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INTRODUCTORY NOTE

By
A, N. Khosla, L 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 possible 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 Government was
accordingly approached to acquire 109 acres of the land adjoining the Rese-
arch Station. 90 acres of the land have already been acquired-and- taken
possession of by the Research Station. The remaining 19 acres will be

acqulred during the current year.

Arrangements for supplymo' water to the newly acqulred areaare neaf-
ing completion. Detailed estimates of levelling of thearea for purposes of
rating tank, workshops and field hydrauhc laboratory have been prepared and
submitted to the Government of India for approval It is proposed to locate
some staff quarters at Khadakwasla.

Estimates 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 India for 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
projects preparatory to taking up regular research at Khadakwasla
.or Poona. :

3. Most of the equipment required for 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 has 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, based 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 wave charactertistics. 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. ShriK., 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-
nance Factories. Shri D. V. Joglekar took over as Director from 4-7-1948.

8. The work of the Station has been creditably handled by the Offi-
cers and staff at Khadakwasla and satisfactory progress towards the
expansion .of the Station has been maintained,
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Shri G. M. Panchang; B. 4. (Hons.), Ms Se. (Lond.) from 1-10-48.
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| ]
-
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. G, T. Wadekar, B.E.- - .. . .from 29-11-1948.
K. R. Datye, B. E. (Extra. Assmtantmrector)

N R
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Shri G. T. Wadekar, 5.5 up. £0:28:11-1948::
» C. G, Tamhankar, B. Sec. (Elec. & Mech.)
» P, M. Damle, B. Se. -

1.

2

3
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6. ,, V.V.Venkataswarlu, M.Sc. (Phsyics.) » 27-7-1948.-
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8. . R. Rangarajan, M. A. (Statistics) o 9-8 1948:-
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Computors “4”
L Shn S. B, Barve, i/c Laboratory.

2. ", R.P.C.Varma, B. Sc.

3. ,, Balasaran Das Baijal, B. Sc. from 2-8-1948.
4, ,, Ram Prakash Malhotra, B. Sc. from 2-8-1948 to 23-12-1948.
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“ Office Superintendent,
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In March 1948, the Director . Shri K. K. Framn) and the Deputy
Director along with their assistants visited the Tansa Lake in connection
with the proposed installation ‘of automatic gates “to increase the storage for

Bombay Water Supply. Later during the'year the Director

] g ( Shri D. V. Joglekar) and the assistant officers concerned

" Fig. 1~ visited 12 places which are shown in figure 1.” The prac-

tice of inspecting thie sites of various problems under in-

vestigation atthe Station has proved very 'beneficial in

enabling the staff to visualise theprototype conditions for natural reproduc-
tion in models. °

In July 1948 Shri K. K. Framji, the Director of the Station was
transferred to Calcutta as Director General of -Ordnance {Factories. He
handed over charge to Shri D. V. Joglekar. At the end of July, the Standing
Committee attached to the Ministry of Works, Mines and Power held a
meeting at the Inspection Bungalow at Khadakwasla. The Honourable
Minister Shri N. V. Gadgil with the Standing Committee Members, accom-
panied by Shn B. K. Gokhale, Secretary, Works, Mines and Power, Sardar
Mansingh, Member, Central Waterpower, Irrigation & Navigation Com-
mission, Shri Puri, Chief Engineer, 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. Framji, 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, Gokhale to attend the meeting.

* The visitors arranged in two batches were shown round the Research
Station—one party being led by Shri D. V. Joglekar and the other lad by
Shri K. K, Framji. The members and the officers were keenly interested
in the-present activities of the Station.- The new area of 106 acres being
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INTRODUGTION - 3

acquired under the urgency clause for the expansion of this Station was
also seen-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 detamed in Europe

Ezxpansion of the C.W.I. and N. Research Statzon :

In hursuance of Goverment s decision to expand the act1v1t1es of the
Research Station’ a proposal to acqulre an area of 106 acres under the
urgency. clause-was put up. An area of 82 acres has been taken possession
of and the remaining is being made over in the next few months

In September and October 'the Federal Pubhc Servwe Commlssmn
recruited officers for the expanded Station.

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

During the year under report advice based on previous experience
was given in 15 cases, a synopsis of which 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 structures,
flow in incoherent sand, meandering of channels ete.

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. Gadgil, Minister, Works, Mines and Power.
The Hon. Shri Bhupati Mujumdar, Minister for Irrigation, West
Bengal.

Shri B. K. Gokhale, 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.

»w 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, Supenntendmg Engmeer, Central Clrcle,
Calcutta.
» O, P, Sarathy, Liaison Officer, Port Trust, Calcutta.
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.Shri.Ma!;bu;Q, Sanitary Engineer, Gwalior.

" The Chief Engineer, i/c Hydroelectric Scheme at Radhanagari,

Kolhapur,

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

Shri Khanna, Assistant Consulting Enginveer, Central Water-
power, Irrigation & Navigation Commission.

