ' · .. '' l 

. . . . A traffic survey,, undertak~n. with ),· vi~w. to· ketermin!3; t~~ sjt'e to))~ 
. pref~rred from the commercial point of view, resulted in the cop.clusion· thalj, 

given comparabl~ capit:;!.l e;x:p~nditl):~;e qn a ;bridge. ;a~ ·e~ch .. Qf , t~e tw_o. s~tes, 
the financiaqnstifica.tion would be roughly th~ same. . ·· · . , ... ;_· .· ,1 

It has been stated that the Govt. of Bihar is extremely keen on the 
. , propdsed bridge heing located at,Patna. and not at Mokameli and)· :if the river 

.condition at Pa.tna. made the ~nstruction of a. ~ridge at that site. a. fea.sibl~ 
undertaking, it is prob~ble that, even if the cost·of the 'bridge at 'Patna.· were· 
:appreciably greater .than the one at Mokameh, the .Patna. Site would . be the 
t~me decided upon. . · · · · · · · : · ' . 

• • I • ' j ' l · . · I · t' ) 

. The Director's opinion was requested to be-. shaped in ~eply to th~ follow:--
ing questions :- : · · . 

· ( i ) (a.) Do yo~ agree with the .conclusions in the Report that a.--bridge 
.at Patna. at the present time or in . the immediate, future is 
not a. feasible engip.eering u.ndeita]png ? , J" , • , , 

( b ) Is it your· view that by conducting · model experime~ts vital 
information, not apparent in the· course ·of ordinary investi· 
gations,; may be obtained and · a. clearer pi~ture. of the 
worthiness or otherwise of the· site produced ? t · 

( ii ) · ( a ) D.o you agree that the site suggested .for a bridge at Moka.meh 
· is one offering the security with which t~e Rep~rt credit~ it ? 

· · ( b ) bo you consider that any model expeiiments are .necessary to 
support or modify, the conclusions of the Repo1·t in this 
respect¥ · · · 

(jii) If your reply to question (i) (a) above is to. the effect that in your 
view the Patna site is not to be ruled out of court but ·is one 

· · which Qffers the possibility of a reasonably secure bridge, how would 
. . you compare its .worthiness and ·security with those of the suggested 

bridge at the Mokameh site ~ · . . 
{iv) Do you agree with those matters relating to scour, depths of 

foundations, design of training bunds etc., dealt with in the 
Report in respect of both the -alternative sites of · Patna. and 
Moka.meh, or do you consider that · they need modification in any. 
respect~ . · · 

(v) Have you any other general. criticisms or suggestions to offer in 
· respeot of any of ;.. the above issues or any others tha.t may occur 

to you? · 
2. At' very short notice, the Director submitted the following criticiSm 

( pa.ra. 3 below ) , ma.king it clear that some of the o~inions we!e te_ntative ·a.nd 
tiUbiect to · modification on maturer and more _detailed exa.m1~t10n of. the 
data. ·supplied. 
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Aa desi~, the Director's opinions were furnished in the shape of .replies 
to th~ question raised, though this involves some pardonable repetition and lack 
of lo~cal sequence. ' · .. 

3.1 (a) Do you agre~ with ths conclU8iom in ths !Jeport tllat a bridg~ at 
PatntJ at th/1 present tirM Qr in UL6 immediat~ jutur1 il not a 
jeosibl8 mgineering undertaking 1 · · 

(b) Ii it flOUt' "iew tlw.t bv conducting mOlkle:rperiment& cital,infrw· 
motion "" apparent in tlt~ cours~ of ordinary investigation.,, may btJ 
gbto,ined aM a clearer picture uj ths wortlLineu or otherutil~ 

of tho sits produced 1 ' . . · · 

· 3.1.1 These two questions will be answered simultaneously. The Director 
~a.nnot wholly endorse the view "that no bridge at:Digha (Patna), short of one 
spaning the major portion of the 5 mile Khadir, .ever will be found to be a 
feasible undertaking"; because with suitable training measures, envolved hem 
model experiments, the existing river· conditions at Patna. do not summarily 
·preclude the practicability of a bridge 1n this vicinity, although, the conditions 
not being favourable, the bridge together with the training works may prove 
expensive. both in first cost and maintenance. Undoubtedly, the site at Mo
kameh appears, on the face of it, more suitable fro.m hydrological and other 
consider~ions and a bridge there is also likely to be cheaper and better as 8Jl 
all-time solution. 

3.1.2. The following vital information, which it is not possible to 
obtain otherwise, can be obtained from a model:-

( i ) Bed 'and . surface flow lines, without and with a bridge at the 
different proposed sites (or at other sites which appear to be more promising 
from ;the model), would indicate the m~ture and extent ·of the optimum 
training works required and the protection they would afford. · For example, 
whether an upstream guide bond only 6000 ft. long would be sufficient in 
lhe case of the Patna. Project alignment, and its repercussions on the south 
improtected bank, can only be conclusively ascertained from model experi
ments. 

~ii) Velocity and discharge distribution in varic.ua spans, under 
varying river courses and under the worst hypothesis of flow, is of vital impor
tance in deciding the relative merits of the various sites a.nd its design details 
(e. g. training works, waterway, depth of foundations); because concentration 
of intensity of. discharge and obliquity of approach and attack are closely 
associated. · · 

· (iii) The ·model can give useful indications in support or contradiction 
.of certain conjectures in the Report; for example, about the probable behaviour 
of the river upstream of the Patna site, upon which the rejection of the Patna. 
site and the recommendation of the .Mokameh site have been mainly lased. 

And, (ivJ the probable positions of shoals (accretion), deep channels, and 
acour and erosion can be satisfactorily indicated by a model. 

3.1.3 Although the Moka.meh site apparently offers the better engineer· 
ing prospects, if the bridge must, for some . other. rea.so~, be constructed at 
Patna, the Director cannot agree that the ProJect alignment of the Patna. 
site is necessarily the best; on the other hand, subject to verification on a model, · 
he is inclined to f:l.vour the alternative alignment (B) half milo upstream of 
the Project alignment, shown in fig. 6 in dotted lines.· His reasons for this 
preference are that while the bridge at tbis upper site, even if constructed now, 
would require to be no _longer than the proposed bridge on the ~roject a.lign
ment. a.t Patna, the upper site would appear to hs.ve the followmg matcria.l 
advantages over the other :- · 
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: . ( i l Normal flow, and! ~ven more· so oblique. flow from north.· to south, 
would have better exit, conditions downstream of the. bridg~, without neoess
a.rilyimpinging on. the bank adja.cent to the Patna· town, to quite the same extent 
·~ a bridge a.long the proposed Project alignment would. 

. . ( ii) ;Th'e backward', swing' of the Ga.nda.k which is likely to persist s~ 
iong as the Mehna.r Channel is the main river channel downstream-and this 
is l_ikely to be so in th~ near future as the meander upstream Qf the. Kasma.r i~ 
progressively pressing downstream-requires that the brige d site , should .. be 
further up~tream tl;ta.n the Project alignment to avoid the e~da.ngering effects 
~~us·crea.ted. At ~he. same time, the alternative alignment (half mile upstream 
of the Project alignment ) is well downstream of the ·centre of the n~de. · · 

~ · · ( iii ) · At. this ~lte:rri.ative site, which is nearer to the pegging p~int on 
the north bank ( Kasmar ), no groyne is likely to be required in .addition to .the 
left guide bund, wliich at most may have to be somewhat longer, This i~ based 
on the Director's opinion tha.t the curvature of embayments assumed in the 
Report appears too sharp for ·a river of the size , of the Ganga.. Actual 
calculations of the average radius of curvature of the sharpest meander....;...from 
the measured data. of meander characteristics-have given a minimum value of 
4 miles; therefore, when the channel is in contact with the !{hadir, or near· 
the apex of the meander where-the radius is smaller, the minimum radius ma;y 
be taken as two mile~, p.ot one mile as a.ssum!')d in the Report~ . · · · . 

