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INTRODUCTORY -NOTE 
By. 

A. N. Khosla, I. S. E. 

Consulting engineer to the government of India and chair .. 
man, Central Waterpower, Irrigation and Navigation 

Commission, New Delhi, 

1. As reported last year, the expansion in connection with the 
organisation of the Central Research Station was intended to be carried out 
at Khadakwasla as far as possiblo and the balance at Okhla near Delhi. 
Subsequently, however, it was decided to restrict the. expansion of the 
Station to Khadakwasla. for the present. The Bombay Govern.ment was 
accordingly approached to acquire 109 acres of the land adjoining th.e Rese .. 
arch Station. 90 acres of the land have already been acquired and biken 
possession of by the Research. Station. The remaining. 19 acres will be 
acquired during the ·current year. · 

. . . . 

Arrangements for supplying-water to the newly acquired area are near .. 
ing completion. :Vetaileci estimates; of levelling of the.area for purposes of 
rating tank, workshops and field hydraulic l-aboratory have been prepared and 
submitted to the Government of India fo-r approval. It is proposed to locate 
some staff quarters at Khadakwaula. 

Estimat'3s for carrying out experiments with model of deep-seated 
sluices with a view to studying the effects of various shapes ·of gates on the 
co-efficient of discharges and cavitation etc. have been submitted to the 
Governmen of Indi~ fqr approval-
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2. The requisite staff for the expanded station was recruited during. 
the year. They are receiving practical training on the Hirakud and Kosi 
proj P.cts preparatory to taking up regular research at Khadakwasla 
or Poona. • 

3. Most of the equipment required.(or the various laboratories was 
ordered during the year and some of it has already arrived. Early steps 
are being taken to set up these laboratories. 

4. The Research Station ha.s been increasingly in demand for the 
solution of diverse problems, more particularly those relating to develop. 
ment of river resources in India. Requests for carrying out experiments 
have been received from some' of the neighbouring countries. Problems 
relating to navigability of major waterways near Ports are engaging the 
special attention of the Research Station. 

Advice, basecl on accumulated experience of the station, was given 
to Provinces and States. 

5. Notable among the experiments carried out and in progress during 
the year are those pertaining to the improvement of_ the navigability of the 
Hooghly estuary, the Cochin Harbour, the training of the Ganga river at 
Garhmukteswar, the Tapti at Surat, the Kshipra at Ujjain and the Kuakhai 
at the proposed bridge near Balianta (near Bhuvaneswar). Experiments 
have also been carried out on spillways, dams and appurtenant works. 

Also the wave recording apparatus is being developed at the Station 
for accurate reproduction and recording of wa.ve cha.ractertistics. This 
apparatus will be very useful in tackling the problems of the ports and 
harbours where waves play an important part. It is immediately required 
for the model of the Madras Harbour. 

6. The Research Station was visited in July 1948 by the Standing 
Committee of the Cabinet for the Ministry of Works. Mines and Power 
along with 'the Hon'ble Minister and Secretary for Work, Mines and Power 
Member ([rrigation) Central Waterpower, Irrigation and Navigation Com
mission and Officers of the Central P.W.D. 

7. Shri K. K. Framji continued to be the Director till 3-7-48 when 
he had to leave consequent on his appointment as Director General of Ord
~ance Factories. Shri D. V. Joglekar took over as Director from 4-7-1948. 

8. The work of tbe Station has been creditably handled by the Offi
cers an·i staff at Khadakwasla and satisfactory progress towards the 
expansion .of the St&.tion has been mainta.in~d. · 
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In March 1948, the Director .( Shri K, K. Framji ) and the Deputy 
DirPctor ·along with their assistants visited the. T~nsa. Lake in connection 
with the proposed installation ·of automatic ga~es)o increase the storage for 

Bombay .Water Supply. Later during the 1year the Director 
.( Shri D. V. Joglekar) and the assistant officers concerned 

Fig. 1 visited 12 places which· are shown in figure ~~- The prac· 
tice of inspecting the sites of various problems under in
vestigation at the _Station has proved very :beneficial in 

enabling the staff to visualise the'prototype conditions for natural re~roduc
ti01lin models. · 

- . -
In July 1948 Shri K. K. Framji, the Pirector of the Station was 

tr~nsf~rred · -~o Calcutta. as Director General _of .~Ordnance ~Factories. He 
hS;n~ed ov.er ~barge to Shri D. V. Jogleka.r. At the end of July, the Standing 
Co'!_nmi_ttee attached to the Ministry of Works, Mines and Power held a 
meetiQ.g at the Inspection Bungalow at Khadakwasla. The Honourable 
Minist~t: ~hri N. V. Ga.dgil with the Standing Committee Members, accom
papie~ by Shri B. K. Gokhale. Secretary .• Works, Mines and Power, Sardar 
Man~ingh, ~ember, Central _Waterpower,_ ~rriga.tion & N aviga.tion Com
mission,.S;hri.Puri, Chief ~pgineer, __ Central P. W. D., New Delhi, Shri 
Chopra., C. E., Delhi and other officers, arrived at Khadakwasla in the morn
ing on 24th July. Shri K. K. Fra.mji, the former Director of this Research 
Station who happened to be in Poona. on his routine office tour in his new 
capacity was also invited by Shri B. K. GokM.J~J.o:~tt~nd the meeting. 

-r The visitors arranged in two batches were sho~n round the Researeh 
Station-one party beitl,g led QY-Bhri D. V-. Joglekar and the other lad by 
Shri K. K. Fraxqji. The members and the officers were keenly interested 
in the-present activities of tbe Station.-- T-he- new area of 106 acres being 
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. . . ' 
acquired under the urgency clause for the expansion of this Station was 
also seeo· by the visitors and they were satisfied that_ any amount of 
additional area could be secured as and when found necessary. Shri A. N. 
Khosla could not join the party being detained in Eu~ope. 

Bxpansio1~ of the 0: W.I. and N. Research Station t 

· In })ursuance of Go-~er;ment's decision to ex.pand the a.ctiviti~s of the 
Hesearch Station· a proposal to a'cquire an area of 106 acres under the 
urgency c~ause~ ~a~ put up. An area. of 82 acres has been taken p.ossession 
of and the remaining-is being made over in the next few months. 

. . 
In September and Oe;tober ·the· Federal Public · Sar.vice · Commission 

recruited officers for the expanded Station . 
.. ·-· . 

Equipment for the various laboratories has been ordered and is 
being received. 

During the year under report advice based on previous experien~e 
was given in 15 cases, a synopsis of whieh has been embodied in the body 
of the report. Besides this, 18 specific cases were dealt with by model 
experimentation in addition to basic studies of scour· below rigid structure~. 
flow in incoherent sand, meandering of channels etc. 

A number of parties of students from Madras, Bangalore, Poona, 
Bombay, Baroda, Patna and a large number of visitors visited this 
Station during the year; prominent visitors were:-

The Hon. Shri N. V. Ga.dgil, Minister, Works, Mines and Power. 

The Hon, Shri Bhupati Mujumdar, Minister for Irrigation, West 
Bengal. 

Shri B. K. Go:khale, Secretary, Works, Mines and Power. 
, B.S. Puri, Chief Engineer, C. P.W.D. 

, Chopra, Chief Engineer, C. P.W.D. 
,, K. K. Framji, Director General, Ordnance Factories, Calcutta. 

, S. N. Majumdar, Administrator, Damodar Valley Project. 

Mr. J. B. Murray and Mr. Mitter, Officers, Port Trust, Calcutta. 

Mr. H. L, Vadera, Director, Central Designs. 

The Hon. Chief Justice of Bombay. 

Shri L. V. Lalwani, Superintending Engineer, Central Circle, 
Calcutta. 

,, S. P. Sarathy, Liaison Officer, Port Trust, Ca~cutta. 
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The Chief Engineer", i/c Hydroelectric Scheme at Radhanagari, 
Kolhapur, 

Sardar Marisingh, Member, Central Waterpower, Irrigation & 
Navigation Commission, New Delhi. 

Sbri Khanna, Assistant Consulting Engineer, Central Water-
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SECTION "A" - HYDROLOGY. 

1. Rainfall and Run·off. 

(ii) Maximum run-off discharge • 
Page 

• 
(l) Estimation of run-off from Vaitarna. 7 

3· Measurement of flowng· water. 

(2) Coefficient for conversion of surface velocities to 
meanvelocities in natural streams. · 12 

7· Sub.terranean waters. 

{i) Sources and Yield. 

(3) Water-supply for the proposed Stream Pqwer Station 
of the South Gujrat Electric Grid near Surat (Bombay). 14 



2," : Estimatioti of run .. off ~rom ~aitarnac· catchment,, of the pioposed 
dam site (Bombay~ 

1 •. INTRODUCTION. 

Owing to the large ·increase in the population and . ind~s~rie~ 
of the· Bombay, the. contents of the.Tansa Lake even wi~h instalJatio~ 
of four feet high automatic gates are totally inadequate to meet its require: 

ments. In order to augment the present wat.er supply it 
has been :decided to construQt 235 ft. high grav~ty type 

Fig. 1. cement concrete dam across .. the Vaitarna river~. (Fi'g. 'i) 
which will impound about 6,000 'm.~cft.' of water'. I The 
Special Engineer· of the Bombay Munfcipality referred 

the Vaitarna Srheme'to the Station for advice ·on the following points:-

1. Capacity of the spillway- to . pas$: the tna.ximum probable flood 
discharge. 

2. Correlation ·ratio between the yield of Tafisa· lind· ·Vaitarna 
Catchments. With a. view to determine statistically wllether the 
anticipated minimum annual .run·off will be obta.ine~ from Vai-

• ta.rna Catchment. 
1! ' 

3. The type of spillway to. be provided and the necessary, flood lift 
with the type co~sidered suita.bh~. · · - ·· · - ' · · ' 

Director's opinion on the first two of the above points were given as 
below, while the third point is dealt with. elsewhere in the Report ... 

2. (a) The maximum probable flood discharge of Vaitarna Catchment; 

Independent estimates were made .according to various methods as 
described below. 

(i) Observed data. 

Surface velocities were measured by floats up to a depth of, 11 ft. 
and converted to mean volocities by using a conversion factor of 0.82. 
Velocity observations were not available for depths greater than 11 ft. 
but surface·. slopes ·were recorded up to 26 .ft. depth which enabled to 
work out velocities according to Chezy :formula. With the velocities 
thus obtained and the computed sectional areas, discharges at different 
water levels were calculated and a discharge :gauge curve was prepared 
by the Special Engineer. By extrapolation of this curve he .. estimated 
the discharge at the highest recorded depth of 31'5 ft. in ·1941 to be 
96,900 cusecs. 
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In t.p.e o{>ini~!l of the·Director,.there are several shortcomings in the 
method ·adopted by the Special Engineer in constructing the discharge : 
gauge curve. 

'Vhere the reach between the observations from which surface slope 
is derived is not uniform, even if it is straight, it is the energy slope rather 
th~n the surface sh)pe which must be taken for obtaining the cor~ect value 
of the velocity. By taking energy slope instead of surface slope, less/great· 
er diecharge would be 'obtained according as the Jownstream section is 
less/more than the upstream. section. As, however, the cross-sectional 
area at the downstream end of the reach was said to be not available it was 
not possible to verify the resul~ing error in estimate of the flood'di'scharge 
by taking surface slope _instead of· energy slope. 

Part of the discharge: gauge ~urve extrapolated by the Special Engi. 
neer was not quite correct and a more accurate estimate according to the 
curve modified by the Station .gav~ the discharge as 90,000 cusecs as. against 
96,900 cusecs calculated by the Special Engineer. 

Veloci~ie~ were a..lso calculated ~Y the Station ac_cording to 

O· • 1486 R 2f3 s1f2 
'(A):' Manning' a· formula. V := · - ~ · N 

(B) The Lacey general flow formula. V = t6R 2/3 -gl/S 
If' It ... .. .. . ~ 

and~. (Of' Lacey';s abs·ofute rug~s{ty fo~~p]S;- · 
_ ~.3458 ~3/4 s1f2., 

v -. · Na · 
For obtaining; Lacey's Na, a ·curve of Na: depth was prepared from 

available data.. · 
Tpe velocities- and corresponding discharges for depth of 3 t.S ft. ac'" 

~ording to these formulae ar~ as under: 

Table No.1 

Showing co~puted vGlocities and dischargus according to. vario~s formulae 
Depth = 31.5 ft. 

Formula. 

I 

Manning's (N = 0.035) 1· 
Lacey's general flow 
Lacey rugosity 
Che~y's- .extrapolation by the 

Station . _ ,-

Velocity in ft/sec. 

14.6 
15.1" 

- 16.85 

14.80 

Discharge in cs. 

89,060 
92,000 

1,03,000 

90,000 
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(ii) Fan Catchment Formula. 

In the final ~nalysis, a .fan·shaped catchment must be' taken as one in 
which the run-off from the farthest extremity concentrates at the dam (or 
towards the end of the catchment) practically simultaneously. Maximum 
inflow occurs when the duration of the rainfall of maximum intensity 
equals or exceeds the time required for flow from' the farthest part of the 
catchment to reach the dam site. It is in light of these considerations that 
it is possible to decide whether a particular catchmen't" is 'fan~shaped or re
quires allowance for its elongated shape, which precludes the concentration 
of discharge of maximum intensity, there being an ·overall· retardation 
effect, 

In the case of the 1941 flood with 31~ feet depth, the durat~on and. 
the intensity ·of the rainfall leading to this flood_ are· unfo"rtunately not 
known. For thes3 conditions, the time concPntration and the average inten

sity of rainfall during that period are roughly: worked out 
to be about 12.20 hours and. 1'08" per 'iiour·. respectively-

Appendix I vide Appendix I. Intensity· data no.t being. available[ 
whether these conditions were actually obtained or not 
cannot be strictly verified. ·The· maximum daily rainfa:Il 
in 1941 of 13.02", when compared with: the average of the 

maximum rainfall for all years for -w:4~ch data_ ~r~ av~ilable_ (~.7~"_) -~uggests 
that the figure of computed intensity may be approximately correct. · The 
time of concentration being only 12.2 hours --which is also- apprQximately\ 
the duration of rainfall of maximum intensity ;;_:no -allowapce:fo~ ;~iv~rgen: 
ce from fan shape can justifiably be made. According to the fan.-c;lt.cqment 
formula, the maximum flood discharge would be 91,500 cusecs, say, 92,000 
cusecs. 

(iii) Correlation of run-offs of Tansa and Vaitarna Catchment. 

The catchment of Vaitarna is 175 sq. miles while that of Tansa ·52} 
sq. miles, i. e. both are small fan shaped catchments.. Both .. are of similar. 
topography and are adjacent to each other. · Hence, rain· storms of neatly 
equal intensity may be expected in the two catchments, with. due allowance 
for lag. As flood discharge is proportional to·· the square-root of the catch
ment area based on the maximum flood discharge (observed plus absorption) 
of Tansa of 50,000 cusecs, ~ the flood discharge of . Vaitarna would be 

50,000 X V ~;~5 · = 91,500 cusecs. 

The correlation between the maximum daily· run-off in each year, 
~vera~ed, o-ver three consecutive days, in the Tansa. and Vaitarna catch-. 
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Fig. ::z. 

ments was examined because for reasons given above a. 
, significant correlation may be expected. As will be 
seen from Fig. 2, a good correlation exists between these. 
run-offs, the statistical equation being 

1.3508 
QT = .ot52Qv 

When extrapolated for QT=50,000 cusecs.-the maximum-ever at Ta.nsa-· 

the maximum discharge from Vaitarna catchment would be of the order of 

83,600 cusecs. It is however, to be noted that simultaneous discharge data> 
of both the catchments are not available beyond Tansa run-off mean of three 
consecutive days of 13,850 cusecs. = 7460 m.g,p.d. and extrapolation much . . . . ~ 
beyond the observed range must be separately justified. 

Recapitulating, the values. of the estimating ma~imum discharge, 
as obtained by various methods, were as under:-

Method Maxh:num Q 
.. 

--------------------------------------------------------~-

(i) · From observed data correspoding 
to maximum observed depth of 
31.5 ft. 

(ii) Fan catchment formula. 

(iii) Proportional to root of catchment 
area 

(iv) Correlation of run-offs of Tansa 
and V ai tarn a 

Chazy 
Manning 
Lacey (General-flow) 
Lacey (Rugosity} 

90,000 cs 
89,000 cs 
92,000 " 

101,000 " 

92,000 , 
; 

91,500 ,, 

83,600 " -

Having due regard to safety as to economy, a. ~1mmum discharge· 
capacity of the weir of 92,000 cusecs appeared essential. It must be empha· 
sized that this estimate does not provide for extraordinary cyclonic: storm 
floods 'such as the one experienced inN ovember 1948. Sufficient data about 
such floods not being available, it is not possible to predict their intensity 
a.nd frequency. 



Ai 

APPENDIX ~I 
' 

Determination of the time of concentration of the run-off caused Ly 
the storm on 2-7-41 due to rainfall of 13.02 inches/day. 

Now 

Formulae used :-

Qmax = 1,000 K.i 

i -

t3 
----
t -+- 1 -

Rf (a) 

t + 1 

0 L2 

K.S.R.f (a) 

Qm = 1,000 Ki 

Wh-ere 

Q = maximum discharge in 
max cusecs./1000 acres. 

i = Average intensity of rainfall 
in inches/hour. 

R = Rainfall coefficient .. 
f (a) = A function of the area for 

the adjustment of the ·average 
intensity of rainfall = 0'96 • 
in this case. 

t = time of concentration in hrs. 
K = the run-off coefficient = 0'84 in 

the present case . 

• 87 OOO _ 1,000X.84 X iX 175 X 640 
• • ' - 1,000 

= 94,000 i 0 = a coefficient = t? (K,R) 

• . 94,000 1.0S"/hour L = length of basin in miles -
•• 1 = 87,000 = 45 miles .. 

t3 0 
0 L/.1 

t+ i = K.S.R.f (a) 

• t3 0 L2 
- X • • - K.S.f (a) 

But i 
Rf (a) • R - t+ 1 •• t+ l 

t+t 
R 

i 
= f (a) -

S = Average slope of the 
catchment == 7.7 ft/1,000 

1.08 -- 1.125 .96 -

• t3 0 X 45 X 45 1 
• • - .84 X .0077 X 0.96 X 1.125 - 2,90.000 0 

Assuming 0 = .0063 

t3 
= 2,90,000 X .0063 - 1830 :. t - 12.20 hrs. 

To check vr1.lue of 0 

. Rf (a) O R.96 
1 = tt 1 :. 1. 8 = 13.20 .'. R 

1 08 X 13.20 
.96 - 14.8~ 



. ·• K R == .84 X 14.85 = 12.45 • 

.... Value of C (from curve on page 45 of Richard's "Flood estimation 
& Control"} = .0064 

'rhus 
t = 12.20 hours ; i = 1.08 inches/hour and 

Qm = 87,000 cusecs. 
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2. (b) Correlation ratio betdJeen -the. yiel~ ~/. Tansa ancl Vaitarn~ 
Catchments. 

For determining the total yearly yield at Vaitarna for which direct 
' .. 

data are not available, the correlation between yields of Tansa and Vaitarna· 
was attempted by the Special Engineer. 

Statistical analysis of the available yield and rainfall data of Tansa 
and Vaitarna catchments is undertaken by the Station and· the finclings. 
thereof will be compared with the'results of the investigation of the Special 
Engineer for arriving at a final conclusion. -
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2. Coefficients for Conversion of Surface Velocities to mean 
, Veloc:Jtles In Natural Streams. · 

It is common to estimate mean velocity on a vertical from the ob· 
served surface velocity with the help of. some appropriate multiplying 
f~c~or p. _For small st~ams with rough beds the maximum· value of the 
coefficient 

_ mean velocity . 
P ~ surfa.ce velocity 

i·s. ·0~89, mm1mum 0. 78, and the average 0.84. For ·average streams 
(American) in moderate flood p = 0.90 and in flo:>ds 0.90 to 0.95.( 1) . Observa. 
tions on'Hemavathi river in ~ys~Jre State, with fairly soft bed and vertical 
banks the coefficient varies within 0.85 to 0.88. In cauvel'y at Chunchinkatta 
with a rocky bed and sloping banks the coefficient ranges from '77 to '79 (2) 
on the Indus p varies between .80 and .89.(3

) The coefficient is thus not 
constant but val'iable, -the variation depending on the stage, depth and 
nature of the bed. It varies directly as the depth and velocity and inversely 
as the rugosity. 

Available data in the variation of 'p' with depth and bed and side 
roughness is set out below.(4

) 

Tablp, I 
Vm 

Value of 'p' (= Vs ) for different values of nand depths. 

Rugosity coefficient n 

Depth in ft. 
0.03 0.025 0.020 0.0175 0.015 0.013 

0.9 - - 0.83 0.86 0.88 0.89 
1.0 0.78 0.82 - - - -
1.1 - - 0.84 0.87 0.89 0.90 
1.25 - - 0.85 0.87 0.89 0.91 
1.50 - - 0.87 0.88 0.90 0.91 
2.0 0.80 0.86 - - - -
3.0 0.83 0.88 - - - -
50 0.85 0 89 - - - -

10.0 0.86 (1.90 - I 
- - -

15.0 

I 
0.87 0.91 - - - -

20.0 0.88 0.92 - I - - -
I 

(1) Parker, 'Control of Water•, p. 55. 
(2) 1946 Report of Hydraulic Research Station, Krishnarajsagar, p, 22. 
(3) 1944 Report of Develop & Research Division

1 
Sind, p. 15. 

(4) Parker, 'Control of Water', p, 64;. 

0.010 

0.91 
-

O.Jl 
0.91 
0.92 
-
---
-
-
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Table II. 

. -

. Values of the rugosity coefficient 'n' in Kutter's and 
Mannirtg's formula frequently exceed 0.03. vide Table II 
below(5) and data are lacking for 'n' greate'i~· than 0.03. 

Table II 

Values of 'n' for natural Streams. 

Condition of stream bed 

Surface 

Best Good Fair .··Bad 

1 Olean, straight hank, full stage, 
no rifts or deep pools. 0.025 0.0275 0.030 0.033. 

2 Same as ( l) but some weeds & -
,. . 

1 o.o33 __ . -~. 
l -

stones. 
. 

Winding, son}~ p_ools and shoals 
clean . 

.. 

0.030 0.035 0.040 
- . . .~ \ . 

j I • 

0.03~ ~ 9r~35·-~---~ _ 9;04Q~ J-~~!o_~§~. 
4- -Same as(~), lower stages, more 

/ ineffec ti \·e slopes & sections. 

I - -.. 

I . 0.050 i . 0.055 .' 
I 

5 Same as (3), some weeds & 

0.040. 0.045 

o.o3s I o.o4~ 
0.045 0.050 

stones. 

6 Same as (4), stony sections. 

0.045 

0.055 

0.050 

0.060 

7 Sluggish river reaches, rather 
weedy· or with very ~eep pools. 

. : \ .. .. 
0.070.- . 0.080 

8 Very weedy reaches. 

0.050 . 0.060 

0.075 0.100 0.125 0. t:>O 

According to Grumsky.(6). 'p' ·depends qnly upon- the- ~ati~--. 
·. W { = . width of stream_ ) 

d · me~n depth -.. 

Fig. 3 . 

... ~ • ~ F - - .•. - ... 

This dependent_variation is shown in Fig.~~~ 
. - . .,. 

· The coeffi~fents however need t6 'be vaiifi.e'd. with th·o~e 
a~tu:ally obta.i:riing: bn th_e- Sire-:·s~i~ b'y- ~~r'tic~l.: ·ve16.cit~-: 

'\ . . . . . "" . .. . ·. . ~- . ··. . - ~-. . ..- .. .. ' . " ' . ~, ' ...... , 

curve or the two point method, but the present note lias been, 
•. .. '~ . . ! 

written only by way of interim information on the subject.' . 

. ~5). .Pages 373. und 863 Engineering News, Vol. 75, 1916~ 
(6) TraJ?._s. _ _t\m._SQ.Q, o~ C.E.', Yol. 66, Page 123. · 
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3- Water Supply for the Proposed Steam Power Station of the South 
· Oujrat Electric: Orid near Sura t (Bombay) 

1. Problem 

To meet the cooling water requirements of the proposed steam power 
station of the South Gujrat Electric Grid, the Electrical Commissioner with 

the Government of Bombay proposed a. pumpin~ station 
Fig. 4· on the left ba.nk of the Taoti near Utran-Fig 4 about 2! 

· miles downstream of Surat. The Station advice wa& 
sought on the site for locating the pump house. 

r·To ensure that the existing flow conditions would not be adversely 
affected by the contemplated pump house and a deep perennial channel free 
from trouble due to silting would be maintained, it was suggested that the 
shifting of the pump house site about i a mile upstream of the original 
location at the transition where the main flow of the river crosses from the 
left bank to the right, should be considered . 

., .. It was found that due to proximity of the Sur at City, sufficient space 
for the Power Station would not be easily and economically available. 
Aquiring land for railway siding would be costly and disposal of ash would 
ba difficult. It was therefore considered impracticable to shift the pump 
house and tbe power station site upstream by about half a mile as desired. 

An alternative site on the right bank of the Tapti upstrea.m 
Fig. 4· of Surat near Utran-Fig. 4-wa.s therefpre proposed to be 

examined for its potentiality to yield sufficient, constant 
and permanent water supply. 

2. Data· 

Sufficiency, constancy and permanency of the yield depends on 
seve~al. factors such as changes in the river bed and bed material in ~he 
vicinity, homogeneity and compactness of the strata, water table at low water 
levels in the river etc. All these factors have to be carefully examined 
before deciding in fa.vour of the site. Shifting courses of the deep· channel 
above and below the proposed site have to be studied from the plans of all 
the years for which data are available, and possibility of a. layer of fine silt 
depositing with the first and last floods, thereby reducing the percolation 
water, have to be properly investigated by analysing the silt. Sand samples 
in the trial borings havE1 also to be analysed to work out the trans
mission coefficient and a couple of cross-sections at half mile interval above 
and -below--the site.· scrutinised· to verify the homogeneity of the water 
bearing strata. ·· · 

·All-the data-mentioned above together with the figures of immedjate · 
and contemplated future water .require~ents were asked for. The scrutiny 
and study of the data received, led to the foJlowing observations. _ 
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WATER SUPPLY-GUJRAT STEAM, POWER St:AtlON IS 

3. Ar,alysis of w1ta 

(a) ·Yield tests: It was apparent that_ the yieids obtained were 
much in excess of the requirements -one of tlie bores with~· a small•operai-· 
ing head discharged as much as 10 to 18 times the desired maximum.· · · · . 

. , 

In exhaustive tests the desired daily yield should be· obtaimible . 41., 
8 working hours with reasonable depression head. ·~nd witho'll.t perma,lent 
lowering of the water table. In the present cas·e 'the ·depre.ssi.on .. headS. \lad, 
been so small and the consequent discharges so copiou·s.ibat-~though ihe. test; 
were not sufficiently prolonged as they should ·be there did not appear much 
cause for apprEthension regarding the availa:l>Uity; of_thF .. required discharges • 

. Also the dischargP. can further be augmented, if required, .. by safely i.ncreas · 
'··' . I ·-· -·. • - •• . . • . !"\\'• 

ing the depression head after providing a suitably_des~e~ .i~!~.rte~ .~~~e.(o(: 
stone over the bed :of the well. · · 

.. 
A note of ca:u~ion,. however, was_ soU.tl,de.d.~.~Jg.ai.nst. pla..ci~---entire. 

reliance on _the few tests niade. It was emphasised that additional· borings 
and yield tests at the proposed final sites of the wells_:would. still be. ,·nece
ssary as was evident from the availd.ble yield and· bore-data showlng that· 
the strata formations and the yiei<ls. a't several --bores within. only ~bout 
400ft. , of each other varied considerably. · 

(b) Type of wells: Tube wells being much cheaper than and c~mpa
rable in respect of discharging capacity· with. the percolation wells,_; were 
recommended for consideration.· , 

~ • r 
(c) Water-table: The water table appeared to be at about the ~ater 

level in the river. As even in years of worst ·rainfall" the .Tapti does not 
totally dry up at Utran, the well will not be required.·to · b~:.e taken tod deen 
nor will the suction head be excessive. 

(d) Shifting courses of the deep channel' above· and belo1v the prdposcd 
site: ~ 

These data were not available .. Utran, however, happeus to be o·n an 
unnaturally sharp bend of the. river caused by scour resistant hard forma
tion of yellow soil. The changes in the river configuration here are there. 
fore expected to be limited. rrhe shifting of deep channel tQ- th:e. ·e:xt~nt of 
jeopardizing the, water supply is therefore riot much likely~ ' . . . 

~ ;· ' f I • • . ~ 

{e) Possibility of deposition of fine silt befm·e and after. the/lood .ieason 
j • ' 

Carpet of fine silt is found to. have a pronounced effect o·n, the perco
lation of water to the sub-surface water bearing strata especially at lesser 
depths as has been· the experience at Ahmedabad, Ujjain etc. . . ' . 

No such· deposition is found at least in the vicinity of the sanrly 
~sland on which the bores were taken, and therefore likelihood of, reduction 
1n water supplies on this acconnt appeared to be remote. ' 
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(f) .Analysis of sand supplies in the trial bores: 
.. 

It was desired to analyse the bore samples and work out the trans-
mission coefficient and porosity, thus enabling the computations for ascer
taining the size of the well necessary to ensure the particular discharge 

· under:.spe.cified operating head and through a limited zone of influence. The 
theoretical treatment was not however possible due to considerable diver
sity of the water bearing strata. This was not so important as actual yield 
tests were satisfactory. 

Recommendations 

In., general the yie]d tests were reassuring a.nd satisfactory. It was 
therefore recommended that the pumping station.should be located at Utran 
as it would not have to face any difficulties about inadequacy of water supply. 

Fig •. 1. 
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B--THEORY OF FLOW AND DESIGN OF CHANNELS 

r. Flow in .rivers .and canals. 

(ii) FLOW IN CHANNELS IN INCOHERENT. 

AND COHERENT ALLUVIUM 

4 • Rate of .A.ttrition· in channels~ 

The experiment, started in September 1938, to determine- how· far· 
attrition was. the true explanation of the progressive red~ction of size of 
bed materials from the hills to the sea., was carried out h)' a....ciicular tank 
in which water was revolved with a uniform velocity and hence experi .. 
men ts could be done with only one velocity at a time. ·These· experim(mts 
have been descr~bed in the 1946 Annual Report; the description is .. repeated 
after adding this year's data-to make the note complete.· 

- 1943 .Apparatus 

In ·order to expedite results, a circular tank 7 ft. in diameter: -and 
2 ft •. deep was ·divided into 4 compartments. _ Vertical blades were. spaced 

120° apart,· fixed to a central. ·revolving·_ shaft. __ with- the 
bottom edge of the blades 10" above the bottom of the tank 

Fig. r. as shown in fig. 1. The 'mean velocity of the wa.ter in the· 
three compartments· was 2.38 ft./sec., 4.16 ft./sec. and 
-5'93 ft. sec. respectively. · · 

This experiment was started on 3rd February 1943 using Brahma.-. 
putra sand, passing -through a 60 mesh sieve and retained on a 80 mesh 
sieve; so that the range of variation of grades of sand in the mixture was
less than normal. 

m of original sand = '185 mm. ± .10 (or ± 60%) 
m of sand used in Expt. = •254 mm ± . 063 (or =F 25%> 

The sa.nd thus Qbtainad was J?la.ced in each compartment in the ,tank 
to a. depth of 4" (about 1] 50 lbs.) and water was maintained at a. constant 
level. 

The abrader was run for 1460 hours, Sand-, samples were eoitected · 
from each compartment and after thoroughly mixing -the s~nd, th.ej_,were. · 
analysed by the Puri siltometer •. ~The. observations were repeated ,;e.lier 
3770 hours {1944), 5650 hours (194[)).,. &1>0 hours (1946) and. 8097 )).()Urs 

(1948) ar:.d sa-ad samples !'ere analysed' for each ~eriod. 
Table 1. Table 1 shows the percentage fraction -of various grades 

to total quantity.. 

The data of "reduction in volume of sand": Velocity after .1460 hours, 
was analysed and tentative. _straigh_t line relation was obtained~ Simil~f 



Table·]' . ., I . 

. • t., . • . ... . 

Conw~r~tive st.atement showing percentage fractions~ of. Br!lhmaputra sand. to total sand collected 
. ' . in di~e:rent compartments of sand abrader wi.th ~velocities 2.38, 4.16 '·arid 5.93 ft./sec. 

' ' '· after 1460hours, 3770 hours~ 5660 hqurs; 655o'<hours and 8097 hours, t.J • ' · • \, • , 1 • 

.. . 
' ··~ ' . <. Brahma· Inner compartment; MiddJa:·compartment Outer compartmen~ 

' . putra velocity 2·38 ft./sec,' vel~~ity 4~ 16 ft./sec. . velocity 5 ·93 ft./sec. Brah . 
Diameter sand ma· .. ' 

. . . putr . a Fractions of· range CJf used in 
sand. p4\rticles ·silt · 

. ~ ' . 
After hours. 

aand 
After hours. After-bQurs. : 

. . 
befor ·:in ~nl. aorader ; .. ' sie-

e 
Bet 60·80 

1460 13770 15660 16550 18097 1460 js77o j ~66~ j6sso jso97 : 1460 ·1377~ 15650 1 655~ ·18097 
ving. 

m~sh, 
' ' . 

.. 
Clay <t- ·0039 · :r 
Veri fine silt ; .Q~39~.oo7~ 
Fine silt .007S-.01S6 ·1 
Medium silt .Ot56-:0-3i2 · ·1 
Coarse silt .osu--.0625 .. :4 
Very fine sand .0()25~.125 · . 3 • ~ 
Fine-sand· .125"+-.16~. 8·0 
Medium fine 

. · sand .iM ,;..... ~25 
' : Medium Rand •25 · -·,42 

\,. • l ,· ~ . ' : 
\, . .. . . 

.. ' .. 

' ·2 ·2 ·2 
·3 ·3 ·4 
·~ 1·1 1·6 

4·6 . 7·1; 7·5 
. 8·1 9·0 8·9 

33·2 35·0' 36·9 
53:2· 47·~· 44·5 

·2 ·2 
·3 ·3 

1·5 1·50 
7·6 8·1 
9 ·9 10·8 

·2 ·2 
·2 .. ·5 
·5 '1·5 

4~8 ' 7-'6 

9·1. (10·3 

37·8 38·9~ $4·7. 35·0 

·3 ·3 
·5 ·5 ·5 

1·8 '1-8 2·0 
8·0 9·0 10·2 

1l·2 12·6 14·0 

37··2 35·7 34·8 

5·9 
9·9 10·4 
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'relations were also obtained after 3770.hours, 5650 hours, 6550 hours and 
8097 hours of working. 

Reduction in volume after 1460 hours = _00137 (V- 2)'39 

, , , ,, 3770 , = .00202 (V -1.2)'39 
,. , , ,, 5650 ., = .0030 {V-.92)"39 

,. ,, , ,, . 6550 ,, . = .0038 (V -.89)'36 

,, , , ,. 8097 , = .0055 (V -.83)·35 

The data after 1.460 hours indicates that the attrition started at 
veloCity 2 ft./sec. The critical velocities to start abrasion after 3770 hours, 
5650 hours 6550 hours and 8097 hours were 1.2, .92, .89 and . 83 ft./sec 
respectj vely. • 

As size of sand decreased, the critical velocity t.o start attrition also 
decreased, thus showing that the critical velocity depends upon the grade 
of mat~ rial, a lower critical velocity, being required to start abrasion .. of 
finer grade material. 

An approximate relation between iii and V critical, viz. 
0·10 

~ = 0.23 V' crt 

Fig. 2 is ~hown in fig. 2 where m = mean size in the thre~ 

I . 

i 
i 0.1 

1.··· •0 .7 .f) 

j D'1;_ MANC#UNQM. 

.9 /.() 
... : ~ .· .. 

. t 

<3.0.· 
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compartments at the end.of the five time intervals, shown 
Table :J in table 2. 

Table 2 

Showing critical velocit\es and mean diameter in m.m. at different periods. 

Period o~ Velocity in min mm. in Meanm Vert 
working ft./ sec. each compart- inmm. ft./sec. ment. 

1460 2.38 .2487 .. 4.16 .2438 .2444 2.0 
., 5.93 .24lJ8 ± .0032 

3770 2.38 .2419 
,, 4.16 .2358 .2368 l.Z 

" 5.93 .2328 ± .00311 

5650 2.38 .2345 
4.16 ' 

" .2267 .2280 .92 
., 5.93 .2228 ± .0045 . 

6550. 2.38 .2317 ' . 

,, 4.16 .2240 . 2250 .89 

" 5.93 .2194 ± .005 

8097 2.38 .2308 
,, 4.16 .2230 .2243 .83 
,, 5.93 .2190 ± 0J85 . 
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Fig. 3 

Fig.4 

FLOW IN CHANNELS 2t 

Figure 3 shows size distribution curves of sand at the end 
of 8097 hours as compared wi'h original size distributio·n 
Abrasion is continually decreasing, as will be seen from 

fig. 4 and the rate is now so low that it is not considered 
worthw bile to continue these experiments. 



5· Protecting the left bank of the Katjuri River at Khannagar 
(near Ca ttack) above the Katjuri Railway Bridge (Orissa). 

According to the Director,s initial advice based on previous experien
ce and later confirmed by model tests, (1) a 1,400 ft. ~ong spur pointing 60° 
upstream was constructed at the burning ghat with an apron round the nose 
before the floods of 1947. During the floods, spur was SUQject to a severe 
attack ·and a deep scour-hole formed at its nose. There, however, being 
clay in the bed, the scour-hole did not form to the natural angle of 

repose of sand, with the reE.ult that the apron did 
Photo Nos. not launch as it should and some length of the nose was 

5481 and 5486. washed out- see photos Nos. 5481 and 5486. Apart from 
this damage, however, the action of the spur in protect· 
ing the endangered left bank was very satisfactory. 
Detailed data of river b. ... J and a channel scoured towards 

Photo No. pier No. 1~ from left abutment of the railway bridge -
5496 see photo No. 5496 - showed ·that main channel would 

be well a way from the left bank in course of time. 

Conditions after the floods have been asked for and are awaited. 

6. Limitation in producing discharging capacity and flow condl· 
tions in full scale volute siphons based on results from scale models, 

The volute siphon design was developed by Shree Ganesh Iyer, 
Director, Hydraulic Resea.rch StatiOI}t Mysore. This design was a.doptecl 
for spillways in the Hirebhasgar Dam (Mysore). The construction of the 
Dam has been completed and the volute siphons have operated for the first 
time in August. 

The design is novel in many aspects. The operating head i.e. differ
ence•between the crest of the bellmouth and the centre of the outlet is 57 
ft. an:l the diameter of the vertical shaft is 1 ~.0 ft. The discharge of each 
siphon was esti!Ilated at 12,000 cusecs and eleven such siphons were cons
tructei to pass 1,32,000 cusecs, out of the maximum probable flood of 
2~00,000 cusecs. These are perhaps the largest high-head siphon spillways 

{1) Ann~l Report 1947, Pa;e.43, 
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constructed ·so far in India an'.l keen interest was evinced in their per
formance fn the Engineering Circle. 

Experiments with scale models of volute siphons as constructed at 
Ma.rkonhally {Mysore) were carried out at this Research Station P) and from 
the study of these models improvements were suggested in some parts cf 
the design. These were subsequently incorporated by Shree Ganesh Iyer 
in designing the volute siphons at Hirebhasgar •. 

The question of discharging capacity and performance of the volute 
siphons at Hirebhasgar .was referred to this Station by P.W.D. Minister 
(Mysore) in 1945.and experiments were therefore carried out with a 1/'1.4: 
scale model - as originally designed and modified later by Shree Ganesh 
Iyer. The exact shape and the volute dimensions were unfortunately not 
finally fixed till after a much later period. The volutes in the model were 
prepared according to the dimensions originally supplied. This discrepancy 
however, does not affect the priming depth . 

.In the 1/2! scale model the discharge of each siphon was equivalent 
to-11,900 cusecs for water level in the reservoir equivalent to 1.0 ft. above the 
crest ·of the bellmouth (formed at R.L.l776.0). Experiments done at 
Krishnaraj Sagar Research Station too, gave similar results. Thus if con 
elusions were to be entirely based on these results, the discharging capacity 
in the full scale siphon would be 11,900 casecs. 

Pres~ure observations made at this Research Station however, dis
closed that pressures at the base of the bellmouth and also along the inside 
of the lower bend when converted· to the prototype indicated cavitation in 
these regions and thus the equivalent discharge figures would not be correct 
and similitude between the model and full scale would no longer be valid. 

In order to arrive at the discharging capacity of the full scale siphon 
the maximum negative pressure of -25 ft. was assumed ( -27 ft. at sea 
level and lesser i. e. -25 and so on for bjgher elevations. This allows for 
vapour pressure and variations in pressure observed in the siphon), at tht' 
base of the bellmouth. Actual position of the maximum negative pressure 
will natu:ally depend upon the design of the siphon. This gave a dischargr! 
of each Siphon of 9t800 .cusecs. Calculations also indicated that the outlet 
would not run full. It may be pertinent to point out that in the scale 
models this possibility was not indicated as all the models were discharg. 

ing full bore. It was, therefore, recommended by thi~ 
Fig. • Station that the tJUtlet might be reduced as shown in fig 1, 

so as to prevent cavitation by causing back pressure. 

(1) ~ Research :Public-~tion No. lO~ A.R.T 1945
1 

pages 72-78. 



KATJURI RIVER AT KHANNAGAR SPUR-CUTTACK 
(ORISSA). 

PHOTO No. 5481 Looking downstream from left bank showing the 

damaged nose of the Khannagar Spur. Note also silting in the 

foreground, where previously there was a dePp water channel. 



KATJURI RIVER AT KHANNAGAR SPUR-CUTTACK 
(ORISSA). 

PHOTO No. 5.:l8(i Showing- a close view of th e damaged nose of 

Khannagar Spur. Taken from the do\Yn stream slope of the Spur 

looking- towards the nose. 



KATJURI RIVER AT KHANNAGAR SPUR-CUTTACK 
(ORISSA). 

PH OTO No. 54!HL Taken f 1 om the ]eft abutment of th e Katjuri 

naih,·a y 131-idg-e looldng- towards the rig·ht hank. Note the scour in 

the rivel· bed as manifested hy exposed clay bank in the background 

whi ch run s to pi e r No. 12 from the left. 
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PROTECTING _... LEFT BANK ,;.._ KAT JURI '·RIVER 2-7 

It was, however, decided later when Shree A. N. Khosla, the 
·Chairman, CWINC inspected the volute siphons at Hirebhasgar that any 
of these recommendations may be deferred till the actual behaviour of the 
full scale siphons was known. 

The operation of these siphons as reported so far confirms the con
.clusions reached and there is a close agreement in discharge figure as pre
dicted from assumption of limiting negative pressure at the base of the 
bellmouth and as observed. The discharge of 18 ft. diameter volute siphon 
as observed, varied between 9,000 cusecs and 10,000 cusecs. The outlets 
too were partially discharging. 

As experiments were carried out in Poona only with one ·scale 
model the priming depth of the fu11 scale could not be estimated, as usually _ 
three different scale models are required for such prediction. The priming 
depth obtained in the Jog Siphons was 1.55 ft. and is slightly higher than 
anticipated, but by proper design of the bell-mouth and volutes, this could 
be reduced to under one foot. 

The scale models are thus an aid to engineering skill but limitaticns 
of the models should always be considered before predicting the behaviour 
of the full scale work. 

7• Redistribution of sand load and discharge between the 
Mahanadi and Katjuri system of Cuttack (Orissa). 

1 .. Jntroduction:-During the year under report, in continuation of the 
experiments reported in A.R.T. 1947, experiments were conducted • 

(1) to test if the Khannagar spur would be necessary in view of 
the pitched·embankment on the left bank of the Katjuri
Series III. 

(2) to evolve the shortest emLankment on the left bank of Katjuri 
river below N a raj which will give the desired results of deep 
water channels on the southern side of Cuttack-Series IV. 

2. Experiments and their results:-to enable comparison, all the experi
ments were carried out under the same conditions of flood discharge and 
~~H4 Qh~rse. 
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Before the construction of the Khannagar sputt was undertaken, 
a point was raised. as to whether spur was at all· necessary for the 
protection of Khannagar bank, particularly in view of the embankment. on 
the left bank downstream of the N araj weir proposed by. this Station. 

Experiments were therefore done with the embankment 
alone. Fig. 2 shows the low water channel obtained with 

Fig-. :z embankment. From this it will be seen that though deep 
water ~hannel conditions have improved above Cuttack, 
yet the general curvature of flow and the channel below 

the Kuakhai offtake remained practically the same with the result that at 
Khannagar, diving flow and consequent bank under~cutting and erosion 
persisted. This meant that even inspite of the embankment, the Khan nagar 
spur was essential for giving local protection to the Kha.nnagar bank. 
Further the pitched embankment and other alternatives proposed for 
redistribution of sand charge would take some time to come into operation. 
Whereas, Khannagar protection was an immediate necessity; it was 
therefore, recommended that the Khannagar spur should be immediately 
constructed. 

Having decided this point experiments of Series £V, to evolve short
embankment which would serve the purpose were undertaken; with the 
Khannagar spur constructed. 

In Series III, a number of pitched embankments were tested and 
modified from time to time in conformity with visual ob~ervations noted 
during the experiments. 

Figs. 3 and 4, show the various embankments tested in 
the model with Naraj weir waterway reduced by 15.5/~ 

Figs. 3 and 4 from its right and the Hanki Road spill discharge reduced 
by 50%. The embankments were provided with high level 
opening at its crossing with the Birnasi gap· channel. The· 

length of the high level opening in the embankment was equal to the 
Biranasi channel width with the crest level at R. L. 82.(') · 

Fig. 5 

Photo No. 
52:Z9 

The best result of channel conditions was obtained with 
embankment No. 7. The low water channel as obtained 
after experiment with embankment No.7 is shown in Fig. 
5 and photo No. 5~29. It will be noticed that the low 
channel crossed over to the left bank a little below the 
Collectorate gauge whereas under existing conditions it 
crosses over well downstream. 

(1) A. R. T. 1947, page 35. 
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PH OTO No. 5229. Looking upstl·eam 
from Katjuri Railway Bridge. 

Photo showing low water channel obtain

ed in experiment with embankment 

No. 7, Banki Spill discharge reduced to 

50,000 cusecs and N araj weir waterway 

reduced by 15.3c,~t at its right end. 

BELLEVUE GAUGE. 

COLL~CTORATE GAUGE. 

KHANN AGAR SPUR. 



a. Ef!ebt of the proposed Hirakunddam on conditions of the Katjuri 
rit.'er at Cuttack. . 

The safe flood gauge at N a raj has been~ accepted as 90.1' when the 
total flood discarge at Naraj is 12,15,000 cusecs. Provision has be~n 'm:die 
in the Hirakud Dani Project to control the floods so as riot to exceed t4 e 
safe maximum flood· gauge at N araj. In other words, ' after the~ Hirakud 
dam is constructed the peak· flood discharge of the· Mahanadi at N araj would 
not exceed 12 Jakh cusecs. ·As meander length is a functio~ of the:disob.arge 
it was_necessary to examine the effect of the reduction of discharge on the. 
Katjuri EJystem and to see whether the pitched embankment· etc., would at 
all be necessary under post· Hirakud Dam conditions • 

.. . ,, 

With. this object in view an experiment was done in which the con.· 
· trolled flood cycle of 1933 was reproduced without bed . . . 

charge as would be the ca.se after the da.m is constructed 
. Fig. 6. -· · · The data of controlied floods of the Mahanadi'at Naraj was 

take·n from the June' 1947 Hira.kud. Dam· Proiect.Reoort .. 

The model was laid according to the 1946 survey with· the Khannaga.r 
spur constructed, and discharge. cycles as in fig. 6 were 
repeated till the model bed sta.bilis~d. fig. 7 shows the low 

Fiz 7· water channel obtained in the Katjuri River. It will be 
noticed that the aper·t>f-the meander of the channel, which 
under existing conditions was at the Kazipatna gauge, site 

below the offtake of Kuakha.i, moved upstream and was· about 4000 upt 
stream of the 0. T. road upstream of-the head of Kuakhai. This experimen_ 
show.ed that though underexisting,conditions, an embankment as shown in 
fig. 4 with N araj w.eir waterway reduced by 15.5% and Banki Road spill dis
charge reduced by-50% would ·:give the, desired result," yet under. the po~t 
Hirakud Dam conditions,· the desired aim oould be achieved ~without c}oing·· 
anything except the construction of Khannagar spur for local protection.' · 

:8. ··- Traiding~ of ·the· cfariga .:River -at. Oarhmukteswar~ 

Member:· Engineering:.-. and· ·Director;· Civil .. Engineering;·. :Railw~y,:: 
Board, inspected ·the ·river Ganga at Garhinukteswar on the 13th September·. 
1948. · It was considered that the river had come dangerously .close to 'the 
track· and immediate r.emedial measures must be taken t.n maintain· t'h e 
lines of communications ... , 
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. H was proposed to extend the left guide bund by 2,000 l~. with a. mole 
head before the monsoon of 1949. 

The Director, Central Waterways, Irrigaton & Navigation Research 
Station was consulted in the matter and he agreed to the proposals. Later . 

on, the Chief Engineer, E.I. Railway put forth a. proposal 
Fig. 8. of constructing a series of spurs fig. 8 - to arrest further 

inroads of the river towards the track. 