»w S.V. Diwatia, Superintending--Engineer, Deccan Irrigation
Circle, Poona. '

+» Moose, District-J udge,, Poona.
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2.  Estimation of run-off from Vaitarna- Catchinent-of the proposed
dam site (Bombay). |

1. lNTRODUCTlON.

meg to the large mcrease in the populatlon and industries
of the Bombay, the contents of the Tansa Lake even w1th mstallatlon
of four feet high automatic gates are totally inadequate to meet its requlre-
ments, In order to augment the present water supply it
has been”decided to construct 235 ft. high grav1ty type
Fig. 1. cement concrete dam across.the Vaitarna river, (Fig. 1)
" which will impound about 6,000 m..cft. of water.. The
Special Engineer of the Bombay Municipality referred
the Va:tarna. Scheme to the Station for advice ‘on the following pomts $—

,1‘. Capacity of the sp111way to pass: the maximum probable ﬂood
discharge.

2, Correlation ‘ratio between the yield of Tansa and‘ Vaitarna
Catchments. With a view to determine statistically whether the
anticipated minimum annual run-off will be obtained from Vai-

' tarna Catchment

3. The type of splllway to be prov1ded_'and the necessary. flood lift
with the type cons1dered sultable

Director's opinion on the first two of the above points were given as
helow, while the th1rd point is dealt Wlth elsewhere in the Report

(a) The maxzmum probableﬂood dzscharge of Vaztarna Catchment;

Independent est1mates were made accordmg 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 082
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 B8pecial Engineer. By extrapolation of this curve he- estimated

the discharge at the highest recorded depth of 31'5 ft. in 1941 tobe
96,900 cusecs,
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. Inthe opinion of the Director, there are several shortcomings in the
method adopted by the Special Engineer in constructing the discharge !

gauge curve.

Where 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
than the surface stope which must be taken for obtaining the correct value
of the velocity. By taking energy slope instead of surface slope, less/great-
er discharge 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 resulting error in estimate of the flood'discharge
by taking surface slope instead of ‘energy slope.

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

Velocities were also ca.lculated by the Station according to

' o 1486 RY g1/
(A)-: Manning’s formula V:= —— y

(B) The La.cey general flow formula V = 16R2/ 3 Sll 3

and- (C) " Lacey's “absolute rugosxty formu]a. -
1.3458 R/ s‘l2
B Na

For obtalmng Lacey s Na, a curve of Na: depth was prepared from
ava.llable data. . ‘ : -
" The velocities “and correspondmg dlscharges for depth of 31.5 ft. ac
cording to these formulae are as under:

Table No, 1

Showing computed velocities and dischargus according fo’ varioixs formulae
Depth = 31.5 ft.

V ;='

Formula. . - . Velocity in ft/sec. Discharge in cs.
. |
Manning’s (N = 0.035) . | .. 14.6 89,000
Lacey’s general flow ' 15.1° - 92,000
Lacey rugosity - “16.85 1,03,000
Chezy’s — extrapolation by the - '
. Station A ¥ . 14.80 - 90,000

o
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VAITARNA CATCHMENT RUN-OFF: ESTIMATION 9

(ii) Fan Catchment Formula.

In the final analysis, 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. Itis inlight of these considerations that
it is possible to decide whether a particular catchment is fan-shaped or re-
quires allowance for its elongated shape, which precludes the concentration
of discharge of maximum intensity, there being an overall retardatmn
effect, ‘

In the case of the 1941 flood with 3114 feet depth, the duration and.
the intensity of the rainfall leading to this flood. are- unfoi'tunately not
known. For these conditions, the time concentration and the average inten-

sity of rainfall during that period are roughly. worked out

: to be about 12.20 hours and 1°08" per hour respectlvely—

Appendix | vide Appendix I. Intensity data not being availablé’

whether these conditions were actually obtained or not

cannot be strictly verified. The maximum daily rainfall

in 1941 of 13.02°, when compared with the average of the

maximum rainfall for all years for which data are available (6.78') suggests

that the figure of computed intensity may be approximately correct. The

time of concentration being only 12.2 hours — which is also approximately:

the duration of rainfall of maximum intensity — ne allowance for .divergen-

ce from fan shape can justifiably be made. According to the fan catchment

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 mnearly
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 A/ 175 ;;55 91,500 cusecs.

The correlation between the maximumkda'ily** run-off in each year,
averaged, over three consecutive days, in the Tansa and Vaitarna catch-
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ments was examined because for reasons given above a

_significant correlation may be expected. As will be

Fig. 2. seen from Fig. 2, a good correlation ex1sts between these‘
run-offs, the statistical equation being

- 1.3508
QT = .0152QV

When extrapolated for QT=50’000 cusecs.—the maximum—ever at Tansa—

the maximum discharge from Vaitarna catchment would be of the order of
83,600 cusecs. Itis however, tobe noted that simultanzous discharge data’
of both the catchments are not available beyond Tansa run-off mean of three
consecutive days of 13,850 cusecs. = 7460 m.gp.d. and extrapolation much,
beyond the observed range must be separately justified.