Without justification by model experiments the Director .considers the 
association of groynes with training ·bunds unwarranted; ·because such groyries 
or spurs are likely to attract flow and pin it to their heads and create unpredic
table, sometimes even dangerous, conditions which would fPSet the· normal 
expectations of the working of a guide bund. . 

. . ( iv ) While borings have shown that the south . bank . at ( ,Digha ·) 
Patna. is equally favourable to both the·alignments being "extremely worthy" 

. as a. natural training bund (page 4, Chapter 5 of the Report), it is only the 
alternative site which-will permit symmetrical as well as parallel guide bunds, 
the south natural training bund being the edge of the Khadir and the north 
guide bund being constructed symmetrically where river conditions permit. 

. ' . 
The Director is, therefore, unable ·to find himself in entire agreement 

either with the Project alignment as_ being the best at Patna or.with the view · 
that in future the best site would be the site downstream of the Ganda.k 
confluence and at the eastermost outskirts of Patna on the south arm of the · 
Dia.ra island ( the Fatwah channel ). In addition to the reasons given in the 
Report, pages 10 and 11, Chapter 4, his objections to the downstream 
alignment is that a site in such. close proximity to an unstable confluence will 
be a.n interminable source of uncertainty, trouble and expense. , . 

3. (2). (a) Do you ;agree. that. the site suggested for a bridge at Mokameh 
· is one offering the security with which the Report credits it 1 

(b) Do you consider . that any model e:cperiments are necessary 
to support (JI' modify · the cOnclus_iO'/I,ft of the Report i'fll thi:t 
respect 1 

Except that the south :ba~ ~s apparently not so "worthy" as at Patna, 
the Director agrees that the site suggested ior a bridge at Mokameh-see fig. 
7 -offers reasonable security as ~~ntended in the Report and is probably the 
best site at Mokameh, so far as can pe judged from surveys. A model alone, in 
the Director's .view, can, ·howeve:t, cimclusively show whether 'th~_Project · 
alignment at Mokameh site is~ better than the one about2500 ft. upstream of the 
present alignment, the one presumably in view in the B. & -N .• w. Railway 
proposals made sometime about 1917; so also, in view of the less dependable 
11.a.ture of the south bank, whether one guide bank .on the north bank would be 

Fig, 7 
G-1-2 



006 AN.btU.U. BEPORT ( -or~mUCAL ) OF'Tlm WORK bOMB DUR!NG 'l~ YEAB 1941 

Rffieienti without any' protect~on on the south bank ·would need to be 'eiuciq~tecl 
by a model. The Director agrees that the- present conditions are especially 
favoura.ble but, as has been mentioned in the Report, these oonditiuns ue likely 
to persis_& for a few years and so, though the.construction of the bridge should 
be exJ?8di~ed as muc_h as possible, ~n the ~irector'~ considered opinioJJ., model 
investigations must precede the construction. For 1nstance, he ·cannot accep~ 
WU"e~ervadly that the bridge as proposed will be coml!letely ''secure against any 
possible embayment co~equent on the path of the river upstream taking the 
most disadva. ntageous direction,· even though it might eventually assume the 
path now followed by the Bya. Nadi'1 (page 171 Chapter IV of. the Report )• 
should this come to pass, it is not improbable that there would be direct frontaa 
a.tta.ck on the head of the vroposed guide bund. The model would indicate 
what ~}J.anges, if any, are required in th~ orientation of. the site, ,in the) align
ment and length of the proposed guide bond, and m the apron protection 
proposed for it.1 · ' 

3. (3) If. ymtr reply to question (1) (a) above i8 to th; effect that in y~ 
vtew tlte Patna. site is not to ~ruled out of court but is onBI'Which 
offers tlte possibility ef a. reasonably secure bridge, · how will you 
compare its wortltiness and security •wit], those of the suggested 
bridge at the Mokarneh site 1 

· 3.3.1 Without any hesitation or reserve, the worthiness, security and 
prospects of the Mokameh site are, on the evidence before the Director, much 
superior to the Patna site; but the Director would not go eo fa.r as to say that 
no. favourable site can ever exist at Pa.tna. because model experiments might 
perhaps indicate how it would be possible to insure a. reasonably secure site by 
means of adequate training .measures at unprohibitive expense. . 

3.3.2. Admittedly, there are obviou~ and serious objections to the·Patua. 
site, . the most important of · wl;tich~ in. the Director's opinion, are the 
~~.~ . . . ' . 

(a) all the Patna sites_are above or below the confluence of two or more 
rivers-which .cause· unforeseeable complications due to variations 
in the flood cycles, gradients, and sediment load, changes in 
river courses of the individual rivers, synchronization or otherwise 
of their pea.ks and dominant discharges; etc; 

( b ) the Jeft .guide bank would be· resting on somewhat trca.cheroui 
ground composed of sap.d. interspersed with clay layer~. which 
experience as well as expertments have proved to be unsmtable for 
the stability of guide bunds and the efficient functioning-of falling 
aprons; - . . . ·· 

and ( c ) the left guide bund will'be ~played ( whil~ th.e right natural Kh~dir 
. · edge would be normal ) adding to the ~bhqmty ~~d unsymmetrt~al 

incidence·of approach imposed by the nver condttwas, endangenng 
itself.as well as the bridge._ . 

3.3.3. Similarly, t;he Mokameh site bas obvio~s merits. as a ~ridg~ .site 
for reasons already emphasized,_ in the Report and, 1n the Duector s opinton, 
particularly because- · 

( e.) the borings show that the guide bond an~ falling. ~pro~ would be 
· founded on uninterrupted sand, · securing 1ts stab1hty 1f _properly 

designed; · . 
·( b ) of the relatively )Jarrow meander belt, a comparatively straight 

ap proa.ch, the na.rro'Y wi~~h of the Khadir and •J~ the cold weather 
channel and the smtabihty of the present nnr course to an 
ea.rly unde.rtaking of the bridge ;construction; 

( c) while the river is at present pressing hard against the south edge 
of the Kha.dir the north artificial guide bund_ can be constructed 
normal to th~ bridge on e. comparatively high clwr; and 

( d ) the fanning out on th~ down~trcam c~a.bl~s free movement .of 
meanders there to perm1t tho r1ver to adJust 1tself t<? the ·rcstr!c· 

· 'ions in lateral movement upstream of the gorge, wh1ch s<..>cure 1t.s 
approach. 
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·3.3.4. Thus, although there are clear advantages i~ favour of Mokameh 
and equally strong objections against . Patna., owing to certain divergent . or 
unforeseeable factors and the unsubstantiable conjectures which have to be 
made in respect of the .future behaviour of the river, it is impossible to be 

· unequivocal· and reject the Patna. site completely out of court without model 
experiments in support thereof. Even if the Mokameh site is forthwith' accepted 
in ':iew of its evident greater advantages, moilel experiments1appear desirable 
to f1nd out the best method of keeping the river course stable along the right 
( south) bank of the river at the bridge. The Director must make it very clear 
that year to year changes cannot be wholly :reproduced in a. model d~e·to model 
limi~ations in respect of quantitatively reproducing accretion and hank erosion: 
nev~rtheless, there would be sufficient indications fron:i_the model with respect 
~o r1ver .behaviour underr the worst hypothesis to ghe far greatel' confiden~e 
m the final selection of the site and the proposed training works. . 