The Railway Officers also had a proposal of diverting· the track ! a 
mile away from the existing line. On considerations of the imminent 
danger of break in communications and the cost involved in the construction. 
of the spurs, the Director inspected the site with the Dy. Chief· Engineer, 
E.I. Railway and it was considered hatter and safer to divel't the .track 
extend the left guide bund and await results of model tests for further train. 
ing works for providing a smoother approach channel. 

Besides the dangerous approach of the river to the railway track~ the 
river is also attacking squarely the bank near the village Lakheri and Jigri . 

A model to evolve suitable training m2asures is being constructed. 

9· Erosion of the banks of the Bhagirathl River near PurbhashaU. 

When the Director visited the Ganga. at Garhmukteswa.r, the Dy. 
Chief Engineer E.I. Railway discussed the erosion of the Bhagirathi bank 
at Purbasthali. ·- -

Fig. 9 shows the courses of the Bbagirathiriver in the past 
Fig. 9. and Fig. 10 shows the present conditions. It will be seen 
Fig. 10. that the river is now only 161 feet away from the track 

and the Dy. Chief Engineer discussed the feasibility of 
protection of the railway line by pitching the slopes or diversion of the line. 

The Director suggested that if the line had to be safe, it should be 
retired at least by about one mile because retiring it by 400ft. as proposed 
would not be enough. In case of the other alternative of protecting the line 
by J>itching with an apron, the cost of protection would be ·very·heavy. It 
wo~ld not only mean a considerable amount of recurring expenditure on . 
mau~t~nance, but the length c,f the at'c and depth of scour go on increasing 
requumg more. and more protection of the bank. This would also be instrl,\· 
mental in keeping the river in this position permanently: ...... . 
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TRAiNING KASiiiPRA RiVER AT U.TJAIN sf 

As the rate at which the river has increased its length 'in the· past 
varies considerably (viz. 15ft. a year to 50 ft. a year), great reliancti cannot 
be placed on the average rate and it would be hazardous to predict what the 
erosion next year will be.' . . 

Considering the previous year's record, it appears that the line would . 
be safe for at least one year more during which period, the Director sugges
ted, it would be possible to retire the line by one mile away from its present 
position and in his opinion, this appeared t<? be the only practical solution. . 

ro. Training of the KshJpra River at Ujjain-Union of Madhya 
Bharat-(Owalior State). 

1 History. 

(The pro b) em was described in last year's Annu~l Report, but the 
history of the the case is repeated in this year's report to present a complete 
note). 

l.l. The City of Ujjain' draws its water supply from an infiltration 
gallery situated in the bed of the adjoining Kshipra River. The infiltration 
gallery was constructed to a length of 200 ft. in the years 1901-1903, and 
due to the increased demand of water, as a. result of tripling of the town 
population, the length of the gallery was increased to 600ft. The gallery is 
constructed on rock foundations; it is rectangular in section (4'X7') with 
an arched pucca top. Dry stone masonry is built between side pillars 
spaced 6 feet apart to collect the filtrate from sides. In order to have an 
assured depth of water over the infiltration gallery, throughout the cold 
and hot seasons, a barrage was constructed in 1931, half mile down~tream 

of the gallery. The Barrage impounds 14 feet of water 
by means of a double row of 6" high kurries, staunched 

Fig. 11~ on the upstream face with mud to prevent leakage. There 
are only two mechanically operated scouring sluices in 
the Barrage which have proved very inadequate. During 

the floods only top 3 feet of · kurries can be removed thus having a 
permanent ponding of 11 feet' of water over the Barrage sill. This, how· 
ever, created a serious problem of accretion of fine silt and clay occurring 
upstream of the Barrage on falling floods. To get sufficient water and 
infiltration head ponding is inevitable. On falling floods, fi~d silt and clay 
settles over the gallery; and as choking is felt in the gallery, the rate of 
pumping is increased with the result that the static head over the gallery 
and the dynamic head of pumping together exceed the critical head* of 
filtration. The choking, .as the rat~ of pumpin,g increases, becomes severe 
and the supply drops down very considerably. During such periods the . 
infiltration gallery works only intermittently. · :: 

* In an ordinary sand filter tl;l.~ head does not exceed 3 to 4 ft. and even in a rapid 
~!ter the head does not exceed 10 ft. In this case the head exce-eds 14 ft, in fallin" floods 
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1.2. Further, the gallery being situated on the convex side at the 
apex of the meander. tha river has been gradually receding aw~y from it 
and eroding its concave right bank. This called for the protection of the 
right bank, particularly of the historical oLsarvatory known as 'Jan tar 
Mantar '; which wa~ done by pav~ng the side slopes with reinforced conc .. 
rete slabs and st~ne pitching. To protect the right bank from scour and 
to push the flow over the infiltration gallery, a series ef spurs were pl'opos
ed by the local officers and advice regarding their efficacy was sought from 

· this Station in November, 1943. 

1.3. In consideration of all aspects of the case this Station suggested 
the construction of a single, attracting spur (No.3) on the left bank'opposite 

a point midway between spurs No.7 and 8 on .the· right· 
bank. The local officers, however, thought that the single 

Fig. 12. ·spur might take a long time to act and might worsen 
conditions at 'Ja.ntar Manta.r~. So they constructed, 
before the floods of 194:4, repelling spurs No. 1 and 2 on 
the right bank and spur No. 3 on the left bank.. This attr· 

acting • pur No. 3 suggested by the Station was not given sufficient time or a 
fa.ir chance to come into action because after the first low floods of 1944, it 
was cut down by a length of 150ft. from its nose; while &iter the peak floods 
it·was cut further down by 80 feet •. Later, spurs No.4, 5, 6 a.nd 7 were. 
constructed 'on the right bank: . · 

.. . 1.4. The Government ofMadhya. Bharat (formerly Gw~lior State) 
are now planning to pump raw water direct from the river. The site o{ 

this pumping Station is to be on the right bank in the 
reach AB which has, therefore, to be protected from 

Fig. 11. erosion. 'fhis scheme will take some time· to materialise 
. and in the interim period the infiltration gallery has to be 
kept clear from choking, · 

1.5 .. With this twofold object in view, (a). of protecting the right 
bank from erosion, and (b) of preventing deposition of fine 
silt over the infiltration gallery, a model of the Kshipra. 

Fi&"· tl. . River was constructed. The model extends 3!- miles up. 
stream of the Barrage and t mile downstream. The_ 
lllodel reach is shown in Fig. 11. 

(1) 
2. Hydraulic Data 

As in the ma.jority of cases the available· hydraulic data. is very 
meagre '· 

(l) 
2.1. Bed Sand m1 - 3.8m.m. 

mz - 5.75 m. Ill. 
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TRAINING-OF KSHIPRA RIVER .A'.l' UJJAilf. 

(1) 
2.2. River Slopes 

(1) 

Bed slope = 1 in 2500 (approximately). . 
Surface slope = 1 in 44()0 (appr<?ximately 

in the reach under invest;• 
gation.) 

2.3. Flood Discharge. The Station estimates of flood dia-
charges are, Qmaz· = 1'36 lacs cusecs. 

(1) 
3. Model Scales. 

Qdom• = 0'70 lacs cusecs. 

The model scales adopted were :-

L. Scale = 1: 170 
d " = 1: 30 
V."E. = 5'67 
Slope scale ratio = 1 : 2 
Time scale = 1 : 780 
Discharge scale = 1 : 28900 

4. Proving the Model. 

4.1. In the preliminary tests carried out to prove_ the: 
model\ the model was laid with B.S.E. = y.E = 5-67. 

Photo 52~0 On adjusting Qmaz= 1 36 lacs cusecs, with the corres· 
ponding water level at tha Barrage= R. L. 1585.0, it was 
noticed that the main flow short-circuited along the left 

bank instead of hugging the concave curve along the right bank. At and 
below the Pump-House down to a point about 300 ft. upstream of' 
'J antar-Mantar' there was very slack flow and water was almost quiescent. 
On reducing Q = 0.70 lacs cusecs and adjusting the water level ~t the\ 
Barrage=R. L. 1567.5, fJ)most the same conditions of flow prevailed except 
that there was a slight tendency for the flow to shift tvwards the right 
bank. The bed movement on the shoal oppcsite 'Jantar-Mantar' and"'the 
:?ump-House was very excessive. When the dischargt.J was 70,000 cusecs 

a severe 'boil' with a vertical axis formed opposite 
Photo 2227 'J antar-Maritar'; however the severity of this boil· 

decreased gradually on increasing the discharge to the 
maximum stage. 

4.2. This is an. incised river with a low ratio of 
sur!ace width W 

depth C(i = 54.6). The slope should, ?n theoritical consideration 

be flatter for such a type of river. The tendency of the flow to cut across 

(1) For details, see A.R. (T) for 1947. 
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the shoal must have l:een due to steeper. slope exaggeration and it was consi· 
dered from previous experience that B.S.E. (bed slope exaggeration) should 
be reduced to J.O. On. effecting this change of B.8.E. to 3.0 from B.S.E = 
V.E. = 5.67, conditions improved though not satisfactorily. The B.S.E. was 

further reduced to 20 when flow conditions similar to proto-
Fig. 15 type were obtained in the model, The factual evidence 

_ also corroborated the similarity, in the model and proto
type, regarding the regions of attack and high velocities and the flow p~ttern. 

4.3. With the adjustment of B.S.E. = 2.0, similarity of flow cond-. 
tions was obtained so far as the sharp bend of the meander was concerned· 
In pr(ltotype, the main flow, after hugging and eroding the right bank 
leaves it at the Shiva's Temple yard shoots acroos to the left ba.nk. lt· 
strikes the left bank just upstream of the Barrage where excessive erosion 
bas occurred. This similarity was obtained only when the top of the sub 
merged Earrage was· raised by!" {!" = 11- 3" in proto). This is evident 

\ 

from the fact that co-efficient of discharge through the Barrage is higher in 
model than in prototype due to fore~hortening. Raising the top of the 
Barrage reduced the waterway over it thus neutralieing the excess curva· 
ture induced in the model. This resulted in higher velocity near the left 
bank. upstream, of the Barrage, leading to the erosion of that bank. . Thus 
in the model, not only was the flow pattern reproduced correctly but ero
sion of the left bank upstream of the barrage was also visible. 

_ 4.4. The discharges were then altered to find out severe stage of 
flood attack on the right bank. It was observed that with .Q = 0.70 lacs 
cusecs and corresponding--water level at the Barrage ;: R.L. 1575 5 severe 
conditions were visible. The following experiments were, therefore, made 
with maximum and dominant discharges. 

5. Experiments. 

5.1. It has been established that accretion of fine silt and. clay occurs 
over the infiltration gallery due to the non-availability of waterway through 
the Barrage. At present there are only two mechanically operated scour· 
ing sluices which are very inadequate to flush the upstream. The only solu
tion to get rid of this accretion difficulty is to have additional scouring 
sluices (which can be operated mechanically). This will, however, tend to 
increase the attack on the right bank due to steeper slope. This was con· 
firmed by the model.· 

52. The other aspect of the :Problem viz. rrevention of erosion of 
of the right bank was then considered. The first suggestion indicated that 
if the discharge during floods is by-passed, considerable reduction in tha 
attack may occur. The heaviest was observed when the discharge stage 
was at 70.000 cusecs. Further, the river showed a tendency to cut across 
the shoal when the discharge increased above .. 70,000 cusecs. 



TRAINJNG'.OF KSHIPRA 'RIVER~AT .UJJ'AIN.:. 

(1) A cut, shortening tlie sharp meander ·-of the river/therefore, 
appeared a probable solution . 

. (2) Another probable solution was a. device which would attract the 
flow towards itself thus causing reduction of .concentration of flow along 
the right bank ... An attracting island was, therefore, tried. As t1J.~ d·eflecn 
tion of flow was to be continued throughout, along the left· bank. towards 
the B.arr.age., .two islands aGting in chain were tried. 'ro prevent, ihe .·shoal. 
~ccurring between the two-islands, a divi~e ·wa~l was g}~en a trial .. ~. Th~: 
following were the experiments done :-

(a) with cut No. 1-across the shoal. 
(b) with cut No. 2-across the shoal. 
(c) with two pitched islands. · 
(d) two islan:Js and a divide wall. . 

5.3. Discussion of experiments. · 

5.3. 1. Experiment (a)-with cut No.1: 

Appendix I 
and photo 

5234 and 
5235 

Firs, .,, 
13 and 14 

The dimensions and alignment of cut are·· shown ·in~ 
Appendix I. The :cut . carried 20% discharg.e . a.t the 

·dominant stage. ·As it was .submerged at higher floods th'e 
ischarge carried could· not be distinguished f .. orn. ·th8; 
discharge carried by the· parent river • ." ·.rn the paren~~ 
channel, the velocities reducer! considera~ly and~ the atta;clt 
on the right bank also reduced. · 

Experiment (b) with cut No.2 was planned to 'observe the.- conditions' 
which may occur in case a smaller initial cut w·ere to develop into a~ ~ain· 
channel in future, in the absence of a pacca inlet~ .. :As. the: cuL carr~ 
56% discharge at the dominant stage, the flow in the parent channel became 
very quiescent but indicated a danger of the infiltration gallery failing to 
get enough supply of water, due to:silting. This indicated the desirability 
of having a pacca inlet. 

Appendix II I 
Figs. 17 
(a to d) 

Photos 
s~::n, s~~6. 

. 
5.3.2. Ex;Jeriment (c) was made with two pitched islands 

(i} and (ii) design is given in Appendix III and . the 
positions are indicated--in Fig. 17. The assy.metrical island 
(i) was kept upstream with the steeper side towards the 
shoal to have as much throw off on the left bank. Island 
(ii) was aligned in such a position that the flow 
attracted by island (i) was directed towards island 
(ii) to deflect it still furthre on the left bank. There was 
only a partial reduction of attack on the right bank and 
no accretion occurred owing to the turbulenca created 
by the islands. This experiment indicated a. solution o 
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Ar. tS the problem with the two fold objective balanced equally. 
Experiment (d) was made with two islands and a divide 
wall in between. As the islands in this position threw 
a heavy sandy shoal in between the two, a dLvide wall 
was put in to obviate this difficulty. 'Ihe result was, 

however, not satisf~~octory; on ona side of the wall-towards R.H.-a channel was 
scoured out while on the other side a heavy shoal was formed. The 

·. atability of the wall would also be constantly in danger owing to the un- . 
balanced forces on the two sides. 

6. Recommendation.1 . 
. 

In tbe model, the Cut No. 1 as well as the islands have given satis· 
factory results. As a matter of fact the islands have indicated a solution 
that solves the problem with the two-fold objective balanced equally viz. 
preventing shoal formation over the infiltration gallery and protecting the 
right bJ.nk from tha pump house to tb.e BJ.rra~e. But, is feared: that, 
in prototype, the islands will take a. long time to come into action. 1n the 
absence of sufficient flood hydrograph data the number of flood years can
not be predicted. The behaviour of islands will depend upon the nature of 
subsequent flood years.. This is an incil3ed river ani the floods are of very 
short duration. Consequently, the islands may not get a fair chance to act 
during the floods though they constitute a definite long term solution. On 
the other hand, the working of the cut will be definite. With the 
installation of the raw water pumping station in the next few years, the 
infiltration gallery and the cut will be quite efficient and sufficient· to 
protect the rig!lt bank from erosion. Therefore, a. cut is recommended. 
The detailed design of the cut including the design of a. pacca inlet and 
energy dissipating devices downstream is kept pending awaiting the data of 
levels and bores asked for. 
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11170, 1/30. KSHIPRA RIVER MODEL 

PH OTO No. 5220. General lay-out of the 

- model looking downstream. 

PHOTO No. 5221. Showing two pitched 

islands with contours of scour-hole. 

Pitching of 'J antar-Mantar' in back-
ground. 



1/170, 1/30 KSHIPRA RIVER MODEL 

PHOTO No. 5227. Showing eddies and 
boils opposite 'J antar-Mantar'. 

PHOTO No. 5226. Two pitched islands 

in relation to the infiltration gallery 

alignment represented by the rods. 



1/170; 1/30 KSHIPRA RIVER MODEL 

PHOTO No. 5234. Showing the cut 
across the shoal at . Q =- 70,000 cusecs 

discharge. 

PHOTO No. 5235. Close-up of the Cut 
looking downstream showing turbulence 

at inlet. 



APPENDIX I (Cut No~ 1) 

Dimensions of the Cut. 

d . 

. j _____ --0\,-.or,· "7'rr.rrt't"'~r'l""'7,.,...,.,~...,.,..,.,...,..,..;..,.,..,.,.,.,....,.,.,.,~ -<·:<·:::,.:_:::,:,::::,,:;::;::::::::,::<-::::::;:·; 

In model 
B. =. 9" 
w .. = 15" 
d. =, 6" 
1m. = 16'-0" 
P = 22.4 in. 

A = 72 square in. 

• A · 72 
•• R == p - ~2 . 4 = 3.22 in. 

S = 0.0013 {observed) 

In proto 
B:. = 127• 
w p =:= 144' 
d• =, 1s"· 
Lp = 2720' 

Theoretical carrying capacity of the cut-
i t V = 1.486 R S 

N 
••• ... ... Manning's formula 

· N=0.02 . 
= 1.02 ft. per second, 

- 72X 1.02 . 
Q = A. V. = - 141 = 0.51 eusecs. 

:. Percent discharge carried by the cut= 02~1 

(at dominant stage) . ; .. ·_· 20.4% 

..... ,. A,. _ .. 

The velocity distribution diagram is shown in Fig. 20 (a) from which 
V (observed) works out to 0.98 ft. per second, almost as the theoretical. 

:. Actual Q carrie:! by the cut = 0.48 cusecs · 
= 19.2% 
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~PPE~PJ~ II (C~t .No. 2) 

Dimentions of the cut. 

FtG:-20 
~..-------w 

d 

... __ t ... __ ~~...,.,.,.,..,..~ 

In model 
B.·==· 14" 
Waa = 22n 
d •. =·.~ 8" 
1 •. - ·16'·0" 
P = 31.9 in. 

A = 156 square inches. 

:. R = ~ == 5.01 in. 

S = 0.0013 (observed) 

v = t.4ss Ri s-! 
N 

= 1.324 ft./sec. 

In proto 
Bp = 197' say 200' 
Wp == 217' 
dp == 50' 
lp = 2720' 

:. Percent discharge carried by the cut == ~~~Z X 100 

Fl~. ~o (b) 

.._. .... 
= 56.8% 

The velocity distribution curve is shown in fig. 20 (b). 
V (observed = 1.20 ft./sec. · 

A 1 Q .. d b h 156 X 1.2 ctua carne Y' t e cut = 
144 

= 1.3 cusecs. 
= 52.0% 
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APPENDIX III (Two pitched islands). 

lJesign of islands:- Island (i) (Sketch~ not to scale) 

)(.-+--

Note:- R. L.~of maximum scour-ho1e with model was :"' 
so apron is designed for scour down to R. L. 15550.0 
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Island (ii) - (s) mmetrical abo~t axis XY) 

~ FlG:- i!2 

~ 

··::. .. 

--+t .. : I~~ 
I R.L. 1580.0 ... · . ·. :: .·. 

' SCIT\d Curve 

I ~. 
"/ 

I 

LJ 
I 
B • 

·~ .· y 

Diamtmsion of island~. 

Horizontal scale = 1/170 and depth scale 1/30 
Island (i) 

In model l1i, prototype [.,land (ai) 

w = 1" W= 14. -2" In modP.l In prototype 

d = 10" d = ~5'-0" w = 1' w = 14'-2" 

d. = 6" d. = 15 '-0" d - 10" d = 25'-0" 

L, = 1 '·3" L, = 37'-6" d. == 6' d. = 15'·0" 

Lz == 2'-0" Lz - 81'-2" Ll = I '-0" L, = ao·-o· 
L3 = 1'-0" L3 = 30'-0' L2 == 21-0" Lz = 74'-2" 

t = 1" t = •)' 6" ... - t = 1" t = 21.6' 

t. - 1.2" fa == 3'-0" t. = 1-2" t. = 3'-0" 

B = 4•.a• B - 149'-2" B = 4'-0" B = 134'-6• 

••• = 0'-3" t, = 4 2'-6" t, = 0'-3" lt = 42'-6" 

12 = 1'-lOl' 1z = . 37'·6" lt - I '·8" lt = ao•-o· 
1) = 1'-ll" h ·=_ 33' -9" h = t·-o" 13 = .130:'-0" ( ' 



11. Training of the Tapti River at Surat - Bombay. 

1. Introduction. 

37 

The Station was approached in 1944 for advice regarding ·prote·cti'Ve 
measures nacessary for arresting the bank erosion on the right bank of the 
Tapti river between Rander and Hope Bridge at Sur at and the severe attack 

· on the town walls below the bridge on the left bank. Subsequently erosion 
of the fertile and valuable lands in the Bhatpur bight on the right bank 
about 5 miles downstream of Surat was also referred to the Station for 
suggesting suitable remedial measures. 

History of the case is given at length in 1944 and 1947 Annual 
Reports (Tech.) of the Station.( 1

) 

Explanatory tests were carried out tp devise suitable training works 
and the promising measures referred to in. the 1947 Annual Report (Tech.) 
were subsequently intensively studied in the model. 

The results of these tests are presented below. 

In testing out various training measures in the model, the financial 
aspect of the problem and practical and local difficulties in carrying out the 
work were naturally taken into account. These considerations led to the 
adoption o~ the following general principles in devising the necessary work, 

( i ) Whenever a city or a big town is endangered, to make the 
training works economical, they are to b3 designed to provide. only local 
relief and protection. All the alternative training works should be studied 
in detail so as to evolve the final measure which will provide sufficient 
security comparable with its costs. 

( ii) Protective works for local b:1nk erosion are very rarely, justifi· 
able on financial considerations. Only under exceptionally favour able 
circu:nstances, expen:iiture on training works will be permissible, when 
these ·should be designed with the aid of the model. 

Considerations which preclude the adoption of protective measure 
against local bank erosion are the following. 

Bank erosion is never· restricted or confined to any definite reach in 
the river. It is very likely that the forces let loose by the protective works 
built at places where erosion at present is experiences· will cause damage 
elsewhere. This is more apparent in the reaches near the sea wl:ere the river 
slope, owing to draw-down ; effect, is steep and the tendency for bank 
erosion is accentuated. · · 

(1) Annual Report (Tech.) of I. W. E. Station Poona, 1944:, p. 87-90. 
11 "' tJ , Jf IJ tJ 1947, .p, 55-57. 
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Real remedy against bank erosion on a.n all time basis in a compre
hensive scheme, lies controlling and regulating flood flows by providing 
flood storage reservoirs, so that by their judicious operation flood rlischarges 
below them would be appreciably reduced and rendered almost harmless. 

2. Experiments obser-vation and results :-

( i ) Repelliny groy1i.e for protection of Rander town and river 
bank in the vicinity. 

To start with a. repelling groyne 1' =- 330' long a.nd pointing 60° 
upstream was tested. 

Fig. 23 

(A) PosiUoning o/ the groyne. 

The groyne was tested at three positions in succession, 
shown in fig 23. The following consid~rations governed 
the choice of the positions. 

Merits of the upstream position. 

(a) The undermining on the left bank below Hope bridge is due to 
the current not following the curve at Surat which instead shoots straight 
across the bridge causing excessive scour and underminig in the part of 
the bank between Makhi Khadi and Nanpura. Post Office. It is desirable 
that eny protective works at Ra.nder should help the river to flow more 
along the left bank. This was better achieved by the groyne at the upper 
position, as indicated by better approach conditions upstream of the Hope 
Bridge. " 

(b) Due to the constriction of waterway anrJ deflection of the 
currcent away from the right bank, the· opposite left bank bel~w the 
groyne, may perhaps be eroded. Surat Uity being ~ot less than 1! miles 
downstream of Rander town slight erosion opposite the groyne1 it is hoped, 
would be permissiule. It is however safer and hence desirable that any 
erosion caused by the groyne should be as far upstream of Surat as 
possible. The Uiper location of the groyne is desirable from this point 
of view. 

Demerits of the upstream position. 

(a) For equal throw-off of the main flow the length of the groyne 
required at the upper position is more than at the lower position. 

(b) The extreme upstream position being just below the bend, 
comparatively higher velocities and deeper bed levels would necessitate 
stronger and costlier groyne. 

As a comprise solution, meeting the above conflicting requirements 
the central position of the groyne near Mandir Ghat was finally decided upon. 
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TRAINING FO TAP'II RIVER AT SURAT 

(b) Length and orientation of the groyne 

Different lengths of the groyne were tested at the central position. 

With a longer groyene, the deflection of the high velocity flt>w away 
from the bank was more. The scour hole at the nose of the groyne was 
also removed further inside the river. 

But the constriction of the waterway and the consequent scour at the 
nose was more, and the cost of the longer groyne with the necessary 
heavier apron was more. 

Given a groyne of certain length, the desired throw-off can be effected 
by aligning it suitably with respect to the flow linE~s. 

Model experiments indicated that for providing adequate protection 
to the Rander bank and to obtain the throw-off of the current at a•safe dis
tance away from the 300ft. long groyne pointing 70° upstream would· be 
necessary. 

(C) Type of the groy·ne 

Silt charge in suspension is relatively low in the deep and narrow, 
incised rivers -.of which the Tapti is an example- than in wide and 
shallow rivers in flood plains like the Indus, the Ganga etc. The ·chances 
of a permeable tree groyne ultimately becoming solid by entrapping silt are: 
therefore very remote in the Tapti and hence this comparative cheap subs
titute for an impermeable groyne was ruled out. 

Impermeable groyne of 300ft. length ancl a free beard of 2 ,ft. with 
necessary apron protection was designed in light of the results 'of model 
tests. The cost of such a groyne together with the heavy . apron protec'!' 
tion at the nose necessary for preventing the damage to the 'groyne was 
enormous, about thirteen lakhs of rupees. 

The cost of the full height groyne was said to be prohibitive consi
dering the stakes involved and therefore d. similar but submerged groyne 
was tested. With submerged groyne other complications however crEJpt in. 
At high discharges with a submerged groyne with top at half flood level i.e. 
at R.L. 79 it was obse1ved that a drowned wave with boils and turbulen~e 
occured below the groyne. These undesirable conditions were a·meliorated 
with lowering the top of the groyn3, an:l;ultima.tely it was found that with a 
groyne an:l with top of at R.L.66.00, the flow could be effectively thrown off 
the Rander bank without causing unduly heavy turbulence and consequent 
erosion below the groyne. 

rrhe results showed that though not so effective as the full height 
groyne the submerged groyne would still provide sufficient protection to the 
river bank at Rander. . , 
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(D) Model observations with the submerged groyne. 

The model observations with and without the submerged 
Figs. 24 & 25. groyne are in fi,cs. 24: ani 25, which reveal tha.t with the 

groyne tbe maximum velocity upstream of it an:l near the 
bank will be recluced by a. bout 12~~ Below the groyne .the 
main channel will be deflected away from the hank- see 

Pboto 5219. photo No. 5219 and the maximum velocity near the bank 
will be lowered by a.lJout 8,~. · 

' (E) Details of the subm~rged groyne. 

Inspite of increase in length by tOO ft. the height of the submerged 
groyne being Wth of the full height groyne, the cost will bA reduced to 

about 15% of the full height groyne i. e. about 2 lakh 
rupees. Detailed design of the submerged groyne is given 

Appendix a. in Appendix 1. 

(ii) Protective works .for preventing underminning on the left bank 
bel ow Hope bridge. 

The model showed that the Rander groyne would partially improve 
the flow conditions on the left bank at Surat below Hope bridge which at 
present experiences heavy damages due to undermining caused by square 
attack of the river. Sam~ direct remedy is however warranted to ensure 
protection of this reach of the bank. 

(A) Variou8 alternative training tested. 

In the preliminary experiments a repelling full height gro'!ne. 
similar to one at Rander was found very promising. The deep channel 
however IUDS along the Surat bank and such a groyne with the minimum 

freeboard of say two feet would have to be about 67ft. high, 
i.e. 15· ft. higher than than the Hander full height groyne 

Fig. 23. will be exoensive. Alternative remedies such as attracting 
spurs, pile embankments etc., were therefore next tested. 

Attracting e:pur on the opposite bank had an advantage of being in 
the shallow water and hence considerably cheaper and easier to build.. An 
attracting spur was therefore tfsted at various positions and at different 
orientations but was found to have only local effect and consequently was 
not efficacious in puLing away the strong froutal a.ttack away from the 
left bank. 

A continuous single line of piles across the main flow was next 
built on the alignment AB as shown in Fig. 23. The length of the pile line 
rwas 600 ft. i.e about 44% of the length of the bank it was designed to 
protect. It was so effective that most of the a.tta.ek on the bank. was 
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shielded by it. 

Photos 
5251 & 5236. 

4l 

Due to the attraction local scour was caused along the pile 
· line and the deep channel pr3viously close to the bank was 
pulled away and made fairly central in line with the 
embankment- see photos 5251 and 5236. 

The flow conditions at the pile embankment were however noticed 
to be very severe. Rollers with horizontal axis on either side of the piles 
formed which owing to their high velocities and consequent turbulence 
created dangerous conditions for the boats plying about. Also the deep 
scour caused by the rollers will require very long piles about 125 ft. long 
to ensure adequate fixity after scour. As the length of available piles is 
about 50 ft. to 60 ft., 2~ length of pile lines with overlap would bo necessary 
and hence the embankment would be prohibitive in cost and construction 
very difficult. 

A submerged pile line was expected to reduce tbe cost appreciably, 
at the same time improve ·the flow . conditions at the pile 
embankment. The submerged embankment was how
ever not so efficient in reducing the undermining. Its 

Photo 4249 efficacy was found to be disproportionately low with the 
economy. 

An alternative of open pile line projecting above 
high flood was tested but with little success. 

Attracting groynes ·and pile embankments thus ha~ing given poor 
results, attenti<?n was refocussed .on . the repelling spur. This was already 
found very effective, the main objection against it being its high ·cost 
Hence submerged groyne similar to one at Rander was examined. 

Various alternative positions, orientations and lengths of the groyne 
were tested as in the case of Rander groyne. Ultimately 250 ft. long 
groyne pointing 6:,0 , upstream and submerged about half flood level was 
found to meet the requirements. 

Photo 5306 
Figs 26 & 27 

(B) Results with the submorged groyne. 

Below the Makhi Khadi, along the Surat bank the 
deep channel which was previously bugging the bank was 
pushed 'out almost to the centre. Maximum velocities 
could not be reduced but the high velocity current respon• 
sible for ·the damage· on the bank was shifted away to 
follow the deep channel. 

Along the right bank opposite the groyne the velocities increased by 
about 40% but the net velocities were about the sa.me as those on the left 
bank. The right bank here being on the inside i. e. convex side of the bend 
severe erosion at this bank, is not anticipated in the post-groyne period. 
lt is not, however, unlikely that the river will develop some tendency for 
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erosion, being constricted in an extraordinary narrow reach. This, however, 
is unavoidable, lest Surat cannot otherwise adequately be protected. And 
if unavoidable, it was learnt, that erosion upto about 100ft. inside the bank 
opposite and a little further downstream is permissible. 

Below Nan pur a Post Office, the effect of the groyne was feebly felt 
and flow conditions reverted to existing conditions. 

Appendix II Details of the Surat groyne are given in Appendix II. 

(Iii) Protective works for arresting erosion on tbe right bank near Bhatpur. 

Very valuable fur tile land, about one square mile in area., and costing 
about 3,0.00 rupees per acre has been eroded by the river in the embayment 
near Bha.tpur, Main cause of this erosion is strong prolonlled action in 
the flood, though tidal action is partially responsible in accentuating the 
damage. With a view to stop further inroads into the bank different types 
of-training works were tested in the model. 

The river below U mra gradually widens to about 3 times its average 
width to reunite below· Bhatpur. The main channel of the river here 
bifurcates forming deep channels along the two banks with a low d1viding 
island in the centre. With the ptesent configuration of the river, pro
tective measures for Bhatpur should aim at either ('educing the discharge 
and thus the intensity of attack of the Bhatpur channel or else receding the 
deep section and eroding curreut of the Bhatpur arm away from the 
Bhatpur bank. 

Various experiments on the above lines were conducted and are being 
continued to evolve a suitable measure which will provide sufficient 
protection commensurate with its cost • 

.'SJ. Recommendations:-

(1) For lo~al protection along the river bank at Rander and Sura.t, 
submerged type of repelling groynes according to detailed designs given in 
Appendices I and II should be adopted. 

(2) For protection of the bank in the Bhatpur embayment a reason
ably econonic measure has not so far been evolved. Model axperiments are 
continued to test out exbaustivsly all posssible alt~rna.tives. 
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THE TAP'ri AT SURAT 

PHOTO No. 5306. Showing efficacy of 

the submerged repelling groyne below 

Makhi Khadi in protecting the Surat 

bank from frontal attack & consequent 
deep scour along the left bank. 

PHOTO No. 5219. Showing deflection 
of the deep channel a way from the 

Rander bank after the submerged 

groyne came in operation in the model. 



THE TAPTI AT SURAT 

PHOTO No. 5251. Model as laid. The 

deep channel along the Surat bank be
low Hope Bridge is clearly visible. 

PHoto No. 5236. Model after running 
with the continuous pile embankment 

protruding above H.F.L. The photo 
shows the deep channel being pulled 
away from Surat bank and m~qe central 

~¥ the pile line, 



PHOTO No. 5249. The submerged pile 

embankment was inefficacious in attract

ing the deep channel on to itself. 

PHOTO No. 5244. The open pile embank

ment with top above H.F.L. was un
successful in pulling away the deep 

channel from Surat bank. 
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APPENDIX I 

Details of the proposed submerged repelling groyne at Rander. 
The groyne should be positioned, aligned and oriented 

Fig. 28. as shown in Fig. 28. 

Shank of the groyne. 

Length of groyne at top 
Top w.idth 

. Top level at half flood level i.e. 
Side slopes of the shank 
Slope of the nose 

400ft. 
10ft. 

R.L. 66.00 
1t to 1. 
3 to 1. 

The. bed level of ·the river at· the groyne is R. L. 53.00 and the proposed 
R. L. for the top of the groyne is 66.00. The low tide level being 64.00, 
the groyne will have to be constructed in water and should be wholly of 
concrete blocks or stones, The stones for the core may vary in size from 
quarry refuse to about 1 Oft. but the slopes of the shank and t}le nose 
ahould consist only of heavier 'one man' stones to a depth of 3 ft. " • 

Alternatively it can be con~tructed by dumping sand in gunny bags 
upto L.T.L. for the groyne core and finishing off the slope ·faces hy stones 
or blocks of concrete for a thickness of four to five feet from the faces 
Above L.T.L. it should become possible to build up the sand core 
properly and facing stones for 3 ft. thickness should be hand pitched.. The 
nose should be only in stone w bather the groyne is a sand core groyne 
or full stone groyne. Another modification necessary with a sand'_ cor~ 
groyne will be about side slopes which should be not steeper than 
2i- to 1. 

The alternative proposa) of sand groyne will have to be considered 
and compared with the stone groyne and the roore economical of the two 
should be abopted. 

Apron design. 

Apron should be provided to prevent the slipping of the stones of 
the groyne nose and the shank into the scour-hole caused by· them. For 
this reason the apron stone should be sufficient after launching to shield 
the sloping faces of the sand bank from below the bottom of the stone 
groyne down to the deepest bed level·after scour. The stones in the apron 
should invariably be heavy, weighing not less than 120 lbs. each. 

In the model, the maximun scour obtained with the full-height groyne 
was 75 ft. below H.F.L. i.-e .. to R.L. 30.00 while with the submerged groyne 
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the maximum scour was 70ft. below H.F.L. i.e. to R.L. 35.00. Thus the 
depth of scour was reduced apreciauly, by about!. 

The analysis and study of the available datn. about scour depths at 
the noses of the full-height groynes suggest that the maximum depth below 
H.F.L. to be anticipated is about 2R where R is Lacey depth given IJy the 
formula.: 

RLacey == '473 {f Jl' 
Q heing maximum discharge in cusecs and • f • the sih factor defined 

as 1.76y m, where 'm' is mean diameter of the bed material in mm. 

:. Maximum~ depth of scour ..,. 2 R 

• • • f= r76v''33 = ro 

:. 2R=2X'473 (7,50,000l 

= 85'6 or say 85 ft. 

= 2 X "473 { !j ma~}VJ 
Qmaz = 7 ,50~000 cusecs 

m = O'J3 mm. 

Therefore lowest bed level in the scour-hole at the nose of the groyne 
will be 16 ft. below H.F.L. Highest recorded H.:B,. L. at the Hope bridge 
is 101'00 in 1944. With surface slope of '391 ft./1,000 ft., corresponding 
H F.L. at the proposed site of the groyne, which is about 2 miles upstream. 
of the Hope bridge works out to 

R.L. 101'00- 5280 ~.;0~·"391 . R. L. 105'13. 

Therefore lowest bed level in tne scour-hole at the nose of the 
groyne = 105.13 - 86'00 = 19'13 or say R. L. 19'00. With 7h reduction 
for less scour with submerged groyne depth of scour = 85 - 6•Jz = 79'98 or 
say 80ft. 

This scour depth is thus LO ft. more than observed in the model. 
The divergence being small, in the interests of safety, it is advisable to 
design the apron for depth of 80 ft. 

The quantity of stone per foot should be sufficient to cover the 
prospec.tive slope of the scour-hole with an adequate thillkness of the stone 
layer, say 2l ft .. 

: • Cubic contents per foot :;;;; 125 X 1"3 = 164 cft/ft. 
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So as to ensure adequate protection at all points where scour is 
expected and espeoially where deeper scour is anticipated heavier apron is 
provided at the downstream face of the nose. The apron shape in plan, so 
designed, fairly conforms to the shape of the scour-hole as indicated in the 
model. 

The width of the apron may be 50 ft. Hence thickness should 

164 be 5o = 3.28 or say 3l.ft. 
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APPENDIX 11 

Details of the proposed submerged repelling groyne at Surat 
' 

The position, orientation and alignment of the groyne 
should be as shown in fig. 29. 

Shank of the groyne. 

·Length of the groyne at top 
Top width 
Top level should be at half 
flood level i.e. 
Side slopes of the shank 
Slope of the nose . 

250 ft. 
10 ft. 

R. L. 69.50 
1 i ttJ 1 
3 to 1 

The groyne to be either of full stone type or else with sand core, 
similar to the Rander groyne. Pitching on slopes above L.T .L. should also 
similary be hand laid. 

Apron Design, 

The maximum depth of scour with the submerged groyne was equivalent 
to 81ft. as against 84ft. with the full-height groyne while according to 
2DLacey,· the maximum depth works out to 86ft. Lelow H.F.L. As all 
these figures are nearly equal the design of· apron is based on depth· of 
scour of 85 ft. 

". 
~tG. 31 

Sl<£\CH • 

7178 OF .. C:l\.J94~ 
c ....... ~ ... u.!.. 

----------

SED AFn:El SCOUI~ 
AT Q.l. rs.oo 

Cubic contents per foot= 42. 25 X 2.5 = 105.50 eft. And with an 
allowance of 30% for stones being washed away, cubic contents per 
foot = 105. 5 x 1 3 

= 137 cft/ft. 

The width of the apron = 50 ft. Hence thickness should be 
137 • 50-2.575 or tay 2 ft.-~ in. 



KU.A.KHAI BRlDGE- (Ott!SSA) -

12. Training· the Kuakhal River at th:e Pro:pose!l'Road Brldg<e · 
:site near Bslianta (Orissa). 

Introduction. 

The Kuakh~i river takes off from the right bank of 
the Katjuri river opp_osi.te Cuttack. The off-take bei.ng 

Fig. 32 about 6 miles below Naraj. (fig. 32) .. On .its right bank 
the Katjuri spills ·about a lakh of cusecs.:_part of the 

discharge flowing into the Kuakhai above the . Raih~ay bridge and vart 
finding its way into the Kuakhai below· the· Railway bridge. _through. the 
Barang Nala and o1her culverts in the Railway embankq1ent. Below .the 
Railway bridge the Kuakhai spills over its right bank and this spill together 
with that coming through the culverts flows down towards the Mancheswar_ 
Gap where a portion of this discharge spills through it to flow down to Puri 
district, and the .remainder finding its way back into the Kuakhai. During 
the last four years {as stated· by.the S. E., E. C., Cuttack) embankments ba.ve 
been reconstructed along the Kuakhai on both sides. As a result: of thie 
the flood levels have risen between Kazipatna and Balianta. As stfch very 
ittle spill now pas~:Jes throu.gh the right embankment to the Mancheswar 
Gap and the escape now works mostly by the·Barang Nala discharge .and by 
the flood from the river joining it just opposite the escape. The left ·bank of 
Kuakhai has irrigation embankments in certain lengths. But due to the 
Jaggannath Puri Road embankment which acts as a second continuous 
embankment, no spill generally occurs on the left bank. 

The proposed national highway crosses the Kuak~ai river, 1.5 miles 
above the bifurcation of the Kuakhai into Kushabhadra ~nd Bhargovit 
where the road bridge to cross the river is to be constructed. The.Consulting 
Engineer, Bridges referred this case to this Station for 

"Investigation of Hydrological problems of the locality and deter~ 
mina tion of. 

The Model 

( ii ) Exact discharge to be expected into the Kuakhaiitaelf at the 
Bridge Site. 

( ii) Discharge expected through Mancheswar Gap. 
(iii) Necessity or otherwise of protective works on either banks." 

As the Kuakhai branch of the existing 1/400:1/66 V. E. model of the 
Mahanadi and its branches at Cuttack constructed to. study the redistribution 
of sand charge and discharge in the Mahanadi and the Katjuri did not 
extend sufficiently downstream and as this a"rea .was urgently !'eq11ir~d.for the 
model Qf the river Hoogblr i.t was decided to construct:the Kuakhi model 
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elsewhere. This new model constructed to the same scale ratio viz 
1/400:1/66 extended from theN araj weir down to about 1/2 a mile above the 
Katjuri Railway birdge, with the Kuakhai off·take in-between. The reach of 
the Katjuri with the Banki Road spill on the right and the Birnasi spill 
on the left was reproduced to serve the entry length which had been 
proved in the old Mahanadi model. Above the Naraj weir arrangements 
were made to simulate correct: flow conditions by drawing' off the proper 

share of discharge by the Mahanadi. The Kuakhai reach extended from the · 
Kuakbai head down to about 3 miles below the proposed Road Bridge Site 
lengthwise and from the Jagannath-Puri Road to Railway embankment 
laterally. Arrangements•were also made to collect and measure the spill 
discharges from-the Mancheswar Gap, Kushabhadra and Bhargovi. 

Procedure. 

Before each experiment the model bed was moulded to 1946 river 
conditions and floods rising from 6lakhs cusecs above N araj to 15lakhs cus
ecs and falling back to 6 lakhs cusecs were run with injection of l:ed material. 

The proportions of discharge drawn by the Mahanadi and Katjuri and 
the sand charge were those obtained during tlie previous Mabanadi experi
ments reported in A.R.T. 1946 and 1947. observations of velocities, flow 
lines, flow conditions, contours etc., were made in each experiment. 

Preliminary Tests. 

Fag. JJ 

•' ·:~·- ... · . . . . . . . . 

.. ·•· . .. 

The Irrigation and Flood embankments were first cons· 
tructed in puddle according to the cross sections supplied. 
Near the bridge site on the right bank, the bund is a little 
distance away from the river edge with a high level ground 
(fig. 33} which spills over only during the peak flood. In 
the model correct throw-off and curved flow could not be 
obtained till the bund slope was made 1 : 1 keeping the 
mid-depth point correct (fig. 33) which meant sacrificing 
reproduction of the slope of the right bank. 

SE.CTIOH ILLUSTRATING 
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This is yet one of the many examples of compromising the bank 
slopes in V. E. models to get correct throw .. off. 

Experiment No.1. Was done with existing river conditions. 

Experiment No. 2. Was done with the proposed.road bridge in 
position. 

Discussion of Results. 

Figs. 34 and 35 show the. lines of flow observed with a 
Figs. 34 Be 35 flood of 8 lakhs cusecs above N araj in experiment Nos. 1 

and 2 respectively. 

·It will be seen that under existing conditions the effect· of curved 
flow existed in that the surface flow of top water followed the right bank 
uear the bridge site whereas the bed flow was deflected away from it. 
There was greater concentration of surface flow at the right bank near the 
bridge site in experiment 1 wh1cht decreased with the bridge in experiment 2. 

With the bridge the concentration of flow at the bridge section· was 
further away from the Right bank than under pre~bridge conditions. 

Fig. 36 

Thus with the bridge, the general effect on'"the flow was 
to cause a translation of the channel further away from 
the right bank in the neighbourhood of the bridge site 
which is also seen from fig. 36 which shows the bed 
conditions obtained in th~ model in experiment 1 and 2. 

Visual obs'3rvations indicated attack and diving flow at the right 
bank near and.above C.S. 12 both in experiment 1. and 2. This portion, in the 
river is already protected by juck work and if the local protection provided 
at this point in the past is adequate no further increase in the trouble. due 
to the bridge may be expected at this poi~t. 

Figs. 37(a) 
and (b) 

Fig.37 (a) and (b) show isovels (equal velocity contours) 
observed at O.S. 2ft. upstream of bridge site, and at C.S. 14 
down stream of bridge site, observed with .a flood of 8 
lakhs cusecs above N araj. The effect of the bridge in 
shifting high velocity to the left is clearly se~n-fig. 37 (a). 

Effect of bridge on the discharge. of Kushabhadra &: Bhargovi. 

Under pre-bridge i. e. existing conditions the Kushabhadra. t66k 
39.~ and the Bhargovi 61% of the peak flood of 2.68 lakhs cusecs in the 
Kuakhai, but due to the shifting of the channel more to the left, the 
Kushabhadra percentage of peak flood increeltsed to 45% .while tb8tt of 
l3 har~ovi dropped t~ 55%. · 
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Diircharge of the Mancheswar .Gop. 

The discharge of the Mancheswar Gap in the mod~l would depend on 
maintaining the correct H.F.L. at the Gap aud the surface slope downstream 
of the gap ... When. the C. E. Bridges saw the m·odel working he was of the 
opini~n that in the model there was too much .of ponding, downstream of 
the Mancheswar Gap and suggested to obtain relevant gauge data at Bhuva· 
nesh\var; the Director wit.h his assistants later visited the bridge site and 

on enquiries at site the water level attained below the 
Mancheswar Gap, near the bridge site -was found to be 
2 ft. below the top of right ·embankment i.e. R.L: 65.8. 

Fig. 38 On return from tour these experiments were carried 
out and the observed discharge was as shown in fig. 38 
with different slopes downstream. 

According to S. E., E. C· 's letter giving the data of the gauge at 
the road crossing of the Gangua interian drainage channel on the Bhuvane
shwar Daya road the the surface slope of the Mancheswar Spill is of the 
order of 2.94' per mile i.e. the water level below the Mancheswa.r gap 
near the road bridge site works out toR. L. 62.4 as against 65.8, as obtained on 
enquiry at site. Perhaps it may not be quite correct to interpolate 
the slope as there may be a. number of small channels draining into the 
Mancheswar Qap discharge; and hence it appears that an estimate of spill 
discharge of 1.02 Iakb cusecs based on the slope of 2.94 ft. per mile appears 
to be e:xce.s_sive and that a ·discharge = 68,000 cusecs based on the water 
level data. near. the "br1dge site obtained from enquiry might be of the 
correct order. 

. . 
~cour at Bridge .Piers. 

At site ·the right abutment is well away from the river edge with 
high level ground in between. As,· with the bridge, the channel tends to 
shift away to .the left; the right abutment needs no apron protection. As 
:-~gards the left abutment,the velocities near it were observed to be slack 
r oreover being on the inside flow, no attack need be anticipated on it. As 
such no protection is DAeded for the left abutment also. 

-
As regards scour round the piers the mean value of Lacey 'f' i.e. 

f - 1.76 V mean d1ameter of sand in mm., ~orked out to 1.11 for sand 
sa..mpl~~ collected across the bridge site section, which gives 

.. . (Q)l/3 
_ DLacey =. 0.473 f -

;:; 29.45 ft, 
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The maximum scour round bridge piers according to this Station 
analysis(1) is 2DLacey i.e. 58.9 or say 59. The M.F.L. at the bridge site 
being R.L. 65, the bottom of scour-hole would b~ at R. L. 6. 

Considering however, the data of borings shown in fig. 
Fig. 39 39, the river bed consists of medium sarid on the top and 

coarser and harder layers of gravel and sand, kankar and 
clay etc. underneath, the actual scour would be appreciably less than 
when the entire bed is of sand i.e~ scour would be less than 2DLacey· 

Model observations showed that the maximum depth of scour 
obtained was equivalent to 36ft. which equals to 1.22 DLacey. The lowest 
R.L. was 29.00 as against pier foundation level near right bank at R.L.-
15.0. There is thus sfficient grip and therd is ·no necessity of apron protect
ion round piers. 

-
Waterway of the Bridge .. 

The existing design of the Bridge provides a waterway of 1596, 
giving C in W = 0 \1 Q 3.08 with a discharge of 2.68 lakhs cusecs. 
It was considered that as construction on the left bank has alre.ady started 
one span on the right could have been reduced giving a waterway of 1490 ft. 
which gives C = 2.88 .. As however the bridge design is of balanced suspen
sion and cantilever type reduction of one span was not possible and hence 
it was agreed that the waterway may be kept at 15~6 ft .• 

Conclusions. 

(1) The selected bridge site is suitable 
(2) ~ o training measures are necsssary. 
(3) No apron protection for piers or abutments appears necessary. 
( 4) The waterway of the bridge may be 1596 ft. 

{5) The maximum discharge through the Mancheswar Gap may be 
taken as 68,000 cusecs, the maximum discharge through the 
Kuakhai being 2.68 lakhs cusecs. 

(1) An~ual Report (Techniotil) 194:4, page 74, 
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13. RAIL-CUM-ROAD BRIOOE ACROSS THE YAMUNA BELOW 
THE PROPOSED BARRAOE AT PURANA KILLA 

Fig. 40 

In connection with the proposed circular railway round 
greater Delhi, it was proposed to construct a railway-cum• 
Road bridge across the Yam una below the proposed barr
age at Purana Killa-fig.40-. It was considered advant
ageous to combine the barrage and t.he bridge, provided 
the barrage sited in the lower reaches would serve its 
purpose. A bridge in the higher reaches was not consi
dered convenient. 

The Director, Civil Engineering, Ministry of Railways (Railway 
Board) sought the advice of this Station in regard to the suitabliity of the 
bridge sj te. 

None of the proposed Railway-cum-Road bridgE's were considered 
suitable because both were on curved reaches of the river having a wide 
meander belt. A bridge or a gorge or other fixed exit has a tendecy to 
double the meander belt above it. Hence construction of a bridge in such 
reaches was bound to affect the regime of the river both upstream and 
downstream. 

It was also considered that in the event of deterioration of curva
ture, the Agra canal may also be prejudicially affected. 

With regard to the Barrage, model experimentsC) had shown that a 
Barrage at Purana Killa could, but not without some difficulty, be made to 
perpetuate favourable conditions at the pumping station inlets at Delhi Gate 
by means of a curved-~itched embankment. Moreover, the effect of a 
Barrage at this site on the river below and above it can be minimised by suit
able measures as shown by the model tests. Whether a Barrage at a 
lower site can be made similarly harmless to the effects of the pitched em
bankment at Delhi Gate and/or the river above and below it, c<?uld not be 
difinitely stated without specific model experiments. The Barrage-cum
Bridge at the proposed alternative &ite, further downstream, would have 
other disadvantages too, as it would make sand exclusion from off-taking 
canal, above the new barrage -a most difficult problem and was likely to 
cause heavy accretion between this and Okhla Weir with very probable de
trimental results on the Agra Canal. 

It was therefore suggested to explore the possibilities of a bridge 
crossing at 

(a) the Okhla. Weir 
or (b) the proposed Barrage at Puran~ Killa. 

(1) Annual Report (Tech.) of work done during the year 1946, :vase 60. 
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PURNA RIVER (BOMBAY) 

14. Preliminary note on the Purna River (Bombay). 

1 ntroduction. 

49 

1.1 During recent years, chiefly after sustained floods 
of 1944, severe erosion is taking place near the village 

Fig. 41, · Desai Falia situated along the right bank of tbe Purna 
river, Surat District (Bombay Province). N oyv the river 
has come so close to the village that some of the houses 

standing on the bank are already damaged and quite a few are threatened 
such that permanent protective measures appear necessary. 

Proposal of the local Officers. 

1. t The local officers had proposed the following mpasures to 
ameliorate the conditions at Desai Falia:-

(a) short groynes 40 ft. to 90ft. long mainly along the right bank in 
the vicinity of Desai Falia. 

(b) removal of the sand bar on the inside convex curve of the river 
to reduce the attack at Desai Falia. 

(c) few short groynes on the left bank near the village Pelad 
Buhari. 

The cost of these proposals was roughly Rs. 50,000. 

These propot!als were forwarded by ~the Secretary, Bombay P.W.D. 
for further scrutiny and technical advice of the· Director of the Station. 

Remarks by the D1;rector. 

1.3. It was pointed out that short groynes 40ft. to 90ft. long may 
arrest the erosion temporarily; but they could not be depended upon. The 
experience of the Station has been that short ··groynes when placed on tho
outside of the bend, at the point of attack, tend to peg down, if not actually 
pull, the high velocity flow on that bank; in other words they behave much 
the same as ''attracting groynes". The river being relatiV'ely narrow and 
deep for its discharge (B/D ratio= 20 and maximuiL estimated discharge = 
1.13 lakh cusecs), there would be a deficiency of sand and silt in suspension, 
which would have oth9rwise lodged upstream and downstream of these 
groynes; the tendency~ therefore, would be to accentuate scour at the noses 
of groynes due to relativley sand free water, and consequently it would be 
very difficult to maintain these groynes (which would Le 40ft. deep). 

As for ·(b) para 1.2 merely removing sand from the convex side 
would not ease the situation; as the bar would reform due to natural 
tendency of the river. This tendency would be accentuated particularly 
since the right bank groynes would attract flow to their scoured noses a"Qd 
the mone-y spent over this proposal would be wast~<\. 
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A long repelling groyne at the end of the concave curve on the right 
bank would have been an ideal solution had it not been for the existence of 
another village Pela1 Buhari on the opposite bank. Under these circum
stances, it was difficult to su~gest the best alignment, length and ·positjon 
of the groyne; it was therefore suggested that model experiments should 
be. carried out. 

(2) Hydraulic data. 

(i) Representative sanwles of bed sand collected from the bed near 
the village when analysed gave mean grade varying from 2.15 to 5.77 mm 

in diameter. 

(ii) The river surface slope is 0.90 ft. per 1,000 in the reach under 

investigation. 

(iii) Ma:rimum flood di.<schurge: As there are no records of velocity 
and discharge the maximum flood discharge is computed by the following 

methods. 

{a) From fig. 41 it wil1 be seen that the meander length is 10,150 ft. 
which gives from the station formula 

. Qmax = 1,12,800 cusees. 

whereas the dominant discharge is given by the formula. 

• •. Qdom = 63,000 cusecs, 

These figures are, however, based on only one meander length 
available and, therefore needs corroboration. 

(h) Qmaz from Lacey's general flow formula. 

v = t6 R213 s113 

Fig-. 4 2 R' = 2~.10 ft. and 8=0.90 ft. in 1,000 near C.S, 42 shown infig.42t 
where the river has a stra1ght reach. 

V = 11.50 ft. per second 

:. Q = A X V = 1,38,_000 cusecs. 

We rna"¥ take the mean of the two figures or Q:m.:~~=sar 1,25,400 cs, 
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The modE;ll is now und_er construction. 

15, Prevention of erosion in the Narbada at Borbhata downstream· 
of railway bridge near Broach 

1. Introduction. 

Director's advice was sought regarding protective measures against 
bank erosion near the village Borbhata ~on the left bank· opposite Broach 

and on the sides of the channel now widened due to 
floods in the N arbada river. The other problem was 
prevention of flooding of the Jands on the left bank as shown 

Fig 43 ·in fig. 43. T4is flooding apparently is not due to the river: 
spilling over the whole of the left bank but is caused by 
the on-rush of river water into the channel in floods which 

then overfloods the channel banks and inundates the low lying area. 

2. Director's opinion: 

Regarding flooding of the low lying lands this can be prevented only 
by throwing a strong bund across the mouth of the channel if only the 
channel banks are low. If however the river also spills over its left bank,' 
flood embankment along the river bank, wherever low, will have to 
be constructed to constrain the river to the Khadir proper; this will ho_wever 
! ead to prohibitive expenditure not justifiable by the protection and relief 
it would afford and hence was not recommended. Multipurpose project for 
.he N arbada IS under actfve; copsideratio:ri for some time vast and wlten it 
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will materialise in the near future it is expected that the moderated river 
discharge at Broach will be~ to 1/3 of its present magnitude; the floods 
will then be contained in •the river Khadir and no spills over banks will 
then occur. 

3. About damage due to erosion by river floods, though only the 
area in the vicinity of the village was desired to be protected, it was appa· 
rent from the data supplied that bank erosion is not confined to the neighb
ourhood of the village but is eating into the left bank continuously from 
above the railway bridge down to far below Borbhata. Protective works 
even for local relief in this case are not advisable, though feasible, for the 
following reasons: 

(i) The cost that will be incurred to construct any effective training 
work will not be commensurate with the benefits provided by it; 

(ii) Borbhata being opposite the city of Broach anything done on 
the left bank for protection of the village will have its repercussions on the 
opposite bank, more so, owing to the narrow width of the river here; and 

. (iii) . in post-project period bank erosion is expected to be appreciably 
reduced due to reduction in discharge as mentioned in para 2 above. 

Thus to ameliorate the present conditions no remedial measures 
could be suggested because besides being costly, they would have affected 
flow_ conditions on the Broach bank. 

16. Protection of Railway bridge Piers on the Oodavari at Rajahmundry 

The Railway Bridge on the Godavari river at Raja· 
hmundry, 65 miles from the sea and five .miles above 

Fig. 44 Dowlaiswaram anicut, crosses the river width of 9096 ·feet 
by 56 Spans of 160 ft. each and one of 40 feet. All the 
piers are of masonry founded on wells. River bed cons

ists generally of coarse sand overlying a bed of stiff clay except on the left 
bank. Near the left bank in spans 1 and 2, sand stone and conglomerate 
occur and in the deep channel in spans 3 to 9, only sand is met with at 
least 117 feet below H.F.L. 62.80 i. e. to R.L.-54.50 The deep channel 
i'!! the left end spans, remarkable for its persistency from the time even 
before construction on the bridge does not continue far upstream or 
downstream, and has been caused by abnormal scour due to water impinging 
against the sandstone exposed on the left flank. The natural curvature of 
the river 11lso helps to maintain the deep channel along this bank. Local 
concentration of discharge in the rest of the spans, as in the left side spans, 
cannot be accounted for due to lack of data. The only surveys available 
are of 1924 and 1938. Yearly soundings round the bridge piers, from 1942 to 
19!8, reveal the capricious natu-re of the river behaviour, evident from the 
~eptb of bed scour varyin~ from ~minimum of 15ft, to a maximum of a.boqt 
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45 feet, almost throughout the river width. An ample margin of safety 
is therefore warranted in respect of anchorage to be provided for the piers. 

In Technical Paper No. 86, on the construction of the Goda_vari 
Bridge written in 1908 by Mr. Walton, Engineer-in-chief of Godavari 
Bridge Works }:,as reported scour at Pier Nos. 4 and 5 of 81ft. 3" and 77ft. 
11" below high flood level (or say R,L.- t 8 and R. L.-15 respectively). In a 
long sustained flood the scour may even be deeper than this. To reduce the 
scour round the piers in the deep channel and to induce t)le river to deepen, 
elsewhere, stone pitching at the piers in the deep channel portion was 
provided. Due to heavy scour inspite of the stone protection to about R.L. 
3.00 caused in .194:3, standing instructions were given for taking soundings 
in January in each year round all the piers by the Railway Chief Engineer 
to ascertain the depth of scour and for arresting scour at the specified 
warning levels by dumping in stones or concrete blocks. 

Fig. 45· Being provided yearly with heavy pitching, the piers in 
the deep channel have not given cause for much concern 
and anxiety. The river, however, deepened elsewhere in 

spans 15 to 20 in 1948 to below the specified warning levels. The case was 
therefore referred to the Poona Station for advice for the action to be 

. taken against this exceptional scour. 

2. Data 

For thorough scrutiny of the case, the data, inter alia, of survey plans 
discharge hydrographs, sand samples etc., were asked for. Of these, the 
only plan availablo was that for the year 1924, besides the topo sheet prep. 
ared from survey of 1938. No discharge data at the bridge could be obtai· 
ned and hence Station opinion has necessarily to depend on the dischar· 
ges observed in 1924 to 1946 at the Dowlaiswaram anicut,,5 miles downstream 
of the bridge, already available with the Station. The sand samples from 
the river bed at pier Nos. 4, 10, 18, 36 and 45 were collected and furnished 
for analysis as requested. 

3 • .Analysis of data and findings .thereof. 

Depth of scour jn a river depends on various diverse factors, import
ant among these being the river configuration, maximum intensity of 
discharge, sand charge and the nature of the bed material. 

In para 2 the scour in the deep channel near the left bank is 
already explained as due to the favourable, though not prominent, river 
curvature and occurence of sandstone formations. The ratio of B/D ( river 
width/river depth) at the bridge site is 353 against Lacey B/D ratio of 65 
for maximum discharge of 21. 08 lacs cusecs. The river thus is relatively 

·,·much wider and shallower as compared with Lacey seotion. Unleas the 
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bridge is sufficiently shortened to bring it nearer to the La.cey width
allowing for wide or narrow nature of the river-by ·use of suitable train\ng 
vrorks, it is common experience that unrestricted scour and silting occur 
n any of the spans due to changing formations of sand islands above the 

bridge changing the entry con:litions. 

The deep scour in the left end spans is attributable also to the 
weir action caused by the pitching laid in between the piers, (i.e. across the 
deep channel). The whole of the river bed in these spans is ihus built up 
which must be causing deep scour below the briilge where the pitching 
blocks must be slipping down and thus being carried away and lost. 

Survey plans and other data covered too short a period· to indicate 
any other reasons leading to local abnormal scour and its probable extent 
in the rest of the river width excepting in the left side deep channel, as has 
been observed between piers 16 to 22 in January 19!8. Actual scour depths 
in flood. must have been appreciably more than these as substantial reduction 
in scour depths due to subsequent silting and sanding till January must have 
occured. .110 obtain maximum depths of scour, soundings should have been 
taken during falling flood stages. 

Maximum river discharge at the bridge site was estimated at 
1,500,000.(1) The availab]e discharge hydrograp1ls however showed the' 
recorded maximum discharge of 2,107,660 cusecs in 1942. In between th 
bridge and the anicut, no appreciable addition to the river discharge due to 
contribution by tributaries or deduction due to withdrawals by canals etc.e 
was apparent from the plans supplied and hence the peak river discharge' 
at the anicut were presumed to be practically the same as those obtaining 
at the bridge. Thus though the maximum discharge figure was available 
distribution of discharge across the river giving discharge concentration 
was uot known. 

Bed sand samplfls along a line 200 feet upstream of the bridge and 
parallel to it and opposite pier Nos. 4, 10, 18, 36 and 45 were analysed. The 
mean weighted diameter of sand particles in the various samples varied 
within a. wide range-0'37 and 1'58 m.m. 

Data of scour round. bridge piers of existing bridges have been 
analysed at the Poona Station(2) which showed that the depth of scour was 

sufficiently closely related with Lacey depth defined by ·47 [Q/f]113, Q 

being discharge and f the silt factor= 1.76 Vmean sand diameter. Accord.:. 
ing to the present practice in Bridge Engineering(3) of providing a grip to 

(1) Technical paper 86 by Mr. Walton. 

(2) Pa"e 78 of A. R. (T) 1944 of the 1. W. E. Station. Poona. 

(8) :Railway Board Technical Bullgtin No. 78" Well foundat:ions for Brid!Z .. ''. 
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the piers equal to half the anticipated maximum scour depth below H. F. L. 
assuming the scour depth= 2DLacey• the lengths of piers in sand of sizes 
occurring at the site necessary to ensure adequate grip works out as below. 

Table I 

f 
1- ! ' Actual I H.F.L. (62.80}- 3DL "' d n· · I Len~th of j 

Pier No. ..::an 1a. 
1 

DLacey i.E\. R.L. of boUom foundation 
in~ I 1 pier 

j=3DLacey of foundation Levels. 

u. I ft. I ft. 1ft. 

4· 0.37 59.3 177.9 -115.1 -62.00 

10 1.15 49.1 147.3 84.5 -32.25 

1H 0.75 52.7 158.1 95.3 -31.96 

36 1.44 47.3 141.9 79.1 -21.80 

45 1.58 46.5 139.5 76.7 -11.02 

The above safe found~tion levels according to 3DLacey criterion 
are based on the assumption that the sub-surface strata are wholly of inco• 
hesive sand. Actually piers No. 1 and 2 have been sunk through and 
founded on sandstone, piers 10 to 33 are sunk through clay and fouuded on 
coarse sand and pie ~s No. 34 to 56 are sunk through sand and founded on 
hard clay. Only piers No.3 to 9 are sunk whoUy through sand. Thus grip 
length = DLacey criterion can be said to be applicable strictly to piers 3 to 
9 on1y. But even in the case of these piers since the estimate of scour dep- . 
ths is based on surface sand only it cannot be expected to be reasonably 
correct. For fairly accurate assessment of depth of scour, sand samples at 
all depths down to anticipated scour, not only at the surface, ought to be 
examined. But these were difficult to obtain in the present case, nor were 
they of any practical use since pier foundations cannot now be deepened to 
provide the necessary grip of DLacey in the light of the analysis of sub-sur, . 
face sand samples. Hence in the existing circumstances to ensure safety 
the scour at the piers should be held up at 2/3 pier depth by providing 
pitching. 

Piers No. 1 and 2 being sunk through and founded wholly in sand 
stone, it was not necessary to provide them with any protection. 

Piers N a. 3 to 9 are wholly sunk through sand and hence the danger 
levels should have been in accordance with 1/3. pier depth critrion The 
danger levels fixed by the Chief Engineer, M.& S.M. Railway, haAe been 
obtained from Spring's curve which arbitrarily provides grip length. These 
however, in the present case were approximately the samE1 as these accor· 
ding to 1/3 depth rule and henoe were not· modified. The warning levels 
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at which pitching top should be maintained are --ts--ft. higher than 
danger levels for 'piers No.3. 'and 4 and 10 ft. for 5 and 6. This precaution 
of checking scour at warning levels. 10 to 16 feet higher than danger 
levels appears essential as the likelyhood of the pitching stone or blocks 
maintained at danger levels getting washed away in floods, thut! endanger
ing the pier, cannot be ruled out. Actually observations since 1945 showed 
that concrete blocks weighing as much as. 1/2 ton each used to be carried 
away by river in spans 1 to 9 and hence were required to be renewed in 
successive years. 

Model experim.ents at the Poona Station in connection with the 
protection round bridge piers have shown that, 

"Stones should .at the lowest practicable level to avoid the formation 
of high mounds of stone which tend to obstruct the Waterway of 
the bridge. 

The greater the depth at which the stone is laid the more stable it is, 
i. e. tbe more severe attack, it can withstand without being carried 
away. 

It is necessary to place stone at such a level, and to use stone of 
such size and weight that it will not be disturbed with the worst attack 
for which allowance has to be made. Stone laid at higher levels is of little 
value.'' 

Since the top level of block pitching could not be lowered in the 
present case for reasons explained above the alternative remedy was to try 
heavier blocks. 

For the rest of the piers - i.e. piers No. 10 'to 56 ...: thP danger 
levels were worked out as 1/3 pier depths and an allowance of 10 feet was 
made between danger and warning levels which as already said was necess· 
ary to safe-guard against sudden and local scour. 

As long as scour is arrested at warning levels there would generally 
be no cause for anxiety. 

Conclusion.~ and Recommendations. 

(1) At all the piers, the existing practice of maintaining stone protec• 
tion at warning levels below which scour should not be allowed, will have 
to be continued for the safety of the piers. 

(ii) In the spans where the pitching blocks get washed a. way yearly, 
concrete blocks heavier than at present, should be tried. At the same time 
practice of pitching the river bed in between the piers as in the left end 
spans, should be discontinued and protection should be restricted only to the 
piers. 
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, . (iii) ·As long as scour is arrested at warning levels no apprehension 
need be felt about safety of the· piers against scour._ 

(iv) To provide timely protection and .also to obtain deepest scour 
observations, soundings should be made say at 2/3 fal1ing flood-stage water 
level instead of in ,T anuary. · ·. · 

Erosion at Birla Jute Mill on the Hooghly ~iver 

Introduction. 

A severe bank erosion was reported by· the J?ort .Qom• 
missioners at the Birla's J uta Mills situated on the banK 
of·the Hooghly as shown in fig. 46 ·and 47. The Director 
was requested to suggest means to prevent this erosion 

Figs. 46 & 47 After analysing the curvature of the river at this place it 
was found that the erosion was not due to sharp curvature 
for the discharge, but it was due to the fact that the Mil! 
is situated ont he concave side (the more so being at the 
appex of the meander) of the curvature, as shown -
in 'fig. 47. 

Findings & recommendations. 

It is stated that the inflow hits the bank on which the mill is situated 
and the maximum inflow· discharge is estimated to be 8~00~000 cusecs; ·The 
width of the river near the Mill is 3, 700 :ft. 

Using Lacey's formula for finding the depth of scour - though not 
strictly applicable to tidal flow -

. . .. 2' ~--
D = 0.9 X j..2,_t , 

. 1 f r- , 
where, D = the maximum depth of. scour in feet 

q - the intensity of discharge per foot and 
f = silt factor = t.76:v'm 

m = 0.14·m.m. 
f = 0.66 ' 

The depth of scour as shown in -table below was obtained. 

Inflow· 
(cusecs) 

1 
8,00,000 

D1scharge intensity in . 
cusecs per foofal1owing· 0 Lacey 

for 50% concentration. (feet) 

2 3 
324 48.5 

Maximum dtpth of 
scour expected ;.;:::;: 

20Lacey 
(fe~t) . 

4 
97.0 

., 

or 77ft. below K. 0. D. S. 
'(Kidderpore old Dock Sill). 

5 
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The above figure of 77 ft. in Col. 4 may be compared. with '1ft., 
the present maximum depth of scour below K .O.D.S. 

Fig • .c6 
It was recommended that a sea wall be constructed as 

shown in fig. '!46 with the foundation taken as deep as 
practicable -preferably more than 70ft. below K.O.D.S· 
with· the longest piles obtainable. 

Tidal model of tbe Hooghly Estuary 

1. Introduction:-

'fhe three riv~rs Bhagirathi, Bhairab-J alangi and the Matabhanga. 
Qhurni, which t&ke off from the Ganga river with their net work of creeks 

and khals are known as the Nadia Rivers. These a.re the 
principal fresh water feeders of the Hooghly. Bha.girathi 
n.nd the Bhairab J alangi form the Hooghly below their 

Fig. 48 confluence at Nadia -fig. 48- about 92 miles upstream 
of Calcutta. The ~a.tabhanga -Churni meets the Hooghly 
at Chakdaha. about 50 miles north of Calcutta.· The 

Hooghly continues its meandering course through alluvial soil past Calt"utt 
and meets the Bay of Bengal about 85 miles downstream of Calcutta. The 
Damodar and the Rupnarain meet the Hooghly at Fulta point and Hooghly 
point respectively downstream of Calcutta besides the Rasulpur and Haldia 
rivers which meet it further downstream. Of these the Rupnarain and 
Damodar form the main tidal compar.tments of the Hooghly. 

' ' - - ... ~ 

, The tidal range of the Hooghly at Saugar is of the order of 17 ft. a.nd 
the tidal effect reaches up to Swa~upganj about 84 miles north of Calcutta. 

From November to February, the flood tide is stronger than ebb and 
the preponderance of the forn1er gains much more :over the latter during 
March to June. being maximum at'equinoxes in.Ma.rch. During the period, 
from July to October, the ebli gradually gets preponderance and during the 

.. Monsoons, the ebb current preponderat'es so th~t at neap tides, sometimes 
depending on the freshet discharge; at Calcutta the tidal flood current dis
appears altogether and its only effecti s manifest in backing up·the· freshet 
waters . 

. During. th9 eight month of preponderance of the flood tide, the 
river bed conditions in the estutary adjust themselves to conform with ~the 
direction and curvature -of the flood currents~ During the ~four months 
however, when the ebb preponderates, the channels formed by the ebb are 

~"- not the same as those created by the flood in many .Places 
with the result that Cul-de-sac channels and bars are· 

fig. 49 . · thrown up and dredging ha.s to be resorted to, to maintain 
navigable channel across the bars. Fig. 49 Bhows the 
various bars in the river. Besides the Pancbpara., Pir · 
Sar:lng, Pooja.li, the Mayapur and Roypur crossings, thi 

/ 
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TIDAL -MODEL OF 1'HE HOOGHLY ESTUARY 

Fulta point is·'peculfar in that due to the confluence of the Damodar there 
is a concave curvature (at Fulta) follow"ld by another ·concave curvatur~:·at: 
Ninan; which in its turn causes the serious trouble at the .Western GUt and 
the Eastern Gut channels at Hooghly point, 

There is a belief that tbe condition· of the Hooghly estuary is dete
riorating especially in the reach above ·Diamond Harbour, and to facilitate' 
navigation it has been proposed to construct a ship canal linking Diamond · 
Harbour to Calcutta costing 15 crores of rupees. 

· . · 'Before considering seriously such· a costly project, the Porti Autho
rities consulted Sir Claude Inglis .as to whether it was possible ·to: improve· 
the navigability of the Hooghly by training works. In his "Report on the 
Prospects of improving the navigability of the Hooghly", · Sir Claude reco-. 
mmended the construction of the following model experiments to evo.iv:e' 
the best training measures for the purpose. 

' ' ' 

Model 1-Extends from 25 miles downstream of' Saugar island to: 
Bansbaria (scales of 1/2,000 horizontal and l/160 vertical). This.'model would. 
be expected to 'give valuable qualitative information regarding the condi
tions of flow, the movement of material and consequently the changes in 
the river .and the estuary.· With the scales adopted, .·the depths, widths 
and velo<?ities in the River in the higher reaches may, however, be too 
small to give reliable and definite information- This modefwould,. therefore, 
be considered as a pilot model, so far as the reach is concerned. 

Model 11-This is to extend from Balari to Konnagar' to horizontal 
scale of 1/400 and vertical scale of 1/60. This will give information about 
the conditions in the upper reaches and because of larger scales as compa· 
r.~d ·to Model I is expected to give l"esults of greater significance ·than the 
first one. 

2. Though the Port· Commissioners. intend to construct' their own 
model a.t Calcutta at a later ·stage, they decided that this Research. Station 
should tackle the p.rob~m. The· points t~ be inyestigated as stated' ,by the 
Port Authorities a~ 'as under.- _ 

''(i) The ol1ject of the investigation· is to•determine by: means of 
Models the possibility. of improving the River Hooghly to an extent which 
will enable ships of 26 feet draft !to navigate the River~·on any day of the 
year. . . 

(ii) The depths in the. River are ._.such that. under 'the prevailing 
conditions, 

(a) Below Diamond Harbour. drafts are limited by the 
Balari Bar with a depth .of about 14· ft: at. J.,. W. 0. S. · 

(b) Above Diamond· Harbour drafts. are ~·limited by the · 
seasonal deterioration of v~rious bars ~~d in particular 
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the-Eastern Gut and Ninan with depths whieh may 
fall to 6ft. 

(iii) The laek of depth of water above Diamond Harbour can be met 
by the construction of a canal. 

. (iv) If the River below Diamond ·Harbour can be improved to the 
desired depth and the River above Diamond Harbour cannot be proportion· 

ately increased, then the canal becomes a necessity if the required drafts 
are to be accommodated. 

·1v) If the River above Diamond Harbour can be improved to the 
same extent as the lower reaches, no canal is necessary. 

(vi} If the area between Fulta. Point and Diamond Harbour can be 
improved to the desired extent, the remaining bars can from experience be 
maintained at the required depth by dredging. ·: 

(vii) The depths required on the various bars to meet the required 
conditions are as follows:-

(a) Panchpara. Sankral } . 
Munik.hali Pir Serang 
Poojali 

(b) Maya.pur 

(e) Roypur 

(d) Ninan and Eastern Gut 
(e) Balari Auckland 

En trance Bar 

22 ft. 6 ins. necessary. 
24 ft. 0 ins. desirable. 

20 ft. desirable. 
18 ft. adequate. 
18 ft. 6 ins. desirable. 
16 ft. 6 ins. adequate. 
16ft. 
17ft. 
17 ft. plus allowance for 
swell + 18" to 5'. 

(viii) In addition to the main question of depth required for navigation, 
the following points in geographical order are for investigation:-

(a) The erosion of the right bank above Howrah Bridge. 

(b) The improvement of the inland vessels wharves above Howra.h 
Bridge on the left bank. 

(c) The alignment of both banks Letween Howrah J$ridge · and 
Garden reach including 

(i) the formation of bars in the River off Outram Ghat, Fort 
Point,·Hastings and Mutiabruz. 

. . 
and (ii) the silting of the entrance of K. G. Dock with particular 

reference to the movement of the Mutiabruz sand. 

(d) The shoaling of Panchpara Crossing. 

(e) The shoaling of Saukral and Munikhali during the predominant 
·flood tide season and its effect on Pir Serang and Pooja.li when 
clearing out during the freshet season. 
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(f) The effect of the gradual closing of the mouth of the· Damodar 
River and the desirability of artificial closing of'the mouth~ 

(g) The stabilisation .and improvement of the Balari Bar. i,·. 

(h) The stabilisation of the entrance channel with a least depth ol 
17ft. at L. W. 0. S. . 

(i) For all bars, an investigation into the present methods. of dr~clg
ing and the position of the dumping grounds.· This should' in-

•· ' 

elude the dumping ofspoil in the Port proper. . · · · ·· · 
(ix) The maintenance of the Head Water. supply' is considered.,vit!ll 

to the existence of the Port. At present very little information.is avai'Iabie 
and no control can be exercised by the Commissioners. Existing conditions 
must therefore be accepted. (It is understood that the Ganges has already 
been robbed of 40% of its dry weather flow before it reaches .the offtakes of 
the feeder rivers of the Hooghly ). The consideration of the maintenance of 
of this supply and its improvement is a. necessity but may be deferred till 
the more urgent problems have been investigated." · · · 

a. The Model. · 

The model extends from .Ba.nsbaria down to reef with 
all the tributaries i.e. Rupnarain, Damodar, · Haldia and · 

Photo 5410. Rasulpur reproduced- see Photo 'No. 5410. The model. 
bed is proposed to be laid in the Hooghly sand at Ninan 
(m = 0.095 mm) 

' 
4. Design of the tide reproducing arrangements /o1· field model: 

To maintain equivalent rate of accretion due to suspended silt in the 
model the vertical velocities have to be ~relatively increased in the ratio· of 

L /d 312 where 1/d and 1/L are the depth and length scale rati~s .of ~he 
model. In the case of the Hooghly pilot model' this ratio works out .to 0.988. 
Hence, the model rate of sedimentation will have to be equal to. that of.• the 
prototype; for which proper salinity is proposed to be maintained. by means 
of potash alum. · 

· For reasons of cost it is necessary tQ use the same saline water ov:er 
and over again allowing for losses etc., for which a. re-circulation arrange. 
ment has been designed. 

Fig. so 
When, however, it is not necessary liO run saline water, 

an alternative arrangement has been .provided for using 
fresh water by gravity flow. 

l 

The design of the tidal arra r,gement. 

The sump which is fed by gravity flow has a capa6ity 
of 5,000 eft. which takes into account any subsequent 

Appendix I. changes of depth scales requiring greater discharge, capa
city for initially filling•the Model, etc. 
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Water from the sump will be pumped into· the entrance· channel 
whose main function is to neutralise any jetting and turbule:qce caused by 
concentrat.ed delivery from the four delivery p\pes of the pumps. 

Water flows over the weir provided along the downstream end of the 
entrance channel into the stilling pool which is provided with 5 symmetli
cally situated standing wave flumes for measuring the ·discharge dropping 
down into. the Tidal Chamber. Stop gates have .been provided along the 
side end walls of the stilling pool to adjust any fluctuations that may occur 
in pumping. 

The tidal chamber is provided with sliding weirs which will be 
manually operated till electrical equipment•is receiv£d and set up for auto
matic generation of tides. 

, A constant-discharge measured by standing wave flumes drops into 
the tidal chamber from where it' can flow, wholly or partially as J"equired •. . . 

(a) into the model producing flood tide; 
or (b) into the escape downstream of the sliding weirs when ebb 

is being reproduced; · 
by suitable manipulation of the sliding weirs. 
\ I "' • • 

, ..... Th1Js, when the flood tide is being reproduced, the sliding weir wi11 
be suitably raised, thus reducing the escape discharge and increasing the 
tidal influx, causing rise in the river. 

• • ~ ' \ ' . • ' k ~ • - • • ' •• 

On the ebb, . the weirs which will. be gradually lowered .will escape 
out the" ebb flow and also the constant discharge pu~ped into the tidal 
chamber from the sump. · · · 

.When clear fresh water will be run for preliminary runs for design
ing cam etc., the sump will act as the head chamber lin which the gravity 
flow water will be stilled and escaped into the entrance channel .by means 
of the four screw gates to work the model tides as explained before. The 
discharge escaped by the sliding weirs will, in this case, be returned to the 
Mutha. Right Bank Canal. 

River Discharge:-The river discharge required for the Hooghly, Rup
narain, Damodar will be stored in the subsidiary tank 15 ft. X 10 ft. X 3 ft. 
from w.here it will be led ~o the various rivers by 3' pipes and valves. 

This water will ultimately find its way into the tidal chamber from 
where it will be pumped back duly with fresh water pipe supply. into the 
tank referred to above, 



PHOTO No. 5410. Showing Hooghly Mode! 
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APPENDIX I 

Calculations to fix the capacity of the sump. 

The maximum tidal infl{lw in the model with .1/2000, 
1/160 scale ratios of the models is 12'35 cusecs. The 
constant discharge supplied into the tidal chamber will 

Fig. 51. thus be 12'35 cusecs. Fig: 51 shows the model influx dis· 
charges for the spring tide of March 1940. The ordinate 
of the curve represents the discharge going into the model 
whereas the offsets of the ordinates between the curve 

and the h<?rizontalline of y = 12'35 cusecs represent the discharge escaping 
into the sump viz. the escape channel. The net depleted discharge therefore 
is given by the ordinates of the curve. 

The minimum capacity of the sump therefore, should be sufficient to 
• 

a.ccommodate the quantity of water represented by the shaded portion 
under the curve. This works out to 950 eft. approximately. 

If the depth scale were changed to 1/80 the minimum capacity com· 
puted ·on the same litfes as above should be 2,400 eft. Add to this:_the capa· 
city required to initially letting water into the model which will be about 
2,400 eft. 

Making allowance for leakage and evaporation etc., the capacity may 
be fixed at 5,000 eft. This will enable operating the model even if the depth 
scales have to be changed from .1/160 to 1/80." :-
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SCALE RATIOS OF THE HOOGHLY MODEL 

19. Preliminary note on the design of scale ratios of the 
Model of the Hooghly River from Bansbaria down 

to Reefs i. e. 15 m!les below Saugar . 

63 

Introduction :-The model of the Hooghly Estuary covers a reach 
of 115 N. Miles. from Bal!3baria down to Reefs 15 miles below the Saugar 
Light House, the object of model experiments is to investigate the means 
of improving the navigability of the River. 

Length scale Ratio: Considering the area available immediately, 
the length scale of 1/2000 suggested by Sir Claude Inglis is :suitable and is 
adopted. 

Depth scale ratio :-Sir Claude Inglis had proposed. a depth scale of 
t/160; presumably this was based on Lacey's formulae which gives 

. depth scale= (length scale ratio)2/3 

Table 1 attached gives the computations for Reynolds criterion Allen's 
criterion etc. for different depth scales. 

According to Allen's ·method given on page 283 of his book "Scale 
models in Hydraulic Engineering", columns 4 to 7 of table.l give the model 
depth in inches foi'Saugar, Gangra, Balari, Hooghly point and King Geo:rge 
Docks with different depth scales ranging from 1/80 to 1/200. Columns 8 
to 11 give. the model velocities and their equivalent prototype values worked 
out by the formulae 

V= 1.30 (¢- «\>) 0'27 L 0'27 M- 0'27 R0'23 

where 

Fig. 52 

V =velocity in ft. /second. · 
¢ = sp. gr. of sand used in the model. 
«\> = sp, gr. of water assumed unity in this case. 
L =length of the side of a cube having the same weight as the 

average grain (inches). 
M =Uniformity modulus of material. 
h =depth of water in inches. • . 

The average grain size was taken to be the weighted 
mean diameter of the Ninan sand viz. 0.094 m.m. with which 
the model bed is proposed. to be mou]ded. Fig. 52 shows 
the sand distribution g~aph from which the modulus of 
uniformity of Ninan sand was worked out to be o· 483. 

The prototype max. flood ve]ocities in the March :spring tide of 1940 
at Saugar, Gangra, Ba1ari, Hooghly point and King George Docks have 
Leen tabulated in cloumn 3. 

According to Allen. if computed velocities-columns 8 to 11-prove 
to be not greater than the anticipated maximum flood or ebb velocity (Col. 3) 
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Tabl~ 

Showing the computations for workinz out scale 

Meand Maximum h-depth in model corresponding to col. 2 with 
with flood v in d scale· 

maximum proto I • 
I 

flood. ft./sec. 1/80 I 1/120 1/160 1/200 

1 2 3 4 J 
5 6 7 

- -
ft. in. in inches 

' 

Saugar 25 0 5.20 3.756 2.496 1.884 1.500 . 

Gangra 26 1 7.41 3.912 2.616 1.956 - 1.572 

Balad 25 0 5.40 3.756 2.496 1.884 1.500 

Hoogh]y 27 4 7.50 4.116 2.748 2'064 1.644 
Point. 

King George 35 0 10.70 5.196 3.492 2.628 2.100 
Docks. 

- I Vertical 
D th 1 I h = 16.33 ft. h3 

VH/30 
h3~'\I'HJ30 velocity ep sea e. e or ratio below Saugor 

,Y1s.sst3o 
feet L/d3~Z 

16 17 18 19 20 21 2~ 

1/80 0.204 0.0025 25.00 0.737 0.157 2'80 

1/120 0.136 0.0025 16.67 
" 

0.0307 1.52 

1/160 0.102 0.0011 • 12.50 ,, o.oro1 0.988 

1/200 ·o.os2 0.0006 10.00 , 0,00442 0.706 
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1 

ratios of the 1/2ooo Hooghly Model. 

-V* in fi. per second with d scale Model Reynolds Vd!10
5 

with d scale of . In model and ih equivalent in prototype 

: 

I l/80 1/120 1/160 1j200 1/80 1/120 1i160 1/200 

8 9 10 11 12 13 I u ' - 15 

0"513 0.467 0.443 0.416 0'1666 0.0971 0.0695 0.0520. 
:::4'588 :::5.116 :::5.604 =5.883 

0'520 . 0.472 0.442 .0.420 0.1695 0'1029 0.0720 ·o.o5so = 4"651 :::5.170 = 5.591 =5.940 

0'513 0.467 0.443 0.416 0.1606 0.0971 0.0695. 0.0520 
=4.588 =5.116 ::5.604 =5.883 

0"524 0.478 0.447 0.424 0'1707 0.1095 0.0769 0.0581 
=4'687 =5.236 =5.654 =5.996 

0'554 0.505 0.473 0.449 0.2426 0.1469 0.1036 0.0786 
=4'955 =5.532 =5.983 =6.350 

Max. flood Q in model with Q in model Time scale ratio and tidal period. various d scales 
I L 

=50x106 
Model tidal period d scale Q scale= d3/2 cusecs. Time scala ratio. = 12 hrs.t8·mins. 

23 24 25 26 27 

1/80 1/1.43 X 106 35.00 1/223 ' ·3.30 mins. 

1/120 1/2.63 X 106 19.00 1/183 4.03 
" 

1/160 1/4.05 X 106 12.35 1/158 4.66 
" 

1/200 1/5.66X 106 8.82 1/141 5.24 
" 

~Computations for V _•1.20 (cp _ ~ )0.37 L0.27 M-0.27 h0.23 

• (1.8 x1.148 X-<!,2094 X 0.822)h 0"23 

•0.378i h 0•23 
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in the model, then there is a very good chance that the proposed vertical 
scale will be satisfactory from the aspect of bed movement. 

The lower limit of velocities shown in columns 8 to 11 are the velo
cities computed by Allen's formulae which is based on flume experiments 
where curvature of flow did not exist. When, however, there is curved 
diving flow, the distribution of velocities across the section is far from 
normal and bed movement is expected to occur at even lower velocities 
than thoae mentioned in columns 8 to 11. 

Taking this fact into account, it will be seen that depth scale of 1/160 
would be about ri,ght and hence it is proposed to he adopted. · 

20. Proposed Bridges and Recli!maticn between Ernakulam, 
Thanthonni and Mulavukad lslnnds (Cochin) 

1. introduction. 

The' Chief Engineer, Cochin State, has proposed to 
construct bridges between Ernakulam and W alla.rpot and 

Figs. 53 and 54 the reclamation of the shallow areas surrounding Than
thonni Island and a part of Ernakulam. The area thus 
reclaimed will be of great benefit in aR much as it will 

provide for the expansion of the Ernakulam town which is already con
gesteci, The Director was, therefore, requested to advise on the effects 
this proposal would have on the tida! regime of tb e back waters. 

2. Findings and advise. 

· 2.1. As seen from the plan, the deep channels and therefore pre
sumably the main current, appear to be along the west bank between 
Thanthonni and Mulavukad Islands, but a subsidiary deep channel also 
exists between Thanthonni and Ernakulam. 

2.2. It was pointed out that the waterway of the two 
channels, ~before and after bridging, dredging and ra-

Table 1. clamation should be compared separately for the two 
channels and not jointly. It will be seen from table 1 

• that under post-bridge conditions the waterway of the 
Ernakulam-Thanthonni Channel will be increased by 29% and the waterway 
of the Thanthonni Mul~vukad Channel will become 2% less than at present. 
The existing deeper channel, however, is the Thanthonni Mulavukad 
Channel. This, therefore, indicates that if the discharge distribution and 
current sets remain substantially unaltered, the excess waterway of the 
Ernakulam Channel is likely to silt up rapidly and the aggregate waterway 
may fall short of the existing overall waterway. Thus, on the one hand 
there is wasteful ·dredging proposed in the Ernakulam Channel while, on 
the other, it is inadequate on the Mulavukad side. 
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PROPOSED BttiDGES .AND RECLAMATION (COCHIN) {)i 

Table l 

Showing waterway before and after bridging, dredging 
and reclamation 

Between Ernakulam and 
Thanthonni Isladns. 

Between Thanthonni & 
Mulavukad Islands. 

Post- Pre- Col 1 Post- Pre-
Bridge Bridge Col. 2 Bridge Bridge 

1 2 3 4 5 

( 1) Area of bridge 
• section in sq. ft. 20,870 15,335 1.36 8,973 8,592 

(2) Area of obstruction 
assumed proportional 
to bridge length in 
sq.ft. 1,122 

(~) Net area of flow ·'A' 

510 

Col· 4 
Col.'S 

6 

1.04 

in sq. ft. 19,748 15,335 1.29 8;463 8,592 0.985 

(4). Width of chaunel 
'B' in ft. 1,280 2,580 0.50 650 1,280 0.51 

(5) ,Net Area A Mean 
Width B =depth 

in ft. 15.4 5.94 2.59 12.8 7.8 1.64 · 

2.3. The best scheme appears to be to least disturb the established 
regime of the two channels and obtain the best value by dredging in such a 
way that the areas of the two channels would have, approximately ,·the 
same ratio as the existing areas; i.e. 15,335: 8,592 or 1.79:1. 

Accordingly the net dredged area of the Ernakulam Channel would be 
about 18,091 sq. ft. against 19,748 sq. ft. proposed and that of the Mula
vukad channel 10,120 sq. ft. against 8,463 sq. ft. at present. The corres
ponding depths in each channel can be worked out and will then stand. a 
better chance against resilting by virtue of their conforming to existing 
natural depths. 

2.4. It is presumed that the large amou~t of dredging. proposed is 
to utilise the spoils in reclaiming the land, (the cut balancing .the fill) 
othel"wise it, would have been possible to reduce the dredging. 
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2.5. The percentage obstruction caused by the bridge is small, as 
table 2 shows, particularly after the proposed dredging. 

Table 2. 

Showing percentage .obstruction caused by proposed bridging. 

Net waterway after Obstruction as% of 
Original dredging, bridging & 

reclamation sq. ft. Area of cross section. 
waterway Ch:J.nnel before obstruc-

between bridging tion Assug As pro- As sug- sq. ft. As sq. ft. posed by gested in Ex is-
PTO• I gested 

~-.E.Cochin 2.3 above ting posed in 2.3 

I above 
j 

1 2 3 4 5 6 7 8 

Ernakulam 
Thanthonni 15,335 19,748 18,091 1,122 7.3 5.38 6.2 
Thanthonni .. 
Mull;\vukad 8,592 8,463 10,120 510 5.94 :6.0t 5.03 

Comparing this with Gibson's results(1) of simiiar experiments the 
percentage obstruction being small the effect ~on H. W. spring tide, L. W. 
spring tide and delay in time of high wate-r and slack water period is expect
ed to-be small. · 

2.6. Inspi te of this, due to curved flow and restricted widths the 
Eastern Ernakulam Channel, in particular, will have to be pitched in con
cave portions -shown in plan in dotted line -so as to resist ~rosion. 

21~· Silting of salt'water intake channel at Mltbapur· 
. , · Okhamandal~ Kathlawad. · 

1:. r Introduction. 

1.1. The T~ta Chemicals Ltd. have established a factory at Mithapur . 
about. 7 miles from Okha; Chemicals a.re manufactured from common salt 
wh~~h . is obtained by evaporating sea water taken through a.n intake 
channel into two shallow water lakes. 

· (1) "A~ e~p~ri~~tai investigation of the effect; of Bridge piers a~d othe~ obgtruo· 
(f(; ; · ·tions 'on· the tidal level~ in an Estuary., Exeerpfi joQ1'11&1 of' fihe .ins•itution' 'of' 

civil EnCin·eers,·sesSi&i 193"/·38. · · • · · · · · · · ' · · · · 
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2. History. 

Fig. 55 2.1. In the year 1933, a barrage with 8 flood g~tes was 
built at the entrance to the Outer Sagar and an intake 
channel 66 ft. wide and 140ft; long was built in· rubble, 
which extended up to the then shore _line. 

2.2. The tidal range at Mithapur is 12 ft. (i.e~ from R.L. 2 to . " ) 

R.L. 14). The sill level of the barrage is R.L. 10.7. Sea water is ad~itted 
into Outer and Inner Sagars by ·opening the barrage gates when the tide 
leve] is above R.L, 10.7. 

2.3. After the construction of the intake channel, it 
was observed that silting occured on both sides outside, 
the channel and the toe of the sea shore advanced. ·After 

Fig. 56 1933, practically every year, the intake channel was 
extended towards the sea to get a clear ent.rance ; bu~ ~he 
silting on both sides of the channel and creep of the shore 

toe kept pace with the wall extension. At present, theN orthern wall of the 
intake channel extends to a length of 515ft. and the Southern wall to 615ft 
from the barrage. 

3. Problem. 

3.1 The above mentioned process of silting and advance of the 
shore still continues and it is feared that if this encroachment is not 
checked, ·the channel would eventuallf be completely blocked, thus 
becoming unsuitable or prohibitively costly for main~en~nce. · . . 

3.2. The silting is not only confined to the entrance o.f the intake 
channel but some deposition of sand is said to take :place in the int~ke ~ 
channel itself up to the barrage as well as some portion of Outer .Saga~. 

Fig. 55 

' . 

3.3. The Company is contemplating to ·construct· 
another boat cum intake canal, the tentative alignment of . 
which is shown in Fig. 55. This has to be aligned and 
designed to pre_clude or minimise similar sanding· trouble 
and subsequent expenditure over heavy dredging in futura~:" 

4. Analysis of the problem. 
.. 

4.1. The problem is two fold. . . 

{a) Silting on both sides of the intake channel~ and advancing .• 
'(){ the shore. 

(b) Silting of intake chatinel and Outer Sagir 

4.2. Any ex tensi.ln in the sea. portion is usually a.ccoiJ,'lpanied ;with , 
silting problem. Bed sand is thrown in suspension by wave action, is 
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carried hy tidal currents and this is deposited in return flow or slack 
velocity regions produced by any structure in the sea. Conditions at the 
intake channel are not dis-similar to these. 

4.3. Diagnosis of the silting in the intake channel and part of Outer 
Sagar is comparatively simple. The barrage is apparently responsible, as 
it prevents the free movement of tidal flow. Some of the heavy sand 
charge must be finding its way with sea. water drawn into the Outer Sagar 
when barrage gates are opened at the time of high tide; and in normal 
times the material carried by the flood tide deposits in the intake channel. 

5. Remedial Measures . 
5.1. The problem of realigning the present intake channel and boat 

cum intake canal. to avoid present trouble, is a complex one and opinion 
can be expressed only after the results from model exreriments.are!available 

5.2 "' Siiting of intake channel however suggest!i an obvious solution 
of flushing it occasionally, The following recommendations were mede by 
the Station. 

5.3 Though practical measures for complete elimination of sanding 
are difficult to suggest, measures for its reduction can be put into effect 
immediately and they may perhaps obviate the subsequent necessity of more 

costly measures. With this view, it was suggested that 
another set of regulating gates sLould be refixed at the old 

Fig. 55 site of Sagar Dam, where these gates used to be,before they. 
were removed to the present position. The loose stone 
rubble walls in ·the approach channel to Outer Sagar 

should be raised above water level and made pucca., similar to the walls on 
the sea side of the new gates. The new gates at the Barrage have very 
shallow foundations; these will have to be strengthened to permit the .flow' 
back to the sea with maximum head equal to the difference between the 
pond level in the compartment and the l~rest level of this regulator. A line 
of sheet piles or an impermeable curtain wall carried into rock at the sea·end 
followed by a. loose stone apron designed for maximum scour would be all 
hat is required. 

These proposals were matle with a view to give added control by 
dividing the compartment area into two parts, so that by keeping the 
second set of gates shut, the Barrage gates open, the Outer Sagar between 
the two sets of gates Qan be flushed during monsoon with no loss of storage 
from the Inner Sagar and when another freshet comes, the Outer Sagar 
could be replenished. This flushing would not only help to keep the Outer 
Sagar for rapidly accreting but could be effectively used to flush out the 
approach channel above the Barrage gates right down to its rocky bed. 
With the provision of second set of gates, these flushing operations should 
be practicable, at opportune periods of ~the seasons, without any loss 0 f 
usefulstora.ge. 
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SALT WATER INTAKE CHANNEL AT MITHAPUR (KATHlA WAD) ~1, 

. 
I. F€asibility of scouring optration. 