3. Do you agree witlt those matters relating to scour, depth of foundati£YM, 
design of training b·unds etc.,- dealt with in the Report in respect~ofboth the 
alternative site11 Patna and Mokam,eh, & do you consider that they need 
modification 1:n any respect 1 

. I 

3. 4. 1. Site 

In respect of the precise local' rosition of the bridge alignment at 
Mokameh or Patna, it has already been stated above that model experiments 
would be necej;sary to elucidate whether the Project alignment or an alignment 
somewhat upstream or any :other would be more suitable. · 

In the case of the Mokameh site, the reasons sta.t~d for adopting the 
Project alignment ( vide Page 2,- Chapter 5 of the Report ) appear strong; on the 
other hand, the security given by the clay on the south bank when r~lated tp 
the maximum anticipated scour is questionable. In spite of this, the Director 
agrees that because revetment. and apron may only tend to attract and 
concentrate the flow along this bank no artificial protection should be provided 
to the south.bank unless and until experiments or experience warrant their 
necessity; but he is not .so sure as the writer of the Report that no protective 
work will ever be required there. While agreeing with the preference in general 
of parallel guide banks, or in the case of one being a natural inerodible bank an 
artificial guide bund parallel to the general direction oi the Khadir, the Dire
ctor would stress the advantages of having syrrvmetricaZ guide bunds. 

3.4. ( 2) Peak Discharges. 

Logarithmic plotting ·masks the larger errors at higher stages and this 
may in extrapolation give a somewhat inaccurate figure : on the other hand, 
arithmetic plotting with its large and erratic scatter, and the fact that the 
gauge-discharge relationship at the higher stages is not normally linear. makes 
extrapolation even more undependable, unless done by statistical methods of 
regression. In any case, extrapolation should extend only over a small range 
beyond the measured data : while the extrapolation has been made from 
discharges measured up to 1,835,000 cusecs to •3,000,000 cusecs for the Patna 
site, and from measured discharges up to 1,870,000 cusecs to 2,500,000 c1,1secs 
for the Mokameh site. ·It is suggested ths.t higher discharges should be meas
ured, if at a.ll possible, in the ensuing seasons to obtain a. nearer approximation 
to the peak discharge. 

Secondly, measurements of surface velocities with a. coefficient of .85 
applied for conversion to the mean velocity along the vertical-as is stated by 
Mr. Varma, Ex. Engr. to have· been!done-requires:sufficient data in support 
of the coefficient, as the coefficient varies widely from river to river, and 
on the same river, and even from vertical . to vertical a.t the same site, from 
.85 to .9, and is more generally of the order of .89. This variation is especially 
marked when there is curved flow in tht: river. · · 
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· Ho~ever, as these corrections are of an opposite nature counteractina each 
other.' pendmg further measurements the Director is inclined to accept the disctarges 
as bemg reasonably safe. He ~ould add that any comparison of the pea~ discharge 

.at Patna and Mokameh with that at Hardinge bridge can at best be qualitative be
, ~ause .t~e valley .storage (flood absorption). spill. and tributary in-flow discharges are 

mdeftntte. 

3. 4. (3) Waterway ~-

The coefficient.K in Lacey's formula Pw=KQ12 is 1.667 only under the 
~ypothesis to which the Lacey fomulae are applicable. namely "with minimum tran • 

. sported load consistent with a fully active bed" U>; where the load transported is in 
excess · ··d d h II defectt of the Lacey load1 the channel is WI er an s a ower than the Lacey section. 

e. ec narrower and deeper 
It Is understood from discussions with Mr. Varma that the shape W fD or P fR of 
the Ganga at Mokameh is of the order of sooof4o=I2,S" at dof!linant discharge, as against 
Lacey'~ value for the appropriate conditions ( Q = 1 million cusecs. f= 1 • 15" ) of 

. 7 S • ~t IS true that in a bridge with adequate training works and without be~ protection 
or/~tc!rlng round piers. the bed is free to scour unrestrictedly under maximum flood; 
an It IS better not to have excessive waterway which shoals up under normal high 
floods, and gets covered with 'pilchy', and jungle anJ coherent. inerodible clay so 
that. when a super~flood comes down there is greatl!r obliquity of flow and concen. 
tratJOn of discharge. At the same time, some. though not perhaps full. allowance is 
necessary for the divergence from the Lacey regime conditions; while ah?ut 10 per 
cent allowance already exists. over Lacey P =1.66 7 ..t Q in that in arriving at the 
n~mher ·of spans an amount equal to twice the width of the::welli s deducted from the 
dtstance between centers of piers to obtain the effective waterway per span. The 
adequacy of waterway for the Mokameh site, therefore, needs to he reviewed from 
this angle of the divergency of .shape from the Lacey shape. 

. A comparison with the Hardinge Bridge w.aterway is not. prima facie, 
justifiable because at Hardinge Bridge the flow is known to he oblique and concen
trated in a few spans which it is neither desirable to simulate nor reas~nahle to ex
pect at Mokameh. 

3. 4. ( 4) Scour and depth of piers, scour at ~hank and bead of guide bank. 

· While the maxim~m depth of scour at piers has been worked out in theRe
port according to Lacey's formula- see appendix I- the anticipated scour at head 
and shank of guide hanks can also be similarly computed and is furnished below, . 
together with the computed maximum likely scour according to Spring's and Ga.les' 
methods. As the width : depth ratio of the Ganga is higher than of the ap~roprtate 
Lacey section, the Lacey formula should give scour de(lths on the safe stde: the 

. maximum scour anticipated at the curved heads of guide banks will be 2. 7 ~<2J ; ~t 
shanks of gui.de banks = 1. 5" R(l); at brid~e fiers = 2 R<2l; where R is the Lacey regt
me depth in the formula, R::o. 472 (Q/f )1, • 

(i) According to Spring: . 

(a) At the bridge piers and shanks of guide banks 
Free scour observed at- ' 

Patna = H feet. 
Mokameh = 3 8 feet below L. W.L. 

Allowing 33% for arriving at equivalent scour at bends with inerodible 
banks; 

(1) lnstt. of C. E. Paper 5518 'A General Theory of Flow in Alluvium' by G. Lacey, 

(2) I. W. E. S. Annual Report I T ) for f944. page iS. . , b • h d 
(3) C. B. I. Publica~ion No. t:l, l Design of Weirs on. Permeable Fouodataon• J Ra1 Ba • ur 

Khosla. 
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greatest discoverable scour at 'the piers 

at Patna = .n+ IS= n ft.· 

and shanks, · 

and 104ft. 

209 

at Mokameh. = .. 38+ I 3 =51 ft. 
1 below L. W. L. 

andBJft. 
belO'WH." F. L. 

(b) At the heads of guide bunds ...:._ 

Spring recommends. that at the heads the thickness of apron should be doubled 
and die breadth be kept twice the depth of scsmr instead of x .5. ~ depth of scour 
This means that the design should be based on x. 7 times ' the greatest discoverable 
scour below low water level. • · · · . · · 

Greatest discoverable scour · 
· a~ above ( ft.') 
Add 70% for heads (ft.) ••• 
Deepest scour at heads below· 
L. w. L. ( ft. ) . I .... 

or below H. F. L.·( ft. ) .•• , 

(ii) According to Gales :- . 

. •'•·• 

···.·· 
... 
..... 

At Patna. 

7 I . 

5Q . 

'l2I 

: 154 

At shan~.s and 
bridge t>iers . 

At At 
· Patna Mokamth 

M11ximum depth of . . 
1 

scour below L. W. L. (ft.) 
Add 3 3% for hard bank ( ft. ) 
Deepest known scour (ft.) 

Allowance for contingenCies 
for C class rivers at 45 
and 90% respectively ( ft. ) 
Add difference· bet-
ween H. F. L. & L. W. L. (ft.) ~-·• 
Deepest anticipated 
scour below H. F. L , ( ft. ) 

( iii ) According to Lacey : · 

I. 

n 
18 

JI .. 

32 

33 -
q6 

= .472 .( Qjf )1/3 

23 

..1.! 
106 

At Mo"kameh. 