6.1. Length of pucca channel. in Outer Sagar according to above 
uggesti ... os would bs about 1.200 ft. For the scouring of this c anuel 
.nd the pra~ent intake to be effective, sufficiently high velocities must be 
1l>tained and the duration should be appreciable. 

Table 1 

6.2. Velocities which are likely to be attained are given 
iri tlble 1 and are based as follows. 

Water level in Outer Sagar in the beginning of the scouring operation 
vould be R. L. 14.0. Loss of head in I ,200 ft. channel i.e. up ~o the 
IJ.rrage gates is assumed to ue 0'5 ft. and .Manning's rugosity coefficient 
=O.Ol. Velocities and discharges in the proposed .pucca channel for 
.ifferent water levels in Outer Sagar are given in column~ {8) and (9) of 
able 1. .. 

Scouring velocities for Mithapur sand (mean diameter = 0 4 t) for 
:ifferent depths according to Kennedy's formula are given in colurnn (11). 

It will be seen that the velocities in the channel would be higher than 
he scouring velocities. Discharges, for fully o}:ened barrage gates with 
.ifferent water levels, are given in column (lt), which are higher than the 
liscLarges 1 equired to produce-scouring velocities. ,£ 

Table 2 

, .. 
Duration of scouring op~ration will be the time requir~d 

for water level in the Outer Sagar to drop from R.L .. 14 to 
H. L. l2. 1'his is about 2.23 hours. The scouring operation 
will l>e, therefore, quite satisfactory. · · 

Velocities in the present 615 ft. )ol).g intake channel would be 
onsiderauly higher, being a free flow to sea and the channel can be 
{fectively flushed to the bed·rock. 

7 .1. The Tata Chemical Ltd. have been informed that model experi· 
nents, with two differet't ~cale models haye to be done to arrive at an all 
ime satisfactory solution for the present intake channel a~ well as for the 
roposed boat cum intake channel. 



No. 

1 

1. 

2. 

3. 

4. 

5. 

Water W, L. at 
level in the cates, 

ths Outer assuming 
Sau:ar 0.5 ft loss 
above in tha 

mean sea 1200 ft. 
revel. 0 hannel. 

2 3 ' 

14.0 13.5 

13.5 13.0 

13.0 12.5 

12.5 . 13.0 

12.0 11.5 

Table 1 · 

I I' I ;} I · !Discharge 1 
A fl.:l " * l throu<Jh , 

Mean ·. Area of P ' ~ I ..; Vo"' Scour• I rates I 
depth I cross Wetted R c:» Ool i Q ing when fully 

of v.ater section Peri· Col.(5) ~ z ~ e in the O Sd o 64 velocity opened for 
in the of channal meter. Col.(6f ~· :channel • ' 1.4V 0 W L.s in 1 

Remarks. 

channel, width ! .-il 1 "' Uol.(3)• j 
66 ft. ! > Z CBD 1.5 1 ft. sq.fC. ft. I ft. I ft'./seo. cusecs. ft,lsec. ft.isec. cusecl 

4 5 6 1 7 8 9 to 11 1 a 13 

3.0 

2.5 

2.0 

1.5 

1.0 

198.0 

165.0 

132.0 

99.0 

66.0 

72.0 

71.0 

70.0 

69.0 

68.0 

2.75 

2.3 

1.89 

1.44 

. 0'97 

2.88 

2.56 

2.25 

1.86 

1.44 

570 

420 

298 

184 

95 

1.7 

1.5 

1.31 

1.09 

0.84 

2.38 

2.1 

1.83 

1.52 

1.18 

600 

450 

310 

190 

91.5 

* No. of gates-8 
Width of each gate ... 5.33ft. 
:. Total discharge-

CBD~~53.0X8X 5.33 x n1·5 

Column 12 shows that the 
gates are capable of pass
ing the discharges in Col· 
(5). 
·~Kennedy formula for 
movement of sands of 
mean dia. above 0.4 mm. 
Mean dia. <'f sand at Mitha
pur=0.4 mm. 
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Table 2. 

Water · Mean Time 
· contents I Discharge required 

Particulars in Outer Remarks 
Sagar. 

M. Cft. I Cs. Hours 

I -
~ 3 4 5 6 

l. Water level between 
R.l.. 14 and 13. 1.0 435 0.64 For discharges 

see Table 1, 
2. Water level between. Coi. 9. 

R L .. 13 and 12. 1.13 198 1.59 

2.23 hours. 

22. TiJe Generating Apparatus in the Hooghly Model. 

Introduction. . 
1.1. In tidal compartments of rivers the flow of water is in both 

directions; when the flow is in the same direction as the river flow, it is 
known as ebb tide and when the flow is in opposite direction to the. river 
flow or when the sea water flows into the river it is known as tlood tide·. 
Duri.ng flood tide a:-d ebb tide, water levels at all places in the tidal compart· 
ments of rivers· change with time. At any place water levels rise during 
flood tide and gradually fall during ebb tide depending on the time of flood 
anj ebb tide, the shape· of the river ani the sea and river discharges. 

1.2. In connection with the Hoogbly Model Experiments it was found 
necess 1ry to devise an apparatus, which would produce the reversal of flow 
and the same -rise and fall of Wcl.ter level to model scales as in the river. 
As electrical power was not available, the mechanical drive ot the clock 
work was used for the operation of a cam to make the reproduction of tide 
automatic. In the absence of the electrical relavp, a simple device of a cone 

. . . ' 
operating as a valve and controlled by a needle, was developed and ·the· 
whole relay system was worked ·by the hydraulic power as described in 
detail Lelow. 

This device was very briefly described in Annual Report (Tech.)"t940/') 

-------------------------------------------~-~-=-~--=-~s~-=u~<J~.•~·~'-~"~""~ 
(1) rage 19, Annual Report (Tech.) 1940-41. 
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.f. The apparatu!t. 

2.1. The apparatus mainly consists of three parts having different 
functions. The main parts are (a) the recorder (b) needle valve operated by 
a call) .and (c) the cone valve operated by a lever and float. 

2.2. The recorder consists of a rotating drum operated 
Ly its own clock-work mechanism. It is fitted with a 

Photo 5164. sty Ius which carries a pencil and can slide along the length 
of the rotating drum. To one side of the stylus~is attached 
a float by means of a brass wire passing over a pulley and 

to the othel" side is attached a counterbalance welght of the float in a similar 
m~nner. The fbat moves in a gauge well which is connected to the 
model and· always keeps the same water level as in the model. The float 
records water level in the model at any instant, communicates it to the 
pencil and the rotating drum takes care of time. The recorder. thus checks 
up the model tidal curve and helps in modifying the cam. 

2.3. Working of the apparatu.s. 

Functions of (b) & (c) will be clear from the workin~ of the apparatus 
which is as follows:- · 

Photo 5149. 
Fig. 58 .. 

The clock-work mechanism rotates a cam, obtained by the 
menthod of tria] and error, as shown in photo 514~ and 
Fig. 58. One complete rotation of the cam requires the 
same time as one tidal curve in the model. For l/30J, 

t/60 Hooghly Model one tidal curve required 19 min. ; 12 hrs. t8min. in 
the river and so the cam is ·rotated at the rate of 1 revolution in 19 minutes. 

The· rotation of cam lifts or lowers the pulley which 
is in contact with it ano the movement of the pulley oper

Phbto 5157· ates the needle valve which is connected. to it by a rigid 
frame. 

The needle chamber m which a constant water level is 
maintained by a overflow arrangement is cqnnected to the 

FJg. 59· float chamuer as s·hown in Fig. 59. The operation of the 
needle, therefore, controls the discharge into the float 

c~a~ber. or the water level in the float chamber. The float is thus brought 
h~to action. 

Photo 5155 
Fig. 6o. 

·This float' i·s connectetl to a lever, the other end of which 
carries the cone valve, as shown in Fig. LO. The movement 
cf the cona "'live. ·thus, even thcugh apparently controlled 

by fl.oat is taken care. of by the' cam and if the intermediate links are kept 
in mind it ~~~ P.~w ~t' .said that the cam ~ontrols the cone valve. · · · · , 
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PHOTO No. 5164. Showing Recorder, 

stylus and clockwork mechanism. 



PHOTO No. 5157. 

-
E-Needle valve. 
F-Clockwork mechanism of the ~· 
G-Counter. balance weight of the needle 

valve and the frame. 

PHOTO No. 5149. 

A-Cam. 

B-Weight operating the clockw01·l• 
mechanism. 

C-Additional weight for driving cam. 
D--Balancing weight of the cam. 



PHoTo No. 5155. PHoTo No. 5156. 

H-Float in the float chamber. 
J-Downstream Chamber. 
K-Upper Chamber covered with slabs. 
L-Lever connecting cone valve. 

I\l-Model. 



TIDE GENERATING APPARATUS (HOOGHLY MODEL) ?s 

Photo sis6 
Fig 6r. 

The cone valve moves within the two chambers· shown 
in Fig. 61. Water is let into the upper chan1ber from the 
downstream chamber representing sea water. ·When the 

cone valve moves in the downward direction the annular opening .between 
the lower and upper chafl!.ber increases and allows water of the upp~r 
chamber to flow into the lower chamber and then into escape channel. This 
enables the model water to flow into the upper chamber and produce ebb 
tide. 

When the cone valve moves in the upward direction and finally 
close~ the op~niug, water in the upper chamber cannot escape and the 
additional discharge coming in from the down strPam chamber finds its way 
in the model. Flood tide is thus reproduced. The upper chamber is particu· 
larly covered with slabs so as to force water in the model under pressure. 

. ' 

In brief the cam raises the needle valve, admits water in the to floa 
cfamber, raises the float, lowers the cone va~ve~· allows water to escape 
produces and ebb tide, 

For the reproduction of flood tide the cam closes the needle valve, 
stops water going to the float chamber, lowers the float, raises the cone valve 
and does not allow water to escape to waste·but finds its way into the m·odel. 

Fir. 59· 
The float chamber is provided with outlets of varying 

diameter and at different depths to maintain the desired 
water level in the float chambP.r~ They also serve as an 

additional control in shaping the cam. 
8. The clock-work mechanism of a earn. 

It is worked by weights, as against the usual method of helical 
springs, which drive the main toothed whl.:lels and in turn move the subsidiary 
wheels connected to the main wheels. The gear ratio of the toothed wheels 
is so arranged as to get one complete rotation of the cam in the same time 
as required for a tidal curve in the model. The clock work mechanism ·of 
the recorder is quite separate from that of cam and both of them are weU 

· synchronised before starting the apparatus. · 

4. Design of a cam. 

4. t. The cam is so ·designed as to get correct rise and fall of the 
needle valve. Rate of rise of needle has to take into consideration the time 
required for emptying the upper chamber with the various annular op,enings 
due to the cone valve m0vement. The rate of fall of the needle r~quir~s the. 
consideration of time for filling the upper chamber. · 

4.2. Cousidering the number of variables viz. the opening of ~the 1 

needle valve, the variable discharge admitted into the float chamber, changin~ 
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head in the upper <;hamber, the variable annular opening due to cone valve 
and the friction in the needle fra-me and the lever, any mathematical approach 
to tbe design of cam is not possible, 

4 3. To set a correct shape of a cam, therefore, a method of trial and 
error has to be resorted to. To start w.~.tb the needle valve is manually 
operated to get the correct reproduction of tiJal curve, wh1ch ·requires 
skilled operation and supervision with a perf~ct synchronising of all the 
recorders in the model. 

Lift of tha neerlle valve is measured at regular intervals oft rr.inute 
or 1 minute. On a circular disc the intervals are marked and the lift of 
the needle valve is plotted. The cam is then shaped accordingly. 

4 4. The cam is fitted in position anrl tested under working condi~ 
tions. If the ··~orrect reproduction of the tidal curve is not obtained either 
due to slight error in plotting or due to friction betwe~n the pulley and lhe 
~am, .it is rEshaped and tested. This procedure is repfateq till correct 
reproduction of tidal curves is obtained. The clock-work must be sufficienLly 
powerful to work the c11m·. 

-4.5. The cam is balanced by a balancing weight to reduce the jerky 
inotion and ensure smooth working. 

4.6. Fig. 62 shows the shape of the ca~ which prod 
uced a freshet spring tide curve at Cossipore. From ttle 

fig. 62 zero positi_on of the cam to about 2 minutes the needle 
valve stops any discharge going into the float chamber. 

The needle valve is then gradually· lifted up to about 5 minutes when the 
water level in the float chamber has su:ffictently been raised to lower the 
cone valve to such an extent as would enable the upper chamber to be 
emptied to admit the ebb discharge of the model. It would thus be clear 
that even though the needle valve is lifted after two minutes the flood tide 
continues for 5 minutes and the gradual Hft of the needle valve from 2 min
utes to 5 minutes allows for the filling of the float cham her to raise the 
float and to lower the cone valve so as to empty the upper chamber •. 
From 5 minutes to about 15 minutes the needle valve is in a raise:l position' 
the float is raised and the cone valve is lowere<l to get the ebu tide curve 
correctly reproduced. After 15 minutes, the needle valve is slowly lowered 
thus raising the cone varve, reducing the annul~r opening and slowly pond
ing up water in the upper chambers for the flood tide to fol1ow. 

4.7. In the present arrangement the cam reproduces the same tidal 
CUrVe over and over again whereas in nature all the tidal CU1V€S are di:ffer(nt 
from one another. Improvement of this arrangement to simulate nature is 
under consideration in which case different cams for different tidal cu1 ve8 
wouU Lome below the pulley in succession. . 



MOOEL. 
> ,' \ 

FIG.· 6 l CONE VALVE CHAMBER 
tiC?. 7122 

C.W.t.&. N. R. SiA\lON. 

SECTION ON AB. 

I 
1 I . I I 
I . I I I 
1 · I I 
L I " - I f . ----- -- ... - - -. , ' c-- .... -- -------- ---:--,~--~---"'\) ---,-.t---

• I I 

t CONE VALVE I : 
I J I 

R.l-..100 

5 F.T. _S. w. F. 

R.L: t04.·S 

PLAN. 

R.L. t02·S 
' 

,.P00t4A. 

B 

.__ ____________ - -.--..J 

' 



N~ 71!4. 
C. W. I. 8s- H. R. s.rltl. POOHA 

FIG. 52 

TID£ GENERATING APPARATUS 

CAM PRODUCING FRESHET SPRIN/5 TIDE 
' AT C055/PDR£ 

SCALE .!-J/3 SIZE. 

. 8ALANCIH6 WE/GHr. 

. '. 

5 
14 

r. BY. SAPKAL. 1!1·1·4S. 

G.PZ:P. pooNA, l<;lf9. 



, 
25 

I 

20 

, 
15 

• 25 . 
Ill I 

• 20 
t;:l 

~ /0 
::::. 
0 lXI , 
<(5 

I 

.... 
I( 25 

:c: .... 

I 

, 
5 

. 

()' 
0 

~ 

I 
I 
J 

I 
I 

AT DAMUI<DAH 2'3 llJ; SEPTEMBER 1941 

-~ r--.. L .... ............... / ........ -{' ---.._ ../ ~ ....... .../ r--- r-

AT kONNAGAR -23 l{fl SEPTEMBER 1941 
. ... 

~ 
_,......, ~ 

r' 

L "' 
If" 

I~ "" L I 

0 ""- I 

'"" 
. 

I j ~ ~ ~ 
"""" 

·' 

~ MOOE:L CURVE: 
._ 

'-RIVER TIDAL CURVE 

AT COSSIPORE:. 

-~ ._,...._~ ~ " 
~ v ·'\ '\ 

' J \. 

r\ I \ I \ 
f\. 

" " ~ "" I'\.. . 
r- -- ._... 

8 1& 24 32 AO 48 55 6 

TIME 1H MINUT£S (MODEL) 
4 

c.w.1.-f~·11. s-,;,11 
POONA. 

F/G.63 

HOOGHLY RIVER MODEL 

TIDAL CURVES AT 

fJAMUI<DAi-1 ,--KONNAGA/2 

AND COSSIPORC. 

G.PZ:P. POONA 1 1949. 



WAVE RECORDING APPARATUS ~77 

5. Hooghly ·river rnodel. 

5.1. The model included a length of 33 miles from Damurdah to 
Cossipore. Length scale of the model was 1/300 and the depth scale · 1/60 
thus having a distortion of 5. Experiments with the model .have been 
described in Annual Reports for the year 1940-41, 1941-42, 1942-43, 1943, 
1944, 1946, and 194 7. 

5.2. The tide generating apparatus is installed at the Cossipore end 
of the model. Water levels at Damurdah end are controlled by a sliding 
Cippoletti weir. In the river t.be flood tide is absor.bed by a certain length 
of the river depending on the intensity of discharge. In the model, however, 
as the whole tidal compartment is not reproduced, the surplus discharge is · 
allowed to escape by a sliding Cippoletti weir. During ebb tide, in the _ri~er, 
the absorbed discharge returns back to sea alcng with the river discharge. 
In tbe model, therefore, to make up th2 escaped discharge during flood ti.d~, 
water is fed in at the Damurdah end by raising the Uippoletti weir. Duri-qg 
the flood tide and ebb tide the weir is lowered and raised respectively, to get 
the correct reproduction of tidal curve at Damurdah. 

. Fig. 63. 

53. Fig. 63 shows the tidal curves at.Cossipore, Kon. 
nagar and Damurdah. Tidal curve at Cossipore end was 
obtained to set the correct reproduction of the curve at 
Konnagar and was only slightly different from the tidal 
curve in the river as shown in ·Jfig. 63. · · 

23. Wave Recording Apparatus. 

1. Introdurtz'on. 

1. 1. New problems, such as MacJras and Cochin Harbours, Mithapur Intake, 
in which waves created by wind in sea, ·are one of the major natural 
forces involved, are being. investigated at the Station. Model studies of these 
require accurate reproduction and recording of wave characteristics such as 
period, length and shape. An apparatus is, therefore, being developed· tO 
observe the above mentioned featurt3s of waves produced in models. 

2. Outline ofthe apparatus. 

2.1. If two wires c:tre dipped in water and constant pote· 
ntial is applied, variation in current will occur with change 

Fig. 64(a). in depth of immersion of wires; by placing a number of 
such units ( hereafter called resistance units ) in a line at 
right angles to the wave front and recording simultaneously 

variations in currents) for a short time, all pertinent information such a~ 
length, shape and period of wave will bzcome available; 
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3. Investigations. 
3.1. Capillary effect. It is de!idraule that the wires of the resistance 

unit should be as thin c:LDd as close as possible for led.st distortion of waves 
to b·~ recorde3. This distance, however. cannot Le made inJefinitely sl!lall 
as capillary film formes between the wires, if placecl too close, and rapid 
variations in Wd.ter levels are not faithfully followed, 

With two nichrome wires, e1.ch 0'072- d1a., it was obser· 
vecl that the optimum distc1nce was O.OS''. It might Le 
possible to reduce this using thinner wires. 

3.2. Polarisation. When the resistance unit was dipped in water (Khadak 
wasla lake water, rremp. 2~.5°0.) to 0 4 ft. depth ani connected to a b volt 
battery, 20 milliamps current passefl through the unit. Polarisation occurr· 
ed an I bub'.Jles formed on both the wires when curr~nt was passed for about 
10 secon~s. ·Due to this, value of current for same immersion in water 
varied which was undesirable for accurate interpretation of depths from 
values of currents. · 

Experiments showed that a maximum current of 3.0 milliamps. could 
be passed, through the resistance unit described; without causing any no tic: 
.eal>Je bul>IJles on the wires. There was, practically, no decrease in the value 

of the current even when passed for aLout 5 minutes . 
Photo 5415. Maximum current for further experiments, was therefore • 
F!g. 64(b). limited to 3.0 miiliamps by interposing a potentiometer in 

the ciruit and applying reduced voltage across the unit. 

3.3. Linear ?"elation. To obtain directly, wave height anrl wave 
form frcm records of curnnt variations, it is important that ~he rdation 
between the depth of immersion and current should be linear. 

Fig. 65(a). 

Fig. 6s(b). 

Photo 5400 
Fig- 6s(c). 

In the firs·t instance. the res!stance u~it with immersed 
ends of two wires kept open was tested. Variation in 
current is plotted against depth of immersion in water in 

·Fig. 65\aXdotted line) It will,be seen that the points practi
cally lie on a straight line for dep~hs from 0.1 ft. to 0.4 ft. 
For depths below 0.1 ft. this relation no longer held. 
This was due to the fa.ct that le:~.ka.ge p:1th s at the ends 
considerably affected the resistance at low depths, 

To _reduce this effect, the ends were sealed by a piece of 
ebonite and wax as shown in photograph 540) and Fig. 
65 (c). This improvement gave a linear relatiun throughout 
the range of observation i.e. 0.0 l ft. 0.4 ft. depths. 

The actual apparatus to record varying currents simnltaneously on a 
common paper -camera will be more elaborate. Messrs. Cambridge 
(nstrument Co .• 13, Crossvenor Place, Loudon S.W .1. have been approache 
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LOWER SIND BARRAGE AT XOTRI 

r'v= a s~itabla 'Low Frequency Oscillograph' Messrs. Poona. Laboratory 
Apparatus Works are also trying to develop a mirror type galvanometer 
cf low resistance ·and suffi.cien.ly quick period to record the varying pheno
menon and it is hoped to evolve a working modal in the near future. 

24. ProposeJ desig:1 of Lower SinJ Barrage at Kotri for effective 
sand exclusion from Canals, Sind. 

1. In trod ucticn. · 

1.1. The experiments reported in Annual Report (Technical) 1947 
( p. 116) covered the following salie1it ftJatures of the design of ~he barrage. 

(a) Sills of head regulators; 

(b) design of thP left and right pocket and the optimum number 
of spans; 

(c) long pocket versus short pocket; 

(d) design of guide banks; 

(e) looation of the left abutment; 

(f) left and right pocket divide walls; 

(g) river conditions after the construction of the barrage; 

(h) regulation of the barrage and the necessity or otherwise of 
keeping pocket gates higher than barrage gates; and 

( i) necessity or otherwise of paving the bed of the pockets. 

1.2. This year's work ( upto May 1948) mainly covers the follow
ing paints :-

( i ) Testing the applicability of the scour factors for the left and 
right guide banks and the central island as proposed in 
the design; 

( ii) reorientation of the alignment of the right arm of the Larrage; 

(iii) testing • gulleting ' on the flat side slope of the centri:l-1 
island; 

(iv) tests to sea whether the modified alignmenta of the right guide 
bank moved, sufficiently river-wards, would help to offset 
the apprehended inordinate shoaling near tight bank; and 

( v) tests for standing the suitability of the alternative design of 
a single barrage at or up~ tream of the site finally adopted 
for the double barrage desi~n. · 



80 ANNUAL REPORT (TECHNICAL) YEAR HHS. 

All- the experiments, except for (iii) above, were carried out in 
J/250: 1/jO vertically-exaggerated model; the experiments fur ' gulleting' 
however were carried out-in 1/10) geometrically similar model. 

1.3. After the visit of the Chief Engineer, Lower Sind Barrage, to 
the Station in December 19! 7, the a Love mentioned additional experiments 
were carried up to !\-1ay 1948 and are-described in this year's Report. 
Owing to the shortage ~f space and staff 'and other urgent experiments on 
the wailing list, these ex peri men ts were discontinued after May 1 D48. with 
the a1 proval of the Chllirman, Central Waterpower Irrigation and N avhza
tiori Commission. Though the proulem, unhappily, belongs to other domi
nion and is not of ~pacific intereEZt is given for information and guidance of 
designers dealing with an ancillary typo of work. 

2. Test ina the appliC:J·~iltty of scour f ..JCtors j.Jr the left ard riJht uui.J.e 
bank$ qnd the Centrallslur:d. 

2.1. Left guide bank .. Appendix I shows the reduced levels of deep~ 
est scour obtained in the model and the scour factor recommended as 
compared to :he R.L. of deepest scour exp.ected in the design. 

WhP-n high flood diacharge = 7,50,000 cusecs was run ·in· the model, 
it was ol,served that scour_ alon~ the left guide bank-although it ,is on the 
concave side of the curve.....:was.not severe and it appeared that a'scour factor 
of 1.5 R provided in the design was rather on the high side. -The level of 

-bottom of .deepest scour factor of 1.25 sboula be sufficient.all .. along the left 
guide bank. 

The reasons for this lower scour than expected in pesign, along the 
left guide bank, are that-as evinced by the the model-(ar the flow concen
trates in the middle of the river on account of the attrac~ion by the Central 
Island; and (b) the high river discharges tend to flow st1 aighte-r, _following a 
course of flatter curvature. 

In spite of the. pronounced curvature on the left bank, upstream of 
the Sukker Barrage, uerrns ha\·e formed along that bank; conditions .at 
Kotri being somewhat similar, there is further Teason to believe that, a 

'scour factor of 1.25 R. should be sufficient. 

2.2. Right gulde bank. 

The reach A B (fig. 66) of the right guide bank was suu~ 
Fig. 66. ject to severe attack. The t~ttom level of deepest scour 

obse1ved in this reach was R.L. 1 !.0, showing that the 
fact~r of 1.5 R provided ~in the Sind Note ·was neces3ary. The flow in tlie 
reach B C ~as, as anticipated, very slack and there was little scour obser
ved below the existing bed in this reach an:l so the scour factor of R, adopted 
in the Sind Note, might be re~ained. 
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'Ihe level of the bottom of deepest scour observed in the models in 
the r• ach C D ( i. e.u.(:stream of the Kalri Baghar Feeder) was R. L. 35.0. 
Scour factor R2 was reasonable. 

2.3 • . J.."'ose of the Central lslanri. 

Due to the flat side slope of 1 in 6 proposed for the nose of the Central 
Island, it was observed that the deepest scour. was not lower than = R.I..·. 
10 0, anJ hence a scour factor of :l H. (giving bottom of scour at_Ri L' :16.90) 
appeared a little exoessive; the scour factor might be reduced to 1.75 R. 
This would also counterbalance, to some extent, the extra cost of the 
island arising ftou1 the flatter side slope recommen~ed for. the· nflse of _the 
isJan i. The Jev~ls of bottom of deepest scour observed for the left and 
right shan_ks ·of the Central Island ·were R L. 10 0 ·and 25.0 rrspectively'. 

For the same reasons the scour factors of 1 75 R1 and 2R.2 
Appendix I - jLtStified by the ID0del- might ue· adopted for the~e 

shanks, respectively. (see Appendix I) • 

' ~ 
2.4. The Sind nJte:provided for an apron, a~suming a uniform launch-

ing slope of :3:1 (3 horizontal: 1 vertical) for maximum scou;-. This ~as not 
correct. The shpes of launched apron depend upon the varying severity 
of attack, as shown by the model. It was rel'!ommended that the ap;~n 
should be de~igned to launch to a slope of 3:1 forth~ Central Island and re-~ch 
A B of the right guide bank, 3.5: J for the whole of the left bank- an:l reach 
CD of the righ~ guide bank,_and 2:1 for the reach B C of the right~- guide 
bank. 

(ii) Alignment of the ri,qht ann of the Barrage-

With ·a view to making the flow central in the right arm channel, 
downstream of the barrage, and to reduce the curvat~re of the Kalri 
Baghar Feede-r: just downstream of the Head Regulator, it was propose_d to 
reorient only the right arm of the barrage anti-clockwise. 

3. t. Experiments were accordingly carried out with the right arm 
of the barrage reoriented, anti·clockwise by 7°. i. e.· · the!magnetic bearing 
of the right arm of the barrage was made 276° -301, w bile that of the left 
arm of the barrage was kept the same as before, viz. 28J0 -301

• 

With the barrage in one line, it was observed that the flow after 
leaving the right arm of the barrage impinged on the right bank at c.s. mile 
2.5 and then was deflected away from the bank. With the altered orienta• 
tion, the flow was more ce~tral and followej better the existing curvature 
oi the right bank. -

After running four consecutive risingand falling ~ycles and ~xag: 
~erating the silting near .the right guidP. bank,--=-to _compen·sate fo:r·the-m<5de t 
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limitation in respect of shoaling - lines of flow were 
Figs 66 &. 67 'observed from c. s. mile 5.5 and e. s. mile 7.5 ; the 

exclusfon of sand was found to be as good as obtained 
with the previous alignment of the right arm. 

It was also observPd that no change in the alignments either of the 
right guide bank or of the central island was necessary. 

4. (iiU Experiments to test '• gulleting " on the flat side slopes of the .Central 
Island in 1/100 scale geumetricully similar model. 

A very flat side slope of 1 in 6 has been recommended for the nose 
and a. part of the right arm of the Central Island, partly with a view to 
preclude the be:l sand being thrown into suspension by turbulence a.t the 
nose by differential depths and extent of scour on the left and right arms of 
the Central Island. · 

As "gulleting'' is a phen0menon observed to occur in cases of flat 
side slopes - the reproduction of which is only possible in a. geometrically
similar model- experiments to assess the likelihood of gulleting were 
carried out in 1/100 scale geometrically-similar model; the scale selected 
wa.s iarge enough and suitable from the point of view of availability of dis 
charge and space. · 

The model was laid in Koregaon sand ( m = 0.3 mm.) according to 
depths, obtained in the 1/250 : 1/50 scale vertically-exaggerated model for 

Q = 5,00,000 cusecs. Correct velocity distri~ution, as 
observed in 1/20: 1/50 modeJ, was enforced by slightly 

· Figs. 68 & 6g. moulding the model reac:1 between e. s. miles 6 and 5! 
(See figs. 68 & 69), 

The side slope :of the Central ishnd Wd.S pitched with 3/16" dia, 
gravel (I) equivalent to ''one ma.n stoneH. 

·Being a geometrically·simila.r model, it was initial)y laid with a bed 
slope of 0.1 ft. per 1000, i. e. same as the slope in the prototype. It was 
intersting to note that after the bed slope exaggeration as well as surface 
slope exaggeration observed varied from 4.5lJ to 5.20. 

Thus, while laying a geometrically-similar model, precaution has to 
be taken to lay it to a. slop_e steeper than the prototype slope as proportionally 
greater frictional resistance has to be overcome in such u. model. As:mming 
a. value of N ..:. 0. 035 in the Manning's formula 

v = 1.48(} R2/ 3 S 112 , V & R being catculated for Q = 5,00,000 cusecs after 
N. 

mould in~ the cro'3s section at mile 5! so as to have correct velccity distri .. 

(1) Annual Report (fachnica.l) 183;1-40 t'oona. Pages o.O, 51. 
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bution slope works out 0.42 ft, per 1000 which shows very little divergence 
from the experimental results. 

Di~ charge was .. gradually increased from Q = 5,00,000 cusecs to 
Q = 750,000 cus€cs, al1owing sufficient time for the bed to stabilse aUd 
adjust itsi)lf. 

Little or no ''gulleting" was observed either at the nose or the right 
arm of the Central Island with this size of stone. 

Though no "gulleting" was observed, the pitching of thq Central 
Island in the vertically-exaggerated model had been frequently washed out 
and there were indications of rathe1· severe action. 

Fig. 70. 

In view of this, it is necessary to pitch. the island with 
'two-men stone' (each stone t50-2UUllis.) in the region of 
likely "gulleting" and to have adequate apron protection 
as shown in fig. 70. 

5. (iv) Experiments to see whether the right guide bank could be moved 
riverwards. 

Fig. 71. 

5.1. In answer to the criticism of likely inordinate 
shoaling against the right guide bank of the Double.Barrage 
desi~n, niore detailed experiments were carried out with 
modified alignments of the gu1de bank moved sufficiently 
riverwards. Alignments tested in the mode] are shown in 
fig. 71. 

5.2. As borings have disclosed the .presence of clay at a substantially 
higher level in the right bye-river, the bed of the model of the bye-river 
(upstream of the barrage) was moulded in inerodi.ble clay below R. L. 43.50 
and all the experiments described below were carried out with this factor 
unchanged. This also enabled comparison of the resu] ts with those obtai· 
ned previously with a wholly erodible bed. 

One rising and falling cycle up to Q = 5,00,000 cusecs was run with 
ea.ch of these guide bank alignments under still pond conditions, with left 

and right ann barrage gates opened equally. Figures 72 & . 
Figs. 72 & 73· 73 show the contours observed in the model with align· 

Table 1 ments numbers 1 and 3. Table 1 shows the aHlux between 
the left and right arm barrages and the discharge entering the right arm 
channel upstream of the barrage. · 

Fig. 74· 
Figure 74 shQws the variation of the intensity of dis

charge obsErved along the cr~ ss sections 2500 ft., 4000ft. . 
and 5500 ft. pa1allel with guide bank alignments numbers 
1 and 3. 



.. 

Table 1--Showing the afflux the left an:l right arm barrage and discharge tapped by the right arm 

channel with right guide bank alignment numbers . 

. Ltight Guide Bank No. 1 .H.ight Guide Bank N' o. 2 Right Guide Bank No. 3 .... 

Discharge 
(Station Design; (L nr.ermediate \ (Moved Riverward~} 

------ 4···-··················· .. ····-···· Remarks 
in ·cusecs Discharge Discharge DischargE' Affl1x feet Afflux feet Afflux feet cusecs cusecs. cusecs. l 

-------

200,000 0 70 31,000 .80 30,000 1.00 27,800 The barrage was 

250,000 070 38,0JO .80 3),000 
worked under still pond 

1.00 '34,700 up to 
Q:=500.000 cusecs. 

300,000 0.65 47' 100 .75 39,000 0.85 39,100 The;·e was no enforced 
regul1:1tion between the 

'35),000 0 90 57,800 .0.90 55,300 1.05 40,000 left and right arm bar-

400,000 0 80 69,600 1.00 
rages. 

61 ,4()0 1.45 55,£00 
' 

. 450,00.) 0.65 78,400 1.20 73,400 1.50 62,700 

soJ,ooo . 0 6' 85,40) 1.20 76,~00 1.50 '; 1,()00 . 

-<.0 -90 
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Table 2:-Showing the afflux betwee~ the left and right arm barra~e and <fischarge entering th~ right arm 
·channel, (With right guide bank No, 1- Station design) 

Cycle No.1 Cycle No.2 Cycle No, 3 
Discharge ----- ------~--- ···········-········· ................................. Remarks, cusecs ~ 

Afflux Discharge· Afilux Discharge Afflux Discharge 
fE>et cusecs feet cusecs feet cusecs 

~ 

200,000 1.40 22,000 0 70 27,HOO 0.70 29,100 same as in Table_ l~ 

250,000 1.40 24,900 0.80 . 33,000 0.80 35,100 

300,000 1.55 26t700 0.90 42,200 0,80 45,000 

350,000 1.60 30,000 1.0 50,200 0.90 55,200 

. 400,000 1.75 3~,700 0.95 62,800 0.90 . 69.000 

'. 4?0~000 1.75 46,300 095 71.900 0.85 80,300 

500,000 1.90 55,600 1.10 84,700 0.60 - 90,900 
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5.3. The analysis of this data. brings out the following points :-

(a) The Station design gave le::t.st afflux and with the right guide bati.Q, 
moved more and more riverwards the afflux progressively increases ( See 
Table 1.) · 

(b) There was also a substantial reduction in the discharge tapped by 
the right arm b~rrage, with alignment numbers 2 and 3, under unregulat~d 
conditions. 

[Note:- Previous experiments were made with the b2d of the right 
bye-channel moulded in ero lible clay below R. L. 43. 50; with an iner Jdi!Jlo 
bed, it was observerl that, with the same alignment of the guide bank, the 
afilsx. is greater than that obtained previously, owing !o the depth an:i (;X tent 
of the scour round the nose of the central island and the consequential "dimi• 
nished '' pu11 ••] 

(c) It will be seen from fig. 74: showing the variation 
Fig. 74· of intensity of discharge that, guide bank alignment number 

3 there was a ln'lrked tendency of an increase in the 
; concentratinn of discharge towards the left, which would 

necessitate stronger protection upstream lnd downstream of the lef& barrage 
arm and the lowering of the downstream cistern level. 

(d) The pacca pavement of the extreme left end spans of the right 
al"m barrage, with alignment number 3, was observed to be covered with 
sand, proving conclusively inferiority of such a guide bank; because the 
downstream shift of the point of transition of the curve from concavity to 
convexity, inherent in alignment n:.tmber 3, adversJly aifects the distri· 
bution of sand charge between the two arms of the Bilrrage. Thus 
alignment number 3 with increased sand ch1.rge superimposed over reduced 
discharge was less, not more, favourable as expected, from point of dimi
nished risk of accumulation of sand on the right arm channel. 

(e) It is also n'lt unlikely that, owing to the restricted Waterway 
between the right shank of the central hlani and the right guirle bank 
opposite to it, the development of unusually deep s :our in the sandy beds 
would create turbulence in the right pocket and, thus, excess bed sand 
would be drawn by the R.B. Feeder. 

(f) Moreover, thE? shift in 1he axis of the bye-river, caused by so 
much shift of the right· Lank riverwarrls, must in the long run cau~e. 
signtfic<~.nt cha.n5es, whic:1 C.ill n 1t all b3 forese3n and which may not be as 
favourable as the natural conditions which are being perpetuat3d by the 
guide bank a lignmeut number t. 
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.;5~:4 .. tAs.the '!Jhift of th-e guide.b.J.n-k riverwards ~howed that it would 
do more harm Lhan good. further experiments ·were , carried, out, with the 
guide bank alignment num!Jar 1 as proposa:l by the titation, to ascertain 
whether the· worst shoaling along it·woul:llead to 1Jqually adverse conditions 
as· would be obtained ·with guide bank of altgnment Number ·3. 

Photo 5251 

. . .l~.ble_:z 

fig. 75 & 
Photo 5-z5:z 

·A .shoal of.· fine red 'cohesive . clay ··was laid roughly 
along the contour R.L.- 55.0,·obtainad in experiments ·with. 
guide bank alignment Number 1 up to R. L 68'0 (sea photo 
'5251). :Four· rising at•d falling cycles were run and the 

. afflux ·between the left and right arm channels and the 
· discharge entering the right channel were observed. 

_, . - . . . 

' ._6.e_e .TaJ.ll.~ .,2 • 

It is evident from the biblE:' 4;hat ·with ·every cycle there 
.was a suhRtantial, progressive improvement in afflux 
and the discharge entering the right arm channel. 'FiiZure 
75 anti photo 5252 show the ·remnant of the shoal after the 
fou_rth.cycle. Jn spite of the •little shoal still remaining 
along the guide bank the exclusion of sand from ~he R.B. · 
l'_eeder was quite satisfactory. 

6.5. Conclusion. 

A. sb.ift .. o.f ,_the guide bl.nk riverwards, on ~he misguided presumption 
that no further shoalillg wou.ld take place -beyo,nd the line of this proposed 
guide bank, would rob the bye river of its natural, valuable waterway, 
would :impose a-significant shift in ;its axis and 'cause· greater afflux, less 

. tapping of discharge ·and more 'sanding' in the ·right arm channel. Instead, 
it .would be wiser to let nature alone, to slightly adjust the axis ·of the 
bye-river to ·Suit ;itself. by building a 'Small shll:il ·along the guide hank if 

· the post-barrage ·conclirions so warrant it. as the model bas shown timts ont 
of number that sand exclusion .from tLe R. B. Feeder will not be adversely 
affected by this formation of shoal. 

6,. (y~ 4..lternative dt.signs of a sinale narrage . 

. 6. 1.1·. · Mainly with a view to save ro~t-the additional cost in the 
dpplication of flank waHs and the provi8ion of the CPntrall~l~nd in the. 
_Do~bl~ Barra:ge design being Rs. 30 lakhs roughly- the· Chief Engineer 
Lower Sjnd Barrage suggested .alternative designs of a: sipf!le barrag_e_; up·_ 
str~am __ ~ofJ!l.e site pnally _ad_opted Jor the dou1J~.13arrage desigll. 

The second criticism raised agains-t· the Double· Barrag3 ·desi~n was 
that jt would lead to inordinate shoaling along the right guide bank near 
tbQ_~JltJ';nc.e .to.J.be ~i.&]lt. _arm i put __ mo.del -~ests pave. shown that this 



sh·oaling~at_its worst; can d<J·noiores-ee~hle~har·rti.&nd ~w·in prooably~irilprove 
the· sand~exdusion from the.-Right:Bank .Channel.'- . 

. . . . :; . ~ . . . . . . I ~. ·~ , : * :· - -

., 6.1.2. , '!he positions ~nd~ designs o~ ~~he. ~ingle Barrage l}t othe, 
sites than that selecied for. the Dou!Jle Barrage were soo;n· proved on ,th,e 
model to IJe obviou"siy un~ult~ble~ main.ly o~ing t~ .th~ in.suffici~ntij"' d~ve: 
1-<?Ped-. ~ur~at~r~ at thes~; upper sites; : The Chl.ef Engineer, Sind, agreed to 
<Jr.op the_se summarily ·o~t of· cousideratioQ. ·_ 

. . . . · 6.1.3.- The __ Chi~(.-ingin~er, h~wever,' ·con-side:re.A th~ ·ar~me~~ts 
{ mentioned in ·para. 6.1:1.-' l -~ri- _favour· of_ a· Sfngle Barrage design to be 
sufficient,. inspite 'of· t.b~- s~~'erar: prove<J ·me'rits · Q_f .tne-· Double Barrage 

. design, to justify det~ilea modcf'tests: -· - . - -- - -·· 
.. , , ... _ 

6.2. E.rperiments flnd di8cu.<Jsion of the r~sults·oj the. Singfe~ Bat~age 
J?e.,ign~· 

.. _ 6.2.1. Experiments· w·er~. ·· tber~fore, Cl.rried out~ in the 1/250: t/50 
V. E~ model, with the following airangemeni of spans~. 

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

' . 8 -'reffpqcke.t. s·p~ris. 
'· 28.barrage span·s:· · ·. 

. C.re~f n-:·L. 5_2 0 
_Up~tte~rjl:payenient R. L. 46.0. 
~Downstream :.cistern R.L. 37.0. 4 right pocket spans:·· 

,a "i ~ ._ l"" .~ • • '- ~- -, .. 

• "• • - .J •• \J ..... 

The alignment of the left guide bank, the position cf the left abut-
ment and the.'~itbdraw~ls of tlie!e.ft anlrlgb-t'-bitik ·cariah{were' maintained 
the same as finally ado_p.ted in th~ Double~ Barrage 7 design. . . . 

·Fig. 6. 
•i _; 

j • • _; ; :! I ' . • • .., :. 'J>J 

The desjgn -or Jibe ;right gujde. ban~:·was ~s augg.ested __ b;y;, 
the Chief Engin~er·viz: 4000'-Jong w-ith a-vet_y flat curv~ ~f: 
R = U OJO' and end-ing in a J 20° curyed he~ of R ~ 500' •l 

_This design _of t_he guide bank no~e was e~pee_teJ to .~ct A!l~ 
an at_trac_ting bank ~n1 thus im.PI'OV~l the: adverse eondi.;:; 

· - tions for sa:ncl. -exclusion from-theJUght_-B~n~ :Weeder.::. ·., . - . . 

6.2.2. After running four rising -and -falling-cy-cfes up~ to -Q.::-
5,00.000 cusecs ( i.e. after dFeps and ·shcials :.we·~:_e ·sta.bilise<l"in the~·model)~:: 
it. wa~. ob§lerved tha.t, in~pite_9f ~he l,uw_ wj_t,h~ra..~aJ .Qf..J.he Righ~ Bank 
Feeder anJ ;the h~gher .raiiq_ of. ::._v rive~ : v P.;C~a.t:- a~ the~-- Il19S·~·- ·_"dfflictJ.lt~ 
river stages (Q : 2,oo,oon cu~ec_s)1 t)?.e- unf~voura?1e .. Ofl'tak_e~ ~~- ~ili:S ~~d_·~~ 
the wro"ug (convex) curyatu,~e_'of t~ei'ig~fguide ~~ril(~~uf(t):~t -~~.il~s~Jj: 
be corrected by the more ·.ravourabl~ Vriv~~=-v~o-cket 'ratio.;··.on--the
contrary, bed·sand was visihlj a~hared irtio sllsp:insitin ·iuid'~ticK:Eiiinio·:flie3 

Righ-t ~a~k _Feeder_ in larg_~ q:u~~tities: ... 
· ·- · r · · ... ~ · ' · .. ,... .... · ~ : · ~ ·· ; ·::- · -· -- = ~ . ., · -';..- • ·· · · ,. · J - ~ -,. ~- ""' 
·~ -6.2:3 .. -The contours ill,fig.'7o. oosetvecf_a.fter four ri8ing:· 

· -ani --'ramti~:: liyclis.:. :~Ii~\v ihi( inJr-ke<i ierldandy ":of$h'o~( 
FiZ. ,r,. form.i~ion:i j.1at i.J front of tha rig~t pocket and e.gaillst 
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MODEL OF LOWER SIND 
BARRAGE-KOTRI. 

PHOTO No. 5251. Showing shoal as laid 
in the model against the right guide 
bank roughly along contour R.L. 55.0 up 
to R.L. 68.0. 

PHOTO No. 5252. Showing the contours 
and remnant of the extent of shoal 
against the right guide bank after run

pin~ the fc;n,Irt4 risin~ apd f.allin~ cycle, 
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,.,· .._. ··.- ~ 1f"l .. ~ ~, . •' • 

·-- LOWER· SI-ND· BARRAGE" -AT-KOTftl"'tSINDJ 

.. • • .. ; • . ... .• ("" s .. -~ 

(f;n:e:righ~r 'gtiUe ~h\~1{.·. ··Tlie e 1-a~q?enyces· ofi;hese ·ano~lswill be far ~orse 
fthan'tlie counterp"arts in -th-e 8i>uf·>l:a HarragP~ design·;. wbrle'-~the mciiet;•, .. , wed 
some inprovement in exclusion after shoaling in tli& Do~'tJle Barrag(l design_ 
the very rever~:Je was man.ifest, in the mo:lel Qf the S:ugle Barr.age..design, 

":. ~ ,_ •· ,•. ~ • _,. ·• .• a. 1 ' • • ., • • "' • "' • • ' #' • 1• • , .• .. ,._ -... 'I' ' " i'"'" , •r ... " . ""' ,• f, • : .• 

-u'wing· DCl ·doubt to the imp·rove• ment of curvat\.l'te in the fo~riler- and ~he 
·'wi>rsenin~ in the_ ta.tter -d/l~r shoalin-g. -· · · 

• •• . ! • • • .. ' ..... . 

t_' 6.2.4t Figure 77 shows the l-ines of flow~ for Q= 2.00.000 
-eusers, ~-after -running four. ris~ng and falling - cycles. 

- Fig/ 71·· The'se,also -Clearly showed how disproportionate w"ould oe 
the distribution of bed- sa rid· relativ~- tcr the' ~discharg~ 
which would be shared by the extreme right end spans of 

llie.Barrage.' .ThA:up.strea.tn pacca pavement ·or- the ·r(~bt sfde of-·tha b~;rage
as· well as· the Hea~ ·-Regulator elf---the ·Right Ba-nk Feeder: wa.S -seen:fully 
:.covered with bed sand· owing to the concentratio11 of-a substantial percentage 
'Of. bed. charge- on the~ right' side of the :river -which wa·s not observed iti 
e~periments with -the Double Barrage design. : - · · ·--

Moreover, -in no experiment carried~- out with· -th-e Double Bar'rag~ 
a~signj :as- much '-8-and-'was e·v:ar:collected :In :t~e ;-~·od~l in·the"siit:pit 
downstream of the R.B.Feeder, as.- hi experiments with the &iitglt3. Bar.rags 
design. .. ... . : ~ ... ., 

This would not only lead to shoals- upstream. 6f. the barrage• as alt"eidy 
brought out in· para 6.2.3. above but also affect the regime of the river 
cfowhstr~arit~· , of-~I{be 'barrageJ owing Y.to~~ :the: h~a~y-"- con~eritr~tion. pf 
tHscbarge ·-6n.._ th~e. left -side or: the·~ barrage ·- -·water· draiwU: !by the 
left barr1tge span-s; -being comparatively clea·r of the bed ·:s·an·t _waul~ :eithet 

. seriously erode the Jamshoro Bund downstream of tbe-birra~e ani/or-c1.rve 
o'Qt a. deeper channel on tb~ left side of tqe rive.r. _with inQrease in ~oncen
tration" of d}8c)1irge '!o'Jlowing _.the~_. ~~tiding.:-of the rlght .side_ of the river 
dOWnstrea_m;. tbJS pr(_)gressive d.~terjoration would lead- to adv.erse C\>nditious 
~dw~streain;'·whicl(might furtht:r (tete:r~orate tb:e conditions Upstrea.ID.''. -
£., ~, .!~ .. :.· f :1! · -~- '· _1 ~' ~ •. ~ ' • ~ _ • - • • · •· • • :_ .. • . • ~ • • f . 

6. 2.5. With a view to ·-a:sse~s tb"e: attracting £~ebt of the proposed 
nose of the guide bank, experiments were carried out alternatively with, 

.. ~ . - .. . ~ ., . 
: C! 2:- r-: . f - !.." -~ :.~ ~-- :: -

, __ (a)_.-Itigl .. t Guide )3apka~ s,ugg~sted by-, the ChiefEngineer 
~See fjg. 77J . 

. and (b) Right Guide- Bap.k alignmen-t same ·as. in (a' above up 
.Fig~ n:."_..__ ·to 4000' upstream· of .a barrage and then taken. straight to 

·" "'.- -- . .-~ihik up with __ the righ~ bank.of the·river.(Also ijg. 77). . 
. . . .. - - . - . ~ . - . ... . -· .. . -. . ... . . .. •' .. . .· . -~ - . 

. . (' . . . . .,. ··. ,...., . . -- .. 

:. ~ .. -: A,'fter_fUnn1ng ·a,· 'r}sing . an4 falling· cycle for dis9~arges :up to Q- ;.: 
s;o-o:aoo· cus-ecs: ih-e -vefocity"distribu-trl n wa_f,4_0\>§~rved a_t .. the_ .. _cro~s .. sectio~ 
4.000' up8tzea.m of the ba.:rr~e for lioth thes-e-&.liiiniri~Bls~ J 



Fig. 78. 

AN:litr AL JtEPO:R T, {'l'EPltNI04L) .,YJS . .U, 1_948. 

Figure ;s ·shows the peree:ntage of disch:arge .~.nd t}le 
vel-Jetty distributlon alJng the C.S., 40Jil1 upstream of the 
barrage. 

It will he se~n from the same figure that the s.cour-hole a.t the. nose .of 
the guide bank had a strong attracting effect as expected by ~the designer. 
But, inspite of this stronger attraction by the nose, no difference was obser. 
1ed in sand exclusion. from the Right Bank Cana.l. On the other band, 
·his attraction had a little adverse effect on the .Left Bank in that it pulfed 
away a percentage of flow from the left bank anJ thus slackned t~e velocities 
and reduced the curvature along the left guide bank. 

. ·Thus, an attracting _nose, if successful, _would in all probabiUty 
reduce the prospects of a deep channel along the left bank-desirahle 
I or satisfactory sand exclu~ion fr JID the left bank canals which is difficult 
inspite of the favourable curvature, because of their proportiopately .larg_e 
withdrawals If too efft>clive, the attracting nose may p~ll too large. a 
fraction of the river across to it, necessitClling subsequent measures to 
eoun~eract this effect. MoreovPr. t~ e unfavoura.L.Jle location,of this attract· 
i-rig·no~e,-in rela1ion to the river mean:Jers, would ~use .it ~o p~ll n~t:\h~ 
·tap Water,·a.S ·is desirable, but als·.> bed Sln~. 

6.2.6. It was alsl) observed in the Model that ejectors would not 
·irrove·useful; for two good reasons:-

... =- ... '/ 

· · ·(a) The Canal offtake being on the convex (i e. inside) of the ~urv,, 
with the increased Pocket discharge following the provision of escapable 
discharge for the ejectors. a demonstrably larger amount of bed .~and '!laS 
drawn into the canal. 

(b). The river con,ii:ions down~tream pf the ;b.arrage ~.er~ n_ot ~~ti_s· 
factory for, flu!=ihing away the ejected bed sand .fro'ni the tail of ·_the su·p_er
char~ed outflill <"hannel; being on the inl'ide. (i.e. the ~iltillg .s.ide) 'qt th_e-c~~v; 

. I ' , . 1- • ' ~ . - : . • 

downstream of the Larrage, the outfall would get plug6e1 with accumulated 
sand unless continuously removed.by dredgers. 

It is e.ssential~ therefore, to locate the canals on both banks to have 
favourahle concave curvature which can be secured by-.fueans of:the.l>ouble 
Barrage Design. -· 

_ 6.2.7. In the Double Barra~e Design, owing to the ~oncave curv_ature 
~n the right b1nk. assisted· by tbe ce~tral isla ria, n0t only exclusion was 
satisfactory but it was also possible to ~ainfain "semi open'' flow regula.· 
tiotj.. · ·In the Single Barrage Design "semi open" flow w'7ou1d be 
i.mpr1ctiGable, as with it, the model showed an iJ:icreased amo'unt of hed eancl 
was drawn by the R. B. Feeder. 

.• .. ~ ·:. '·' ;;.. ~ • • : ..a e • A 

• - - ~·- ... --~~-'l!t 
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It "still pond" is to be rigidly observed it would necessitate raising 
the pocket gates by another ~ft. to 3ft. over those already recommended for~. 
the Right Pocket ofthe Double Barrage lJesign. 

· "Still pond" is only a temporary palliative anrl cannot be depended 
upon as an all-time remedy for arresting·.the exce~s influx of bed sand into 
the canal, unless it is aided by fully established favourable curvature; and 
the conditions at Kotri are likely to become eventually .worse or, at any. rate: 
the same as those obtained near the .right bank at Sukkur in 193!J. Besides· 
such shoaling as at Sukkur should never l1e permitted at Kotri because no· 
sirnilar 'training measure for improving the curvature will be possib e at 
Kotri, there being no surplus waterway as was available at Sukkur .. 

6.2.8. The only possiole alternative for satisfactory exclusion from 
the R. B. Feeder with a single barrage de~ign would be to locate tlH~ off
take at the 'favourable curvature, some~ 2~ miles upstream of the barrage .. 
But this arrange:nent will neither be ci,nvenfent no .. sa·isfactory as the. off
take will he far upstream of the control and fixity, of the barrage. As the 
river upstream of 'this point cannot be regardeJ to be equally stable, this. 
alternative cannot be recommended. 

6.3. OthPr demerits of the Single Burrage Desigrt. 
1 ' • ' 

Other disadvantages of the Single Barrage Design worthy of note are 
as under:-

6.3.1. The Single Barrage is unnatural to tl.e site and such a \Hstor· 
tion of natural candid ons must inevitably :produce far reaching c·banges, 
not all of which are foreseeable or can be reproduced by the undesirable 
consequences of distortion of existing conditions. 

6.3.2. As the Single Barrage Design would not be in conformity 
with the natural existing waterway of the left arm channel_to P"event 
inordinate concentration it would entail heavy cutting of the Keti island 
downstream of the barrage, estimated roughly at Rs. 15 lakhs; as the 
effective increase in waterway by scour along the island cannot be entirely 
depended upon owing to the existence of clay at a substantially higher 
level as already revealed by the borings. , 

6.3.3, Stone is on right bank; to bring it to site, a sufficiently strong 
bridge will have to be constructed .across the bye-river. This will add to the 
cost and also the cost of materials will be increased owing to the increase in 
lead ~y about v a mile. This presumes that the construction will be carried 
in tho Ring Bund by diverting a part of the river through the bye.channel. 

To avoid t1Je bridge aud diversion if' the construction is done in 
cofferdam the difficulties wiJI still be aggravated by the maximum scour 
~auaed by the great restriction of waterway in the Single Barrage Design •. 



· Thus, from --the point ·of :view of" the constrnction· diffieult~s and 
progra.~me, the P~uble Barrage Design, worked for _th_e- Right· Bank as~ 
discussed at Poona, is apparently the superior :proposiLi9ll·. _. 

6.3.4. ·owing to the loose design of the· Sukkur ."Barrage there was 
suffident margin .for the provision of tlD approach channel Cor ame-liorating·; 
the trouble in the right bank due to the unfavourable curvature at the 'offtake._ 1 

The Kotri. Barrage de·sign being comparatively very. tight no -such lmprov~ • 
dment will be feasible .at a suLsequent stage. The:model showed t-hiit the 
conditions on the Right Bank- at· Kotri were as bad a~ if not worse th~n,_.., 
at Sukkur. 

4. Conclusion. 

•. 
Permanent advantages of dependable· and effici· nt exclusion of sand 1 

on both banks and the superior control secured in the Double Barrage 
Design, with a definite saving in running cost~, should nor. Le sacrificed to 
the saving first cost ex~ect~d from the Single Barrage Desi~n. When a 
proper estimate is made of t'h:e comparativ~ costs the diff~rence _may no~ he · 
as much as expected because the Siug'e. Barrage des·gl! will ~ny~lve h«;!a,vy. , 
cutting of the 'Keti', stronger loose stone protections against greatest 
concentrations, etc.;-.P...~t'~considerations· of alf time-efficfency musi in any 
case prevail over those of additional first cost. 
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APRE~PIX I 

, Showing depths of scour below water level and values of R -calculated 
for the mai11, river, left and right arms of the river . 

. The maximum scour is caJculated for ail- intensi.ty of. superflood 
discharge of 7 ,50,0,u0 cusecs distrilJU'ted:..qvefCthe n:H-ninium~ srabie,wkhh thus 

..,\· . - . _,_ ... f.--~· ~ . --

q =- ~.6~yQ = ts~,-== ~~657 ·= 32! cusecs/ft. 

:. R = 0.9~ (324)2/~:. = 45.3 ft.· 

I ,_ . .,- ; 
Below the~'Dose oflthe Central Island the super flood <fischa.-rge 'was 

distributed into two parts, 5,62,000, cusecs and 1,87,000 c~secs··ni left :and 
right ar~s:respectively. Conseq•lently, the s.cour in the.tw~ arms·would ~lso 
depend upon the intensity of the raspec~fva discharge, ~o t~at the depth ~f 
scour in tbe left river wou!~ be, · - ·-- - ' · --. - j 

. . 2/3 
R,;~ ( v~.ti~.oo~J ) x .9s = 41.2 rt. 

... 2.67 

Similarly,_-

R -~-

. . .-:·2/3 

(v 1,87 ,ooo) . x :96 = 28.6 ft. 
2.67 



· Ta'Jle a. Main river upstream 

·I 
.. 

' 
Left guide Reach AB of Reach BO of Nose of the Reach CD of Left arm of Right arm o . 

right guide right guide Central the rigl•t the Central the Central bank. bank. bank. Island. guide bank. Island. Island. 

f 

' 
................................... 

l. H. F. L. super flood. 7~.70 73.70 73.70 73.70 73.70 73.";0 7370 . ' 

2. Scour factor recom· 1.25 1.50 1.0 1 •. 75. 15.Ra 17.5Ra 2Ita 
mended. ! 

3. Nor mal scour R (ft.). 45.30 45.30 45.30 45 30: 28.60 .1.2 28.6 

~. Adopted R (ft.) 56.60 67.95 45.30 79.30 42.90 7.20 57.2 
' ,. 

R. L. of hottom of -i: 17.J 0 + 5.75 +28.40 -5 60 +30.80 +1.7 +16.~ ... 
thus • • ., 

scour rerom-
mended for adoption. 

6. R. L. of deepest scour + 25.0 + 12.0 +35.0 +10 +35.0 +10.0 +25 
ohtterved in the ' 

model. 

'1. R· L. of dePpest scour +5.75 + 5.75 +28.40 -16.90 +30'8.0 ~ * proposed in the Sind i 

Do sign. 

* Not worked out in Sind Des:gn. 
' • ·!- ... 

>.--e.o 



2$), lnvestlgatlons·Jn~ connectlcri1 with'Radb_anagarl l-lydro-electric 
Works_,_; l<olhapur. ·· .. 

1~· If~tr0ducti6n·· 

The· scheme·~ costing .. about 1 two 1erores· of· rupees which is already 
• 

under wa:v· envisages· the construction .-of· 115 ft. high· gravity type' masonry 
daM· across" the· Bhogawati llriver·near. Ra.dhanagari ·village in· Kholhapur' 
Stater for -impotilnding lhOOO m. eft. of gross ·storage ... Th.is storage is suffiei· 
en~·far g.enera.tion -of·5,000· K; W. ·continuous supply of -electric power.- The 
tail race disc~l.rga of 5JJ eusecs will ba available-for lift irrigation: on 
the river banks downstream and will also provide adequatt3 water· supply 
for the Kolha.pur City. 

Out of an estimated maJrimum flood disc barge of 40,0)0 
cusecs\· 75% is proposed to be escaped through the deep. 

Fig,.; 79~ seated sluice outlets, the balance being passed ·over an 
· emergency overflow waste weir. Five sluices.- each· eight 
ft. wide and 18'- 9" hi~h, excluding· four ft. radius ·arch-· as 

the top, is expected to have a total capacity of not less than 3J,v00 cusecs 
with discharge coefficient of 0.6. The sluices will be provided with special 
conv·erging· ·entrance '·pieces-: at' the'' moutli' to ·reduce' th·e·losses a·t 1 entry. 
These entrance ·pieces will be 22'- 9"X 12' at the c;lairi lace··taperihg'dow·ri· tO: 
the conduit size of 18'-9' X 8' in a dit;tance of 9 '-4!"; Ex~:&et coefficient of 
discharge with such a sluice entrance not being knownt accurate estimation 
of the dbtcharging capacity of the sluice outlets was not possible. The 
Poona Station was therefore approached for determination of discharge 
coefficient of til~ J sfliiees'\vfifci{ woufd . tnetYdetermine ·the capacity;;of the 
emefgencyhv'eitf Besides:these,two problehls, Reveral othets1sueli as·det~r• 
mination~ of · tbe:::.top"' level ~f ... the-:flan k· . walls~ below " the~- sluices; proter.tive-
works to prevent scour due to falling j~t tbr<.'ugh the:-outle~~~, preventi.o~ qf, 
sand bars in the tail race have also to be subsequently tackled 

s, Im:etstigations and,·result-s ... 

(i)) Sluiee11otttletJJ,; · 

Tlie~rfgi'riU pfoject·~ design· with; tap'ered·· sides· did -'not appear.·tor.b~ · 
ideal for-lhaturaleur'fed ~flow1 en fry;,~ concUrions,' · For ··obtai.ning 'triaxinium~ ·· 
possible coefficient for the sluice entrance consistent·:·with:·safety~ the .. ·extremet· 
water fila.ments have to be made to follow the sluice entrance sides without' 
caus-ing.any~cavitation .. Such a design with positive pressures on the sluice 
walls can be obtained by shaping_ the entrance profile according to the profile 
of~a free jet-~ up .. to 'ven.:t. contracta' Issuing from a shin~-edged orifice of 
the <same ·size 'uR the entrance S€Ction~· Irl the pretileut casA the desigt1 on the , 
above lines·was::however not ·permissible as the· pe~manent and temporary· ·· 
sluice,~ gates ~-forming~ obligatory} sections have already::l.Jee~ ordered and 
aorne of their parts· bave•aetu&Uf;·arrived-oll si-te;-;· 



Photo 
5398 & 
Fig. 80. 

It .was s.till r~lt that a ~profile.infeTmediate, bGtvte:en the 
idial bellmouth and straight .laP,et~d side1r.w.riufd perhaps 
yield better rr·sults.• Aetually the results give11 by ~l:-per~ 
ments 2 & 3 shown in flg. 80 were not satisfa~tory:·· ~he 

· presflu.res -obtained~ with . tlies~ . -profiles ·:were.: ·riot onl:r 
.negative hut at .S•>me points below -.2G: ft .. i .. e. cavitati'on -·pressures ··were 
'obtained and even then. the i.ncreaRe. in discharge was inappreciau]e; · T-he 
e·xtra: cost for providing. c~ntrin~ for .• cu~ved b.e nmoUth- in lieu of'. 'lltraight 
tap~red entrance was -thu,s :n~t .justified.::: .It "?/as therefcire ·de.cided·to. racom. • 

. menti the original design. _-

In Experiment No. 2, the effect of aeration .vents-on· dfscliarge. w·aa· 
examinei. Aeration- vants: were ptopmn~d-~to·J t>'rev~nt. ~cavitation. It was 
found that so long a.~· cavit:ttion pressures .~era .nJt r.ea:ched, the air vents 
reduced the d1scharge· du~ ·to interf~rem.·e, ·With i·apered sides"': negative 
pressures were not recorded allywhere·an.d hence the J)rovisicn of air vents 
was .considered .ur.necessary. · 

· · -. To dctermine.'th.e ,coe.tB.cient of discharge,.- experiments 'VI ill- be .d.on&: 
b~ ·,j(o s.cale br~~s modei.. . . - ' . .. .. . . . . ' .'". . . - ' 

.. 
-

UO . Emergency Wa~e Weir 
. . . 

- -- -

. The section of the emergency waste w.eir pr.opC?sed h:r :the projec_.~ 

engi~-eer. bad.·~ trapezoid.al sec.ti~n- ·whl} .6 ft .. ~tOp; _and 18 ft bottom•·- . Thisj 
was suital!ly- modified 'to increase the coefficient ·and· thus· .reduce ihe: len.trta: 
Of• the···W·eij::; substanti-ally. 

The maximum coefficient of 3.98 is possfbie;-:.Wltb thEi Prrlfil(}.pr~p~sedc:.. 
by the Station without causing any subatmospheric pr-essures·· .oti:. the} spill· 

wayJa;~e! .. T.he coeffi_cien~ can be ~till.f9rthe1" .. raised .bY .shaping the weir 
profi"Ie 'so. that negat~v;e p'ressure~ do~iijo, ;,. but .tiot '~quat to or' belo~' .t,h~; 

·- • ~ • p t- ~ • - • • • • • .. $ • .. • ' ~-... . , ··~ .... . ' • ... .... ' ... 

e_a,~~ation press~r.e:s- _a:f,·C~use4. -

Tlie weir seetiori .:to. give fixe coffficient ofaotnit 3.ss; 
, • .-, -. • .""' f , - • ··- ' - • ., r • • t '" '"' :" ' ~ . I - I r , ' ... 

sugge·sted fo,. adoptio)i was as showi,l in fig. 81. This· 
.. fJz. 81. . ~-d~sign -~~ ~tiitable t~:p~~s: 10,000 ~u~~~~;-with a head of four: 
· :, leet over a ~~ngt~ ct~a·b~ut 33o.r~~ 1 A:·rt~r the exact diseh~-' 

_ ;rgi!lg., ·.;~ll:pacitl( ol . the. ~Sl\3-ices . is .determined by .model~ 
tluicea in brass, the emergenc)i w.eir.:d~sign':Wi-lHie·fi!fa.liSed;·:~. 
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Tank for maintaining- constant W. L. a t 
R.L.-348.00. 

Sluice fitted with seve1·al piezomete1· 
tubes in the entrance portion. 

RADHANAGRI HYDRO-ELECTRIC 

SCHEME. 

PHOTO No. 5398. Model se t up fo1 · sluice 

entrance design in connection with 
Radhanagri Hydro-Electric Scheme. 
Model scale 1/25. 



· 26: Siphons ::and gates for Bhandardar·a- wash~-weir ·'to r~lse tbe 
. retention . ,eve I.. 

1.. introduction~· 

· t.l. Lake Arthur Hill, in"tbe \Vestern · G'hats,. stote~ water for the· 
Pravara Canals. In the 'ear 19:!6,. :w.he~n: .the, .~a.·m: wp.s. com.pleted~ tbe':.r 
reservoir ·capacity was in ~xcess of the irrigatio~ r~quirem_ents ... The 
waste.~ weir ·conS1ited;:of .a 65l;ft. ·:wid' a cut·· (R.L'·.--of:wa-&te··_w~ir· 260 0; da 11 top 
befng-at'R.L. 270.0~ ·-through·· a Iilli ·rorni'ing ~he r'igh& :fla;n1r cf the. :-dahl:. -Iil:j 
t9j7., a,·.·wan·. 2.5 ft. --.high was built on the; 'Yaste~~eir, a~ a_n 'en:i·ergeilc-y 
measure~ to cope-up:. with the increased irrigat!ori d~man_ds~ _· To obtain stilt 
~reater- s-torage, ~it bout e·xcee,lfng high flood -level, this:Station sugges'ted]he · 
can;;truction ·of:bigh .. coefficient w-eir ;ct) with ·sill at. :R:L.'26:i. ·4s~. This., 
provided an overflowing. capa·city of: 20.000. cu~~c·s· -witl) .270.0. up~treani 
water levet. The··w~ir was not built aA recommended, but' th~~Old'wall wa.Ei' 

· increased in height to 'R ... L. 2(){);7, ,·iil 194 J. · - , · .. , 

. . . :1.2~ lrhe ~Ir,r.~gation: r.e.quir:em~nts . have:. increased since .then . and: 
further: increase_ in. stor_ag~ J>y raising_ the_ r~t.ention lev~L. t9 -m!l.ximuro.. 
possi~le i. ~." · :R:· J~. • 259: o· ·or· 26!l:5 , is·· f eJ t J desirable.·. -This·· c~n~o(.be-
ac.biev.edr:by further incr.ea'Se ·jn.the::heightrof tha wair- 'as'tiie inaxini.ulln 
high~floQdlevel·R;L. --27o.o:.:must·nflt·b~·e·xceeded.- ''·The alternativ!!~- the'i-_~ 
for.e,. ts·.th.e;· insta.lla;tion of gates ·and .. syp~~ns. -_. --

t. Discharge Capacity. 

The catchm.~n~ :~rea. of LaJce A!.t~~rJs_ ~7:sq.;mile$ .and the maxhnum 
run-off discharge by 1the fan catchment fo.r:ro:ula.;~, -

";f •..• 

7,000 A 
Q =- V A.-.4 }~ 46,000 cusecs . 

.. ,; T~E!rSP..illw._ay; ~~q~-:~~~e .to _b_e ~~:~Ig~-9dJfH",_th.~ ~a~h_p,·1m a~ tlt,~r" will 
be ~pr~?~lc~p! ,n:o ~pod:: a~~orp~i_on~ du~ t~: tpe; ~ar:rpw. ~.Et-rldn,~tWAA_!l~ ~{t 
pr9pose(l retenuon level and h1gh flood level. . · · · 

• . I . . -· . ... . - . ' ~' .-

s. "": Choiee o-J Spillway: 

3.1. The following are the four alternatives . 
. ~,~ 

• r 

(a) 
(b) 
(c) 

~-{d) 

ma~ually operated gates. 
fully automatic gates. 
siphons. . .. ,. 
siphons and gates, 

(1) An~--'Report of work done during 1937-38, Central l.rri;ation & Hydro
d:fUmio' Rea. ~tation, .Poona pp. 39-44. 



~·. ANNUAL-: IUt.PO"R'J;": (TECHNICAL~ YEAR 1948;:. 

. Alternatives fa) and (b) were to·o costly, considering the additional 
storage oLtained. Alternative~ (c) was cheaper than (d) hut did not afford the 
desired flexibility of opf ration. A combination of siphon3 and gates was 
therefore C'Dly cc,nsindered, Thft following prop~Jsal wa~ 'made by Mr~ · 
Thomas, then E:xecntive Engineer, Ahmednagar Division. 

3.2 •. Combination of siphons and gatf!s, 

This is technically a more attractive . ans ngem ent than either gates 
or siphons alone as it provides a prllportion of the advantages of Loth. IC 
bates were provided for one third of the discharge anJ syphons for two-thi.;. 
rds~ the· control obtainable with &Zates would Le available and also m llch of 
the economy and reliability of syphons. The control. provided by the gates. 
would be useful in causing .early priming of the siphons both in general 
practice during floods and for the purpose of tests ani oLRervations. 'fak· 
ing the capacity

1 
of siphons to be 36,00J cusecs ( ab011t 2/3 of 5l,0)J cusecs ), 

75 units would be requared occupying 49~ ft. ~.,or the gates, allowance 
made for flood absorption may Le omitted to en1l>le them to be used for 
priming syphous. Maximum discharge through ·the gates will be 15,000 

cusecs and it would be necessary to provide a total widt.h of at least 15 ·?()0 
. . . ts3 

= 181 ft. as ~3 cs /ft. is the maximum int~nsity over the cut. To· allow 
for a reduced rate of discharge near right bank due to reeeesed approach· 
and loss of head at gates, a total width of 205 ft. may be~ pro~ided for'ga.tes. 
and piers by widening the cut by 47 ft. 

Siphons 
Pitr between' syphon &gate 
6 gates of 3J' each··. 
5 piers of 2 '-5" 
Side pi~r 

Total. 

497 0 ft. 
10.0· ,·'' 

18():0 ,; 
125.0 " 

. .2.0 ',, 

70' .5 ft. 

Owing to the :coneenfration' of (discharge" approachi'og:?th~ 1'"·-limit for 
~hetapproa·ch channel, the' minimum reatriction:: should b~ -'placed on,-the' 
flow. A sill 0.5 ft. high could however· be :provided: The g~tes would then. 
be 9.5 ft. high. It would be desirable to lower the downstream level by 
1 to 2ft. 
,;. 

I: Economic .Aspect of the Scherilii.' 
~ 

4.1. Extra Storage. 

Storage up to R. L. 269.5 
(Propsed sill of siphon) ... 
Pre~ent storage up to siil 
of weir R.L. 265.7 

U, 984 M. Cft. 

11,34 2 
" 



FIG.82 

PLAN SHOWING TRE EXISTING 
WAST£ W£/R AT BHANDARDAI<A 

AHMEDNAGAR [)!VISION. 

/lEFERENCES:- SCA I.e I = 360 ·r:r: 
24':17-1;3 ABOVE M.S.L.aR.L.260·00 
FULL ROCK DROP LINE 

SOFT ROCK~ SOIL L~NE S.L. -~-_;. 

\'TOP EDGE LIN£ OF 
.THe TANK R, L. 2 4 37·0 

N!? 7/02. 
C'. W.l.~ /'1./il.ST.;'! POGIIA 

FALi. 
BELOW. 

G.l>!. P. POOIIIf\j'J41. 



FIG. 83 
SECTION OF H. C. WEIR PROFILE N ~ VlU 8 

PROPOSED J:OR RAISING WASTE WEIR OF LAKE -ARTHUR 

HILL, BHANOARDARA AND SECTtON AS 

CONSTRUCTED. 

NO. 7116 
C.W. 1. AMD N. R. STN. POOH-'• 

·c~E6T LEVEL 
244 •• 08~ ORIGlN OF PARABOLA AT CREST. 

,# • 

SCALE.. I= 2 DETAILS OF ORIGINAL DESIGN. 
----("( ~("'PARABOLA 'Y = •792 s X l/3 IN PROTOTYPt 

B i '-,_: \ D I X ~':JIK FEET .. 
- - :--~ ~4~:.3~3\ . y . 

2443· 4 .,. 
/~'I 

(I) A B 

(2)8 c 
(3} C. D 

VERTICAL ujs FACE 

U~ CREST QUADRANT Ot A CIRCLE R =0·6'. 

~ '' PARABOLA ;j = • 792S X y3 FOR 

G 
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~ 
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~b ,.. ',_. 
if( II) 

w ex 
w z ::t IIJ 

:r > w 
~ 2: 
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.J :J 

0 
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.. ,, I I 

,, 1 I 
,, / I 

SLOPE. 2:3 ,' i I 
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AND REVERSE CURVE, 
} 

REVERSE CURVE R = S. 

,, I I 
,' I I ,., ,' \ 

/ I I 
, ' I \ 

,' I I 
. ,/ 441 I 

(S)E ~ 

DEFLECTOR . I IH S TANGENT TO ·" /f I 1 .,· Qr/ I 
, I I 

(6)F G 
E ,,,' I \ 

,' I REVERSE CURVE 
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l~ ~ ----- I I ~ .... ._...,,_, _ ___...-.- - I I 

I I 1 1•0 

(7)G H 

. COHSTRUCTED 

} 
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F"tGS. 84 7 9-c.w.t., H-1Zs. 

5.5M. Ol~. StP~OH OPE:DATIHG Uli01:"12 8FT. HI:AD 

0\SC~AQG£ A.SO Cs. Pt:Q SF"T· )( 3 t:"T· UHlT. 
scot~:- t" ~ tOt.T . 

.. . ·4"·f2Q4DWA'Y AT G.L. 27.4.5 • 

BASIN· 

UtGU }YllSOH DAM· 
PL AH 01=" WASTE: 

Wt:tQ. 
stola:- t•: 300' 

• 

tliGI-4 Gt?OUHO., 

TOP E:D.GE:. LlNE: OF' T\.lr "t A HI\ Q.L. ZA~1- 00 

COHT0Ul2 A"t fl.L. Z4~l..OO 

A~EQAGE SILL 1..~\fE:'L 0~ ~AST£ 'lfS:.tll lS 24.37.6-5 

ABO'l£ M.S~L. 



, Cost of .. s~_phons.anfl.ga.tes 
· ( t9-t7 figure) · · · .•. 4.78lakhs 

Value. of additional storage 
at 3f~ capitali~ation (Rs. 120 

Par millfon Oft. as water charge) ... . 22.5 
' 

Fig. ·84. -Figure ~4 shows. the,P,e~jgn of siphon and the alignment 
of siphons a,nd gates. proposed by :Mr. Thomas. 

5. Experiments. 

5.1. The investigation could\ be divided into two parts:-

.(i) Experiments t~)determin~ 1the discharging capacity of tb,~ -~~ste· 
:weir _cut, lines of fl~w ·.and ,~ater:profi~es',with ,differ~nt upstream water . 
levels. This data wa·s essential for asse.~illg av~ii!+~le head and depriming 
levels for·siphon and·optimum alignment of siphons and gates. 

(ii) Design pf siphons and gates to pa~s 80 ~.to .83 cu~~cs p.er It ... ~o ~a 
to provide a 'totaf discharging ~a pacify-~£ 5_1.,0J~ cusecs. . ·. . .. 

5.2. To carry out t.he first part~of the inves~~~~~~o~ .~~,a 't~Q;~-e~r-i:<?ally 
similar model of the whole waste-weir with as large a scale as possible was 
desirable. 1/30 scale was, selected aR it gave .high. Reynold's -Number 
( = 35,000) and wa~ the biggest that could be constructe.:i in the available 
space 'This also provided as an opportunity .for -.comparing with the ·pre-vious 
results of t/30 G.S.Model. , 

5.3. Reproduction of roughness in model •. 
•. ,_ ;.<! _,_ "" •• ~ ' ..... ~.:-.:·'\ ., ~ :.~ l~t.:i· 

The waste-weir, on the whole, :is-very rotigh and the roughness varied 
.consideraiJly in different .parts. This-wa,s. an all i~portant point and the 
reliability of the ,experime'nis .. .depended. up.on .. correct .reproduction in the 
model. 

To attai~ exact hydraulic similitude between proto~.ty,~>~ ~-~~ ~o~::~l, 
the roughness 10 the model would have to be reduced to get scaler rugosity 
eofficient. This could . .only be- don~- by. altering ; bed roughness till 
w.ater profiles and'. lines .o(ftaw we;~~ :Cor.lactJy repr.Oduc~j in the model i.e• 
0. process of. trbl.and .error.---'·· ' · .. · · · ·· , , 

. .__ \.. . 

····Photographs .. 
1295t 1296, 
1300. 

· .Exact yeproduction· ·of bed ·-with· a~y·- number of cross
sections observed was practically ou"'F of- conailieratiC:in due 
to the extreme· roughtie&s-~o{ the bed,' _tlie ,unduhiiionsbeing 
as much as 2 ft. The following method was, therefore 

' adopted asdt~1? best approximat~?J.:l.~2 c~u,~ct ~~?r~~~~,w_ati:Q_, 
of bed con 1t1ons. 



Photo 
--5.166.; : 

-

In th~ t/3J geometriciHy-si.niUar· ~mo~fel~-spotJie\""el~ at 
l.Ji ft. (;::.) )') injennls·a.,td CdW cro~s~section~-see fig. 
82-were reproJuced. ~hi_S: :g'v~ the meant~v-~~ -~_f the waste 
weir. ~ Prtuberances in: d-iff.er_ent ;pa.rts-: of_,-;the wasta 
weir were olnerve)_.i:-q the .protQ-type, .. T~er:: w_e_!9 reprod
uced in the m->del by stick.ing stone aggregate with sharp 

; c<>"rners, on cement mortar bed •. The -size of stones varied 
-.(r,Jm i":: t.9. ft. to 318• ::: ·o.9)-"ft •. lr{ these experiments 

the exi~ting waste weir Wd.ll was omitted · 

·.- r -~U:~s1:rea_m-pottto.n. df the·w_a-Ste-_!V.eir; -where tbs .bed was 
Df)t Ver~ rou_;~~- a.n.i WJ._S slow)y UO lula.~ing vrith isolated 
boolders 4-Va~ -Tepre-~ente:i uy ·s_tic~tini-gi .. ~¥8({1/ 4"-3/8" qia.) 
-on the bed.: A general view of tha·-:m~del is shown .ill 
·-Photograph 5~66~ -- - - · · ; 

5.4. Disch~rges over the waste-weir were run with water .levels in 
the lak'e varying~-fro~ R: L. 263.5 td R.L~- 270.3 :and l.ines i)f flo~ an:l water 

• r r r .. .. , . , · · . ~ , , . . , ... 

profiles were obse rv~d for- e"3eh discharge. - · 

6.: . ResUlts o/ eip:~r{n~ents. 
G _,- ... I. :. ~ ~ .- • ~ .i~ :: - •· ~ ~~ ..:.~ ~- • ~ 

. 

.:.. • 0 .,., 

:JabJ~ 1_. ;- ·:. ;rabl!'.-l:sh.ows wa..ter:.l_pYel-s and discha.~stes in tne proto-
type. Equivalent d1SClurge3 are.'.plotied; against ~water 
depths above mean .waste.!'weir Jevel_ in fig. 8i, shown bJ.: 

Fig. 8s. full line. These· ~re :~rii~~ri~i-ngtf"- ~Icis:e t~ th~ .-previou~ 
-:: ~~~l;ts E!-~O\!t:t· ;by ;d~tt~d- c_t)rv~. :.:The. reJa~ion pr~viously 

-:.obtained ·Q == 608 d LU~-~here Q fs tbe di~chirge. hi ·-_-c_~secs~ 
. ~~:.608ft~ is tllir·wastci:.w efr length :-a.ncfd~depth of water, was 

thus confirmed. · - · . · 

I.: :~D&ptbs- it{trr~f'mo'd'et bethg~~ety ~alt._ a~i i:qterfe-re~c~
F.ig.:;:86:·; ! 1 .. da~ ~til~ be(} :i'~u-gli:-ness was7laroCTe, Hn~s ·or flciw me-observ-Eid"" 

' , r ~ .. 

(a) & (b) at the surface only by woJl -~ihre-a.d.-~:':;F-igure:;ss::snowi 

~~~~t~~-·!;-· ~;.r)iqeE! oJ J!'?.w -fs>~ 41sg~rg_~~_-eq~j:_v~!en~_~o 31),0J0 cusecs a.nd 
p763~~.S~2~- =--~809! cu~~~s.~ :,Thes~.-~h.ow~d -~ te-nq~!lCY tp_-_sh_ift ~o~~t:dB 
~ S26S.r -- !i -;t!le,~igh~t:~ .~lfi-s:,being d~~ to _sl.gJ~~p ~~pa.J)si~ ~~ .t?e: right 

• bank., . . 
. ' . ~ -- -' .... ~-

1.8~-'::.Mar&ni.:n~·~ ·•if· i~ idoar1 · 
--··--· Manning•s 'N~ for -rlifferent-parts:-of.the~mo~l-was-assessed_ &oa 
walef:prolUe~.:.tol-174'~'8oo.;,itu'sec~Jdr~~li~r~-o:-.:-::. .' -· . ' ' - '., .: ·:. .. ' .! 
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FIG. 86 (0) 

SURFACE: · LINES OF FLOW FOR 

WASTE-WEIR AT BHANDA~DARA. 
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FIG. 86 (b) 

SURFACE. LINES OF FLOW FOR 

WA5TE-WEIR AT BHANDARON?~. 
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- S€.etions:, ~~ 5 ·an-F8 ·werer~ ar;u~~r:1·nto·~ fW.o.I~iiiht~ of observation, 
(ir.~psite,a.rti p6~~1!->u'_Jw}~ic.h..:\ia_s.: com'P.~~-\ti~~(v.:I<i~:3 f'~.ilg~:and (2) th~. down· 
~.tr~~in .· p-~r.;lon .. ··1'4~se· :w~~~ ··c:pnsi~ereCI _se.pa_~~--ter;v.;·: F;;or section·§·· n, t7 
and ~0 whi.ch · are; short ~n,J m·ore uniformly rougQ., .. ol}.~ value of 'N' .is 
obtained.·· -'· . 

f • • ' : • ~· • 
~ ~ -

.- . ' - 'Wafer-levels upstream and,:·downstream· for each reach of ob£ervation 
:re giv~n 'in Tal>1o 2, c~lumn {3).'- · I\T.~lues-. oE· ·,Minriing,.S' J,N •. ar·e idt~ iii 
column 1 J. 

::· It wilfbe seen th1.t the weir is comparatively mote ·rough on the Ieft 
bank ani do~nstre:tm of the present we~r. Average value of 'N' for the 
whole waste-wbir comes to 0.059. 

7. ~iphon expe7·iritents. : · " 

7.1. : Two important r91uire~9nts of the siphons were: 

.' ( i) a low prim in~ dPpth. This was essential as sufficient additional 
!torage could onlv be obtain-ad by increasin~ the retention level to as near 
as R.L. _270.0 i.e. the high flood level. To fix the' retention level at R~L. 
269.0, thE) lowest permissible, a priming depth less than 0. 75ft. is necessar'y. 

~. (ii). Th~ siphons must. pass 80 cusecs /ft. to pass the maximu~ flo~d 
of 48,00:> cu~ecs according to fan catchment fo~mula, leaving a satisfactory 
margin of safety._ 

Fig. 84. 
7.2. The preliminary design of siphon spillway ·sugge· 

sted by Mr. Thcmas, Executive Engineer had a very IQW 
discharge capacity. The design was modified L.y .increi,s. 
ing the depth of the barrel from 3.0 ft. to 4 5 ft. . ' 

,. ... -

When experiments were ·carried out ~itl_;·a· 1/6 th ecale 
model, it was found that the bucket provided at the end uf 

FJg. 87. the· siphon was not effective in sealing.the.iower lip of the 
siphon during priming neither the jet profecterl as antidpa.. 
ted by Mr. Thomas. Due to these defects the priming 

depth obtained was very large .viz. ::.-2 5 Jt .. and th~ discharge intensity per 
foot ~idth thrrugh the siphon was oniy = 45.0 cusecs (with water level 'in 
resetv('ir = 270.0 i.e. at ·M.F._L.) · · 

- . 

In order to counter-balan~e the redu,ction in effective hearlinthe fir~t 
desig.n. As the outlet of the. siphon was lowere1 as shown dotted in fig. 87, thtis 
increasing the difference between the crest of the.siphon and lower.,lip from 
9.0 ft. to 11 .. 75ft. In this second design though the discharge intensity p~r 
foot ~.idthjncreased .to ~0.0 cusecs; th.e priming dep_th.~wa~ .s~iUla!ge..,;~,eipg = z..:i1t:Ttna dlschirga coafficTenfOfitainea~··wa:s <riil'Y~o:n.-.. - · ·· · 



7.3. The siphon design was then modified as ·,.shown in 
fig. 88. Two siphons, each l ft._;:: .~.0 ft. were con~trQCt• 

.~1{ •. _~8. -ed in 2ft. wide channel to a scale of .1/8. HE~ta.d of the 
·siphon was increased by cutting downstream . ro\·k to 
R. L. 248.0. The throat height wns reduced 'to 4.0 Jt. 

because ~it fVBS ohserved in the previOUS e:z:perimeUtR, With 4.5 ft. r high 
throat, that water did not follow the upper curve. The downstre"m glacis 
was given a slope of 7° instead of ,J5°. It was anticipated tbat.with steeper 
glacis water would leave the crest earlier and stdk.e the opposite l~g at .P. 
higher jevel thus causing early priming. · -

(a) 

: ,.,. ~. -: ·: -· 

7092 
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\VASTE WEIR AT ;BHANDARDARA 
(BOMBAY). 

(Photographs were 'taken before H.C. 
weir wall was constructed). 

_.: ·\·\:: · ~ ·.· : •.· . .., .. ·' .. . ·.. ::·:. r".. '• , . ' :':-~'"' 
. : · ..... . ·· . .. , . . •:·. . . . 

PHOTO No. 1300. Photograph showing 

upstl'eam portion of weir on Right Bank. 

PHOTO No. 1296. Ph~~ograph showing 
downstream p·ortion of weir on Right · 
Bank. 



PHOTO No. 1295. ' Photograph showing 
downstream portion of weir on Left 

Bank. 



·· PHOTO No. 5266. Photograph showing 
bed-roughness . in 1/30 G. S. Model' of 
'Vaste-weir at Bhandardara. 



PHOTO No. 5265. 1/30 G. S. Model of 

Waste-weir at Bhandardara discharging 

6,825 Cs. 

P IIOTO No. 5263. 1/30 G. S. Model of 

Waste-weir at Bh~ndardara di~ch~rgin~; 

~6:700 G~: 



PHOTO No. 5264. 1/30. G. S. Model of 

\Vaste-.weir at Bhandardara discharging 

52,000 Cs. 



PHOTO No. 5377. Conditions down~ 

stream of 1/8 scale syphons. Priming 
weir 3.92 ft. high at 20.8 ft. downstream 

of syphons. 

PHOTO No. 5379. Conditions of down~ 
stream of 1/8 scale syphons. Priming 
weir 4.4 ft. high at 61.6 ft. downstream 

of syphons. 



srpHo'Ns ·~roli na:ANDARDARA·-wAsTE-wEnF{aoMBAY) ~lot 

Priming weir (in the form or vertical phn1t3, to b~ later properly 
designed ) were tested and found to be uetter than priming buckets. 

--
(1. Results of expr.riments. 

8 1. Results are given in Table 3. The' ptlmi~~ depttrwfth this 
design consiclerC~bly improveJ, hein6 = 0._6! ft. with a prirn_ing weir 3.9~ ft. 
high, fix:ect··_t8.M, ft. down;;t,roani of· the~~ip:Jion, tlie di~~har~e -;:_was= 59.5 
~usee~/ ft. ~-·A discha-rge· of 68.9 cusecs/ft. could l>a p3.ssed with a priming 
weir 4.4 ft. high at 6J.o ft.; the prlminJ dapth how aver slightly- increased 
~0·- . 0.'12 ft. 

Fig. 89. 8.2. As one woul( exp~~t, !be priming weir when 
(a) & (b} placa:l ne lrer the siphon- improvei the prim in~ qualities, 
and Photos bllt rejuca-i the rlischuga by c lUsinJ back pres~ure, than 
5377 & 5379 when the weir fi.x:ad further downstream. (See .Fig~ 89} 

~. Oonclusio". 

-(i) ThO'Ugh the design is satisfactory fr~m the point_ of view of low 
irimii1g head, irs dis<~harge haq to IJe increased to flO_q~~~~ii?Lf~._:.Experiments 
Lre In progress to improve the discharging capacity.· 

; (ii} tt WaS also ll,:utecf that to ~get the D·~Ce>;S:J.r-;'hearf, rock will h~ve 
.oba cut to a depth of 10 ft. or so and in order to_.xe~!.uc.e-the-quantity of 
·ock cutting, the siphons will have toba constructed D3arar the downstream 
md of the waste weir than previously anttcipatcd. EC-onomics of thef propo
:als Will thus have to ba c<1refully ilivasiigJ.ted. 

Upstream· 
SI. wate:r ldvel 
l ~- in the lake. 

ft. 

1 2 

1. 263.53 . 

2. 26!.53 . 

3. 355.52 
4. 266.51 
5. 267.53 
6. 268.49 
1. 269.5 

Ta'.Jle 1. 

Depth of wa.t~r 
over wasta-weir 

c M ~:.m '·w ast·e 
weir sill level 

26J.O) ft. 

3 

.. 3.53-· 
'4.53:. 

··-

5.52 
6.~f. 

7.53 
8.49 

.9.5 -

-·Discharge 
1 .: cysecs.·: 

-·· 4 

=6,8 ~-5 
11, t5(i 
--- - . 
1R,850 
2·3,o:H)-
3o,ooo· 
30,700 
4;4,80.0 

- -J 
Di scb...arge_n_ .. 

es./ft. (Length R , k 
of _waste-weir~ emar s. 

. :61U1 J. 

----·--·-·· 

!l c 6 

. ; lt.2 
18 3 

___ %/. .. 6'" 

37.8 
49.3 

. ... __ .60~Q2 
73.5· 



• ' I 
F art of section 

Serial Section for which drop Length of 
ljq. . Ntl~ .. incwater lov.-1 section~ 

( .. . . is considered. 
,. ' 

"' ... 
• 1 t . 3 

\·: . -o.s. ,· 2, +310 to + 40 

~I .. 

3. 

4. 

5. 

" 

2, .+ 40 to -135 

5 +250 to+ 10 

5 + 10 to -H65 

,. 8 +2ll> to · ... 0 : 
" " t -, ( • ' 

I • 

, : 8 · I 0 to - 145 : 

7. .. 11 + 120 to ·-120 
; . 

8. " 17 +75 to -110 

9
c. .. .. . 

I ' '· ·, ~· ' \ ' ' 

,,_ 20 .· '+.45 to -145 : 

.. 
-' 

' ft • 
4, 

. 

270 

173 

2-10 

175 

210 
' 
145 

"240 

.'185 

19() . 

' 
' 

Depth of 
water at 
UfS & d;l 

,uf section. 
.. 'I 

n. 
5 

9.48 
8.04 
8.0 •. 
5.13 
9 31 
7.86 
7.k6 
5.82 
9.u6 
7.9~ 
7.98 
5.43 

-· 8.73 
·s;43 
8.73 
6.54: 
8 43 
4.~5 

,. 

u 
Mean 

depth of 
wuter. 

n. :· 
6 

8.76 

6.58 

. 8.59 

6.84' 

8.52 

: 6.7 

. 6.9 

~. 7.63 

6.69 

Xable 2 

' . 
Drop in 
water 
level. 

ft. 
'l 

.t.4l 

2.91 

. 1.47 

2.04 

1.08 

... 2.55 

2.94 

2.18. 

3.48 . 

\ 

... 

.. '· ~ . ·- ... 
s , 

Surface slop~- Avera'*e q:ft. 
ft • .'lOOO ft.· for waste 

weir • . . . Ccl. 7 dOOO I 
' Col. 4 , I . 

8 

'5.33 

165 

6.12 

11.6 

-5.15 

1'1.5 

12.2 

11.8 

i8.3 . 

I -
cs.lft, 

9 

4(800-
6JO 
. . 73.5 

: 

V• 
Velocity:in 

ft. sec. 
Col, 9 · · 
CotG 

.. 
10 

8.4 

11.15 

: 8.55: 

io:;s 

8.63 

11.0 

. .10.65 

9.65 
.. 

11.0 

. . 

*Distance ~/s ~igh Co-effici~nt of weir are m~rked PG.,itive & d/s neg.ative. 
(~igh Coefficient weir w-a.ll was not reproducer\ in these experimen'ts). 

. . . 
N (Manl)ing~) .. ' 

t.•ss n2·3 s 1i2 

' 11 

0.055 

0.06 

O.OS65. 

0.0535 

0.0511 

. 0.063' 

"0.056 

0.06.& 

0.065 

' 



Tabz~ a 
• '' 

• ,< . 
'· . ~ ' . PriDling· ... , : . t f.:~rr I ve;ocitr

0 . . I . ' 
• Distanc'a· 

'. '. ,' 

"'ater Wa&er' . Il· ···,· . ' ' ' 
of weir Hel1ht level,·. lev·et · ' · Tot••l ' ' Bl.l from centre 

' 
·: 'Of ~ . ' ·ttauge··~~ R. L. of Priming 3t()' u 's of, D1sch- 3lft. us of3~' us of D'S lip etredive ltellcl Cocfficien\ 

No. . · liM of ' : primir~: 320 f~. u/s . sill of depth.. si rhon • argl . centre sypho~. . 'level of C~l.9.c ot sipliou. 
. : ;-siphon~ · weir •. of siphon siphon. cAntro · q JiM of· . sipho~: · Col.ll\'-

centre line. .. siphon. . 
t.ol.ll ! ' line. I 

. \ 

I 
.. 

' 
~~? .. . . 

I I .. ft.! sao~ n.: ' ft. n. ft. .. c 
1 ; 2 3 4 5 6 7 . 8 9 tO 11 U• l'l 

' 

1/G Scale·.Syphon Model.· 

No priming - 27~.2 269.5 2.5 210.0·' I .. 45.0 . 259.35 0.35 .260.5' '9 .. 22 0.41 
weir but a 
bucket; - 271.8 .2G9.5 2.3 : 270.0 .5.4.7 269.30 0.4!\ 257.75 ··12.0 0.44 

;. 'I 

I 

.Priming 
' '·' 

'Not 
weir at· obser· 
3·6.0: 

:: 
4.0 270.42 269.5 0.92 270.0 'ved. · . ... . 

. ' 
1/8 Scale Syplton Model 

~~~ 616'' . 'J •. , 270.22 269.5 0.72 . ·270.0· 68~9 . ··:e68.82 0.95. ·> '251.'5 18.27 0.49 

.!. 3~.8 :3.92 .270.18 269.5 0~68 270.0 62~0 268.98 '0.75 . 251,5 18.23 .0.453 
' 

3!0. ~18~8 3~.92 :270~14' 269.5 0.54 2700 '59·5 269~16 067': "251.5 18.2.7 o~43s 

'L i24.0 3~52 
' ' 

... 270~16 269.5 0.66 - .27.00 '6 il3 ; •u 2'68~98 0~73 . 251~5 ' .. 18.26 :. 0.462 
' ' j I 



ANNUAI:r· REfOR~ (TECllNlO~~) ·TE_.~ 1948. 

27. Exp~rlments for dis§1patlon of energy below the proposed . . ~ ~ . 

Yaltarna dam S)illway (Bo~bay). 

J. ·Introduction. 

t. t. The Special Eng1neer Bombay Corporation requested the opinion 
of the_ Director regarding the type of waste weir to be provided apd the 
value of coefficient of discharge to be adopted in working out the depth of 
floo~ for passing the maximum flood discharge in connection with the 
proposed Vaitarna dam, contemplated to ba constructed to cope with the 
increased d~mand ol water supply to the city of Bombay. -· -

! -·· • . 

1.2. Special Engineer after considering the mPrits and demerits of 
diff~rent types of spillways had come to the conclusion ()f a central 
spillway with a. }ligh coefficient weir (and 20 ft. )ligh automatic !h'\ltters) 
as the- cheapest proposition. -

' 

Jt w~s pointed out by the Director that having regard to the width of 
the gorge tbe proposal of siphon spil1ways ~hould be reviewed in liiht of 
its overwhelming advantages such as automatic but dependable acti!¥1, low 
first all.d maintenanc.e costs, simpler ani economical effective measur~s for 
dissipation~of ·enetgy inspite of its disadvantages such as difficulty · in 
raising the dam ani F .S.L. at a. later stage if founi necessary a{\d )o:~s of 
flood a_!>sorptiol!_ ca:pacity as compared to that available i~ a broad cre!lt~d . -~ weu. 