'.87: i 
I 19': 

At h~ads of guide 
banks. : 

At At 
Patna Mokameh 

n· 38 
xs . 13 -JI 51 

64 46 
• I ·,• :; I 

..ll , .. ~ 

x68 . · 129. 

R (Lacey) 
··where R. = Lacey regime depth' in ft., . . 

Q' 

and· f 

( a ) · At hridge piers : 

=Maximum discharge in,cuse~s; here maximum· ··dis-
charges:= 3 x xo6 .cusecs and 2,75 x. 11)6 cusecs 

.. at Patna & Mokameh respectively., 
=silt factor .,; x.xr 

I . 

Maximum depth of scour= 2 R below H. F. L. 
' . ' 6 1/3 
atPatna= 2 ?'·-472 { ( 3 x 10 

) } · · = 130 ft. 
• Iolf 

· · { '( 2.7r·x 106)} .1/3 · 
and at Mokameh = 2 x .+72 x.xr . ..u6 ft. 
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( b ) At 3hanka of guid~ bunds : 

Vide C. B I. Publication No. 12, page 1 H, deepest scour = 1. I R. 
below H. F. L. · 

At Patna = 98' ft. 
At Mokameh = 9!' ft.• -. 

and (c) at heads of guide bunds : deepest scour= 2,0 to 2, s. R ( vide C. B. 
· I, Pubication No. r 2, page 1 r s ) the smaller depth being for the 

_larger ,radius curves. ·According to examination o£ existing bridges, 
however, the scour at the head of larger radius noses of guide 
banks is found to be 2. H R. U> · 

• I 

Accordingly, max~mum scour below H. F. L. -

at Patna 
and at Mokameh = 

179 ft 
mft 

Hence, recapitulating, according to various authorities, the tmximum scour 
in feet below H. F. L. would be :- . 

Adopted~ Report 

. TABLE I G-1-2 

At shanks of 
guidebanks 

(A} 
, Patna Mokameh 
· site ' site 

( ft. ) ( ft.) 

At heads of 
guide ban~s 

(B)-
Patna Mokameh 

site site 
(ft.) ( ft.) 

Not calculated. · Not calculated. 

( i) According to Spring 104- 83 •s+· 119 
, ,_Gales .136 1o6 168 129 

( iii ) '• ·1, Lacey 98 9! 179 In 
as modified by the 
Station observations. 

(iv)Recommendedbythe.' ••. roo(a)·9s (a)18o IH 
Director(ft) 136(b) ro6(b) 

Note ( a ) Further ,Upstream, ( b ) Near abutments. 

At piers 

(C) 
Patna Mokameh 
site site 
(ft.) (ft.) 

1)0 126 

IO.f. 8) 

1)6• 106 
1)0 126 

1)0 us 

The deepest '' free '' scour is stated in the Report to be observed in the 
dry season, while deeper scours·are known to occur during the falling floods at 
about 2/3 to 3/+ flood; l}evertheless, the anticipated maximum s~our accor4ing 
to the various ·meth~ds appear to agree reasonably well. 

3. 4- ( S ) Grip of pier foundations. 
,. 

According to current practice a grip of R ( See 'Major Mcintyre's Paper 
on" Well foundations for _Bridges " Railway Board Committee Tech. Bulletin 
No. 78 ) should be provided for bridge piers. With maximum scour = 2 R 
(Lacey) and a grlf! of R, the depth of foundations below H.H,F L. should be-

At Patna site At Mokameh site 
Maxim~ depth of Scour (ft.) = 2 R J 3 o 

Add grip (ft.) = R ~ 
•9S 

( t) Paae 78, Annual Report (Tech) of the Indian waterway• Experiment Station, Poona, 
for tm. . . 
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These figures are practicali y the same as recommended in the Report based 
•on Gales' grip so. that the latter may be adopted. It would be· better still ·to .. calcu
·bte the depth of pier foundations for each pier equal to 3 R ( Lacey ) for ·the f · 
appropriate to the pier. The piers next to the training bund or Khadir should be . 

.. carried ro' deeper for additional safety, as already proposed. 

Although not in keeping with the established practice, the Director agrees 
•that no pitching should be provided at the piers and he is glad to see that no provi. 
sion for these lias been made. This is in accordance with the findings and recom
-endations of the Poona Station. In this respect, reference is invited to page 1 2 of 
the I. 'W· E. S. Annual Report (Tech) for 1941-.p~ where the· conclusions arrived 
-earlier in 1.939-4o~t) on protection of bridge piers against scour are sum~arised. (2) 

" ( ii ) The stone at the nose remains undisturbed untU the attack reaches a 
critical stage, when the stone suddenly begins to be carried away and 
scour pit rapidly forms, reaching a depth nearly as great as had there 
been no protective stone/1 

, At any rate, if pitching is provided round the pier it sho~d be laid at as low 
..a level as practicable, being optimum at Ss per cent of the maximum scour depth 
iWithout piers. (3) 

· 3-4. (6) Ttaining works, 

( i) 

.( ii) 

{iii) 

'(iv) 

As has been stated above, it is extremely difficult and costly ~o pro-· 
teet guide bunds with falling aprons when the sand bed contains 
interspersed layers of clay-as was evident in _the Hardinge Bridge 
experiments. In such cases. it is better to. construct a new sand-bank 
an~ th~n pitch it with stone; but this would perhaps be .too expen
sive. 

The optimum leng.th ·of the guide banks can only be conclusivly 
settled, in cases where the fti.lllength as required ·by· Gales is not 
provided, by model- experiments; · in partiCular, th.e guide. bank 
proposed for the Patna Project alignment appears to tlie Director 
to be a little on the small side, specially when. it is splayed; while 
the length proposed for the Mokameh appear~ sufficient relative 
to its waterway. Whether. groynes-in association with. the guide 
banks-will enable the length to be suitably curtailed can be ascert~ 
ained from a model; but without such testing the Director is avers~ 
to the provision of such spurs for ~easons already stated. · . ' 

The radius of the noses of the guide banks is proposed to 
be smaller than recommended by Gales: while this. would be 
sufficient for negotiations by meter gauge track it is likely . to 
cause greater scour and full apron protection', as recommended 
above for an anticipated scour deptli of 2~7S R sho';lld at least 
be provided. 

1 
. · 

The anticipated .scour depths having been computed . as above, the 
apron widths can be determined for the depths of apron adopted 
on page 2 2, Chapter s, of the Report in the usual manner. 

3.-1. (7) Piers. 

The Director agrees that monolithic, semi-circular-ended wells are much to 
lbe preferred for sinking in sand to either the double-octagonal or the twin-circular 

( t) C. I. H. R. 
( 2 ) I. W. E. S. 
(3) .. 

Annual Report (Tech) 

.. 
for 1939-40 pp. 33-40 

.. 1941-42 p. 12. 
., 1939-40 p. 38 
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type; but he is averse to maki~g the super-structure above a certain level- R. 1. • 
. 12S (at Mokameh)- o~ t_wm octagonal reinforced concerete piers. Cut-and 

. ease-waters of the sem1-cucular tne should extend to sufficiently above the· 
,highest high flood level. 

3.4. (8) Provision against earthquakes. 

. . ~eing in an area of considerable .s~ismic ~ctivity and very severe earthquaker,. 
1t 15 des1rable to make reasona~ly suff1c1ent, 1f not full, provision against forces. 
due to earthquake e_ven ~hough 1t may lea~ to rather expensive piers. The Direc
tor suggests t~at thts_potnt may be reconsidered, and suitable reinforcements provi· 
~ed to c?pe wt~h hortz?nt~l forc~s due ~o a_ccelerations at lea3t up to gfs (against 
"g/8 ~rov1ded ) 1n combmation w1th longitudmal forces resulting from l>raking ancl 
.traction. ·· 

Q. ( s ) lzave you aWJ other general criticinn1 or 3U{Ige&tim&l to off~ i1~ 
re~pect of any of the above isme1 ()f' any oth~ that may occur to you r 

In the short time available, the Director cannot be expected to give exhaust
ive ~eneral criticisms in .respect o~ the }ssues raised or other issues that may occur 
to·hlm~ One or two pomts of generalmterest are, howe!er, suggested for conside· 
ration. 

. (i) The post - bridge action of the pver on the south bank need not necess
arily remain the same as under existing conditions before bridging. It has 'been obs. 
erved by the Poona Station<t) that the meander belt above a rigid structure or at 

fixed exit, e.g. a bridge, weir or inerodible gorge, is generally twice the meander 
belt elSewhere·. In the case of Patna or Molwiieh sites, even before bridging, the 
.conditions are somewhat analogous to those of a fiXed exit and such large clianges in 
~eander characteristics may not occur consquent upon bridging; at the same time 
_as borings indicate that ~tratification of layers,i.e. mixed sand and clay layers, exist. 
severer action on the south bank due to additional constraint imposed on the north 
bank must be anticipated. Whether and when protection will be required for this 
bank would only be clear fro~ model tests; but it must not be assumed that the 
edge of a Khadir is necessarily immune from erosion even under altered conditions. 
following the construction of the bridge. 

· (ii)Though under favourable river conditions, guide bunds have proved suffici-
ent and satisfactory as river training measures, and they are certainly an improve
ment over the earlier system of training the river by a number of side groynes para~d 
to the river, it will be conceded by even the strongest supporter of the gwde 

bund system that it is not always an unmixed blessing and, often, it has been luiown 
to give significant trouble and to cost inordinately_ in maintenance. !hough. ?ot 
a critic of guide bunds the Director is equally convmced that other nver trammg 
measures - for example, a long ' repelling ' spur at a su~table J>?_sition upstream 

· on the concave side, or an ' attracting ' spur on the oppo~te sho~ng. baniC:, or an 
' attracting ' island or islands-may prove better alternati.ves, _both m fmt cost and 
in all time maintenance, for centering the river and leadmg 1t. smoothly thr~u~h 
the bridge, under conditi~n~ favoura6le to .such meas~~es. In !mpor_tant or dJ~flc
ult cases the optimum tratrung works, theu best position, onentataon and des1gn,. 
can only be conclusively settled by model tests. 

(t) Annual Rrport (Tech) of I. W. E. S.. Poona for t9.U, P. tl. 



BRlDGE ON THE GANGA. AT P.ATNA. OR MOKA.MEH • . 
4. In the fonaZ Report, in ,. Chapter X, Summ1.ry and Conclusions'',. 

• Mr. Fenton's remarks on the points raised by the Director-vide para. 3, BUT!"a
a.ra set out. With a. view to present a. comprehensive picture it is proposed to· 
give, in the following paragraphs, Mr. ]'enton's remarks (in his own words) andi 

_the Director's rejoinders thereto. 

·4.1 ''The writer feels that the Director does ·not wish to convey.thitr 
impression, that the technique that has been evolved since the days of Spring• s 
paper on Riv~r Control is not capable of being applied ·without the aisistance 
of model experiments, to produce. decisions on which a high degree of depen
dence may be placed. Model experiments, valuable though they are, ·have limi
tations; they can indicate trends towards the ·establishmen~ of deep channels; 
and accretions but are unable .to predict with any aegr£e of certainty the 
worthiness ·of indurated deposits and the probable rate of their eroslon. The
quantitative predictions of models are greatly limited and the Director admits. 
that year to year changes cannot be wholly forecast. •• 

Director's ,·eply-

Springs' paper was written 45 year's back-in the days when the art of 
:r;nodel experiments was non-existent . .As a. result of over twenty year's work in 
model experimentation, it can be authoritatively said that so much depends upon. 
unforeseeable movements of the river in the post-Bridge conditions, that. it. 
would be unwise to embark to-day on such a. major undertaking without taking, 
advantage c.f mod~l experiments, which, for a nominaL-cost, enables studies of. 
river behaviour to be made under all possible conditions and which yields depenr, 
da.ble results. Model technique under expert interpretation have been evolved. 
at the Station fully to meet model limitations, such as the difficulty of wholly: 
reproducing year to year conditions due to the rate of shoaling being different.. 
from the rate of scour, or that of reproducing bank erosion. It was made clear 
in the Director's first note-see para 3.3.4-that '' nevertheless, there would 
be sufficient indications from the model with respect to river behaviour under· 

. the worst hypothesis to give far greater confidence in the final selection of the· 
site. •• · 

For this reason, the Director recommended, and still recommends, that,.. 
though the present conditions at Mokameh are more favourable than atPatna.. 
and the comtruction of a bridge .should be expedited as much as possible to• 
avail of the existing favourable conditions, '17lodel investigatiorzs must precede
the cwstructicm to test the feasibility or otherwise of a. b_ridge at . Patna at~ 
unprohibitive additional expense. It is interesting to observe that the opinions. 
on the site issue of Mr. G,'Lacey and Messrs. Randel, Palmer and· Tritton,. 
Consulting Engineers, independently ~ought and obtained, generally confirm. 
those of the Director : - · 

uThe fatna. site has few natural advantages but is practicable and could.'. 
be rendered reasonably secure. '' ( Mr. G. Lacey ). 

We do not consider that the project site at Digha ( Patna.) can· be· 
ruled out as being an unfeasible engineering undertaking-· .• '' ( Messrs.-
Randel, Palmer an~ Tritton ) . 

Mr. Fenton has suggested as a compromise, that the bridge be constrn .. 
cted forthwith at Mokameh and with industrial development there would in. · 
the future be julitification and means to again consider a bridge at Patna An
additional major bridge, only 60 miles upstream of an existing bridge, would.. 
require more than this justification in the foreseeable future and the Director~ 
advises that '£he matter should be decided now Gn less speculative consi
derations. 

4.2 Mr. Fenton : " The Director states that the suggested future bridge
site (at Patna.) about half a. mile upstream of the project alignment is to b& 
preferred to that of the project alignment itself. This is, in some measure. a.~ 
the writer's view as expressed in Chapter IV, paras 14 and 15. The benef1ts. 
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;<>f this site cannot. however, be secured at the present time. From the right 
. bank Hhadir the channel is at present over 10,000 ft. wide and would require • 
24 or 25 s_pans as compared with the 22 spans proposed in the Project. The' 
shoaling at the right bank does not to-day, and will not for sometime, provide 
·conditions suitable for the construction of an artificial right guide bank and 
t be benefit of the symmetrical guide bank cannot be secured at the present 
:time. '1 

Director'• reply-

. Mr. Fenton•s argument about the longer bridge are based on the 
;presumption that it is necessary to span the river from kha.dir to kha.dir. As is 
-well-known, the minimum necessary length of bridge, equal to the natural 
.stable waterway, depends upon the maximum discharge-see para 3.4.3 above • 
.From Mr. La.cey"s paper in the Institute of Civil Engineers Vol. No. 229, the 
illuminating care of the Alexandra Bridge on the Chenab may be cited. 
" When the bridge was constructed in 1876, there was given no less than 64 
spans of 132 ft. clear, the old bridging principal being that of bridging very 
nearly everything that presented the appearance of a. river bed. Some of the 
spans were reduced in 1881, 1€88 and 1890 i~ an attempt to confine the river 
to one stable waterway. Jn l 917, it \\8.8 realised that this river when in flood 
had never made effective uEe of more than 17 spans."' It might E'Ven be 
poEsible to reduce further -the wate1way at Pa.tna. from model te~-;ts on account 

.of the better conditions obtainable at this alternative site. 