).3. The sipl_lon spill ways are now completely ruled out of 'erious 
consiJeratlon by the Special Engineer as it would be difficult to modify the 
de~ign~at ~ lat~r stage if found necessary when the syphons were ~onstr
u~ted. This was e~qential on accunt of pau ~ity of data regarding di~harge 
observations for sufficient number of years and hence he finally considered 
th~t the ce~trai high coefficient weir with crest at T.H.D. (i.e. Town Hall 
Datum) R.L. 55.10 should be now constructed ani inst~llation. of automatic 
gates postponed till the estimated maX:imum discharse of 9~,000 cusecs is 
substantiated by the actual measurement of the discharge over the ~ctir. 

'.: .. -J .. • 

1.4. After discussion with the Special Enginee:r.it is J?rOJ¥lsed to 
· catry.out:cnly·the following experiments at the Research S.tation iq conn· 
ec~imiwitli the'Vaitarn~ Scheme on behalf of the Bombay Coro~_>ora¥on:-

(a) To derive effective measures for scour .Protectio~ down
stream of the spillw!I-Y· 

(b) To developtbeshapeo~theweir crest to givethema,ximum 
coefficient of discharge with a. water- depth of.- 20-ft. over 
the weir. 
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(c) To determine the pressures on the downstream profile of 
the spiflwc:Ly. 

Cd) To ascertain the slia,pe and si~e of guide walls downstream 
of the spillway to localise the fiow within·· the bed width 
of the river. 

For experiments (e), a full-width geometrically-similar model of the 
whole dam covering a reach ~ a mile upstream and downstream of the dam 
is under construction. The experiments during the year were mainly 
carried out hi a 1/30 geometrically-simiJar model for devising satisfactory" 
measures for dissipat.ng energy below the spillways and are given below •. 

In view of the' cons traction tl difficulties it is considered 
economical to locate the spillways centrally for passing 

FJg, 90. a discharge of 92,0001 cusecs over t.he net length of 280 ft 
• • with 2~• ft. depth above the sill (R. L. 515.0) Figure 90~ 

shows the profile of t.he weir as proposei by the Special 
Engineer. The length of the weir vi~. 280 ft. is fixed consistt::nt with the 
existing width of the deep channel of the river, It is also proposed as 
stated above to install four autl.matic gates of 70 ft. each o~: the top of the 
spillway at a later stage. 

As the tail water level, owing to the installation of the automatic 
gates will' always be lower than levels at which dissipation of energy 
through hydraulic jumu will take place sati'sfa.ctorily the folfowing two 
devices were considered possible in this case:-

(a) To conc;truct a short upward curving bucket so as to throw 
the sheet of water sufficiently away from the toe of the 
dam and thus prevent scour taking place ,in the immediate 
vicinity of the dam. 

(b) To construct a stilling p_ool by having a subsidiary weir. 

As,- however, there is solid rock in the bed oF the river alternative (a) 
is consideref cheaper, economical and quicker in constrl,lction, 

Tlie-following experiments were carrfed out with <r = 92,000 cuseca 
for devising· a suitable upward curving bucket:-

Experiment I. Without bucket. 

Test 1. -- with downstream water level R.L. 342.2 

Test 2. --with downstream water level R. L. 326.7 

Experiment II. With an upward curved bucket of :radiu-s-a &01· 



106 . .l:N N~.AL _BEFORT (TECli:NlCAL) YEAR. 1948. . . . . . .. . . : . " . ~ 

aDd· height • 5:0ft for downstream· ·Water .. levels 
same as for experiment I. 
~ . . . ~, \ 

Experiment III. With bucket of radius = 80'' and .height a 7.0' 
for downstream wat~r. levels ~ame as for experi

. meut I. 

The object of running the maximum discharge with ,low ·Water Javel~ 
downstream. was ·to observe the. depths of scour as such conditions are 
ljkely. to occur jn the rive_r after the installation .of ~utomatic ·gates. ' 

· · ···Though there is exposed rock in the l:ed of the ·river below the weir, 
pebbles of _diameter -varying from 3/16• to 1• ·were· used in the bed of the 
model so as to compare qualitatively the efficiency of various measures tested 
in the modeL For each experiment the bed was moulded to R.L. 310.0. In 
All the experiments a discharge of 4.67 = 92,000 cus.,cs was run till scour 
stabilised.. For each of the experiments the following data. was collected:-

-Fig.'91. 
Photos 

(i) Water-profile downstream of the spillway. 

(ii) .Profiles of.sc·our downstream of spillway . 
.. . 

(iii) Photos during the run of the experiments. 
, . 

Results_of water-profile and profiles of scour aro plotted 
in fig. 91 ( See also· photos ) • _ · -

. · 5274, 5 z;6_, 
5271' 510(), 

-528~ & 5284. 

Re-sults of the ~cour are given below in table 1 .. 
-- - .., 

. Table 1 • 

. . -.. . . -
Expt ·rest Discharge Downstream .'daxi·mum Distanre in 

;No No (cusecs) water level . scour in fr. ft. from toe 
~,... . ., ,. - .. R. L . below R.L of the Conditions .. ~ . .;: 

3.0.0 :weir - r: . 
• ... .. . . 

. . 
. . -r• ~··- -, ·~ 

.... 111/11 ~-· -

I l. 
2. 

... .... ... 
2!0.0 9~.0:>() ~4!.2 . 2.2.7 ' ·}Without~·: 

~.:!,OOJ 32&.7 33.0 150.0 Bucket. 

II t. 
2. 

92.000 342.~ 18 6 40:i.O 
·-

}With 5 ft. 
92,030 . 326.7 33.0 255 (}_ . B~c_ket. 

III 1. 
2. 

92,000 342.~ 22 2 4200 i With 7 ft. 
9~,U0() 3~ti.7 33.9 30J.O Bucket. 
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R.L. 404·0 

J-(9. 721G OF 1\'IARCH 49. 

C ,(,j<. L 0... K. I<. S-i;t}. POOH&. 

FIEi. 90 

VAlTARNA CUM TANSA SCHEME" 

OVERt=ALL MODEL-
" I 

·SCALE:- I = 30 

IVlOOEL- SC.AL E :- \/30 ----

/ 

/ 

/ 
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----------~------------------------------------------~----------------------~ 