The Director did not suggest the construction of an artificial right guide 
"bank for merely securing the benefits of symmetrical guide b8ll.ka. It bas been 
-clearly stated ( see pam 3.1.3 iv ) that it 1s only this alternative site ( i. e. the 
·<>De l mile above the Project site ) which will permit symmetrical a.s well as 
parallel guide banks, the south (or right) natural training bund being· the edge of 
the Khadir and the north guide bund being constructed where river conditions 
permit'', i.e. leaving sufficient minimum stable waterway from the right bank 

.as obtained from model eX:perimen~s. 

_ 4.3 Mr. Fenlon : "The Director objects to the groyne proposed at 
·the north approach embankment at the Patna site. He considers that no 
groyne is linely to be required in addition to the north guide bank which at 
most; may have tQ be somewhat longer. Whether a. groyne be required or 
not can only be established, he states, by model experiments and he points 
out how groynes, by attracting flow and pinning it to their heads, are•apt to 
.create unpredictable and even dangerous conditions. . 

The writer cces not consider theee arguments nlid ifl the present 
instance. Heads of guide bonds are cqnaUy guilty of tendEncies t~wards pinning 
flow once the river channel is in contact with them and the head of t.he north 
guide bond must C(me under attack b~fore the groyne can functiort. The river, 
in the writer's opinion, would easily overcome the "attraction•• of the groyne 
-once it showed a. tendency to recede frcm its embayment particularly, as tho 

. Director points .out, because a. limiting curvature of 1 mile radius bas been 
assumed for the embaying current rather than the more probable curvature of 
-2 miles radius. Once the bridge is cc.nstructcd the (lresence of the bluff at; 
Kasmar is calculated to offer considerable protection to the area. bet ween it 
and the north approach Embankment, and it may well be proved by model 
experiments, as the Director forecasts, that the propose<! groyne would rarely be 
subjected to any serious attack. As however its cost is small when compared 
with any reasonable lengthening of the north guide hoed, its pro'fision may be 
regarded as an insurance against trouble, provided the designed length of the 
guide bond provides: a.s the writer conaiders it does, an acceptable degree of 
-obliquity of the bed and surface fJc.w liDLs through the bridge.'' 

Director 1 reply-
. · The possibility of the groyne attracting the flow with a sharper embny· 

ment than the normal limiting curvature of one mile radios, on account of the 
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triple combination of the Kasm9.r bluff, the. groyne head and the head .of th~ 
. north guide bank, must not be ignored. Any ·heavy a.ttack oh, and consequential. 

breach of, the groyne might then result in an isolation of the head from the 
shank, accompanied by more intenee attraction owing to the head acting as an 
'attracting' island with parallel flow in between. The potential da.nger to the : 
north approa.ch under such conditions is obvious. With even an equa.llr sevete 
attack at the guide - bank bead, similar conditions are not expected to . be 
obtained. 

. . In this connection, the case of the Hardinge Bridge is to the point. 
Earlier experiments carried out at Poona had clearly shown that the Damukdia. 
Guide :Bank ( analogous to the proposed groyne at Patna ), which was 
constructed upstream of the Hardinge Bridge on the right bank: to guide·. th~ 
flow through the rruiddle &j the _llridge, was :~;:esponsible for the failure Of the 
right guide bank in 1933. This turned the high velocity flow into . violent 
eddies and surges to attack the head of. the right guide bank further down· • 
stream, intensifying the diving flow and leading to the-slip of the right guide 
bank. If 'the groyne as proposed by Mr. Fenton were once to capture the flow, 
it··may set up similar disruptive forces . 

. 4.4 Mr. Fenton : "With regard to the Mokameh site, the Director. 
agrees that the Proiect alignment is probably the best in the neighbourhood 
but goes on to say that· model experiments alone could decide this as they 
may show a site about j mile further upstream to be preferable. The writer 
_doubts this very much. Shifting the bridge further upstream would deprive. 
the north guide bund of a degree of protection afforded by the gorge and 
would be calculated to increase the , severity of potential. attacks at its head;. 
It is also not clear why the Director should express concern at the possibility, 
mentic•ned by t}le writer in chapter IV, para 27, of a limiting embayment 
along the Ba.ya. Na.di, and its effect on the head of· the guide bund. If this 
should come about,· and Chapter IV gives reasons why this may be a 
remote oontinge.ncy,. the hea.d /of the gu~de bund WOUld .receiVe• ·DO ;greater. 
punishment than tha.t for which it is ~designed. The worst conditions under 
an extreme· embayment are indicated in Plate 4 where the limiting curva.
ture of the embaying current is ehown as 1 mile radius. With the more 
probable . curvature of 2 miles radius the degree of potential ta.ttack at the 
head of the guide bund would be less than indicated, more especially because 
of the clay deposits on the nort.h bank of the Baya Nadi which, it 
appears, extend inside the .khadir to within a mile or so of the head of th~ 
guide bund." 

Director's repZy-
~ . 

All that the Director has desired to convey was that the experience 
at the Station shows thg.t model experiments sometimes indicate modifications 
in the site, •alignment and the orientations of . the bridge and the guide . 

· bank, fixed as the most obvious or correct from the plan or the site. · 
. ' . 

4.5 Mr. Fenton : '' The Director agrees with ·the project proposals 
in which the guide bund is made parallel to the general direction· of the 
kha.dir but stresses the desirability of symmetrical guide bunds. Where the 
inerodib.le bank of the khadir is utilised as a natural guide bund,- symmetry 
cannot be achieved, as the incidence and obliquity of attack, as discussed in 
Chapter V para. '39, must necessarily differ grea.tly at the two flanks of the 
bridge.'' 

Director's repZy-

An artificial 'left guide bund, parallel and sz;mineflrical', to the natilml 
right bank, appears possible at the Mokameh site. If, having due ,regard t9 
the incidence and obliquity of attack obtaining at the site, under the worst flow 
conditions, symmetrical guide banks are found sui~able on th~ J?Odel, they are 
to be ·prefered. . . -
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,. 4.6 Mr .. Fenton : '' The river levels ·reached during the J 9-16 moilSOOil: 
were higher tha.n normal a.nd the writer was able to conduct discharge 
measurements at both -the Pa.tna and Moka.meh sites at almost the pea.k of 
ihe llood. It is improbable that conditions as favourable as those met during. 
1946 will recur for eome time and even if they do, any change in the 
extrapolated peak discharge is unlikely to be large enough to materially e.ffect 
.the design. 

Twice the width of the wells ha.s been deducted from the distance 
.betweenwell centres to give the efiective waterway per spa.n (Chapter V para 
.26 ). This is in accordance with railway practice. The Director feels .that 
:this is excessive but agrees that some, though not perhaps full, compensation is . 
. provided by arriving at the waterway by the.applica.tion of Lacey's unmodified 
~formlila and not allowing any divergence (rom it because of a shallower natural . 
. section.•• 

.. Director's reply-
. . . 

. For reasons already given and because of the importa.nce of avoiding a.n 
underestimate of the maximum discharge a.t Patna and Mokameh, the Director
·atill feels that there is need for measurement of Wgher discharges and a closer· 
. estimate. In view of the uncertain quantities of spills a.nd percolation between 
·Patna. and Ma.ka.meh and of the contribution by the. Ga.ndak, as a measure of 
·safety, it would, however, be wise to a.esume a peak discharge of 2.75lacs. 
·ousecs for tne Moka.meh site. · . , · 

In addi!.ion to what the Director has stated before, it must be observed 
that the Railway practice .to arrive at the efiective waterway per span by 

. deductibg twice the width of the wells from the distance between well centres 
:must presume a standard design of piers and cut-and ea.se-waters1 in other 
. words, the afflux will vary with different designs of piers and cut-and ease
. waters. Actually, the flow is rarely uniform in all spans:' for..exawple, at the 
· Hardinge Bridge, 90% of the flow .was through spans 1 to 6 from the right 
-ba.nk. The fina.l.word on the adequacy or otherwise of the effective waterway 
tshould, therefore, be left to.the model. · 
r· 
· 4. 7 Mr .. Fenton : " The figures of scour given by· the Director· 
. would lead to a. reduction of armour at the shanks and a.n increase at the heads. 
·For the length of guide bunds recoliliDended in the Report these modifications 
would result in an increase of Rs. 11 Ia.khs in the estimate for the Patna. 
site and Rs. 8 lakhs for the Mokameh site. The Director's figures give ·more 
consistent protection than . by the adoption of Lacey's unmodified pier scour 
but the writer is not entirtily ho.ppy at the proposed reduction· in the 
~a.rmour at the sha.nh-s. The damage sustained by the right guide bank of the 
:Ha.rdinge Bridge in 1933 was at the shank and not the head. The cause was 
~ascribed by some to a weak patch in the armour at or near. water level and 
by others. to a :slipping of the launched apron. While aooepting the figures. 
given- for the heads, the writer would prefer the following scour values for the 
•Shanks. 

Patna. site 
Mokameh site 

Director' 1 reply-

Upstream 
. 115' 

110' 

Near abutments: 
130' 
125' 

Mr. Fenton's feeling about the depths bf scour at the shanks beiDg. 
. rather low are based on misapprehension in respect cf the cause of the damage 
· to the right guide bank of the Ha.rdiDgs Bridge in 1033. This damage was.. 
' ina.in!y due to the Damukdia guide bank and not due to insufficieDCy of the 
'• ·armour along the shb.nks~ When the river is iDterfercd with to the C.Xt<!nt t~at. 
t the Damukdia Guide bank ca.used, no rea.sone.ble amount of stone armounng 
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·can give adequate protection to the· guide bank against a. frontal or direct attack 
at the .Rhank. A study of past cases ai:td experience of model investigations does 
Dot, however, justify the armouring proposed for the shanks of Patna. .and 
Moka~h bridges; but this can be verified by model experiments. 

4:8 Mr. Fenton : "Although Gales recomme~s a head. radi~a of 3 
degrees (1910 feet ) for class C rivers, a radius of 5 degrees ( 1146 feet") has 
been adopted. This curvature was chosen not because, as the Director surmises, 
.it is negotiable by metre gauge stock '( this curvature is also suitable fol! broad 

•· gauge ) but because, in the. writer's. ()pinion, . Gales' curve is too easy. Spring 
consid.ers that a head tadius of 600 to 800 feet, would be sufficient,, with a water 
Velocity of 8 to 10 feet per second, to encourage tho stream to cling to the-. CurVe 
head wit~9ut forming swir Is. The maximum mid,-stream, ·surface v~locity 
does.not exceed 13 feet per second and the maximu~n velocity adja.cen~ to the 

' head. is unlikely to exceed 9 feet per second. An easier cu:rVe for the head of the 
guide bund would, of course, reduce the depth of: scour and lessen the possi
bility of ~ddies being formed; but if Gales' curvature of 3 degrees were adopted 
the very considerable cost. of the head .would .be increased by two-thh·ds. It 

. would be preferable,. in the .writer's opi,nion, · to . a~opt the sharper: cu~aturp 
and add to· the armour; alternatively, as a. comp~omise, a. cu:fVatu:fe of 4 
degrees, could be assumed. ,,.. ' · · · · ·· · · · ' 

Directar' s repty_:... 

Generally speaking, water finds it easier, particularly at the· higher 
discharges, to cling to an easier curve and the easier curves lead to less depth of 
scour and reduction of eddies. Whether the 3 degree curve or a 4 degree curve 
is optimum can, however, best be .determined on the model. 

4.9. Mr •. Fenton : '' The Director is averse to the twin octagonal 
design of reinforced 'concrete piers included in the design and would prefer the 
pier design to folJow that of the well and provided with semi- circular ends. 
The twin octagons of the pier are connected by a; thick . rib which extends. 
a.bove highest flood level and this dumb-bell shape is calculated to offer small 
interference ~ith surface flow lines, and then only at high flood. The Director· 
supports the writer's views in his preference for semi- circular ended wells. 
but if the piers follow the same design, tlie relief of base pressure which 
results from the special design of piers, will be lost.'' 

Director's reply-

All that the Director desires is the ·adoption of cut- and ease-waters. of 
the semi-circular type instead of the octagonal, keeping the rest of the design 
in R. C. C. as suggested in the Project. This should involve no major structural 
changes; ~nd; perhaps, relief of base pressure should also no~ be affected· .. 

I 

4.10. Mr. Fenton : ''The adoption of an acceleration of a.t least g/5 
( against g/8 ) for the computation of seismic forces for the design of the piers, 
is1 likely to result in an unduly expensive design. This' matter may be finally 
decided when the detailing of the structure is undertaken." . In the 1934 Bihar earth-quake the maximum intensity wa.s 10.7 
ftjsec:z, i. e. g/3. 1t was, thereforel suggested that it is de.sira.ble to ma.ke 
sufficient provision to cope with horizontal forces at least equalto g/5, i.e. about 
6.5 ft.Jsec.2, the lowest intensity in Zone IX on the crirve Merculli Scale . . 

4.11 Mr. Fenton : " IIi the ~ncluding paragraph of his note the 
Director calls. attention to alternative· protective measures other than the 
_guide bund system on which this Reporh is based. These a.lterna.tives-'attrac· 



~ lS ANNUAL BEPOBT (TECBJIICAL) OP TBB WORlt DONE DURING -~Hl! YE!.B 19!7 
. . 

ting' and 'repelling' spurs and •a.ttra.oting' islands-have· not·· so far to the 
writer's knowledge been em;ployed Qn any major Works and much experiment,a,,l 
work and practical experience are ne~ded before such ·mes.sures could be reco
mme.nded, with any degree .of confidence. , There- must . be ~many, however, lik~ 
the writer, who would always prefer :their protect~ve iworks as inner defences 
near home,·ra.ther than as distant bastions protecti.D.g a weak and otherw'isa 
defenceless centre. The problem besides being teclulical, is largely . eoonomio. 
the outer defences .would :need maintenance in the same manner as tra.ining 
bund.s: and it would J:ta.ve· to b& shown that :such a.n arrangement is not only of 
greater tecbnicai worthiness but of greater resulting economy... ' 

• ' · .. I I. 

1 Direc;tf¥1''1 reply--
:'ih~ alte~n.atiy~ 1tf~ini~g ~e.asri~s .·suggested J>y the Director are just•aa 

.much . 'inner. defe~: ~ guide :banb;. and they: hp.ve . to be. given· equa.l conside. 
~ation as the guide banks dnri.Dg:the model tests. The' tact that they ha.ve not 
~eenti:ied before to _the same extent as ·guide· banks is not S!ifficient to. exclude 
theni out of consideration, particularly in view of the serious troubles experi· 
·encM lrom.misditectedgu1de bankS, in the pa.st~ in,ma.ny_ ins~nces. 

' • • e ' • 

5. Further examination of the data as well a.s rema.rks. by Mr. Lacey 
·will be undertaken a.t the time of the Model experiments,-

--



INDUS W A Tl~I{ TO CUTCH STATE 

G-1-3 Indus water to Cutoh State......:A note on the 

possibility or bringing-

Introduction : -The Consulting Engineer to the Govt. of India.1 
Waterways, Irrigation and Navigation, forwarded to the Director a note by 
Brigadier Hawes on'' the possibilities of bringing Indus watar to Cutch State'' 
for the Director's comments. 