DESIGN OF BUCKET 

... 
() 
Ql 
Ul 

1:1:: BUCKET OF 

-~~~~H."'~/ 
~~~:r~ 
HEIGHT: 5 F."f; 

N."!' 7215 OF MA!lC/1 1949 
C.W. I. & N.~.ST!'POONA. 

FIG. 91 

SHOWING WATER PROFILES 

AND SCOUR PROFILES D/S 

OF TH£ SPILLWAY 
II I I 

HOR. I=. 4 'E 12.0 
SCALE.:-VER. /'=. 2':: 6CJ' 

REFERENC£5:---

WITHOUT BUCKET 
' ---o----o--- WITH S - BUCJ<eT 
I , 

.--~---'lt--- WITH 7 BUCKET 

------ EXISTiNG BED OF' TH£ RIVER. 

PLOTTINGS OF WATER PROFIL£S AND SCOURS .D/5 

i) EXPERIMENT I TEST I 

ii) ,, -II '' I 
iii) _,, m , 1 

--....-~ 
----~ 

-pLo7TINGS OF WATER PROFILES AND SCOURS D/S 

RESULTS OF:-

i) EXPERIMENT I TEST Z 
ii) . JJ II " Z. 
iilj _,, 

WITH 

0 2 4 6 8 12 /Ll 

O.'RZ~'P. ~00l{A•4\• 
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(Looking upstream) Test I. 

VAITARNA DAl\I SPILL'WAY 
(BOl\IBAY). 

EXPERIMENT I WITHOUT BUCKET 

PHOTO No. 5274~ Downstream water 
level corresponding to -92,000 cusecs. 

- (Looldng llpstream) Test II._ 
PHOTO No. 5276. Downstream wa~e:f 
bv-:-1 corresponding to 18,000 cusecs. 



V AIT ARN A DAM SPILLWAY 
(BOMBAY). 

EXPERIMENT II WITH 5 FT. HIGH BU 

(Looking upstream) Test I. (Looking upstream) Test II. 
PHOTO. No. 5271. Downstream water 
level for 92,000 cusecs. 

PHOTO No. 5269. Downstream water 
level for 18,000 cusecs. 



VAITARNA DAM SPILLWAY 
EXPERIMENT III WITH 7FT. HIGH 

BUCKET. 

(Looking upstream) Test I. 

PHOTO No. 5282. Downstream water 
level corresponding to 92,000 cusecs. 

(Looking upstream) Test II. 
PHoTo No. 5284. Downstream water 
level corresponding to 18,000 . cusecs. 
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As there are no substantial marked advantages. obtaina·ure witf1 7 0. ft 
bucket, such as greater throw _off from the toe of the dam, lesser depth :of 
~cour, effective back·roll~r !lt the. toe etc., .5.0 feet bucket was (!onsi4ercd 
more suitable. 

Another 1/50 geomtrically-similar model is now coilst· 
ructed to. see the efficiency of the bucket with ··particular 
references. t.o th:e position , of _'the .. standing_ :wave_under 
various rising and falling conditions of water levels 
upstream and downstream at)d to. study pres.sur~disttlbution 
along the profile E:specially at the kink in t~e profile at A 
'-fig. 90-where the upper curve m,eets. the downstream 
:slope. 

28. Torque required to move the Tansa autcmatlc gates (Bomb11y) 
' ,, 

1. Introduction. -

Experiments done on the half size geometrically-similar model of the 
titling type automatic gate as installed at TanRa(1) revealed. that for ensur
ing the pr\lper working of the gate according to tbe· design, the~ design 
should be strictly based on the data collected on its model. Special treat.; 
ment for each prl>Mem is . neces8ary. for provision of adeq~ate. aeration 
arrangement and devising suitable weir section to. permit fre-e ·-movem.ent 
of the; ·gate. Model- experiments are therefore indispensible . in . any 
specific case. 

General design and design practicP.·· can howe.\ter:·be Rtandardised to 
some extent and data necr:ssary for this was desired to be collected for 
Messrs. Duncan Stratton & Co of Bombay. 

_ _ The conlu~ions arrived at . from the Tesults of the experiments made 
in this connection are given in 2 (i) below • 

. (1) _ .. Par:-~s-153 to 165 ci A~n\lal Rel>ort (Technical) 19!7 of C.W.I. ~ N~ ~esea:rch 
. ~$a.t1on, ._ · 
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It was notic~J in Exper~ment 2 of Series. IV ( cescribed on re£es 156 

~nd 16~ of· 19·11 A.R .. TJ ) tb at fer a specific constant water level in the 

lake, the. position of Lhe gc1te was not fixeJ !Jut varied within a rangJ'. Exp-:

eriments were dona to detdrmine the torque in foot ll>s. required to move 

the ga.te from th.., lower to upper position and vice·v~rsa L>etween these ... ' ~ . . . . . 
·ranges. The results of these experiments are presented iu 2 (ii) below. 

These wer~ also carried out at the insta.n\}e oi M/:3. Duncan Stratton & Co 

2.. Results of the experiments. 

2. {i) Nappe profiles and pressures above and below the gate by 

piezometer tubes were observed at different inclinations of the gate, between 

520-301 an:l L0 - 01 range, with two alteruative upstream lake water level 

viz. 422 OJ i.e. F S.L. ani 42~.25 i.e. ll.F.L. 

The following CJndusions were drawn from the experimental 

observations;-

(1) The p1essure lines and nappe profiles are not concurrent and 

hence designi!lg the counterwe:ght on the assumption that pressure on the 

gl.te is equal to that given by nappe profile is not quite correct. 

The pr?ssure line is slightly f~ivergent from the nappe profile at upp .. 

er positions of the g3.te aud apprec1a.Uy diff~rent at lowe~ P,OSitj.ons o~ 

the gate. 

If there£( re the counterweight is de· igneJ from nappe profiles, the 

actual press1,1res L£>ing lE'sS at the towel" pos.tions, the counterweight wili 

become heavie-r and willvrevent the gate from going down. lf the cauter· 

weight be made lighter to allow the gate to g•J down, at upper ~ositions it 

will L>ecome Jightet: and will open and elm~~:~ the gate at water levels IJelow 
., • 'L - • . .• • 

tbe retentfon level, ·which is not desird.IJle, 

A compromise thus appears necessary ... -. .. . . 

(2) For calculating net t~1rning moment du~. to water pressure_ on 

the gate, pressures above as well as Lll the unduside of the gate need to Lc 

algeurically summed up for all inclinations of the gate, when the nappe is_ 

unaerated. 

2. (ii} Experim.ents w_~re_ done to qeterntjne the.tor,que r2quireJ to 

mo·ve the gate between the ranges referred to in (1) above, ·-· · · ·-
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The method of observation of the torque was in fig. 92. 

FlG.92 
·.·· <·t't.,;7t06~i 

.·. ·.··: .T5f_'-~·.tt.N..t~s~ 
··;.• .. 

SKETCH sHoWING THE. PRoPa~tn ARRANGEMrtitD( 
.·· • ·······<• <lc.;• 

-~-----..... • w 

...JJ....JL...-.y.,.,----..1111.---------~· !----''-----..1·1,---.,....._;.._;_,.;...........,c~ll~.._..,.~_,.. ........ ~..-..j 

SEC1lON tOOl<fNG UJs..,:;..,, ~--~:r :.·.·· , .••... _,_..,...___, __ 
., .... 

The~arrangrlT'rnfrcnfh:ts_of a ran for leading the neces~ary weightS 
Q.ttarhed to the gate by m(a,ns of a steel wire running o\·~r the pulleys. 

:. Obset~ations.and rlsults :-

·Water 
.level 

1 

422.144 

4~2.174 

422.250 

422.~24 
£: -·.;. 

Maximum 
opE'ning of the 

az_ate in-rit-ing 
stage to max. 
closed rositicn 

I in the falling 
stage. 

2 . 

17° to 8° -tO' 

14°-G' to 7°-30' 

13° to 6° 1 
• I 

f>0 -3o1·t~ 5° 

Torque in 
ft. llJS, 

ton ove the . 
1. ate t.hHmJl h'Aerahon 
the range in l 
colum

3

n (1) I 
4 

89.19 Full 

~8.17 
" 

76.50 " 
~ 

71.20 "· ... " ... -.... ~ .. 

Remarks 

5 

Jn order to- maintain a~ 
constant water level-
up.~tr.eam of the gate, 
the water supply was 
required to he continuo .. 
usly adjusted and hence 
results were approximate· 
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29. Siphon spUiw~y proposed for the Kollsagar dam. project_; Hyderaba.d 
(Oc:ccan)." 

Intrcduclion,. 

.Appx. I 

It has been proposed to constrnct a dam across the 
stream. Pedda V a goo. near M ahl,oolnagar in H yd<;;rab~d. 
The catchment area of the stream at the site of the da'm 
is 7L9 sq miles, tut of this 50:?.5 sq. miles is interce11ted 
and the rest i.e. 206.5 sq~ miles area. contribute direct ly:to 
the run-off. ll,YderalJad P.W D. officers have estimated 
thg maximum probable flood discharge of the stream hy 
Nawab Ali Nawa~ Jung Ba.badur's formula (See Appendix 
I for olhlr details of the scheme;:-

Q mas = C M a- b log M ... (1 
Where M, area of catchment= 709 sq. miles. 
V= 1700, a = 0.92 and b= 1/14 
This gives Q.~ = 1,87,500 cusecs. 
According to the fan catchment formu.la 
Qmas = 7,000 VA 
A e Catchment area in square miles. 
Qmaz• = 1,86, 390 cusecs. 

••• (J 

0.1. · Consid~ring that nearly 2/3 of the :catc~m~nt are~ ·does not 
direct.ly contribute 10 the run-off tLe intensity of the Inaximum prolabia flood 
discharge is likely to be less than rstimat£d on:the ·Lasis of.the ·assumption 
that the whole catchment contriLutes to the run-off. The normal maximum 

I 

flood discharge according ~o 

q = 4 OJOy':A {3) 

gives a discharge of Q = l,(lf,!\Ov cu~~cs and· the probaf,Je maxi!Dum ~ood 
dir,charge consideiing the: ~Huliar raul n.£nt condi1itn is not. likely to 
exceed J ,60,000 cusecs. This point r~quire_s furtht r study as it w~ll result 

, I .1- I 

in saving ov~_r the cost of spillway Fonstrfction. · 
...-~ ,- .. 

1.0. It bas been decided to construct siphon spillways in the gorge 
portion of the dam to pass the floo~:J. Ordinary over-flow spillways are 
ruufd out ·of consideration as the length of sl1i1l way requh.ed is ~9'!1Sidera).>Ie::, 
The· Jengthof the spillway is necessarily limited Ly the widLh of the gorge· 
which is a.hdris.-7(i0 feet. _; · · 

1.1.. ·Siphon .spillway designs. 

_. (a) :The ordinary saddle type siphon (h) The volute _sipb~n dev:~oped 
~y _,Mt. G"ailesh l¥er were therefore consid_ered. The Galle3h Iyer's "des'i~~-



has a better coefficient of di~chargE!._ l!ut_ $Je to necessary spacing between 
two adjacent siphons, a spillway dam portion of about 1,000 feet is required. 
Re~mlts of \he ... Jog ,_y~lute .. siph~ns· .. have ~dis.closa·~ that a pr~IJling depth 
required for the design is nearly 1.6 ft. In the saddle type siphon design 
though its coeftciEmt of discharge is slightly-less than the volute type; ·the 
length-of spillway ,dam required is. 750 feet'cue _to close· sparing of the 
ba.tteri~s of=~ the siphon's ·.-possible in this des:ign. :The priming depth\vill 
be of tha.sa.me.order....aS-in_.tbe_v_olu.uule_sjg_n..__ .1t. .. was decide·d ·to carry out 
experiments with. small scale models y~_and test both -types to-~- .~volver."_h, 
suitahte design. The e:.!q~eriments with sadale. type siphon with- a :J/'1.0 scale 
geometrica}ly-simil~~ mO:d~l are.eiven below:.' ' ·- . ' --

2.o.- -·-ne"&tgn-of the--sad.d{e siphon;-· ·--

· In- thig 1 design ~n easy curve is provided for_the inner 
shell. of the· siphon to obtain beher discharging- capacity.' A 

. . . :· . - .. ( ' 

priming weir· on the downstream of·'tha siphon is also 
pro-vided to cause sealing of. lhe lower. lip· With ,a giv~n 
depth of flow -~ver the ~eir and ;to sec~re earlier priming. 
The lower ilp Jof the siphon wasitept a3lt.-below the crest 
of th-e siphon. 

2. t. Four units of siphon to/ 1/20 scale were constructed in. the 5. 
• - • • V . ·-• r ~ • ·, • • .l.. . ""~ ! , · ,· • o / 

feet \\·ide channel on the- left bank of M.R. B.C. A. Rehbock weir w-as 
• .. • 'C • • • l " - • - ' e 

constructed 4J feet downstre.am- to ·measure the .discharge .-through .thq 
- ' {. .. ,, ~ . ·... ~ ... . .· ~ . ,- . . , . ··'. . . , ~ 

aiphons .. -

,. 

... ~ n orde~ to ~ct~~~iq~ !~~ op!i~1~_rp _POSi~ion: _.~)f, -t~~:~_ri~);pi·:~~i;)~~ 
~i.stanc~ _~as-_ yaried eq':li.!al,e:nt to 6l> -~~~~':: ~0 ~ee~-,an~-. lOU}e.~t. (.r9~ J,~~ 
mner vert1Calleg of the stphon. · In all these three .postttons the ciest o( tho 

' ~ ' ' ' - -- '.. • . - _ .. "-' ', _,.' ' _,. • ' ; • ' '·. ~ [ -J 
Weir was }tep~ at = R.I.... 13~~.9 or J~5 ft.: 1 ~owe~. t~all;_._tbe Jower lip 9.f ~t~.! 
sip~o.n(_ 

9.1. Discharge Coefficients. 

· · 'Var.ying· discharges :wet~ ,:run· in: each position 'and the 
depth of water upstream 9ver tne ·crest of: the .sjphori~was 
n'6ted; from tllese observations-the: coefficient -or discharges 

Fig. 04· .. ·were·- worked ~out: as shown: in· Table :1 below obs~:rVecti11 
. the model for the th'ree positions .. -_·:Figure 94 . .Shows:· D:.Q 
and D:c· curves for each . 8-iplfun. 
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Table 1 

( Dis:..·harge given in the 7'able as for 4 siphon units) 

Weir 3ft. D/S-1 Weir 4ft. D/8 I Weir 5 ft. D/S 
= 60 ft.. = bO ft. == 100 ft. 

D= 
Sr. Deprh_u/s 
No. over crest of Discbar Coeffi- Disch aT· Coeffi- Discha..:- Coeffi-

siphon fn' ft. f!P Q in cient ge Q in cient ge Qin cient 
cusecs. c cusecs. u cusecs. c 

l 2 3 4 5 

1. 0.0125 = 0.25 4.800 0.517 4 946 0.539 5.184 0'561 

z. 0.025 - 0. 50 .- . 1.845 (}.521 5.920 0.5!2 5.223 0.563 
. :... ~ ~ ... 

~. 0.050 - 1.00 4.942 0.528 5.114 O.f,47 5.309 0.567 
.. 

4, 0.075 - 1.50 5.0j3 0.535 .. . 5.207 0.553 5.392 0571 ....... 

5. 0.100 = 2.0V 5.140 0.541 5.300 0.559 5.473 0.575 

Thus ·with weirs= 80' from the siphon, the discharge of each siphon 1 

with· upstream depth equivalent to 2.0 feet over' the crest of siphon would be 
2.370 •msecs. The low coeffirients of discharge in these experiments are due 
t'o the relatively high crest of the priming weirs downstream. The crest 
was only 15ft. lower than the lowar lip of the siphon and may have eaused 
back pressure. 

3.2. On compariug the coefficients of discharges at the three positions 
it is ~een that the_ discharge coefficient increased as the weir was moved 
downstream. This is according to what one would expect, but beyond a 
certain optimum distance downtream, though the coefficient may improve, 
the•priming qualities would be affected; this is beCd.USe due to bigger contentg. 
of the cistern, with a given rate of rise in the reservoir water level, the time 
required to fill th~ cistern would exceed the period required for the W'atei 
level in the reservoir to rise to the priming level. 

t.B. Priming depths . . 

'Ehe depth of wa.ter upstream over crest of siphon· was observed with 
the thtee positions of the weir; in all cases the depth was ob~erved to be the 
same. It was equivalent to 2.78 feet. It is an e~t~hlisbed fact that the 
priming depth in small scale model is rela.tively higher than in the prototype 
and to. estimate the depth of priming in t4e fall scales siphons, priming 
ieptha with at least three di-fferent· seal~ models should b~ obse:rve~ 
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APPENDIX ;A' 

Principal features of Koilsagar Project, Hyderabad ( DeccaJt . 

1 .Catchment area 
(i06.5 sq. miles free & 502.5 
sq. miles intercepted). • •• 709.0 sq. miles. 

2 Average monsoon rah.fall ••• 24.0 inches 
3 Nature of catchment ••• Average 
4 Yield per square mile ••• 8.15 M. eft • 
5 Total yield. ... 2705.0 :M. eft. 
6 Fall of river bed above the reservoir ... 10.45 ft. /mile 

H.F.L. •of the stream a.t the dam ... 1308.0 

8 F .R. L. proposed 1343.5 

9 1-f.W.L. ••• 13i5.5 

10 T.B.L. • •• 1351.5 

11 Sill of sluices ••• 1317.0 

12 Capacity of reservoir at F.R. L. ••• 1765.71 M. eft. 
13 Capacity of reservoir at sill ... 174.0 M. eft. 
14 Net capacity of reservoir at F.R.L. ... 159!.71 M. eft. 
15 Length of composite dam ... 2600 feet. 

16 Maximum height of reservoir above the 
pond level. ... 63.5 ft . 

17 Maximum height of reservoir above the 
river bed ... 59 ft • 

18 Estimated maximum flood discharge ••• 1,87,309 eusecs 

19 Lowest rock level in the river at dam ... R.L. -1278.5 

20 Sound rock level - R.L. 1270 
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30: The propl)se:l~"raisltl t of t~_e· w·1ste welr ]a vel of the .tank . 
at Kalyanipura Villag~ (Ajmer) 

The Kalyanipura ta.ntt n~s. a; ,~atcnment area of 2.2. sq. 
miles. The crest level of the pres3nt wasta wait: {length 
9.8.feet) is· ·a't. R.L.'t6o.:o· with ·M:rr.L.· R.t:· 10~.75. It 
is propo,~d to raise the F.S.L. by one foot by raising the 
crest of the waste. weir to . R. L. J 0 1.0. · · -

~ .. . . 
The Executive Engineer, Ajmer,' required to know the incre~~e.i~Jl\e 

spillway length so that the present M.F.L. is not exceeded even after tne 
raising of the crest of the weir. 

~,. ~·· '• ~ ~- ;· (• -~ ~ ~. i.~: ": 
l l ' 

_ . Probable maximumjlood discharge at Kalyanipw·a Tank, 
• . f • 

.As the sfz~ of the Catchment is Sm3.ll-only 2.2 sq. tniles- the chance! 
of the probable maximum 'flood discharge occuring in the catchment are 
very remote. In the abJe.nce of reco~d3 .. of unpraca:Ja::ntad flQqd.sD in this 
locality, well-established emperical fromul.aa ware used to e~timate its 

:value. :. .. ,. ,,. . ... ' ~ ' ,' ' ' -- nf 

, ( 1.) Dicken's formula 

Q•s• = CM 
3/4 

M =Catchment area. in sq. miles 
,p ~.co~1fic~el,l~ depends on ~bd 'catchment ,charact.eristics; 

.. avprage value generally adopted is 82.5, with 0~8~5,, 
Q.;.~. ~ 1490 cusecs. · ' ' ·' 

If, however, the value of C is taken -as ,-t6JQ as. suggested for very small 
catchments; ' 

· . 'Q.-.:a·~ lGO_O ( 2:2 ')3/4. ·.:..2890 ~usecs. 

(2) Fan. catchment formula.~· 

. _The fan; ~~tcbment. formul.a. developed .at this Station and l~ter modified. to 
c'over mg.ximum;run-off~.ob~erve.d. '.in sniaU catchments has been ·~hecked i~ 
:mariy' cas,e~.- The -~a:ximu~ J?r?~able. dis~harge is. given by 

·Q·· ~ _·,:_. 7000A _. 
-~-- . VA+4 

where A :::· .. area of the catchmen~.i~:~<l:-~i.l.es_ .. >:Ma~~~~\1.~ di~~~a'~~accor~- · 
ing to .this formula is 5184 cusecs. A provision to· pass this extraordinary 
.floo~·discharge:thafmay probably occu'r at extreniely·· . .long intervals •will 
l'eqJJ.Jr~ :.a: .,much ·- longer ' spillway. : and .. · appears. unnecessary •... However, 
.~arrangement :to .. pass·the:prohable.·narmal maxlm1im.iflood 4ischa.rge which 
_tlrowd . .Qc;C.ut :at.mor.ctf~~"~eJl~-iriter:va.la will ha~e' to,.Le -made_. · 
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. !l'he.no.rm·al maximum disch!lrge is·gi'f'en by 

4000 A · · · 
Q.az = = 353i eusacs. 

VA+4 .. 

Maxi~J~um/lood discharge which could be pa.-Jsed with t!ze e~~s~~~g weir 

The inflow at the tank could be worked ou~ from t11e outflow over the 
waste weir and the capacity' of the Tank· between ·the F.S.L. ani M.F.L • 
. The maximum flow over the weir with Water Level in the· tank at R.L • 
. 102 .. 75 is --

Q = C L H3/ 2 L =- 98 feet and assuming . . . ~ . 
C = 3 30; with depth of water 

upstream of .2.75 feet. 

Q ••• ==3.3 X 98 X ( 2.75) 312 =- 1!74 eusees. · 

Due to absorpti(\n capacity ror the tank of 9.71 M. eft. between F.S.L; and 
M.F.L. higher rates of inflow than 1174 cusecs - the maximum outflow 
capacity of the existing weir - occurring for short durationq, can be accom· 
modated in the tank. The permissible duration.oE any such flood is, however 
limited by the fixed total capacity of the Tank and .decreases with increase 
in the magnitude of tJ:le _flood. 

The probable duration of the maximum flood discharge varies with 
the size of the catchment and for Kalyanipura Tank this period acct'rding to 
Gurtu's formula.: 

T = 0.1 VA+ 4 . 
is 1.75 hours. With this dura1ion the- maximum infl.ow which can be passed 
through the Tank without exceeding the ·M.F. L. is computed to be 2200, 
eusecs (see Appendix J. for calculations) .. :.·~If the duration of the probaLle 
ma.xtmu:n flood is sinaller,an inflow of correspon(Hng higher intensity 

reould be accommdated in the Tank; thus if the flood lasts for 1 hour the 
·m1xi.mum inflow which ca.n be passed will be be-3400 cusecs. Since the 
existing spillway bas only an effective capac1ty cf 3'00 eusecs, it.is 
presumed that the new spillway is re~uirod_to_~~s only "normal" discharge 
i8. a534 cusecs. ---··· · 

·The Design of h{ah coefficient weir. 

The· L. Section of the existing W3ir is• shown in fi~. 9S. 
The top of the weir is level, With length in the direction. of 
flow of 3,()feet. The: height of tbd weir above the upstream 

. b~d JeveL ia : . .2s- feel.. Under f(aa-.. flow: .. conditions.down 
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Jt.AlSlN<l WASTE WEIR LEVEL AT ltALYNIPUR.A (AJMER) ll~ 

8tream of tho weir, Cha coefficient of discharge will not exceed 3.3 (with 
M.F.L. in the Tank.). The coefficient can be improved to 4.0 by suitably 
modifying the profile of the crest. The exact value of the coefficient will 
have to be ascertained by model experiments. Even with the raised crest 
level the ratio of depth of flow over weir to height of weir 'will ~e 

!:~: or 0.54 aud a higher coefficient is not likely to be attained. · · · 

T,he present weir crest may be modified as shown in 
FJ:. o3. fig. 96. (The exact profile will have to be obtained by mod.i· 

ficc~.tions to give best results on models). The coefficient bf 
this profile for designing may be assumed as equal to 4.0 .. : 

' . ' 
ungth of Spillway required after raising the crest. 
With F.S.L. raised by 1 foot and H.F.L. same as before the absorp

tion capacity of the tank between F .S,L, and H,F. L. will be reduced from 
9.71 m. eft. to 7.01 m. eft. and it is safer to make a provision to pass the fuL 
maximum inflow over the waste weir viz. 3500 cusecs. The length of 
weir ·required to pass this discharge is given by 

L= Q = 3500 = 380 feet. 
C. H. 312 . 4.0 ~ (3.75) 312 

Existing length = 98 feet. . 
i.e. additional weir length required is 282 feet. 

'!his will still not pass the catastrophic ·super-flood of 5,184 cusecsl 
but this risk may be taken as such floods are very rare anJ may ba of fi 
very short duration. · 

APPENDIX I: Computations to determine the time required fot 
the Water Level in the Tank to rise from F.S.L;. 
to M.F. L. R.L. 102.75 with inflow of 2200 cusec~ .. :: 

Range of W.L. 
in the tank 
(sill of weir 

at lt.L. 100.0) 

1.10 
1.5~ 
1.79 
2.02 
2.10 
1.10 

. •. _; 

38 216~ 
197 2003 
425 1775 
7U3 1497 

1025 1175 
12~2 908 

'*' 110.99 
Total perio1 of inflow= 1 hour and 51 minutes. 
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31. Remodelling of the Olmna Nala Overflow Spillway, Jamshedpur 
·. \Vater Supply Scheme 

0.0 Introduction 

. When Mr. K.K. Framji late Director, Central Waterways Irrig!ltion 
& Navigation Research Station, visited the Dimna N al!), reservoir in May 
19-17, he observed, In progress the reconstruction of the R. C. C. bed sla.b 
above the cushion wall of the main spillway, which had been damaged 
during heavy rains of the proceding year; be also observed that the profile 
(crest length of 15 feet, high flood depth of 9 feet) was not of the high coeff• 
icient type. He, therefore, suggetited that, if the case is referred to the 
Station, it would be possible to suggest a more efficient profile (i.e. one 
which woulrl give a higher discharging capacity for the same fll)od level. 
an:i better energy dissipation measures. the latter if, on a. study of the case, 
it is found that the darnage to the bed slah was a result of excessive dynamic 
action of the surface flow. 

. .. 

0.1. Later, :Mr. Aga, the Chief Town Engineer, fux:nished all .the 
data that had been aske~ for by the -Director and suggested that, sirnultane
ously, the questions (a) of fixin5 the cres~ level of the main escape, prefe
rably in combination with as low automatic gates as were necessary and 
desirable, with a view to increase the storage capacity of the reservoir, and 
{b) of . the maximum floo3 intensity which must be surplussed through 

the_ main and emergency escape.~, should be reconsidered. Mr. Aga, tbere
fo:re, desi._red that the profile of the main escape proposed by the Station 
sb?uld be for the revised crest level of the spillway which would per,mit 
increased storage, ani at the same time, in com!Jination with the _e.merge
ncy escape and the floo:i absorption capacity of the reservoir, dispose of 
estimah)d m~ximum flood occurring for the estimated duration without 
exceeding the safe level ( i.e. top of masonry core wall, R. L. 533). 

1.0. Existing Features. 
It is useful to recapitula-te -some of the mora important data. of. the 

existing Scheme .which affect the proposals mentioned above. 

(i) Earth Dam 
. . ·-

Top level of the dam 
Top of hearting 
Top of mason·ry core wall 

i e. safe H.F.L. 
Present F.S.L. 

· Proposed- F.S.L. 

(ii) · Jrfain Es.cape. 

Length of main escape 
Existing crest level 
Ultimate crest ]evel 
{Proposed by Mr. Mu~umdar) 

R L. 538.00 
R.L. 535.00 

= R.L. !\33.03 
R. L. 5~4.0() · 
R.L. 527 to R.L. 530. 

167 feet. 
= R.L. 524.00 .... 

= R.L. 522.00 (with 8 feet 
high gates). 
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,' '(iiil Emergency Escape. 

Length of escape (aggregate) - 600 feet .. -. 
Existing top of cuts. - R.L. 530 
Ultimate top of cuts (in 
Mr. Muzumdar's final proposal) = . ·R.L. 529 · 

(iv) Reservoir 

Catchment area intercepted 
by Dam. = 36 square miles. 

·Dead storage capacity = 53 m. eft. 
Gross storage capacity at-

- R.L. 524 = 938 m.cft. 
R.L. 525. - 990 h 

R.I..; 526 = ' 1042 -
' ·" 

R.L. 527 . =· 1094 ,,. . 
R,L. 228 - . 1150 " 
R.L. 529 =·· 1208 " ' 
R.L. 530 = 1267 ;, ' 

1.0. Terms of Reference. 

The Station has assumed the following issues as the terms of 
reference ~-

1. What should bathe optimum F.S.L. ~between R~L. 527 and .RL, 530 
- upto which storage is practicable having regard to the~ ~xisting 
need for the increased storage as well as to the supplies Iike1y -~to ~ 
available? . · · · · ··· ··· 

' ' 

II. What is the best estimate of the maximum catatrophic floo::l (i.a;:supet.
. flood) likely to occur in the Limna Nala basin ? 

·III. What sh'Juld be the revi~ed crest level (with or without:automatic 
gates) of the Main and Emergency Spillways which will .pe.rniit bqth-:r-

{a) increased storage, as under 1; and 

(b) the ·disposal of the super-flood disrbaTge (vide 11 ) allowing 
for the combined _capacity of the tw0 spillway - the Main Spill· 
way having an improved· high coefficient ·profile .. ~-< .. and the 
absorption capacity of the reservoir bPtween the pro;,Josed F.S L. 
and the H.F.L. so that the water level shall not rise above the 

- safe H. F. L. (R. L.533.00) 

\V. What measures can b~ suggested for:_ the op_timurp dissipa~i9n 
of energy of flow over the Main Spillway and the reduction of 

·~-·- -·.M 

damage to its floor ? 
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In answering these issues, it has been presupposed that efen in t9tt 
since the Management :rejected the proposal of Siphon Spillways- recom
mended by this Station (1) -for the disposal of the super-flood on consider
ations of the saving in cost, there is no likelihool of the Man1.gement, 
reopening the question now when the difference in cost will be more and a 
weir spillway has been already constructed, whatever ba the merits uf the 
Siphon on other grounds. 

3. Issue No. 1: determination of the optimum storage Ja•el. 

3.1. Estimated mean mon::~oon rainfall & corresponding run-oJJ. 

3.1.1. In his note dated 17-2-i4 on ''the Design of surplus arrangement, 
·for the Dimn:l Nala Water Supply Scheme'', Mr. S.C. Muz.umda.r, at tha& 
time, Specia.l Engineer, has -an~lysej the long-period rainfall data of four 
rain•gauge stations nea.r the catchment ( Chaibasa and Ranchi 55 years 
Purulia 44 years and Jamshedpur 35 years )"for the period preceeding 1943. 
The rainfall data of the catchment b.1sin of the Dimna. Reservoir were 
available for only 8 years (1936-4:3) and so he has estimated the ]ong·period 
monsoon (June to October} rainfall for the catchment from the ratio of 

long-period to short periud rainfall, particularly from that 
. for the nearest Station ( J amshedpur ). 'fable 1 shows the 

Table 1. mean, maximum and minimum monsoon rainfall for the 
five stations considered to Mr. Muzumdar's note a11d the 

:ratio· of the long·.period mean to the short-period mean.· 
3.1.2. 'Assuming th.t.t this ratio of 0.9 obtained for ,Tamshedpur will 

hold for the Dimna. Catchment, the mean rainfall in the Dimna. Catchment 
over a long-period of years is estimated to be 50 inches. This estimate is 
reasonable and may be accepted. 

' .. 

3.1.3. Over a lon1 period the probability of the occurrence ot rain. 
fa.ll in the Dimna. Catchment may be taken· to be similar to that at Jamsbec;l· 
pur, which is :only 7 miles from the centra of the catchment and, therefore 
on the same analogy, the probability of occurrence of the rainfall (more or 
less than the long period me(ln by· the same percentage) will be the same in 

. the Dimna. Catchment as at J amshedpur. A probability 
curve of rainfall at J amshedpur is plotted in fig. 97. Since 

Fir., "97· · the long-period mean fall at J amshedpur has a probability 
of 46io. it may be taken that estimated mean monsoon 
ra.infall of 50 inches in the Catchment will have a probabi· 

lity of 46%; and the pro!Jability of a. rainfall of 49.7 inches in the Dimna 
Catchment-which is 2/o Jess the mean fall- will be SO%,'because a rainfall 
2% less than the mean at Jamshedpur, i.e. ~5.~", has a pro~lability of 50/o 

(1) See ~R. (1} for 1940-41; l941·4Z 1942-43.- . 
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i.e a frequency of 1 in 2 years. It will be seen later- · 
vide Table 3 in para 3.2.2 -that a mean monsoon rainfall 

Table 3· on 43.7" in the Dimn:~. Catchment is required to produced 
the yield necessary)o fill the Storage to R.L. 529.0, thus : 
confirming the expectation of supplies being sufficient 'to 

fill the stroage up to R.L. ~29 with a frequency of 1 in 2 years. 

3.1.4. Correlation between rainfall and. monsoon-yield. 

. . Having obtained the long-periodmon soon rainfall, M. Muzumdar ba&· 
at.tempted to obtain the corresponding monsoon yiled by plotting a.long·-siC'& 
a graph representing the relation between the monsoon rainfill· and the· 
yield a!~ given in Stran~e's tal:lle. This is because Mr.Muzumbc1r had only four 
years data (i. e. for 1937, 1919, 19! 1 a nO l943) which he correctly· cosidered ... 
insufficient to establish an independent relations between seasonal rainfall 
and yield. Data of run·off and rainfall upto 1947 are now available and au. 

independent regression line can be fitted by the methods of. 
Statistics. This has been dona in fig. 98 in which the curves· 

Fi&". oS. according to Strange's tables and Mr.•Muzumdar's hypot. 
hesis are also plotted for comparison. The regression 
equation for the full data. available is 

. Yield=O.Olt6 {Rainfall )2.028~ 
with a high correlation ratio of 0.813. The fit is also good. 

In this connection, it is pertinent to point out that, for the yeatt 
1936-40 when the run-off was measured at a point in the. stream where tho 
catchment area is 40 square. miles, Mr. Muzumdar had . deducted tO% from 
the actual run-off figures (assuming run-off proportional to :area) to obtain 
run·off corresponding to 36 square miles (when the subsequent run.oti is 
measured being appropriate to the Reservoir); since there is data. available 
to ·substantiate that run-off is proportional to v A (not to A); the· appropriate 
deduction would be 

Table 2. 

Fig 98. 

Y40- Y36 = 5.14%· 
Y40 

This deduction is made in Table 2 showing the season" 
rainfall and corresponding yield data observed for th~ 
years 1936 to 1947 and fig. 98 is the plot of the yield in 
million cubic feet per square mile of catchment as comp-
uted in Table 2 against the season's rainfall, . 

-The yield corresponding to 50 inches monsoon rainfall is 32.48 mHI· 
ion cubic feet/square mile {according to the Statistical correlation) and so 
the total yieid intercepted by the dam would be 36 X 32.48 = 1',169 mUlion 
eubio feet, again:-;l onlv 800 millon cubic feat estimated by Mr. Muzumda-:r. 
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3..2.- -RetJ.uired Storage capacity and F S.L. of the Reservoir . 

. Deducting dead storage of 53 million cubic feet lelow level of outlet 
sluices, the live storage capacir.y, corresponding to take levels of R.L. 529 
and R.L. 530 are 1,155 and 1,214 million cubic feet, respectively. 

3.2.2. Thus, storage to R..L. 529 (;: t, 155 million c. ft .. ) 'can be wholly 
filled with the yield C()rresponding to the mean monsoon rainfall (viz. 1,·169 
millioLJ c. ft.), which has a frequency of about once in 2 yea1·s: Even in 
thEit re~aining 45 years out of 1~0. by fixi11g the F. S. L. above R. L. 527 
a.dd~tional storage_ will be available, and the extra. cost involved will be fully 
just.~fiable. · · 

. 3.2.3. The actual figures of yield are available for recent years 1939 
to 1947 (excepting 1941 and 1942). These years are said to be of more than 
normal monsoon activity. These figures -used in Table No. 2- show that 
the tank with the proposed F.S.L, of R.L. 529 (or R.L. 530) would have 
filled for only 1 year ( 2 years) less, in the pe1iod of 12 years. than the 
e~i~ting tank. :-
...... 

F.S.L. 

527 
529" 
530 

Net. 
Capacity 
( M. C~t.) . 

1,941 
1,155 
1,214 

. Net · · ·- · -
Capacity 
per·sq. mile. 
M. Oft/Sq. ml. 

28.91 
32.08 
33.7 

-Frequency with 
which obtained 
(From Table 2). 

8 in 12 
7 in 12 
6in 12 

Not~: In working out these frequencies it bas been assumed, for 
the years 1941 and 19~2 for which run-off data are not avail
able, that the tank would have filled upto R.L. 527 in both 
these yeais, but only in one year for tank level up to R,L. 529 

Table 3· or R.L. 530, even though the rainfall in both ·these years is 
so much m<?re than the normal rainfall required to fill the 
tanks upto these levels, (vide rrable 3). 

- These frequencies also show that tbe probability of the 
overflowing in a long period of years, as given i.n Table 3 
is reasonable. 

3.2.4. To fix the storage capacity of tbe reservoir Mr. Muzumda.r 
-haS'' prepared a Table showing rainfall necessary i11 the catchment to .fill the 
~tanK to· various storage capacities, as fixed by the silllev£>1 of the spillway 
:··adopted. Table No. 3 is prep~red on analogous lines except that inste~d of 
.-:$he-gross-st(jrage, the net. storage (excluding th~ dead storage- below oatia·t 
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sluices} has been taken into consideration to find out the corresponding· 
figures of monsoon rainfall and storage levels because after the first year< 
of operation only the net storage wil1 matter. 

· 3.2.5. With sill at R.L. 529 aud 530, respectively~ the percentaga 
probability of filling are 50~ and 42~ {1 in 2 an:ll in 2! years) as compared· 
to :Mr. Muzumdar's figure~ 14.8% an:I 16.6~ only (i.e. 1 in 7 years in either 
case). Mr. Muzumdar himself has stated"'::'para 19 of his Note-that the 
storage capacity should be kept as high as possible only subject to the con
sideration that it can reasonably be expected to fill at least once in, say, 3 
to 4 years. According to Mr. Muzumdar's own .criteriQn, therefore, the 
F.S.L. of the reservoir should be fixed at about R.L. 529 or H.L. 530: . 

3 .2.6. Considerations of satisfactory routing of abnormaJ tloorls by 
partial absorption .in the reservoir in the conditions obtaining in the Dimna, 
however,require the F.S.L. to be ·nat higher than ·R L. -529- for ~reasons to•be 
explafned in para 5. Moreover, with 8torage up to R.L. 529. it is possible to 
two ~tore year's requirements; even assuming the usual allowance of 1/6th 
for evaporation (although Mr. :1-Iuzumdar has stated in para•l4 of his Note 
and in his comments on Sir Visweswaraya's note that it:will be much less) 
and the city's yearly requirements are 430 million c. ft. corresponding to .th~ 
ultimate consumption of 10 million gallons per day for 300 days. as estima.:.. 
ted by Sir Visweswaraya. · · · ' 

3.2.7 For these reasons, it is~considered sufficient- and desirable to 
store normally up to R.L. 529.0. 

4.0 Issue No. 11. 

The best estimate of the maximum catastrophic flood likely to occur in 
Dimna Nala Basin . 

. 4.1. t. In making provision to pass the maximum flood discharge for 
designing the spillway, it is necessary to make a close estimate of tbe 
ma.rimmn rate of inflow in the reservoir with a certain degree of exactitude. 
In ra.re cases, however, sufficiently long data necessary to estimate the 
highest·ever discharges, on a rational ·basis, are available and, genera]ly 
empirical formulre are employed to ascertain the maximum possible flopd 
from the catchment area. These formulre are of the exponential form-

. Q=CAn 

where Q is equal to the maximum flood discharge, 
· -.A is equal to the area of catchment, and 

C and n are constants. 

Such formulae are, however, limited in the1r accuraci and applic.ation 
by the variations in tha constants assumed, which in turn depend on the 
nature -and quality of and the fit to the data from which the formulae are 
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dedved; and may lead to. an under- or --over-estimation of th& maximum 
flqod di~charge in other cases having different characteristics. 

4. 1.2. The index n has been variously taken as 3/4, 2/3 or 1/2 in the 
Dicken's, Ryves'. and the Station formula, but the bulk of the obtainablQ 
data tends to support the latest practice, of a.n index of 0.5, as evinced bJ 
the Station fan-catchment formula-

Q ... =7.0~ 
VA+4 

4.1.3. This formula was evolved. at the Station from dat~ collected 
from all over InJia which covers a verv wide range, and moderated to apply 
tovery small catchments. It is t\l be noted that the: equation Is not the 
~ati~tical average line fitting the data. but the outside envelo1'e line which' 
thus gives weight to the points giving maximum discharge for given areas. 
(Th~ statistical average line gives normal flood discharge about 4/1th thia 
highest-ever discharge for the same area of catchment.) 

4.1.4. The Station has also found that the shape of the catchment 
·is, a very important factor in the correct estimation of the intensity and 
~uration of the ma~imum flood discharge. A truly fan-shaped catchment 
is one where the time of concentration from all the farthest points of catch
ment is the same and equal to or less than. the duration oi rainfall of 
.maximum intensity. In the present case, the area of catchmentis only 35 
square miles and therefore, no allowance for shap".l nt'ed be made. 

4.1.5. According to the fan catchment formula, ~e maximum likelr 
discharge from the Dimna Nala basin would Le-

7·1000X36 = 39,840 cusecs.. 
V'a6+4 

4.2.1. For the other methods it is necessary to know the houri,-
~rainfall intensity and run-off, the former requiring an automatic rain
gauge which is seldom, however, a:vai1able; because a correlation between 
rainfall are only possible when these hourly intensity figures of rainfall 
a.nd additions to storage during high floods are obtainable. 

4.2.2. It is an established fact, however, that the rate o! precipit&· 
tion and the period over which it occurs vary inversely and that the rate 
for a shorter period bears a definite relation to the average rainfall over a 
longer period. On the basis of this assumption, ~the rainfall for a short 
duration can be estimated from the ol1served daily rainfall figures, data. of 
which are a,vaila.ble for the Dimna catchment. 

4.2 3. Th~ maximum daily rainfall obser-ved in the 
Dimna Catchment durini the last 10 yeara ia 7.94•. Iu fi(. 
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Fig-. 90· 

Table 4 
& 4A. 

99 are plotted observed run-off against the daily rainfall 
for high values of run-off. Scatter is inevita:bJe and musl 
be expected because of the variation in the inteiJsity and 
duration of rainfall and in the varying conditions of the 
catchment, i. e. dry or saturated prior to the incidence 
of rain. The scatter is, however, immaterial as it is onl7 
in the envelope in which we are interested. The line 
enveloping the ·'Point may be taken to represent fairly 
the run-off of normal floods that might be expected corr• 
esponding to the given rainfall figures in a saturated catch· 
ment. See Table 4 and 4(A). 

4.2.4. In obtaining the average run-off from this curve -fig. 99-
it has to be remembered that the daily rainfall recorded at 8 A.M. each day 
may not be, and often is not. the actual rainfall occurring in the preceeding 
24 hours. The actual distribution of rainfall during the 24 hours is, how· 
ever, not known and, for reasons explained by Mr. Muzumdar in his note 
on page 17 Para 21, it is often safer to assume that the rainfall of two cons· 
ecutive days has actually fallen in a period of 2l hours. The maximum 
rainfall for two consecuctive days observed so far has been 9.54" in 1939, 
that is, say 10''. Since, however, this rainfall has occurred in the compara
tive short period of 10 years, it would be wiser to expect a maximum rainfall 
of 12.5" for 24 hours (i.e. 25% in excess of the ma~imum rainfall actually 

observed), particularly in view of the area being subject to 
Fiz. O~· cloJd-bursts. From fig. 99, this will give an average run-.;ff 

of 13,000 cusecs. 

(Mr. Muzumdar has also estimated the intensity of normal high flood of 12. 
612 cusecs which is the observed maximum run-off in 1940,- -paras 22 and 
24 of his note). 

4.2.5. Peak discharge. The ratios _of peak discharge to average for each 
flood hydrograph is shown in column 8 of Table 4 and applying highest ratio 
of 3.366 observed in 1940 the peak discharge would be- · 

Q.Q: = 13,000 x 3.366 = 43,7 60 cusecs. 

4.3. Maximum flood discharge based on rainfall intensities o~er shortM~ 
duration. 

Table 5· 

4.3.1. For finding out the rainfall intensity over short• 
·periods from the average maximum rainfall data. for 24 
hours the ratios given by Mr. Cochrane(!) have been used. 
Tahle No. 5 is, accordingly-, prepare1 showing the inten-·-(U •' Flooi run-off from sma.ll areas" by Viotor H. Coollrane. Engineerin~ News Record 

Vol. llg, (1937). 
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sitiE'S of rainfall of varioua durations ·arising from an 
average rainfall of I \ll• during 24 hours. 
4.3.2. Maximum inflow occurs when the duration of 
rainfall of maximum intensity equals or exceeds the time 
required for flow from the furthermost parts of the catch
ment, to reach the reservoir. Fig. tOO shows the Dimna. 
Catchment. Table 5 i~ required to showing increment of 
areas contributing to the run off corresponding to incre-
men' in the distance from the reservoir (~pill way) for the 
Dimna. catchment. Jn fig. 101, these increments in areas 
are plotted against the m~an distance of the zone con~i
dered from the spillway. It wiJl be e,een that the rate of 

change of ar£a with the distance drops for areas beyond 5 miles from the 
spillway. 
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4.3.3. In the Dimn:1 catchment, however, maximum inflow is expa• 
cted to occur when the durd.tiou of rainfilll e:J_ual the time required for flow 
to cover a distance of 5 miles. It is dtfficult to assess the correct value o~ 

the average velocity of flow over, this distance .in the absenr.e of data of 
energy slope and rugosity, but a reasonable estimate of this velocity would 
be 4 feet. per second or -2.73 milles per hour. (This allows for the 
sinuosity of the river ani the modifications due to absorption in bank over
flow; 1Jein5 .i.n a rc1.ther steep area the assumption of 4 feet per second is 
COtBiiare 1 raa3Jlll.~la) With this velocity of fbw:, the perio:l •of con\}en
tration from a 5 mila .~Jna WJUtd ln 1. 833 hJurs ani f~Jr the flow from 
the farthest, part. of the •catchment to reach_ the Epillway would be 2.38 
hours. 

4.3.4. Referring to Table No. G, corresponding to a rainfaJl of 1.25' 
in 24 hours, the intensity of rainfall per hour for a ra:nfall of 1.83 hours 
durd.tion is 3.5:> inches, and the maximum run.off per square mile with this 
intensity is given according to formula (Cochrane). 

q= 645XC X 0.69XI . . 

=645 XC X 3.59 

( !=intensity of rainfall of 5.208• 
for a :rainfall having one hour's 

_ duratiun corre8ponding to rain· 
. fall of 12.5~ in 24-hours ). 

Cis the rain.fall to run-off coefficient of the catchment; at Dimna, a 
coefficient of 55% was experienced (generally for August as in latter period 
~he ratio incteases due to recuperation) and 

q =645 x .55X3.59= 1,270 cusecs/square mifes as the area of the zone 
considered, which only contributes to the maximum i"un-off is 90% of the 
total, i. e. about 32.4 square miles. The- maximum run-off that may he 
expected is- -·-

Qmaz = 1,270X3~.4=4t,150 cusecs. 
4.3.5. - This fiigure has, admittedly, ~been on an assumed velocity 

of flow in. the catchment of 4 ft./sec., arid. the actual magnitude depends 
upon the correctness of this assumption .. However, if the v-elocity ·were 
3.5 ft./sec. or 4.5 ft./sec. the maxirr.um flood, calculated in the same way; 
would be 37,300 and 45,200 cusecs respectively. 

4.4. Thus, there is rational coroboration, to a remarkably clos_e 
degree, of the estimate of the maximum flo9d discharge as obtained by. th9 
Station fan-catchment formula, the. figures for the maximum flood accordi~g 
to the two other rational methods being 4J,700 cusecs and 41,150 cusecs a~ 
against the estimate of 39,840 according to the Station , fan-catchment 
formula. 

·It fs accordingly·, the Director's view that a maximum· prol1ab.le flood 
discharge of 40,000 cusecs is the best _estimate that can be made from. ·tb.~ 
available data. 
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4.5. Duration of Flood. 

The duration of peak flood of,. hours was suggested by the Station 
ba9ed on Gurtu's forwula. T (in hours)=O 7 Y A+4· 'fbis formula. has not 
the authority or general acceptance based on verification from extensive 
data. and the 4l-8 hours figure need not, therefore, be.rigidly enforced in 
design. 

5.0. Issue No. Ill.-Revised crest levels (with or without automatic gates) 
required for flood routing in the Dimna. Reselvoir. 

5. 1.1. The proposed effective length of the main spillway is 150 feet, 
with crest tentatively fixed at R. L. 524.0; it has a flat crest the length in 

the direction of flow being 15 feet and the depth of flow at 
Maximum flood level is 9 feet, i. e. the ratio of length of 

Pnotoes weir crest to depth of flow is 1.67. Under these condi-
5396 & 5~95 tions~ the coefficient of discharge in the usual broad-cres

ted weir formula.-
Q=CBD1·5 

would, at the most, be 3.20; against 3.09 for a. broad crested weir i the coe
fficient of 3.3, as •assumed by Mr. Muzumdar, is thus evidently high for 
cleptbs of flow smaller than 6 to 7 feet. · · · 

5. t.2. ·It has been proposed ·to raise the F.S.L. in the reservoir to 
some level between R. L. 527 and 530 by either installing automatic gates 
over the present crest or by partly raising the spill way and partly by prov· 
iding gates. In recent expariments at this Station with half scale model of 
the Tansa weir wtth over-shot gates the coefficient was found to be 3.16 for 
~ depth of flow of 1.8 feet and length of gate 1.88 feet. A coefficient of 3 2 
may be, therefore, rea,onably assumed for the Dimna · N ala prototype, if 
the profile of ~he spillway is not reshaped to that of a high coefficient weir· 

5.1.3. If, however, there is no objection to convert the present 
broad-crested weir into a ~igh coefficient profile by suitably modifying 
the :creJt an l lowering tlle: upstream bad down to R. L. 518 for a 
sufficient length upstream, th(coefficient could possibly be improved to 
•• 50 with the crest at R. L. 524 and full tank level at R. L. 527; alternati
vely with F.S.L. at the reservoir to R.L. 529, requiring a crest level R.L. 
52Z (as proposed), unless the upstream bed could be lowered below R.L. 
518- -which does not appear practicable it would be only safe to assume, 
in anticipation of model experiments, a coefficient of 4.Q. This presupposes 
radial automatic gates of a suitable type which would be completely out of 
water (or wholly recessed into the profile) thereby offering no obstruction 
to flow over the weir in any way. 

5. 1.4. For routing the O.ood under the existing·conditions, (with crest 
at n..L. 5~4 and F.S.L. at R.L. 527) the maximum discharging capacity 
will be 1iven by 



DIMNA NALLA WATER SUPPLY 
SCHEME-J AMSHEDPUR. 

PHOTO No. 5396. Showing crest of the 
existing main spillway. 

PHOTO No. 5395. Showing the main 
spillway and downstream cistern and 
baffle-Photo looking upst:ream.~ 
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Q=3.2X l50XD1.5 {1) 
which with the maximum flood level of R L. 533 in the reservoir would 
give Q-== 12,960 cusecs. ( A coefficient as 3.2, not 3.33 it. may be n~ted, ha~ 
been assumed). · 

With a high coefficient weir with crest at R.L, 52! an1 radial gates, 
the discharge over the weir would be given by 

Q=4.5Xt50X D1·5 (2) 

i.e. with initial reservoir level of R.L. 527 and maximum flood level of R.L 
5J3 the main spillway would discharge 18,225 cusecs. 

With the modified spill way crest at R.L. 522 the discharging capacity 

would be Q=-4.QX150XD 1·
5 

-21,892 cs. (3) 

5.2. The emergency spillway. 

5.2. t, The emergency spillway consiqts of an open cut in a saddle 
having a width of approximately 610 feet at the extreme western flank of 
the dam. Its present crest is at R.L. 530. As the spillway is au of>en 'cut with 
length in the direction of flow of ·nearly 350 feet, the flow over it will be 
of the drowned type and it is difficult to assess exactly- without model 
experiments- the discharge corresponding to various reservoir stages. 
Mr. Muzumdar has taken the di~ch arge intensity per foot width, q, as given 
by Strange in the Standard book ''~n:iia.n Storage Reservoirs". The dischar
ge to depth relationship obtained frvm Strange's figure can be represented 
by the exponential formula: 

q =2.38 Dt.6056 

where D is the upstream depth over sill . 

(4) 

. It must, however, be pointed out that the conditions for which 
Strange's relationship applies are not satisfied in the present case; as. in 
Strange's computations, no allowance has been made for losses in transit 
from the upstream to the downstream en1 of the crest. These may be 
negligible with crests of short lengths ( such as perhaps those from which 
Strange's data are drawn ) but must be taken into account when the crest is 
relatively long as in the present case; in order to avoid an over-estimate of 
the discharging capacity; the relation developed by Strange will have there
fore to be modified to suit the conditions of flow at Dimn:l. Reservoir. · · 

5.2.2. Results of Bhandardara Open Spilbvay experiments. 

Experiments (1) with 1/10. scale model of the Bhandardara Spillway 
(Bombay) were carried out at Poona Research Station to determine~its dis· 
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charging capacity and to evolve a suitable profile for a. high coefficient weir. 
The spillway bad a length of 650 feet and a nearly flat crest extending from 
240 feet on the left flank to 600 feet on the right flank. The bed of the cut 
in the left half was PX:tremely uneven. The roughness at site was reprodu· 
ced to s<·ale in the model as closely as possible. The discharge to depth• 
relationship obtained for the prototype (i. e. after making due ,allowance in 
ihe model results for the scale effect) was 

Fig. 102. 

'Photo 5394· 

q=0.77 D l.OS~ (5) 

Fig. 102 shows the water profiles obtained in the 1/10 
scale model. At the Dlmna emergency spillway the bed 
oft he cut is, comparatively, Iessirregular and the spill way 

bas a relatively lesser length of crest in the line of flow. 

· The discharging capacity for the Dimna conditiom1 will therefore be 
somewhat more than that given by the relationsihp ob~ained from th~ 
Bhandardara experiments- vide (5.2.2.) 

·?>;;X.··::-:.· ·. 
·. ·--~.- ::: ... :::•· ··:

·:::.::, __ .,_ .... 

. . . - . . , 
5.2.3 The discharge over the Dimna. Reservoir Spill· 

way can' be worked out by making reasonable assumptions 
as shown below (fig. 1 03.) 

·· .. -.:· .. FIG.f03 · 

The· sketch above shows the L-Section ·of th.e sp~llway and water 
··profile for an upstream depth Dover the sill. If the slope of the bed 
.:immedia~ely below A (in the sketch) is more than sufficient to compensate 
·lot frictional and other losses (i.e. more than the critical slope): the depth 
-of tlow at A would_ be critical; but in the present case the bed _is nearlv flat 
for a length of 350 feet and only thereafter i.e·. from B, onwards, it begins 

·.to slope dowrtstream, bance the depth of· flaw at A will be more than 
· critical and flow will approach critical conditions downstream towards B. 
The depth at B, d3. would adjust itself so that d3=KD wheret theoretically 
K =2/3 for max:i~um discharge anJ_is iniepan:ient of bed ~oughness. 

· (lAnnuiLl Report (l'ech) of the Indian Waterways Experiment Station for ·Lha yea 

" .. US7-31 · _ 
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WATER eROFlLES IN SECTION A A 
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WASTE WEIR OF LAKE ARTHUR HILL (WILSON DAM) 
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DIMNA NALLA WATER SUPPLY SCHEME-JAMSHEDPUR. 

--- - -- ----· .. 

PuoTo No. 5394. Showing bed roughness in the open cut-emergency 

spillway. 
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. In practice, however, observations have shown that K is· ordinarily 
.always less than 2/3, its actual value depending on the conditions of flow 
and of the crest at the entrance (i.e. whether sharp, rounded or smooth), Fo;r . 
smooth entrance the value of K is 0.63 while for a ~·ery sharp entrance its 
value drops to below 0.6. In the Dimna spillway a value of 0.6. may be 
reasonably _assumed, as it is neither yery smooth nor sharp. This .va~ue of 
K has been f0und to hold good in the case of the Bhandar~ara SpiJlway. 

Disregarding the velocity of approach at the entrance, the discharga 
at section A computed for a given drop in water level is 

q- = C 1 V 2g ( D - da) 
. d 

with an average value of 0.925 for C. 

5.2.4. The usual value of Manning's rugosity coefficient for this type 
of boundary conditions is 0.03 (as given in Standard Works on Hydraulics) 
and the mean flow over the re.1.ch AB (in the sketch) would be given by 

t.486 R213 s 1/ 2 

V = O.OJ 

5.2.5. The best estimate of discharge will be one that satisfies equa
tions 6 and 7. 

The table below shows the dischar~as worka:l out by this method. 
The statistical relation obtained for this estimate 
is Q=l.13 n2.0134 

• • 
Din ft. : 

1.0 
20 
2.5 
3.0 

q Statistical • q (according to Strange) • 
in cusecs .. in cusecs. • 

l. 123 2 380 
4 65() 7.285 
7.128 10. 60 

10.203 - 13.705 

5.2.6. It will be observed from· the table that the disch• 
arging capacity is less •than that obtained from Strange's 

· Fig_. 104. relationship. In fig.104: are plotted the discharge~·- corres-
ponding to various upstream depths according to the stat
istical relationship considered most proper for the Dimna 

conditions; the Strange's curve and the curve obtained from the Bhandard
ara experiments. The curve shows, at a glance, to what extent the disch· 
~rges ~o~ked out by Strang~'s _curve are more and those obtained· fron1 the 
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relationship fitting the Bha.ndardara data are less than -the discharges to be 
·expected for the Dimna. N ala conditions. For reasons explained above in 
the subse::&uent C.l.lculations for routing the maximum flood the discharginJt 

capacity for the Dimna emergtmcy spillway has been taken 
according to the Statistical relationship obtained above. 

Fir. 105. The curve showing D;C for the three relations is shown 
in fig. 105. 

:· FIG./05 
/10. 7:15~;4 

l.". w.t. a,~r."' "'"· I>OD/'fl. 

DIMNA t:ME.RGcNCY SPILLWAY 

CO£Ff/CICNT OF DISCJ-IARGt: ; D O~'ER SILL. 

D• D£PTU ujs OV£R SU..L IN F££T. 

· 5.2 7. Mr. Muzumdar ha.s 'considered that, with crest of the Emer
gency Escape at R.L. 530 and the Main Escape as constructed (~e. with 
crest R.L. 525) a flood of 40,000 cusecs can be passed without the water 
level exceeding the safe level R.L. 533. His anticipations, appear to be 
unduly optimistic in the following.respects :-· 

( l) He has assumed a. higher coefficient for the Main Escape; at the 
most, a. coefficient of 3.2 may be justified against 3.33 assumed 
by him. 

(2) He has used Strange's relationship for emergency escary which 
gives too high a discharge for a given D. The actual discharges 
are likely to be less for reasons explained; 1ihe difference is as 
much as 30% at H F .L. 533.0. . 

(3} The peak fl(\od of 40,000 cusecs can only be discharged, even 
· under· tha·optimistic assulllptionJ mada by-hhn. if ha duration does 
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not exceed 3 hours 17 minutes. Although no rigidity is cla1trie(f 
for the estimate of the duration period of 4Y8 hours, it .is dfsiral 
Lie to provide for a flood flowing for about that period. 

Tatl~s 7 
and 8. 

5.3.1. Tables 7 and 8 are prepared giving the .ou 1flow·. 
at various reservoir stages with a· flood of 40,0<'0 c;u~~c.s 
with the water level in the reservoir at F.S.I·~ 527.0 a~ UJ~ 
begir.ning of the flood. The method adopted is the· same 
as used by Mr. Muzumdar in his Note. 

5.3 2. From table 7 it will he seen that with a flood~of 
40,000 cusecs the water level in the reservoir would rise: 

Table 7· to M.F.L. (i,e. R.L. 53.3) within 3 hours and 12 minute:s~ 
This .is not considered sufficient and a bigger spillway· 
capacity is indira ted. If the coefficient of the main spill~ 

way is increased from 3.2 to 4.5 by suitable mcdifications of its -profil_e, an 
inflow of 40.000 cusecs. could u.a accommodated for 3 hours and 40 mjnu_tes 
without the water level rising over the maximum safe level. As~ ev_en 
this is not considered sufficient it would also be necessary to Jower_ the (OQ 

level of the Emergency Spill way. 

5.3.3. TaLle 8 shows similar computations :with the s·ame reservo;r 
F.S.L. of R.L. 527 ana a high coefficient weir constructed at th.e Main -Spiii, 
way (crest level R.L. 524) but with the top level .of Emergency spiHway 
lowered to R.L. 529. This Table shows that an inflow of 4(),000 cusecs 
could ba accommJiatel four hours an l four minutes without allow~ng the 
water level to exceed R.L. 533; the main spillway will pass 18.225 cusecs 
and the emergency spill way 11 ,l'50 cusecs, the balance of tO, 725 cusecs, be· 
ing absorbed by the reservoir. · 

5.4.1.. If however the F.S.L. in the reservoir is· raised to R.L·. 529 -
since analysis of the available supplies shows it is desirable to keep the 
higher F.S.L. of R.L. 529 (vide para 3.2.5. ahove)- the flood al:sorpiion 
~apacity Letween R.L. 527 and R.L. 529 would be lost. It would, therefore 
be necessary to provide for a bigger outflow over the Main Bpillway~ 
Higher intensities of flow over the emergency spillway are believed to be 
tndesirable because there is no leading channel downstrtam. Provision is 
;herefore. proposed for additional discharging capacity in the main spillway-

fl.5.1. Table 9 is prepared, identically to Tables 7 and 
8, giving the period over which a maximum flood. of 40,000_ 

Table g. cusecs can be passed over the Spill ways and partially absor · 
bed in the Reservoir without the water level in the.reservoii. 
exceeding R.L. 533 when the tank had been full up to R.:L: 

29 prior to the flood. Ifor this purpose, howeyer, the crest of the high 
oefficient weir in the main spill way is requir~~ to be lowered ~<?. R. L. 52~.: 

10 . -
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~t may be noted that the coefficient of dh.chal"ge adopted is only 4.0 against '5 assumed in Table 8 because, in this case, the ratio of the height of the 
~efr. t~ the depth of flow of the weir is reduced. It is also assumed that 
the gates on the.main 'spillway will come into operation when the water 
level in the reservoir is or exceeds R. L.· 529 and are completely out of 
~ater, free from causing anj obstruction to the profile. The top of the emer
gency spillway is, moreover, required to be lowered to R.L 529 .. 

5.512. From Table 9 it will be seen that with the above arrangement 
the maximum flood of 40,000 cusecs can be surplussed (with due allowance 
for flood absorption) provided its duration does not exceed 4 hours. As 
stated above, the duration of 4~ hours obtained from·Gurtu's formula. need 
not be adhered to absolutely and arrangement .suitable for ~surplussing a 
floo:l of. 40,000 cusecs occurring for a perioi of 4 hours may be 
considered adequate, particularly in view of the fact that the duration of 
the normal flood has been estimated to be much less and the intensity <?f a 
flood and its duration are known to vary inversely, i.e. the higher the flooq 
the lesser its duration 

5.6. Conclusion. 

With the above proposalR, maximum flood can be surplussed even if 
the tank was. previously- full at R.L. 529, which is the level desirable 
having regard to the supplies that will be available for filling the tank in 
'he major_ number of years. · 

. . 
Although only safe and reasonable assumptions have been ma.de in 

the above calculations it is, nevertheless, considered necessary to assess the 
exact values of the coefficients of discharge for both the spill ways from_ 
model experiments 

. 6.0. Issue IV- Measures for the dissipation of energy of flo~ over 
the main spillway and the reduction of· damage to 
its floor. · 

6.1. . In this connection the Director would first of all suggest that 
e.n examination should be ruade whether the damage that bas occurred· 
was due to insufficient relief from uplift pressures caused by sub-soil flow. 
or due to the tremendous velocity of surface flow. The data are not avail· 
able be~ore the Di~ector to make this examination, specially in. respect.of 
uplift pressures. 

' " 

6.2. With regard to the meMmres for dissipation of energy of :surface 
fiow model experiments are considered essential to give a sound and well
considered opinion These experiments can be conveniently combined 'with 
the exverinients for the optimum profile of the weir required in connection 
with-the other issues and it is strongly recommended that these experiments 
should be done. The cost of the experiments will be only a fractfon "of the: 
eaving tha~ will accrue in maintenance year after year. . . - . . .. ' . . . ""·' 
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Table No.1. jfonsoon (June October) rainfall data. 

Distance from Short period Long period Maximum Minimum 
centre of Dim- mean rain- mean rain- rainfall rainfall 

Station na Catchment. fall fall 

--- ' miles;--- - inches -- inches inches - ·- inches 
. , .... , . 

-
1 2 4 5 6 

Chaibassa 34 50.10 ' 44.38 66.15 23.94 
.. 
' 

Purulia 32 . 50.36· 46.07 66.77 32.03 
I , 

Ranchi · 65 55.83 50.92 77.61 32.72 
j I J 

Jamshedpur 7 51.80 :. 46.84 ·. '76.91 ' 26.10 

Dimna Catchment 0 55.-45 '49.94* 71.08 40.3i 
(estimated) 

., 

j 
t 

I 

Period over 
which observed 

years ' ···-. 

7 

55 (1899-i943) 

44 . ,, 
55 ,; 

;. 35 (1~09-1943), 

. 8 (1936-1943) 

. . . ~ .. 

Ratio 

Col. 4 
lJol. a 

8 

0.89' 

0.91 

0.91 

0·90 

0.90· 

.... 

(Assumed) 

: NOTES:- Column 3 is. the short-period mean for the 8 years 1-936~43. 
Column 4 is the long period mean for the perio~ shown in c.olu:r;nn 7 except 

·. " for tpe Dimna b~si.U :whi·ch has be.en estimated:fl: ; from th,e. 
· Jamshedpur ratio 0.9 (vide·column 8).·: ·.i : ·.'·f. ··' 

Column 8 rati~ of long pe:ri~d 'mean (column 4) to the shor.t period mean (column 3). 



Tabl$ No. 2 

Mo1•:soon Inflow at Dimna Reservoir observed betwet'.n years 198f1 to 1947., 

.. .. -r~ . 1:.: '· ·' 
i ' 

Rainfall lnflow in Inflow in I~Oow in. Inflow per 
million ·million ·\. ~ ·million gallons Q.uare mile of Year June to October . ·\ Bemarke. 

in inches gallons for canons for, .• . per square mile oatchment in 
A • 40 sq. miles A • 36 sq. mile( · t~f catchment million eft. 

' . . 
'I 