( 2 ) "Brigadier Hawes' Preposals : -

Brigadier Hawes first oonsidered the feasibility of bringing ·the. Indus 
water to Cutch via the Nara canal ex. the Sukkur Barrage and the Paran 
Dhoro bnt condemned it on the grounds· of prohibitive cost. 

The ·suggestion sponsored by .him was to ·take off a. Beparate Feede:r from 
the proposed Lower Sind Barrage, ( then contemplated to be constructed ·near 
Hajipur) about 75 miles from the nearest point in Cutch Territory, alternatively 
for taking water to ( a ) Village Luna to irrigate lands near Banni or ( b ) the · 
border of the Rann at mile 75 to commence.irrigation .for the lands ther~about. 
J!e, however, himself considered the proposal ( a ) to be a rather hop~Jess task 
as the Feeder from Cutch boundary to village Luna would have to run in very 
heavy banking and thus be expensive and constantly liable to serious breaches: 
He favoured the latter proposal (b) as it would enable dropping the F. S. L. 
from B. L. 29.80 to R. L. 16.0 through Falls at two places resulting in the 
reduction of the cost of the scheme. · 

· The costs of these two alternative schemes as worked out by him were 
Rs. 1,64,20,000/- and Rs. 70,70,000/- rfispectively. 

8. Comments by the Director on Brigadier Hawes'· Proposals : -

The Director agreed with Brigadier Hawes' first conclusion tha.t the 
cost of bringing Indus water to Cutch via the Nara ex the Sukkur Barrage 
and the Puran Dhoro would be prohibitive; but entirely disagreed with the 
proposa.l of an idle Fe'eder from the Lower Sind Barrage for reasons . set out 
below:- · · 

. (a) Brig. Hawes' note was written in jnly 1943, when the Lower· Sind 
Barrage was proposed to be sited at Ha.jipur, about 75 miles from the neate$t 
point in Cutch 'l'erritory. It has since been finally decided to locate the Barrage 
near Kotri, some 23 miles further upstream on the river. This will make the · 
nearest point in Cutch about 100 miles away from the B11orrage in a. proposal · 
similar to that of Brig. Hawes. · 

(b) -The costs worked out by Brig. Hawes were base<l on very rough 
figures, without surveys, quantities or proper estimates .. Actually the ·figures 
used by Brig. Hawes are about only one-third the present estimates. 

(c) The estimates would also be .out as due allowance would have to be 
made for 33 percent additional length of the Feeder from Kotri. . · 

(d) Brig. Hawes' proposals are, moreover, impracticable with a barrage 
at Kotri; because it would not be possible to give the required Full Supply 
Level at Luna in Cutch with a sepafate Feeder. 

(e) Such an idle Feeder running in very heavy bank (as already anti• 
cipated by Brig. Hawes himself ) would be very expensive, liable to breach, 
difficult and costly to maintain. The transit losses would be heavier than 
expected by Brig. Hawes,. leading to waste of very valuable water and the risk 
of possible water-logging. Lining of this Feeder running in heavy ba.nk( 20to30 
ft. above ground) has been considered impracticable by Brig. Hawes; it woUld 
certainly be a. costly and hazardous undertaking. Without lining, however, there . 
would be considerable risk of water-logging of the Sind areas through which the 

. ]'eeder would pass, resulting in complications, disputes and claims for compensa-
tion by Sind, which must all be take~ into apoount in any reasonable fina.n?ial. 
forecast. Sind would, moreover, strongly oppose any such scheme at any pr1ce. 

Fig. & _ 
•G-l-3• 
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. (f) The meagre balance river supplies available (except in July and 
· Au~st ), parti~ularly the ess.rtltial sopplies in early and late Kha.rif m~nths 
reqmred for sowmg and maturmg, have been already fully appropriated for the 
new SiJ¥1 and Punjab Canals. The bu1·den of shortages would, th('refore fall on 
the new:..comers, p:nticularly as Cutch would find it hard to establish h~rself a.s 
a "riparian'' state with a valid claim on the waters of the rivrr. These shortarres 
\vould be very heavy in five years out of ten, especially in May· and June, a~d 
on a conservative estimate Sind should count on 20 percent remissions, on a~ 
average, on account of shortages of supply, excessive losses, breaches etc. This 
m~kes the poor fina.ncial aspects of Brig. Hawes' schemes most gloomy. 
" ~ ; (gj It Is alsO doubtful whether Sind and Punjab would agree to pa.rtici· 
pation by Cutch except by legal agreement that their C'anals would han 
compz:ne priority i~ a:Jl circum~ta.nces,· i. e •. the Cutch Feeder would only get 
I?Upplies wllen @oDd if river supplies would be 1n excess of the full requirements 
of Sind and Punja.b and that Sind an<\ Punjab would not be called upon to share 
supplies with Cutch at such times. Under such conditions participation would 
be of little value to Cutoh. 

(4) Proposals by tluJ Director:-

_4.1. In the D~ector's. opinion, the .only schen:;.e worthy of cosider:~.tion 
• would be a separats brancl£ for Cutch up to Luna from the tail of the Fuleli

Canal ~ystem, preferably ~ith the main lined Fuleli lined up to its tail. 

· • 4.2 Even with the unlined Fnleli Canal, in a.ddition to lower first cost 
and a superior fina.ncia.l forecast, there would be the following advantages:-

. (a.) Brig. Hawes' proposal of a direct CUtch Feeder from the Barrage 
would not give flow irrigation when the Barrage wou1d be at Kotri while this 
proposal w~l! •. 

. · ( b } The Director's proposal would not entail high transit losses otherms'e necessary in a highly banked separate Feeder. 

' . · ( o-) The duplication of canals~ cross drainage works, cross regulators, 
pridges,· protective works, service roads would be avoided. 

( d ) It would avc;~id. the undesirable necessity of truncating the 
commands of the Sind channels andjor providing siphons. 

· . The c;,st.of this proposal of a branch from the ta.il of the unlined Fuleli 
Canal has worked out to Rs. 1.5 crores. 

. · · 4.3 As the first proposal would require raising of the water level in the 
.Fuldi by 2ft. (which would be opposed by Sind), though more expensive the 

· alternative proposal of a lined Fuleli Canal was considered more attractive. 
The merits claimedlor it were as under : -
. .. · (a.) The proposal would benefit_· Sind as their lands would not be 
damaged by water logging, while Cutch would not be required to pay heavy 
compensation which might otherwise be claimed by Sind. 

· ( b ) l'ransit losses and Pocket withdrawals from the Kotri Barrage 
would l;>e reducea by 1,000 cusecs as a result of the lined Feeder and thus saud 
exclusion difficulties would not be enhanced. 
· · - ( o ) It would enable flattening of sra:dients to the full extent necessary 

-- to give the Cutch ~ds the water levels reqwred b~ thew. 
• _' · ·( d f This· would be the only meth~ by whic~ it would be poss_ible 
to give supplies saved by lining to Cut~h-durmg the c~c1al mo~ths \\hen r1ver 

· supplies· are essential bnt would otherwise be short of Sind requirements. 

The total cost of this alternative propos!l.l has worked out to Tis. 4.Q 
crores. 

4.4 The Director concluded tha.t it would, in any ca.se, be a.n undertaking 
fina.ncia.lly very difficult for Cutch; but if the una.sscssa~J~, indirect returns 
of giving irrigation supplies to Cut~h would be of s_ufflclent value to a~ 
otherwise arid and parched area., 1t W(.)uld be a proJec.t worthy of Cutch s 
consideration. 
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piles at the-to enable accretion and silting to 
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near the, how to prevent, by a tidal model. 
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Gandak River at Bagaha on the Oudh and Tir· 
hut Railway which has outflanked the 
Bridge-How to divert the-to its original 
course through the Bridge. 

Gandak at Bagaha . on the Oudh and Tirhut 
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