1 2 3 4: 5 6 '1 
----···· -·- ·----~ 

,I 

1935 46.33 9030. t 8566.0 237.95 38.07 Run~ off observation 
1937 60.51 11981.0 11355.38 315.70 50.51 started on 28-6..36 so 
1938 44.93 4943.4 04889 39 13tJ.26 20.84 inadmissible for corre-
1939 56.14 5196.7 4929.68 136.94 . 21.91 . lation. 
1940 40 34: 4733.5 4490.28 124.73 19.96 
1941 60.56} Not recorded Run .. off data not 
1942 71.03 complete so inadmis· 
1943 62.74 1090R6 303.02 48.48 sible for correlation. 
1944 52.25 95:\9.2 264.98 42.40" 
1945 51. tO 7608 9. 211.36 33.82 
1946 68.17 194!)7 2 540.48 86.48 
1947 38.95 5159.5 148.8~ . 23.82 



Table l.to. 3. 

Remarks. 
tj 
..... 
lS:: 
~ 

1 Reservoir level. 524 525 526 527 528 529 530 ~ 

z 
2 Gross storage Capacity (m. bft.) 938' 930 104:2 1094 1150 1208 1267 tJ:.. 

~ 
> 

3 Net storage capacity (excluding stor· 0, 

a3e be lew sluice level), 885 937 989 1041 1097 1155 1214 ;; 
~ 

4 Yield per square mile of catchment 
1:1;2 
1:'1 

r~quired to . fill the net capacity j . 
0 

(m. eft.) 24.6 26.0 27.5 29.0 30.5 32.1 33.8 =a 
C1l 

5 Total monsoon rainfall required to From the Statistical ~ 
produce the abo~e yield (inches). 43.6 44.8 46.1. 47.3 : 48.5 '49.7 51.0: curve on fig. '98. ·: ~ 

I ~ 
6 Percentage variation of (5) from ~ 

..ef 
mean monsoon rainfall af 50". -12.8 -10.4 -7.8 -5.4 -3.0 -0.6 -2.0 -

7 Frequency. of. the. occasions when ~ 
the reservoir can be expected to fill m 

~ 
'up to the level given in (1):- once ~ 

in number of years. 1.5 1.5 1.5 2.9 2.0 2.0 2.5 ~ 
Pd 
Cl 

8 Percentage probability of filling". 72.5 6f.O 62.0 . ·58.0 ·52.0 50.0·· 42.0 ~ -
------------. 

'&;ila 
,!(;10 

~ 



Table No.4 

Rate of average and maximum inflow at the Dimna Reservoir based on inflow hydrogruphs of 1937, 1989, 1940 and 1948. 
. ' .. . . . .. ... r '.~ .. ,., , •• - b •, ... .~ ,. t .... .. 

.. 

I ' \. . '- .. .. , 
.. , 

Rainfall during 
....... 

A~erage 
,.Maximum Ratio of Duration ... 

Area of in-. •roial .. 'rate of the data as i'eoo· Period of Max. inflow of Max. 
Date. rded on the next flow hydro· inflow inflow in rate of inflow inflow Remarks. 

date at 8 A.M. graph-in in ho11r hours. inflow observed Avera;e ob.served 
in inches. sq. inches. cusecs. cuseoes. in ousecs. nfloW in hours 

' .. .-· . ' .. 
' . - .. --· ·-

28-7-37 0.56 Rainfall for 24 hours 
29-7-37 7.33' . 3.80 60,800 18 ' .. '3378 ': 8278 2.450 1.5 assumed~7.33 + 1.29= 

. 3U~7-37 1.29. 4.09 65,440 24 2727 8278 . 8.S2 

22-6-39 160 Run-off based on 10 
23-6-39 7.94 4.03 64,480 12 5173 12074 2.~47 1.0 a. m. 23-6 to 10 a. m. 

. 2!-6-39 0.30 4.20 67,200 24 2JOO on 24-6-39. 

25-8-40 Nil~· Rainfall for 24 hours 
. 26-8-40 3 5J assumed to be= 3.53 + 

27-8-!0 4.71 3.62 89,920 24 3750 12612 3.366 0.5 4.71=8.24. 
! 

3.8-43 1.73 Run-off bydrograph 
4-8-43 .. 

' 3.89 2.!i5 40,800 21.5 1900' from 8 a.m. on 4-8 to 
5-8-43 2.65 3.81 60,960 26.5 2300 6860 2.982 1.0 5-30 a. m. on 5·8-43. 

Run· off bydrograph 
from 5-30 a. m. on 5-8 
to 8-00 a.. m. on 5-8-43. 

Worst Ratio=3.366 



Date 

. . ~. -~-. 

1 

1 8 43 
2 8 43 
3 8 43 
4 8 43 
5 8 43 
6 8 43 

25 8 44 
.: 26 8 44 

27 8 44 
4 8 45 
5 8. 45 
6 8 45 

29 8 46 
30 8 46 
31 8 46 
14 , .. 9 46 

... J5 . 9. 46 
16 9 46 
17 9 46 
18 9 46 

Table No. 4 (A) 

Rainfalls and t..veroge ru,n-o/1 (24 hours) in Dimna Nala Catchment ~uring 
(Monsoon high run-of/ periods) years 1943 to 1948. 

Rainfall during the date Total inflow computed ~ 
outflow+ shortage+ Average rate of inflow 

8 A.M. in inches supply to town during in cusecs 
24 hours in m. eft . 

2 3 4 
..._ ___ ~ . - --

1.42 14.63 169 
3.08 119.31 1380 
3.81 16fl.66 1925 
l. 73 99.85 1185 
3.89 181.39 2.00 
2.65 186.62 2160 
1.35 57.37 663 
5.96 307.40 356u 
2.07 41.04 475 
0.06 5.fi0 
3 26 53.27 616 
0.46 : 83.01 960 
0.07 ' 21.29 246 
0.63 48.00, 555 
4.27 128.03 1482 
nil 23.88 276 

4.14 159.88 H<48 
2.36 129.87 1500 
.3.67 308.4.& ,3570 
0.69 99.73 1152 

Remarks 

5 '! -- ----



Table No. 6. 

Showing areas of zones contributing to run·off at various distance from tile Dimna Reservoir. · 

. I 

ea of the Limiting distances I Ar 
of the zone from the 

spillway in miles. squ 
zone in 
are miles 

l· 
---~-·-----

1 2 

1 0-0.5 0.445 
2 0.5-1.0 1.240 
3 1.0-1.5 2.075 
4 1.5-2-0 3.030 
5 2.0-2.5 3.8t0 
6 2.5-3.0 4.200 
7 3.Q-3 5 3.970 
8 3.5-4.0 4.640 
9 4.0-4.5 3.960 

10 4.5-5-0 3 G30 
11 5.0-5-5 2.090 
12 5.5-6-0 1.510 
13 6.0-6-5 1.300 

35.91 

\ 

Mean distan-
ce ol the Percentale area, 

zone miles. 

3 4 

0.25 1.239 
0.75 3.45:1 
1.25 5 778 
175 8.43~ 
2.25 10 638 
2.75 11.696 
3 25 1 1.005 
3.75 12 9~1 
4.25 11.028 
4.75 10.109 
5.25 5.8!0 
5 75 4.205 
6.25 3.6 .. 0 

--

Mal.imum 
Col. 5 Summation per- distance of 
Col· 6 Remarks. cent age. tho. zone in 

miles. 

- - -- ---- ---,---.---

5 6 7 8 

1.239 0.5 2478 
1.692 1.0 4.692 

10 470 1.5 6.98J 
18.~08 2.0 9 454 
29 546 2.5 lt.bl8 
41.~42 3.0 13.78l 
52 :l97 3.5 14.942 
65 218 4.0 16.:306 
76.246 4.5 16.944 
86 355 ~.0 17 271 Maximum 
92.175 55. 16 760 
93 375 60 16.063 
99.999 6.5 15.3~4 

--· u 
00 
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Table- NO. 6.-

Showing ave.raqe intensity of rai;fall of different duration corre3ponding 
to- 12.-5" o/ rain/all in 24 hours (per hour = .5208".) 

- I Average precipitation for 
period. i 

Duration in Total for the 
hours. I jperiod in inches. 

Percent of - l Intensity in 
intensity. l inches/ hours. 

- 0.25 169.2 8.812 4;.405 
-

1.0 100.0 5.208 . 5.208 

1.83 69.0 3.590 6.570 

2.0 64.7 3.370 . 6.740 

2.5 .. ss:o - . 2.861 7.160 
~ 

3.0 47.7 2.48i 7.452 

4.0 38.5 2.005 8.020 
-

6.0 28.4 1.470 8.874 

12.0 tG 9 0.880 10.560 

24 0 10.0 0.520 12.480 



. 
Ran~te of 
ref.lervoir 

level. 

1 

527.0 
527.5 
528.0 
528.5 
529 0 
f·29.5 
530.0 
530.5 
531.0 
531.5 
53t.O 
532.5 
533.0 

I 

Storage 
capacity 
with the 
range in 

column (1) 
~ ln m. eft. 

9 

28 
28 
29 
29 
29 
30 
30 
31 
31 
31 
31 
32 

Table No.7 

Average rate of surplus discharge from the 
reservoir within the range in column (1) Average rate 

----
Over the main 

escape 
(cusecs) 

s 

2813 
3485 
4206 
4969 
5775 
6619 
~501 
8418 
9369 

10350 
11380 
12420 

Over the 
emergency 

escape crest 
R. L. 529 

(casecs) 

4 

Nil 

42 
380 

1063 
2091 
3470 
5200 

of flood 
absorption 

Total within the 
average rate · reservoir- · 
. of. surplus - 40,000-Col. 5 
dischar~e (ousecs) 
(cusecs) • 

5 6 J:------
2813· 
3485. 

·4206 
4969 
5775 
6619 
7543 
8798 
9492' 

12441. 
14850 
17620 

37187 
: 36515 

35794 
35031 
34225 
33381 
3~457 
31242 
8W168 

: 27559 
25150 
22380 

Time taken' 
to fill the · 

storage capa,. 
city within 

range of 
column (2) • 

Minutes. 

7 

11.06 
12.'78 
13.50 
13.89 
14.12 
14.98 
15.40 
16.56 
16 90 
18.'75 
20 54 
23.83 

' 

! 
' 

Total time 
since the 

commence-
ment of 

the Flood. 

Hrs. Mins. 

8 

·o-u 
0-24 
0-3.7 
0-51 
1-5 
1-20 
1-36 
l;_b2 
2-9 
2-28 
2-48 
3-1~ 

Remarks. 

9 

-tPoo 
0 

Crest of· main 
spill way R. L. ';:? 
~524.0 len~th = 150. ~

C =Coefficient of t:Q 
discharge for main ~ 
spillway.- · o 

3 ~-== .2 . t"f' 
Top of emergency -

'.escape at R. L, 530 ;;· 
length 600 feet. ~ 
. · Max. flood dis- tid 
charge= 40,000. 

F. S. L. =· 527.0 



Table No.8 

.. ·1 Average rate of surplus discharge from the 
I 
I 
I 
I 

1 reservoir within the range in column (1) 
Time taken to I ~ 

Storage Average rate 1-f -----· ·-----· fill the storaq:e ~ ' of flood absorp· 
Ran""e of 

capacity ' tion· within capacity with- ·Total time !Z 

reservoir within the i Over the the resen·oir= in the range. since the . Remarks. ~ 
range In ! I Total average level •. Over the main emer<sency 40.000- Cnl. (2) commence- z rolumn (1). ePcape. escape crest ! rate ot surplus : Col. (5). Col. {6) nient of the ~ 

in H. Cft. discharg~. tot (cusecs) R. U. 529. (cuSe(jS). (cusecs) . Minutes. flood. p:.o. 
(cesecs). 

0 
3 <1 

~ 

1 1 4 5 6 7 8 9 ~ 
- -----~-·--·- - --~-·--- -~--- ---- t.:r:j 

t"1 

527.0 H. C. Weir for 0 
~ 527.5 28 3956 3956 ·.36044 12.94 .0-13 main spillway. 

528.0 28 4901 4901' 35099 13.29 o.:-.26 B= 150ft. U1 
t-0 

528 5 29 5900 5900 3t 100 14.17 -0-40 0=4.5. bi 
529.0 29 6~88 6988 33012 14 64 0-55 and crest R. L. t"1 

~ 529.5 29 8121 42 8163 31~37 15.18 . 1-10 524.0 . ~ 
530.0 30 9309 380 9689 30311 16.50 1-27 Emergency spill- i-< 
530.5· 30 10540 1063 11603 28937 17.61 1-41 way length=600 -14 
531.0 .31 11840 2091 13931. 2€069 19.82 2-4 feet. And top at ~ 

531.5 31 13170 3470 16640 2~560 ~2.12 2-26. R. L. 529.0. ~ 
U1 

532.0 31 14560 5200 .19760 20240 25.53 2-52 Maximum flood til 
51:? .5 31 16000 7276 23276 16724 30 89 3-23. discharge== 40,0LO tz=j 

t:1 
533.0 32 17470 9703 27173 12827 41.58 4- 4: cusecs. t-0 

F. S. L. 527.0. c:t 
~ ........ 



-Table 9 ..... 
' ('Q 

! 
Average rate of surplus discharge from 

the reservoir Within the range in Avera,...e rate Time taken 
Storage column No. (1) of flood to fill the Combined 

Range of I ·····i·· -~--- - ~-· --------~--------~ 
absorption stora~e within period since 

reservoir Within t~e within the the runge in the commence· > 
levels range 10 Over the Over the Total ave- reservoir column (1) ment of the Rema.rki 2: 
R.L. 1 column ( l) in main escape emergency rage rate of with inflt.W column (2l flood z 

1 m. eft., (R.L. 722.0) escape surplus rate of 40,000 column (6) hrs,-mins. c::: 
(cusecs) (R.L. 529.0) d1scharge, cusecs n.ini1.ues. I > 

I i t" 
(cusecs) (cusecs) I 

l 1 ::0 
--- -~----

- ____ j_ 
--~----· --~-~------ t"l 

1-C) 

529.0-529.5 29 11,710 42 11,752 28,248 17.11 0. 17 Crest of main spill· 0 
~ 

way R.L. 522.0 ~ 

529.5·530.0 30 12,940 380 13,320 26,680 18.74 0. 36 -1-i 
F.S.L. R.L. 529.0 t<:l 

530.0-530.5 30 14,220 10G3 15,283 24,717 20.29 0 ·56 effective length of c 
t:Q 

main spill way 250 z 
530.5-531.0 31 15,530 2091 17,621 22,379 23.09 1·19 feet and effective 

..... 
0 

length of emergen- II> 

531.0-531.5 31 16,890 3470 20,360 19,640 ~6 31 1-46 cy spillway bOO feet t 
~ 

531.5-532.0 31 18,270 5200 23,470 16,530 31.26 2-17 Top at R.L. 629.0 
rrJ 
> 
~ 

532.0-532.5 31 19,690 7276 26,965 13,034 39 64 2· 56 M a:ximum Inflow -C.Q 

(0,000 cusecs. """' 532.5-533.0 32 21,140 9703 30,843 9,157 58.24 3-55 
(I; 

Note:- Coefficient adopted for main spillway= 4.0 



._· _MESHWA CANAL PROJECT (BOMBAY) 

SECfiO~ F-WATER UTILLISATIO.'l PROJECTS. 

3~ Meshwa Canal Project (Bombay) 

( 1) Introduction: 

1.1. The monsoon in Gujrat practically ends by about the end (;f 
August. Any rice crop, therefore, plante:l on the early rains bas a great 
danger of failing completely due to want of la~e rains if unaided by irrigr~ 
tion; whereas one or two waterings in September and October would give a 
bumper yield. 

1.2. It is therefore .proposed to construct a pick-up-weir across the 
Meshwa River which is a non-perennial and alluvial river, having a catcl:. 
ment area of 67J sq. miles at the pick-up-weir site near village Raska in 
Kaira District (Bombay Province). 

The prtlposed scheme provides for only one canal, with full supply 
discharge of 33! cusecs, taking off from the right hank of_ the weir for irrig
ating areas between the Khari and Meshwa rivers, and a!so for filling two 
important tanks, vi~. Galki and Ghoblaj, of capacities 50 and 12J .m.cft. 
respectively. 

Statt. 1. 

2. Salient features and details of the Project are shown 
in Statement I. 

2.1. The Executive Engineer, Irrigation Project Division (North) 
Ahmedabad apprehends excessive draw-off of bed sand owing to the location 
of the head on the inner side of a gentle curv~. It is, therefore desirable to 
orient the Head Regulator suitably to incorporate some form of sand-exclu
ding device. 

2.2. Table l shows the velocities at the pick-up-weir 
site, with and without the weir. It will be seen that tr

8 
Table 1. bed movement in the ponded reach upstream of the weir 

will start with discharge greater than 18,000 cusecs. As 
. , the average monthly discharges obtainable in September 

and October are short of the minimum discharge at which the ·bed move
ment begins in the ponded reach, there is little dJ.nger of the canal drawinO' 

-· ·- ... - 0 

excessive sa:nd and as such sand-excluding devices do not appear to be Dt!C• 

eRsary. But as the Meshwa.river appears to be a flashy type of river there 
is the possibility that the discharge cycle of the year is such that the mini· 
mum di~charge, &:t which the bed movement just starts, synchron:ises with 



u 
Table' 1 

. . 
Table showing the velocities .at the p1:ck-up weir site with and without weir. 

Velocities at the pick·up·Weir site without weir 
--·----- ---

W.L'. at 
. the site 

'108.0 
110.0 
112.0 

114.0 

116.0: 
1 tH.O 
12;1 0. 
121.0 

------ -----~ 

Areas in 
sq. ft • 

1.100 
1.550 
2,500 

3,10) 

3,820 
5,·~00 
6,:il0 
6,900 

I 
--

Pin ft. 
(Wetted 

perimeter) 

3t0 
356 
396 

420 

440 
549 
584 
610 

R in ft. 

3.26 
4.24 
6.33 

7.38 

8.65 
9.60 

10 8 
11.30 

---

v 
Velocity 
in ft.jsac 

3.75 
4.40 
5.35 

5.80 

6.27 
6.55 
6.95 
7.00 

Discharie 
in 

ousecs 

4,120 
6,800 

13,4UO 

18,000 

24,000. 
34,000 
43,800 
48,000 

~QTE :-Velocity at the pick-up-weir site (without the weir) 
-. is, worked out by the Mississippi formula. · 

Velocities at the pick-up-weir site with the weir 

W.L. 
the s 

at 
ite 

Velocity 
in 

ft./sec. 

---------- ----'---

114.50 0,84 
115.50 1.29 
117.25 2.30 

117.90 2.86 

118.50 3.65 
120.70 - 4 47 
123.50 4.90 
124.00 5.25 

VL 
ups-tream 

of the weir 

2.67. 
2.72 
2.96 

2.92 

2.92 
. 3.04 
3.17. 
3.17 

--,-----

0 31 
0.475 
0.78 

0 985 

1.27 
1.45 
1.55 
1.66 

Remarks 

No bed movement 
expected. 
Just upstream of 
the weir. 

Bed movement 
may start up· 
stream of the weir. 

Appreciable bed 
movement may 
start upstream 
of the weir. 

I 
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the peak demand ~f the canal. Moreo!ert there is so much 
of heading up over the natural river -water.- levels for 

Fig. 1. commonly occuring discharges that_ there wouid be very 
heavy accretion within a few years owing to the substan- · 

-- tial damping of velocities upstream of a weir for long 
periods of the season. This will seriously affect the smooth working· of the 
canal. Under these conditions the problem needs further consideration in 
the matter of Relection of the site for the weii\ positioning the -Head Regula~ 
tor. and the necessity of sand excluding devices. . . 

(3) Selection of site . 
. , . 

3.1 .. The site selected by the Executiv_e Engine~r is shown in fig.~, 

the site being considered suitable for the reasons set out below;-

(a). The river at the pick-up·weir site is_ stable for the last 20 years~ 
. (b) There is an overflow of the Khari river meeting about 2,000 ft. 

above· the present site; the weir below the junction is considered 
~ . . . . . . . 

preferable. 

(c) Shifting the -site upstream would bring it within State Territory 
which is considered: objectionable.. (This reas-Jn will not now 
be valid.} -

. 3.2. _ Though_ the stability of the river course and adequate comniand 
9f the area proposed to be irrigated are important factors in choosing the 
site, advantages of design should not be sacrificed thereto, particularly .the 
correct location of the offtake in an alluvial river. . .._; 

Reliable, permanent and efficient silt or more Qorrectty sand · exclus~ 
ion, can be obtained by correctly positioning the offtake towards -the end 'of 
a fully established concave bank so as only to draw off relatively sand·free 
top water, the bed sand being deflected midstream.· ::.: 

This is nature's way of exclusion and experience as well as experi· 
ments have fully substantiated this form of exclusion to be highly efficient 
and lasting. · · · 

- . 
3.3. Tunnel type Excluders & Ejectors for exclud~ng _ t}:le" ~and from 

the head or ejecting it after its entry into the canal are also 1 not feasible 
under the conditions obtaini'pg at the site. Firstly because of the finenes'i 
of bed sand at the weir site ( m = .15 m. m ) such Excluders or Ejectors 
would have very low efficiency ; and, secondly, though sufficient head requi
red for the Ejectors and Excluders is ~available at the site, the minimum 
escapage discharges of 33% and 20% re~pectively required for them would 
only be avaiblable at the cost of sacrificing the supplies vitally required for . -

irrigation, w ben supplies are already short to the point of making the Pro· 
ject $ :precarious undertaking. 
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3.4. Moreover, because ponding counteracts curvature in this case 
where there will be excessive ponding it will not do to site the offtake near 
the transition~of the curve. 

For these reasons the best site, suited to the river con1itions and the 
canal withdrawal12, would be about 1/2 a. mile upstream of the site selected 
by the Execut1ve Engineer as sand exclusion can naturally be obtained there 
due to favourable curvature. But as crossing of the Khari river overflow is 
considered oujectionable, the.site 1,500 ft.- upstream of the site_select(~d by 
the Executive Engineer vide Fig. 2 is suggested as the next best alternative 

The all time ad·1antages obtainable at this site would certainly repay 
any additional cost involved in locating the WElir at the upper site. 

(4) Position of Head Regulator. 

In the Project the Head Regulator is proposed by the Executive 
Engineer to be constructed well away from _the weir. It Wa3 nJt clear why 
the Hec~.d H.egulator shouU be cJnstructed so fa.r away from the weir espec· 
ially when the river bJ.nk3 are sta.t;?.d to b3 stable at the wair site~· It is only 
when the river is unstable at the offtake of an inundation canal that it may 
be wise to retire the Regulator well inlani, at an adeluate distance inside 
the approach channel with provision to ensure t!lat this length of the cha· 
nnel remains clear of sand. 

.' ... · . 

. At~ the_ site pr~-posed by the. Station -the Head Regulator :nay be 
constructed on the right bank of the rivar. It is· not-so much tne angle (f 
oS"take of the Head Regulator which -arres.ts the excess influx of bed sand. as· 
the correct positioning of the offtake relative to the river cu-rve upstream. 
(5) · Recommendations; 

--
The weir site should be shifted at least 1500 ft. upstream of the· site 

selected hy the Executive Engineer: 

_ _ Even thougb. the weir is located on the concave curve as proposed 
by the Station the excessive ponding inherent in the Project will lead to 
fairly rapid accretion upstream and subsequently also downstream. The 
river after accretion will adversely affect the smooth working of the canal 
and sand.exclusion 
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:· .. MESHWA CAN-+L P~OJECT. (BO~BAY)-

STATEMENT .1._ 
~ --

. Salient features and details of the Meshwa·Car..cil Pri>}ect. -_ 

(I) Catchment area at the pick-up-weir site 
. -

(2) ·.Average annual ra;.pf,all. 
(3) Maximum flo~d d~~~rge from the 

catchment at the weir site. 
(4) Highest flood level. 
(5) 

(6} 

(7) 

. (8} 

Lowest bed of river at the weir site. 
·Proposei crest of the pick-up·weir. 
Total length of the weit.(inchtding 
undersluices). · 

Length of the underslui~es portion . 
Sill of undersluices. 

... 670 ~sq •. mile,a • 

.•• - ··33.02 inches~-

,··~ , 44,683 Cq$~C.S. 
... R.L. 121.00 

R.L. 103.0 ~

R.L. 112.50 

480ft. 
64ft. 
R.L. 106.0 

147 

(9) 

(10) 

(11) 

(12} 

No. and size of-"Head Regulator. 
Crest of the Head Regulator. 
Average bed fall of the river at the 
weir site. 

-· 5 openings each 6'X5' ' 

I 

(13) 

(14) 
• (15) 

(16) 

Ct7) 

H.F.L. with afflux after construction 
of ~he pick-up-weir. 
L~ngth of the weir canal. 
Area under command. 
Area proposed to be irrigated. 
Cost of the Project. 

R.L. 106.0 

-· 1 in 2,335 

- R.L. 123.70 

- 9.15 miles. 
... 18,000 acres . 

·- 16,000 acres. 
... ]ls. 25,69,'112~ 
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G-GENERAL 

33· Submarine Cables across the Oanga at Patna and Mokameh-
Best alignment for. · 

1. The Station was approached by the posts and Telegraph Depart· 
ment for suggesting suitable alignments for laying submarine telegraph 
cables across the Ganga rivar at Patna and Mokameh. So that damage to the 
cable by alternate silting and scouring of the river bed would be-minimised. 

F' lG. 1 
lNDE.X PLAN 

W9. 7093 
c .... l. Cl l&.ft. t.TM. 

SHOWING TI-l£. GANGA RIVER IN THE Vl~INITY OF PATMA AND MtlKAMEH • 

SCALE:- 16 MfLtS TO /IN INOI. 

At both these places, bridges for crossing the Ganga are contemplated 
and the proposal of the Mokameh bridge has already been approved by the 
Rail way Board. When these bridges 11re··constructed the cables will obvi
ously_ be taken over them, but in the interim period cables will have to be 
run along the bed. 

In the vicinity of Patna.,- the Ganga is no where so 
stable as to preclude the possibility of either silting or 
scouriDg. From data it was however apparent that the best 
alignment would be between sections AB and CD in fig, 2. 
Considerations guiding this selection of area. between lines 
AB and CD were the following. 
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Sl-!OWtNG COURSES OF THE. WitHER CHANNELS OF 

TH[ GANGA RIVER AT PATNA FOR DIFfERENT YEARS. 
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FIG. 3 51 lOWING. --------- COUR SE:; OF T~r WIN"T'Efi. CHANNELS ._.p:.f_ 
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(i) On both the sides, permanent high bank.~ (Kha.dir limits) are Ptable 
since 1928, which indicates that. further encroachment by the river is 
improbable. 

(ii) The width of the river from ba.nk to bank i.e. of the river 
Khadir, is about the minimum, thus requiring a minimum length of the cable 
to be laid. 

(iii) Th·J proposed area in which the cable may.be aligned is sufficie· 
ntly retired from the point of confluence of the Ganga and Gandak so as not 
to need frequent realignments of the cable due to shifting meanders of 
the Gandak. 

(iv) The relatively stable region is across the' node' of the various 
river courses of different years (1828-1945) so that the extant of the alternate 
silting and scouring of the bed is likely to be the least and limited only to a 
small part of the river width. 

{ v) The proposed area is not far removed from the alignments 
suggested by the Director General, Posts and Telegraphs on considerations 
perhaps, of availability of communication facilities and economy at the 
same time its right end is close to the Patna City. 

3. At Mokameh the river is comparatively more stable than else
where in the neighbouring river reach and the alternate scouring and silting 
has been and will in all probability be least and much restricted. The river 
Khadir banks have been almost permanent and Khadir width very narrow. 
Thus Mokameh has always been looked upon as an ideal site for crossing 
the river. 

Zone EFGH was recommended in this case as most secure. Align. 
ment nearer EF was however reported to be preferable as it is further 
away from the proposed bridge line and will preclude the possibility of fail
ure of the cable due to anchorage by steamers in the vicinity of ghats and 
wharves. 

----
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Irrigation- Controlled. in the 
Bombay (Deccan). 

fsland at Suleima.nki. 

Island for tho L o w e r Sind 
Barrage site C. 

Islands and attracting spurs
use of- for training a river. 

Islands u/ s of the Barrage at 
Kalabagh. 

Islands-Experiments with arti
ficial u Attracting " islands to 
train the · Hooghly River at 
Titagbar Jute Mill {Bengal). 

Islands - Experiments with 
artificial" Attracting" islands 
atLuni River Railway Bridge 
No. 3, of the Samdari Rani~ 

wara Branch of the J odh 1 ur 
Railway. 

Islands- Effect of central island 
on exclusion of sand from 
c~nals, at the proposed Lowel" 
Sing Barrage on the Indus at 
Kotri. 

Islands-Optimum shape of the 
nose of central Island at Kofi:'i 
for the proposed Lower Sind 
Barrage on Indus. 
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Jamshed11ur W a. t e r Supply 
Scheme Remodeling of the 
Dlmna N a 1 a· o v e r fl o w 
epillway 
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•'Jettino-It below Canal Falls & 
0 

Bridges. 

••J etting'' prevented by Lowering 
pavement level at Railway 
Bridges. 

Jodhpur Railway line-Tr .. ining 
of Luni River to prevent it 
damaging the-

Jodhpur Railway-How to con
trol Luni River where it is 
crossed by the 8amdari
Rani war a Branch Line on-

Jodhpur Rail way--Steps necess
ary to protect main Line-from 
Hyderabad to Luni Junction 
on- from damage by Luni 
River floods. 

Jodhpur State- Design of a 
stilling basin dis of the over
flow Hection of the m a i n 
Erinpura Dam in.,..· 

Jodhpur State-Construction of 
a 500 cusecs Standing Wave 
Flume in-

J odhp'lr State- Erinpura Irri
gation and Hydro-electrical 
Project siphon spillways in-

Jodhpur State- Runoff from 
Erinpura Reservoir. 

Jumna at New Delhi- Present 
and future· water require
menh and supplies in tho-
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Cuttack (Orissa)- Distribut
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Khari river at Rajpur, near 
Ahmedabad (Bombay)- How 
to prevent outflanking of 
Barrage on-

Khipro Canal ( Sind ) - Re
modeling the, for sand ex· 
elusion. 

Knuckle at Dunbar Cotton 
Mills - Longitudinal and 
cross row of piles at the- to 
enable accretion and silting 
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Koilsagar Dam Project, 
Hyderabad (D~ccan)- Sipho11 
Spillway proposed for the 

Kosai River. 

Kosi River- Factors affecting 
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Kotri Barrage- proposed design 
of, for effective sand exclus· 
ion from canals- Sind. 

Kotri Barrage - Regulation 
of - ''Still pond" or "Semi 
open fiow" -and consequent 
height pocket gates at 

Kshipra River at Ujjain- Eros
ion of- control of 

Kshipra River at Ujjain -
Union of Madhya Bharat 
(Gwalior State) '!,raining of 
the 
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Road Bridge site near Bali· 
~nta (Or ina)- Trainins of thQ 

IND~X "it-7 

Pages of Annual Report ( Technical ) 

1944 

2* 

7,8 

... 

13 
r 
I 

••• 

2*,5 

••• 

for the year 

I 

' 
I I j 19.!5 19,6 .. 1947 1948 

I I .I I I . .. l 
I ..... I 

l 

I: 
I ~ ! 

I ,, 
. I f ... •• I I 

I I 
••• I . .127- ·. ••• 

I 
.• > - ' 

t 
I 
I 

- f ~ 

l 

IH ' 

I . ' 
.. 

i 
i 

I 
I 

f )32 . i ,. e I ... 
' . I i 

I i 

' . 
I 

. , ... :' ... l!6 .. 

! 
j 

13. I 
i 

.. 
! . 

... 47 
. · . ~ .. ·, ... i- _. . 

• . f' 

. ·~· ·' i·. • .... 
. . -.· .. - .... 

I 
I . 

. I • 

i 
! ••. 

.... 3f 
. i ' . . 

. ' 

O/ilo :": • !'' 4' 
~· I •· ... ...... ..• . • •.• ··. -: . ! ~ 

. ., ..... ,. 



188 ~I~OEX 

K 

Kuakhai River -protecting the 
right bank of, above the B. N. 
Rail way Bridge near Cut tack 
(Orissa). 

. 
Kuakhai River -design of guide 

bank, above the ·B. N. Rail
way Bridge at Cuttack:. 

Land Drainage- In the Bom· 
bay Deccan. 

Leakage through Solani em
bankment. 

Lloyd Barrage-Soil survey of 
area. commanded by 

Lloyd Barrage- Training of the 
Indus River above Sukkur 
Barrage to prevent sJips of 
the right bank below the 
nose of the Approach Chan
nel. 

Lloyd Barrage- Stabilty of the 
proposed truncated nose for 
a super-flood of 9,00.000 
cusecs, in the 1/80 G. S. 
model. 

Lloyd Barrage-Afflux due to 
the proposed extention of the 
outer bank of Approach 
Channel at 

Lock Span - proposed design 
of- in Lower Si~cl l3a.rrage 

tfr~ KotrJ, 
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Low level "Vv' eir downstream 
of Delhi Gate Pumping 
Station.-effect of constructing 
a- on the low water channel 
at the Pumping Station. 

Lower Sind Barrage (2i00ft. up· 
stream of site B near . Haji
pur) - Experiments in con. 
nection with dissipation of 
energy downstream of-

Lower Sind Barrage - Com
parison of sites for the-

Lower Sind Barrage - Design 
of the -Experiments to test 
the design for scour and sand 
exclusion from canals- Sind.· 

Lower Sind Barrage- Experi
ments to determine a suitable 
profile of the- to cause mini
mum afflux with gates fully 
open. 

Lower Sind Barrage, site C
island for 

Lower Sind Barrage at Kotri
Factors affecting· the exclusion · 
of sand . from the canals, at · 
the proposed -

Lower Sind Barrage at Kotri
Scale ratios of the model. 

Lower Sind Barrage at Kotri
design of Lock Span. 

Lowest bed levels in the 
Bukkur·Rohri gorge at 
L:tndsdowne Brid~~ during 
19~ 8·-1 ~44, 
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Luni River - How to control 
-where it is crossed by the 
Sa.madari - Raniwara. Branch 
line on Jodhpur Railway. 

Luni River Floods- Steps nece· 
ssary to protect main line 
from Hyderabad to L u n i 
Junction on Jodhpur Railway 
from-

Luni Rivier -Training of the 
-to prevent it damaging 
JoJ],pur Railway line. 
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Mabana.di and K a tj uri at 
Cuttack (Orissa)- Distribu
tion of flood waters between-

Mahanadi River -preventing 
f!ICour below the cent r a.l 
sluices of- at the Mahanadi 
Anicut at Cuttack (Orissa.). 

Mabanadi River- Test of mea
~ures to dissipate energy to 
prevent serious damage to the 
central sluices of -a.t Cuttack 
(Orissa). 

Maha.na.di River - Calculations 
for the Standing Wave, Baffle 
pavement, etc.-proposed desi .. 
gn to prevent damage to the 
central sluices of- at Cuttack:: 
(Orissa). 

Mahana.di River-Redistribution 
of sand load between the Ma.
bana.di & Katjuri river sr!it~Ql 
p~ Cutt~ck (Orissa), . 
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Maha.nadi River- Experiments 
with reduced and unreduced 
Naraj weir let,gth to find the 
distribution of sand load bet
ween Mahanadi and Katjuri 
System. 

Maha.nadi Main canal Fa 11 s 
(C. P.) - coefficient of dis
charge of Notch type and 
Weir type Falls on 

Malaprabha river- Training the 
-to protect the left bank and 
abutment of the M &S.M. Ry. 
Bridge No, 8 at Hole- A.lur 
on the Hotgi- Gadag line. 

Manas, B e k i and Balkadoba 
rivers ( Assam ) - How to 
train and control-

Mandeswa.ri River. 
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Maximum depth of scour at 
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groynes, pier noses and d/s of 
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Maximum depth of scour at 
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:Maximum depth of scour related 
to 2f d which is related to 
tu1 bulence. 

Maximum depth of scour round 
phil'S of Bridies iu-
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Offtake - Design of - at the 
entrance to the right pocket 
from the approach channel at 
Sukkur. 
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N arbada at Borbhata down
stream of Rail way Bridge near 
Broach. 

Preventing serious damage to 
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Padma Intake in Orissa. 
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of Sukkur Barrage. 

Proposal to construct a Barrage 
on Tank Zam in N. W. F. 
Province to split up water 
between several areas. 

?roposal to prevent a. recurr
ance of damage resulting 
from breaches in the Damo
dar river, Bengal. 

Proposed bridge and reclama
tion between Ern a k u 1 am 
Thanthoni an d Mulavukad 
islands (Cochin). 

Proposed diversion of 40,000 cs. 
to relieve flooding at Gorakh
pur on 0. and T. Railway. 

Proportionality of discharge in 
S.W.F. s. and height of hump
Relation between. 

Protection of Bridge over 
River and Canals. 

Protection of Railway Bridge 
piers on' the Godavari River 
at Rajahmundry 

Protecting of the foreshore of 
the Anglo-India Jute Mill on 
the H ooghly ( Bengal ). 

INDEX 203 

Pages of Annual Report (Technical) 
for the year 

1944 1 1945 1 1946 1 1947 1948 

2* I ... 

17 ••• 

2* ... ... . .. 

••• 

~-· ... ... 66 

..... . .. • •• 

43 ... • •• 

... 128 .. 

... . .. ••• . .. 52 

42 ••• . .. 



p 

Protection of retaining walls 
from scour by means of re· 
pelling spurs {Baluchistan). 

, Protecting the toe of a retain
ing walJ from scour, particu
larly on a curve, in south 
Quetta. Baluchistan, 

Protection to the piers of the · 
Elgin · Bridge over the Gogra 
River on 0. & T. Railway. 

Protective measures below the 
new udersluices of Son at 
Dehri - Bihar officers' pro
posals ·tested in Model. 

Protective measutes - Dehri 
( Bihar ) -Optimum design of 
control blocks and deflectors. 

Pump House -supply of sand 
free water to Jamshedpur 
Pump House. 

Pump House at J amshedpur
design of intake tower. 

Punjab Engineering Congress
Written discussion by Direc
tor on Paper No. 275 "River
training and control by pitch
ed 'attracting· island ". 

Punjab Irrigation Nomograms 
by Mr. E. S. LJ.ndley. 

Punjab practice of constructing 
Head works. 

INDEX 

Pages of Annual Report ( Technical ) 
for the year 

1944 1945 1946 1947 1948 

8 

1* ... 

21 ... 

21 ... •u ... 

187 ••• 

188 

97 ... 

6 ... 

98 



INDEX 205 

H 

R 
Radhanagari Hydro-Electric 

Works·· Kolhapur 
Investigations in connection 
with 

Hail-cum Ro1.d · Bridge across 
the Yamuna below the pro
posed barrage at Purana Killa. 

Railway Bridges -on Madras 
Bombay line of M. & S. M. 
Railway, between Miles 82 
& 113 ; protective measures 
for 

Rainfall and run-off in Indian 
catchments. 

Rainfall and run-off from 
Karamnasa river at Silhat 
weir, U. P. 

Rainfall and run-off - In the 
U ppe!" Indus catchment -
some features of precipita
tional variation in-

Rain Guage Station Maps of 
India. Burma and Ceylon. 

Rajahmundry- Protection of 
Railway Bridge piers on the 
Godavary River at 

Ramganga River - probable 
maximum flood discharge of, 
at the C. K. Railway Bridge. 

Ramganga River- design of 
Guide Banks for maximum 
depth of scour at the proposed 1 
C. K. Rail way Bridge. 

Pages of Annual Report (Technical) 
for the year 

1944 I 1945 I 1946 I 1947 _ _,;,. __ _ 1948 . 

68 . 
• 

68 

••• 

... 

63 

.... 

162 

... 

... 

124, 
131 

7 

tO 

13 

52 

19 

... 

... 

... 

··~ 

.. ... 

93 

48 

. .. 

• •• 

... ' . 



206 INDEX 

------------------------------------------------~----------

R 

Ramganga. River - Length of 
Guide Banks at the proposed 
C. K. Railway Bridge over 

Ramganga River - maximum 
depth of scour and depth of 
foundation for the proposed 
C. K. Railway Bridge pit!rS 
over 

Rander Road- closing of spills 
on right bank u/ s 'of Hope 
bridge near Surat led to heavy 
erosion of the-

Rangoon Port Tidal Model. 

Rate of sand attrition in cha· 
nnels. 

RecommandatioDs· of the Solani 
dam se'}tion based on model 
experiments. 

Recovery of heaa. modular 
limit: and range in S. W. 
Flumles, 

' 

Regeneration in the Jumna 

river, 

Regime-divergence from- in 
stable channels in alluvium. 

Relation between bulk propor
tionality and height of hump. 

Relation between floods in the 
Monsoon and ·regeneration 
in the Hot~weather in the 
Jumna River;, 

Pages of Annual Report (Technical) 
for the year 

·1944 1915 I 1946 1947 11948 

15 

... ••• 14 .. . 

83 ... 

107 ... 
115 •... 

ll3 ... 

37 ... 

93 ... 

••• 135 

43 ... • •• 

93 .. 



INDEX ' 207 

R 
Pages of Annual Report ( Technical ) 

for the year 

Relation between the mean rain
fall at Wada and Bhivandi 
and Bombay water supply-
1895 to 1944. 

Relation between proportiona· 
li ty of discharge in S. W. F. s 
and height of hump. 

1S44 

73 

43 

Relation between the size of air 67 
pipe, size of the discharge pipe 
& the drum with leakage from 
chamber. 

Remodelling of Canals. 

Remodelling of Son Anicut at 20,58 
Dehri. 

Remodelling Railway Bridge 3,23 
over the N. W. Canal at R.D. 
75,000 on the N. W. Railway. 

Remodelling the Rice canal in 3, 04 
Head portion. 

Repelling groyne upstream of 1 :i 
the Railway Bridge on the 
Rupnarian River at Kolaghat 
on B. N. Railway -compari-
son of results in the model 
and in the river. 

Retaining walls from scour
Protection of- by means of 
repelling spurs (Baluchistan). 

Revetment acts as 'attracting' 2,104 
groyne. 

Rice Canal in head portion- 3, 104 
Remodelling the-

1945 I 1946 I 1947 19t8 

••• 123 

... 

8 



208 INDEX 

R 

Right Bank approach channel at 
Sukkur- Datum area I ,000 ft. 
d/s of Sukkur Barrage before 
and after the was constructed. 

Rivers and Canals -flow in 

River mode 1 Experiments
difficulties experienced in
due to effects caused by verti· 
cal exaggeration. 

Rigid s t r u c t u 1' e S· in wide 
channels- Scour downstream 
of-

Rigid, vertically - exaggerated 
models. 

River floods- Sunspot intensity , 
cycles as a medium of predic
ting the probable dates of 
occurrence of 

River meandering-factors de· 
termining the size and shape 
of 

River Bunds in Sind....;..causes of 
breaches and steps required 
to minimise ~he danger of 
recurrence. 

River Training and control by 
pitched islands. 

River Training- the use of 
'attracting' spurs and islands 
for-

Road C u I v ~ r t s - design 
approaches & exits of 

Pages of annual Report ( Technical) 
for the year 

------------~~---------· I 

1944 1945 t946 I 1947 1948 

102 

85 ... 

67-71 

103 . ' . • •• . .. •. 

•eJJ• '86~87 .... 

••• I 181 ... 

133 .. 

97 

97 

37 



INDEX 209 

------------------------------------------------Pages of Annual Report (Technical) 

R 

1944 · I 1945 

Rohri-Multan Road Bridge over 3* 
Rohri Canal at R. D. 52,000 
in Sind-Prevention: of collap· 
se of 

Run-off from catehments in 2* 
Ceylon- advice regarding 
probable maximum 

Run-off from Lalpuri Tank in 
Rajkot State. 

Run-off from Vaitarna Catch· 
ment at the pr.oposed dam .. 
site (Bombay) 

Rupnarian Bridge near Kolaghat 
on the B. N. Rly. in Bengal
Measures to prevent bank 
erosion at 

68 

3,13 

Rupnarian River u/s of the 14 
Kolaghat bridge on the B. N. 
Rly.- Causes l e a d i n g to 
erosion of the lefL bank of the-

Rupnarian River u/s of the 17,20 
Kolaghat bridge on the B. N. 
Rly.,- Fair w eat her and 
freshet spring tidt>S in the-
in 1944 and in its mobile bed 
model 

Rupnarian River u/s of the 
Kolahat brirlge on the B. N, 
Rly ,-Maximum freshet ebb 
discharge In the - in 194 4, 
estimation of 

14 ... 

for the year 

1946 1947 1948 

... 

7 

... 78 



210 INDEX 

R&S 

Pages of Annual Report (Technical) 
for the year 

1944 

Rupnarian River u/s of the 14 
· Ko~aghat bridge on the

B. N. Rly, -Meander I eng r.h 
of the- Increase in the -due 
to increase in f r e s h e c 
discharge-

Rupnarian River above Kolaghat 
Railway Bridge on the B. N. 
H. a i 1 way - Prevention of 
further ero~ion on the left 
bank of the-

13 

Rupna.rian.River above Kolaghat 18 
Railway Bridge on the 8 N. 
Rail way- Repelling gros ne 
u/s of the Bridge-Comparison 
of results in the model and in 
the river 

Rupna.rian River above Kolaghat 14 
Railway Bridge on the B. N. 
Rail way-.. Tidal Range of the-

Rupnarian u/ s of the B, N. Rly. 
Bridge at Kolaghat--Measuns 
taken to control erosion of 
the left b a n k o f the- by 
means of a deflecting groyne 

Ryve's Run- off formula 

s 
Sabarma.ti, N arbada and Tapti 

Rivers- Prevention of erosion 
of agricultural lands along 
the-

2,3,5, 
P4 

Sa.barmati River-Water le• els of 86 
maximum flood~ in the-during 
1893 to 1944 

1945 1946 1947 1948 

130 

5-7 

20 

• 



s 

Sagi River- Minimum water
ways required for-Jodhpur 
Railway Bridge 

Sakri River project (Bihar) 

Sa.masata. spur on Sutlej river 
on the N. W. Railway to 
prevent dangerous erosion 

Sand and silt on the bed of the 
Rupna.rain River at Kolaghat 
Railway B r i d g e on the 
B. N. Railway 

Sand- exclusion and scour from 
canal~-Sind. Experiments to 
test the design for 

Sc~.nd- exclusion- at the nose of 
the outer Bank and at the 
raised still of a p p r o a c h 
channel with and without 
outer Bank extension 

Sand-exclusion of sand from 
the canals at the proposed· 
Lower Sind Barrage on Indus 
at Kotri 

San 1-design of air sand- meter 

Sand-·.nechanical analysis of Ly 
Puri sand .. meter and Air 
sand-meter 

Sand- winrl Tunnel classifier 
for s t.nd and silt 

Sand- Entering R. B. Canals at 
Sukkur--Control of, by means 
of approach chanr el · 

INDEX 211 

Pages of Annual Report ( rrechnical) 
for the year 

194! J 1945 I 1946 I 194:7 

37 

3*,5 

16 

4fl-59 

lO!l 

... 

126 

199 

177 

116· 

32 

26 

28 

1948 



212 INDEX 

s 
Pages of Annual Report ( Technical } 

for the year 

1944 

Sand excludlDg heads for the 58 
M. E Canal and M. W, Canal 
on the Son at Dehri { Bihar ) 

Sand Load -Redistribution of
between Ma.hanadi River and 
Katjuri River System at 
Out tack (Orissa) 

S~~ond-Rate of attrition of, in' 
rivers and canals 

Sangli State- Desilting a. n d 
dredging Tanks in-

Saturation line- effect of cons:
tructing a ti ench on the 

2* 

61 

Saturation 1 in e or hydraulic 61 
gradient- effect of variation 
u/s wa.~er levels of the Solani 
Khadir dam model on -

Scale ratios- Methods of calcu· 
lating- in vertically- exagge
rated mobile river models 

Scale ratios of tidal model 
• 
Scale ratios of the Sutlej River 

model - experiments w i t h 
Sutlej River model at Sama
Sdota. Sta.tion- N. W. Railway 

Scale ratios of L o w e r Sind 
Barrage model on Indus river 
at Kotri 

... 

... 

Scour and accretion in models · 99 
and rivers compared with 
special referenc-e to ialanrls 
u/ s of the Barrage 

1945 

... 

19 

... 

107· 
110 

104-
105 

••• 

1946 

127 

. .. 

76 

t07 

1947 19-18 

35 

... 

. .. 

... 

.. . . . 



s 

Scour and sand exclusion from 
canals, Sind- Experiments to 
test the design for-

Scour below a bridge on the 
N. W. canal in Sind
Prevention of-

Scour below the central sluices 
of the Jobra Anicut on Maha
nadi at Cuttack (Orissa) 

Scour below weirs. 

Scour- Depth of scour in river 
downstream, with Ganesh 
Tyer Volute Siphon Spillways 

Scour downstream of rigid 
structures in wide channels 

Scour around th1 nose of the 
right ba.nk approach channel 
at Sukkur 

Scour at spurs in river models 

Scour downstream of flumed 
falls 

Scour d/s of the SarJa Barrage 
at Banbassa (U. P.)- Preven
tion of 

INDEX 213 

Pages of An:nual Report (Technical ) 
for the year 

1944 19t5 1946 1947 1948 

48-59 

3,23 ... 

5,27 

74 67 67 

91 H5 ... 

... 67-71 114 139 

74 ... , 

74 ... 
97 67 ... 

... 24 

Scour -hole -Reproduction of- 7 4 
in a model, dJwnstream of 
Hardinge Bridge piers 2 and 3 

Scour- bole d/s of the Hardinge 
Bridge 

74 ... . .. 



s 

Scour- hole, 47 ft. deep, Just 
d/s of the Head Regulator of 
the Robri Canal 

Scour- hole, 35 fG. deep, just d/ s 
of the Road Bridge at R D. 
52,000 of the R\ hri Canal, 
which threatened to under
mine the bridge 

Scour- hole, in the canal bed 
and bellied banks d/ 8 of the 
railway Bridgo on the Rice 
C,nal at R. D. 74944 

5nour -hole d/s of the N. W. 
Rly. bridge at Ruk: over the 

• 
N. W. canal-condition 8 

leading to-

Scour-hole-Appro x im ate 
quantity of stone required for 
filling the -in the Approach 
Channel and constructing a 
pitched truncated n o s e at 
Sukkur Barrage 

Scour- holes of t h e present 
under- sluices of the Son ·at 
Dehri (Bihar) 

Scour in Gar a n g River · on 
Assam Access Roa-i- Preven
tion of 

Scour- optimum shape of the 
island at the proposed lower 
Sind Barrage at Kotri to get 
minimum scour -at the nose 
of the island 

INDEX 

Pages of Annual Report ( Technical ) 
for the year 

1944 I 1945 I 194:() I 1947 I 1948 

74 

74 

23 

··~ ••• 26 . .. ... 

20 

112 

j 



INDEX·· 215 

I 
Pages of Annual-Report·( Technical") 

. , for the year 

. ·1944 1945 1945 1947 1~48 
s 

Scour below Kotri Barrage 

Scour round divide wall noses
Kotri 

Scour- Prevention of, dfs of 
sluices of the Son Anicut at 
Oehri 

Scour round bridge piers 

Scour- model limitation of tree 
groyne action in reproducing 
bank erosion and accretion 
u/s and d's 

Scour- maximum depth of, at 
heads of guide bank and groy
nes, pier noses and d/s of 
bridges 

Scour -maximum depth of, at 
the truncated nose, I n d u s 
River above Sukkur Barrage 
for designing the apron 

Scouring of channels- factors 
affecting 

Scouring of tail channel and 
regulation, at Sukkur 

Sea wall erosion at Bombay
Prevention of . . .. ~ 

Semi-rigid, vertically- exagge
rated models 

Sewage- Poona Sewage dispo
sal by irrigation of 

Shape of catchment-effect of- I 
on the runt- off 

••! 

20 

... 

... 

••• 

... ... 

1* 

... 

... 
• ' f ~-

68• I 

129 

5 

140: 

24: 

132 

... . 

123 . 

72 

7l 

..... 

. . .. 

'"'O· . ' 

61 

...... 

• J •• 

• I 

·.· .. 

.. 

~ ' ..... 
:;.J .• "' 

\ . • • <i",. . 2.'0 ,-
; ...... ! ._). ' ' ., ~ .: .... J;J: 



218 INDEX 

s 
Pages of Annual Report ( Technical ) 

for the year 

Silting and scouring of channels 
-factors affecting the, Note 

for the Orissa. flood Advisory 
Committee on mtr present 
knowledge of the 

Silting of salt water i n t a k e 
channel at Mithapur, Okba.· 
mandai- Kathiawad 

Silt- Prevention of- going into 
the Surada Reservoir at its 
Padma. Intake in Orissa 

1944 

••• 

••• 

Sind- Analysis of Inundation 29-32 
canals in- and its comparison 
with the the date of perennial . 
canals 

Sind- areas flooded as a result 
of breaches in embankments 
in-during_ the 1942 flood 
sea-son 

Sind - Design of lower S i n d 
Barrage at Hajipur 

Sind-Indus-Effect of constru .. 
cting a barrage accross a river 
on bed levels and water levels 
u/s and d/s with particular 
reference to the 

11 

55 

99 

Sind--Prevention of collapse of 3* 
Rohri-Multan Road Bridge 
over Rohri Canal of R. D. 
52,000 in 

Sind-Remodelling R ai I way 3,23 
Bridge over the N. W. canal 
at R. D. 75,000 on the N. W. 
Rly. I 

19,5 19~6 1947 1943 
-.,.--~---

132 ... • •• 

... . .. . .. 68 

... ••• ••• 

••• 

.. ... . .. 

... ••• . .. 
... ... ... . .. 

... ••• • •• 

·- ... ... 



s 

Sind-Remodelling the R i c e 
Canal in head portion 

Sind-specific dischare gauge at 
Bachalshah on the Indus in 

Siphon and gates for Bhandar
. dara Waste Weir to raise the 
retention level 

Siphon spillways 

Siphon spillways: 
Ganesh Iyer's volute siphon-
Factors affecting the coeffi
cient of discharge of 

Siphon Spillways-preventing 
scour below Ganesh I y e r 
Volute Siphon by mutua 1 
impact of jets 

Siphon Spill we.y proposed for 
K o i 1 sag a r Dam Project 
Hyderabad (Deccan) 

Siphon Spillway in Jodhpur 
Stat e-Erinpura h·riga.tion 
and Hydro-electrical Project 

Slope-design of canals-slopes 
in perennial and inundation 
canals in Sind. 

Sloping groynes above the old 
Rly. bridge on the N arbada 
River at Broach 

Soil classification and demar
cation of b~oc~ ar~a i~ Bombay 
Decca!\ · 

INDEX. 217 

Pages of Annual Report ( Technical ) 
for the year 

1944 1945 [ 1946 1947 1948 

3 

101 ... 

... 95 

97·98 14:1 ... • •• 

72-78 

91 165 ••• 

••• 110 

2* ... 

... ·- -136 ... 

f5 ... 

... 121 



218 INDEX 

s 
Pages of Annual Report (Technical ) 

for the year 

Soil surveys in Sind 

Solani Dam-Recommendations 
of the-based on model experi
ments 

Solani Dam- staunching due 
to silting u/s of the-effect of 

Solani embankment-Leakage 
through 

Solaai Khadir and Balta Jheel 
reservoirs in the U. P.--model· 
experiments in connection 
with 

1944 1 

... I 
63 

63 

63 

59 

Solani Khadir Dam model-·effect 61 
of variation of u/s and d/s 
water levels of the-on hyd-
raulic gradient or saturation 
line 

Solani Kha.dir Dam· Project- 60 
Special features of 

Solani soil-Tranamissimi coeffi
cient of the 

Son Anicut (Bihar}- sand 
reducing heads fot the M. E. 
ani M. W. Can1ls u1s of-

63 

58 

Son at Dehri (Bihar)-Optimum 21 
design of control blocks and 
deflectors. 

Son at ])ehri (Bihar)-Protective 20,2 I 
m e as u r e s below the new 
under sluices 

Son at Dehri (Bihar)-Remode .. 
lling the aniou t 

• •• 

19(5 1946 19~7 194:8 ~ 

123 

... 

... ... • •• 

... ... 

••• . .. 

... 

... 

••• . .. 

.... 

. .. -127 . .. 



INDEX 

--------------------------~--~------~--~~~~~--Pages of Annual Report ( Technical) 

s 

Son at Dehri (Bihar) ··Scour-hole 
downstream of ihe present 
undersluices of-

Sop at Dehri-Protective mea
sures below the new under
sluices of-Bihar Officers' 
proposals teFted in Model 

S9ecial features of the Solani 
Khadir dam project 

Specific discharge gauges at 
Bachalshah on the Indus, Sind 

Specific gravity and equiva
lent size of stones and blocks 
in a model 

Spill ways -Siphon 

Spur 6 at Tajewala Headworks 
acts as an 'attracting' spur 

:=:purs- attracting and repelling 

Spurs- the use of 'attracting'
for training a river, u/s of a 
masonry work-

Standing Wave Flumes- Coeffi
cient of discharge of 

Standing wave Flume- Contro
lled Irrigation 

Standing ·""'ave Flume- design 
of -for the Jawai River 
Project (Jodhpur) 

Standing Wave Flume-Water 
surface profiles in a 5' wide 
S .. W. F. with parallel sides ~t 
various stages 

1944 

20 

21 

60 

101 

97 

97 

97 

34 

1945 

... 

... 

115-
11~ 

92-93 

... 

for the year 

1946 1947 

.. ' 

-· ... 

141 

••• 

122 .... 

.. 85 ... 
I 

l 
85 1 ... -~ 

1948 

... 

... 

••• 

. ,, 
'I ...... 

....... ·,' 

... 

.) . : -·) 



220 INDEX 

s I 
Pages of Annual Report (Technical) 

for the year 

1944 1945 1946 1947 1948 
. 

Standing Wave Flume discharge 
coefficient- Effect of piers 
on, in Sind fa]ls 

Standing Wave Flumes -Effect 47 
of friction on coefficient of 
discharge 

Standing Wave Flumes- Effect 
of piers on c o e ffi. c i e n t of 
discharge of-

. 
Standing Wave Flumes- Para-

llel flow through the throat 
of-

Standing Wave Flumes- Reco~ 
very of head, modular limit, 
and range in-

48 

31 

Standing Wave Flumes- Stan- 49 
dard designs of-

Standing Wave Flumes-Tra.- :34 
pezoidal 

Standing W a v e Flumes and 
Flume Meter Baffle Falls
design of-

Standing Wave Flumes and 
Falls- discharge Table of 

Standing Wave F 1 ~me s and 
Falls. U /s gauge and gauge 
chambers- Position of.-

Sta"Q.ding W a v e Flumes and 
Falls-Velocity of approach-· 
effect of-

Standing Wave Flume-curva
ture of flow in the throat of a 

29 

33 

32 

33 

... 

9i ... 

... 

... 

... 

. .. . .. ... 

... 

... 

SQ-85 
··~ 

.... 



s 

Staunching due to silting u/s of 
the Solani Dam- effect of-

INDEX 221 

Pages of Annual Report ( Technical ) 
for the year 

1944 1945 1946 1947 1948 

63 •.•• 

Statistical analysis of past and 6 91 
' future supplies available in 

the Jumna at the Headworks 
of the Eastern and Western 
Jnmna canals at Tajewala 
and at Delhi 

Stone wall built to protect a 
palace a c t s as 'attracting' 
groyne and holds the river 
permanently along the face 

Submerged spurs to en a b 1 e 
accretion and silting to take 
place in the scour- hole d/ s 
of the knuckle at Dunbar 
Cotton Mills 

Sukkur Barrage- Afflux due to 
proposed extension of the 
outer bank of . A p p r o a c h 
Channel upstream of Sukkur 
Barrage over Indus 

Suk.kur Barrage - C a u s e s of 
accretion of the river bed at -
and how to reduce rate of 
rise Part II 

Sukkur Barrage -Mid-season 
scouring operation o f t h e 
right pocket at 

Sukri River- Minimum water
way required for-Jodhpur 
Rail way Bridge over 

104 

7 

. .. ••• . .. 

... . .. ~ .. . .. 

25 117 ... 

59-66 137 ... 

... 61 ., \ 

... 37 



222 INDEX 

-----.. ~--------:--------------- .. 

S&T 

Sunspot intensity cycles as a 
medium of predicting t h e 
probable dates of occurrence 
of river floods 

Sur at- Rander Road and the 
City wall of Sura.t d/ s of the 
Hope Bridge at Sur at
Damage in 1944 to- and 
recommendations to ameliora
te present conditions 

Surging over baffle wall 

Sutlej River at Samasata. d/s of 
the Empress Bridge at Adam
waban N'.W. Rly .,.Training of 

Sutlej River- Training of the 
river with permeable tree 
groynes 

. . T·· 

Tajewa.la.- Head works of East
ern and Western J u m n a 
canals at-

Tansa automatic gates, Bombay
Torque required to move the 

Tansa. Dam- Determination of 
the coefficient of discharge of 
the automatic gates spillway 
for the-

Pages of Annual Report (Technical) 
for the year ~ 

~---

1944 I 1945 I 1946 I 1947 1948 

86-87 

37 ... ... . .. 

30 - ... 
68 ... 

.... 78 ···-

13 ... ... ... . .. 

••• .... r • •• 107 

29-36 ... 153 ••• 

Tapti, N arbada. and Sabarma.ti 3 5 8 ~ ' , .. 
Rivers--Prevention of erosion 
of agricultural lands a 1 o n g 
the-

. ' 



T 

Tapti · River-Water levels 
maximum floods in t h e
during\87J: to 1944 

Technical analysis of available 
data regarding t h e rise of 
water levels of the 1 ndus in 
the past and to ~e anticipated 
in future-

Tidal Model , of the Hoogbly 
Estuary 

Tidal models- scale ratios of-

Tidal range of the Rupnarian 
River at Kolaghat Railway 
Bridge on the B. N. Rail way 

Tide generating apparatus in 
the Hooghl y Model 

Tons a. n d Giri catchments
effect of s t or a. g e s in- on 
supplies in the Jumna during 
flood season & regeneration 
in the fair season 

Tractive force formula- used 
in fixing time scale of Kotri 
island model- Lower S i n d 
Barrage on Indus 

Tortuosity- Arc to chord r.atio 
of Sutlej river loop at Sama
sata Station, N. W. Railway 

Training of Ganga River at 
Garhmukteswar 

INDEX 223 

Pages of Annual Report ( Technical ) 
for the year 

• 
1944 1945 1946 1947 1948 

84 

99 

... 
~·· 

58 

.. 104·107 
··~ 

... • •• 

... ... 73 

94 ••• • •• 

••• 110 ... 

69 - ... 

... • •• 29' 



·'224 INDEX 

----~-----------------------P--ag_e_s_o_f_A __ n_n_u~al~R~e-p-or~t~(~T~e-c7h-n7ic-a~l~) 

for the year 

: ' 

Training of Luni River to pre
v e n t it damaging Jodhpur 
Railway line 

Training of Jumna River at 
Delhi Gate Pumping Station 
with pitched embankment on 
the right bank 

Training of the Kshipra River 
at Ujjain- Union of Madhya 
Bharat ( Gwalior State) 

Training of the Kuakhai River 
at the proposed Road Bridge 

, Site near Balia.nt~ (Orissa) 

Training of the Tapti River at 
Surat. 

Training the Hooghly River at 
Dunbar Cotton Mill with a 
by-_pas's chanr1eJ 

Training the Jumna at New 3 
Delhi Gate Pumping Station 

• 

Train'ing tho Khari River so as 2* 
to prevent outflanking of the 

, pick-up weir and Head Regu
lator of the Khari cut canal, 
and damage to Raipur village 
in Ahmedabad District 

•. ,, ,"( 

Training the Malaprabha River 
to protect the left bank & 
abutment of the M. & S. M. 
Rly. Bridge No.8 at Hole-alur . 
on the· If otgi-Q~dag Hne 

v -

1945 I 19~6 
36-£2 

43-48 

11-18 

I 
r· 

1947 1948 

31 

43 

37 

' ... 



lNDEX 225·· 

~~·~--~------------------~------------------~------------

T, U &V 

Pages of Annual Report (Technical } 
for the yea~ 

1944 1945 1946 1947 I 1948· 
----~---------------------~-----~~------~------~-------
Training the river Kshipra near 

Ujjain in Gwalior State 
' 

Training works at Dingra ghat 
on the Mahananda· river 1n 
Bengal 

Transmission Coefficient of sand 
sample from the bed of Damo
dar River at Sindri 

Transmission coefficients of the 
Solani soil ' 

-
Tree--G royn~s- semi permeable 

tree groynes, to reduce risk 
of attack on the goods yard, 
Kolaghat Station upstream of 
B. N. Railway Bridge- Rup
narain River 

Tube well- yield from, in the 
Zhob valley, Baluchistan . . 

Tube wells- yield in relation to 
sub- soil 

Turbulence- Reduction of, in 
the River Hooghly down· 
stream of the knuckle at the 
Titaghar Jute Mill (Bengal) 

Types of models 

u 
Ujjain- Erosion of K ship r a 

River at- control of-

v 
Vaitarna Catchment at the J)ro

posed dam site (Born bay)
. Estimation of run- off from 

2,5 

- i - . 

... 

94 

63 ... ••• 

... 78 • •• 

97 

... I 

83 ~ ... 

8tol 

7 

, I • 



225 

v 

Vaitarna. dam spillway(Bombay) 
-Experiments for dissipation 
of energ,v below the proposed 

Vanes-submerged, to exclude 
sand from canals at Lower 
Sind Barrage on the Indus at 
Kotri 

Vertically -exaggerated models 
of rivers (tidal and non-tidal) 

Vertically- exaggerated ,model 
(1/400, 1/66) of the Mahanadi 
and its branches at Cu ttack 
(Orissa ) -Experiments with 
the- , 

Vertically - exaggerated and 
semirigid model 

Vertically -exaggerated and 
rigid models 

Vertical exaggeration- Difficul
ties experienced in river model 
experiements due ·to effects 
caused _by-

Vertieally -exaggerated mobile 
river models-method of 
calculating sc3.le ratios in 

V i z g a p a t a m--Prevention of 
foreshore erosion at-

Volute siphons based on results 
from scale models--Limitation 
in predicting, discharging 
capacity and flow conditions 
in full scale 

INDEX 

Pages of Annual Report (Technical) 
for the year 

••• 

... 

1945 

102 

19-22 

105 

110-
1\3 

to;
llo 

... 

1946 1947 1948 

104 

101 

... 

... .. 

... 

25 



IND_EX 227 

V&W 

· Pages of Ann\lal Report ( Technical ) 
for the year 

194! J .1945 I 1946 I 1947 
--------------------------~--~~ 

Volute siphon, Ganesh Iyer's
factors affecting the coefficient 
of discharge of-

Waste weir-Experiments with 
half size 1nodel of automatic 
gates on Tansa-

Waste weir l'Jvel of the tank at 
Kalyanipura Village (Ajmer) 
-The proposed raising of the 
' ' 

Water levels of maximum floods 
in the N arbada river during 
1881) to 1944 

85 

Water levels of maximum floods 86 
in the Sabarmati river during 
1893 to 1944 

Waterlevelsof maximum 
floods in the Tapti r i v e r 
during 1872 to 1944 

Water supply for proposed 
Steam Power Station of the 
South Gujrat Electric Grid 
near Sura t ( Bombay )' 

Water supply, possibilities of
to Cutch State from Indus 
River 

84 

Water supply- Bombay city- 7 0 
augmentation of-

\Vater supply, Delhi-Jumna 
River training in connection 
with-

\Vaterway--minimum for bridge 
over Sagi, Khara and Sukri 
Rivers-Jodhpur Rail way 

8,9 

. 72-781 

153 

... 

... 

' 219 

... 

I 
37 

J 

1948 

113 



228 

W .. Y&Z 

Watrak River -Training the, to . 
protect Kaira town, Gujerat 
(Bombay Presidancy ) 

Watrak River. -Tree groynes 
to prevent further ero~ion of 
left bank at Kaira Town 

Water requirments at Delhi 
Waterlogging-Dangers of -in 

the Eastern N ara. tract in 
Khairpur State in S1nd 

Waterway of bridges in Ceylon 
-advice regarding 

Wave recording apparatus 
Weeds-water 'weeds and their 

eradication from canals 
Weirs, high coefficient 
Weir -High Coefficient weir 

profile (Hyderabad- Deccan) 

Weir-Scour below weirs 
Working range of baffles 

y 

Yamuna below the proposed 
barrage at Purana Killa- Rail 
-cum- Road Bridge across 
the 

Yield during monsoon from 
Tansa catchment-years 1R96 
to 1944 

z 
Zam Tank inN. W. F. P!ovince 

Propos a 1 to construct a 
Barrage on- to split up water 
between several areas 

INDEX 

Pages of Annual Report (Technical) 
for the year 

1944 

64 

... 

91 
... . .. 

2* ... . .. 

77 
124 

99-10 l 141 ... 
86 

67 
41 

... 

73 ... 

... 



No. Sarial No. 

1. IHR 1.38 

2. IHR 1.39 

3. IHR2 

4 .. IHR 1.40 

Publications & Authours 

Annual Rep~rt of work done during 
1937-38 

& 
Annual Report of work done d_uring 

1938-39 

By C. C. Inglis, A. R. Thomas, Rao Sahib 
D. V. Joglekar and staff at Khadakwasla. 

Year Price 

1939 R-. 7-8-0 

19·10 Rs, 7-8-0 

Ntte on "The theory, design and construe-- 19·il · Rs. 3-8-0 
tion of Gibb Models which, without mov-
ing parts, give· a constant discharge 
within working imits irrespective of · 
variations in upstream and dawnstream 

water levels'' 

By C. C. fnglis and 
Rao Sahib D. v. J ogleka~ . 

Annual Report o~ work done during 
1939-40 

By C.· C. Inglis, A. R. Thomas, Rao 
Sahib D. V. J oglekar and staff at 

Khadakwasla 

1941 Rs. 7-8--0 



No. r . 
Serial No. 

5. IHR 1.41 

6. IHR 1.42 

7. JHR 1.43 

8. IHR 1.43 

Publications & A.uthours Year ~-
i 

' Annual Report (Technical) of work done . 1942 
during the year 1940-41 and index for 

1937-41 

By C~ C. Inglis, A. R. Thomas, Rao 
Sahib D. V. Joglekar and ~taff. 

· · Khadakwasla. · 

Annual Report tTechnical) of work 
done during the year 1941-42 

By C. C. Inglis, J. S. Reid, Rao 
Bahadur D. V. J oglekar and Staff at 

Khadakwasla. 

An~ual Report (Technical ) of work done 
·during the year 1942-43 

By C ... C. Inglis, J. S. Reid, Rao 
Bahadur D. V. Joglekar and Staff at 

Khadakwasla. 

Annual Report ( Technical ) of work 
done during the year 1943. 

By C. C. Inglis, Rao Bahadur 
· D. V. J oglekar and staff at Khadakwasla. 

194·1: 

19·1:5 

19·1:5 

Price 

Rs. 7-8-0 

Rs. 7-8-0 

Rs. 7-8-0 

Rs. 7- ·8-0 



No. SariaL No. Publications & Authours Year Prica 

9. 
I 

IHR 1.44 Annual Report ( Technical ) of work 1945 Rs. ·7-8-0 
done during the year 1944. i 

By C. C. Inglis, Rao Bahadur D. V. J ogle-
kar and Staff at Khadakwasla. 

10. IWE 1.45- Annual Report (Technical ) of work 1948 Rs. 25-0-0 
done during the year 1945. 

By Rao Bahafiur D. V ·Joglakar and 
Staff at Khadakwasla. 

11. IWE 1.46 Annual Report ( Technical ) of work 1947 Rs. 7-8-0 
done during the year 1946. 

I By K. K. Framji, Rao Bahadur D. V. J ogle-
r kar and Staff at Khadakwasla. 
I . . 

12. IWE 1.47 Annual ... Report (Technical) of work 1948 Rs. 25-0-o 
done during the year 1947. 

By K. K. Framji, Rao Bahadur D. V. J ogle- ' 
· ktir and Staff at Khadakwasla~. 

13. - IWE 3-1 \ "The' behaviour and control of Rivers 1949 Rs. 16-8-0 
and Canals" (with the aid of Models) 

(in two parts) 

By 0. C. Inglis. 



ERRATA 

Page No. Line No. Incorrect -. 

8 18 1486 
10 9 13850 cusecs=7460 m.g~p.d 
25 23 August 
29 23 upt 
29 24 experimen 
29 30 Traiding 
33 17 Qmax= 136 

33 24 R;L. !5675 
33 29 photo 2227 
36 14 But, is 
A5 3 hoe 
A6 10 Lg 
A6 16 Lg 

37 32 experiences 
38 23 currcent 
38 36 comprise 
39 3 groyene 
39 34 top of at 
41 Marginal note photo 4249 
A7 28 abopted 
50 11 090 ft. 
57 6 Erosion 
58 7 Tidal Model 

31 effecti s 
64 Table 1, Col 4 5,196 

Line 5 
65 TabJe •. L QScale = 

Sub-beading of d3/2 
Col. 24, 

( ••• X 0.2094 X 0.822) ... 
69 111arginal Note Fig 55 

71 
74 

of sub-para 3, 3 
12 
19 

78 Marginal note 
of sub-para 3,1 

041 
Menthod 

78 Last marginal photo 5400 
note of sub-para 3,3 

Correct 

1.486 
13850 cusecs=7460 m,g,p,d 

August 1948 
up-

experiment 
Training 

Q =1.36-max . 
R. L, 1567,5 
photo 5227 
But, it is 

hole 

L2 

L2 

experienced 
current 

compromise 
groyne 
top at 

photo 5249 & photo 5244 
adopted 
0,90 ft 

17, Erosion, 
18. Tidal Model 

effect is 
5.250 

Q ~- L d3/~ 
Scale · 

( ••• X 0.2084 + 0,822)-..• 
Fig 57 

0.41 
Method 

photo 5409 

Photo 5409 



Page No. Line No. 

83 Last line 

84 Table 1, 
Col 2 

86 11 
H8 16 
88 Marginal note of 

\ ' sub-para 6,2.1 
A12 Last line 

9,5 12 
97 5 
98 4 

103 Table 3~ Col 7 & 8 
Last 2 lines 

122 9 

129 10 

( ii ) 

Incorrect 

5500 ft. parallel 
with guide hank ... 

0'10 et seq 

afflax 
R.I... 520 

Fig 6 

R = ( ) 

in 1941 
par million 

Pr tu berances 
2700. 595 
27.00 6,33 

tovery 
1 

q = Cc1 Y2g (U-d 1) 

Correct 

550:) ft. parallel to and 
upstream of the barrage :~; 

for Q = 3,00,000 cs., 
alternatively with guide 

bank ••. 
0,70 et seq 

Dec:rnal for whole column;~ 
afflux 

R.L, 52,0 
Fig 76 

R2 = ( ) 

in 1941 (see fig. 83l. 
per million 

Protuberances 
270.0 595 

270,0 63,3 
to very 

. q = c d 1 r 2g co -d 1 > 