, Recapitulating, the values of the ‘esltimating maximum discharge,
as obtained by various methods, were as under:~

Method ‘ Maximum Q
(i) From observed data correspoding Chezy ’ 90,000 cs
: to maximum observed depth of Manning 89,000 cs

31.5 ft. : Lacey (General-flow) 92,000 ,,
: Lacey (Rugosity) 101,000 ,,

(ii) Fan catchment formula _ 92,000 ,,

(iii) Proportional to rbot of catchment
area : 91,500 ,,

(iv) Correlation of run-offs of Tansa -
and Vaitarna 83,600 ,, -

Having due regard to safety as to economy, a minimum discharge
capacity of the weir of 92,000 cusecs appeared essentiai. " It must be empha”
sized that this estimate does not provide for extraordinary cyclonic storm
floods 'such as the one experienced in November 1948. Sufficient data about
such ﬂoods not being available, it is not possible to predict their 1nten31ty
and frequency. '
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APPENDIX 1

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

Formulae used:—

Qmax = 1,000 Ki  Where
max = maximum discharge in
. _ Rf(a) cusecs./1000 acres.
t 41 : i = Average intensity of rainfall

in inches/hour.
Rainfall coefficient.

A function of the area for
the adjustment of the average
Now Q= 1,000 Ki intensity of rainfall = 096
in this case.
t = time of concentration in hrs.
K = the run-off coefficient = 084 in
the present case.

8 o1? R
t41 - KSRf(a) £ (a)

1,000%.84 X iX175 X 640

-‘o 87,000 = 1’000 |
= 94,000 i C = a coefficient = & (K,R)
.. 94000 L = length of basin in miles =
So b= gooop = 1.08"/hour 45 miles.
S = Average slope of the
catchment = 7.7 £t/1,000

3 2

£ _ _CL
t+1 = KSRf(a)
. 1;3 _ ()L2 t+1
YV ="XSf@ X R

. _Rf(a) , R i 1.08 )

But i = 57 . i+1 = f@ — .96 — 1125
. t3 C X 45 X 45 1

= 84 X .0077 X 096 < 115 = 290.000C
Assuming C = .0063
= 2,90,000 X .0063 = 1830 - t = 12.20 hrs.

To check value of C

[ _RfG) .o R96 . L 108 X 1320

t+1 13.20 *° BT = 14.85



A Y

S KR = .84 X 1485 = 12.45.

’. Value of C (from curve on page 45 of Richard’s “Flood estimation
& Control™) = .6064

Thus
t = 1220 hours; i = 1.08 inches/hour and

Qm = 87,000 cusecs.



NOD. 7232 OF MARCH 49
CW.AN.R.STM POONA.

a0 © 2,000

M.K. SABNIS.

FLG -~ Z
SHOWING CORELATION BETWEEN MAXIMUM B
DAILY RUN—OFF:S OF THE TANSA i
VAITARNA CATCHMENTS. v
=
]
30,00 - —g- ‘ .
-t
=
s
20,000 Z
. Z.
tad
=
X
4
1apoo 5
9,000
8,000 §
1,000
: <
©.00@¢ l...
5,000 - § Ls
4000 O / E\
. 7
5,000 S, a
¥ q L/ :
| O qm :‘§
2,000 © =
5«/ <
N N e |
v 034/ =
*
<
/ =
o A e
600 /Q’-“
700 /
oo / 7000800 10,000 20,000 , 30000 45000 Fo,008
200 / NOTE :-... (i) RUN-OFF FIGURES ARE ARRIVED
4a0 / " AT BY AVERAGING THE MAXIMUM RUN-OFFS
- / FOR THREE CONSECUTIVE DAYS IN BOTH THE
A CASES. _
200 (i) RUN-OFFS IN EACH CASE PLOTTED IN THIS
/ GRAPH, ARE FOR WET CATCHMENT CONDITIONS,
(fii) MAX. Q. OF TANSA CATCHMENT=50000 Cs =
26,900 M.g.p.0, CORRESPONDING Q FROM“THE
{00 5. : .

3000 4900 Sc000 o090 EXTRAPOLATED CURVE 1S5=45000 mgp.d:-a3600 Cs.

MAXIMUM DAILY RUN-ORF-OF VAITARNA CATCHMENT IN MILLION GALLONS.

§.P.X.APOONA, 1945 -



11 VAITARNA CATCHMENT RUN-OFF ESTIMATION

2. (b) Correlation ratio between the.yield of Tansa and Vaitarna
Catchments.

Fdr determining the total yearly yield at Vaitarna for which direct
data are not available, the correlation between yields of Tansa and Va1tarna.=
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 findings
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. Coefflcients for Conversion of Surface Velocities to mean
' " Velocities in Natural Streams.

It is common to estimate mean velocity on a vertical from the ob-
served suriace velocity with the help of some appropriate multiplying
factor p. For small stceams with rough beds the maxnmum value of the

coefficient
_ mean veloclty -

~ surface velocity

is. 0.89, minimum 0.78, and the average 0.84. For -average streams
(Amencan) in moderate flood p=0.90 and in floods 0.90 to 0.95.(') Observa.
tions on’Hemavathi river in Mysore State, with fairly soft bed and vertical
banks the coefficient varies within 0.85 to 0.88. In cauvery 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.()) The coefficient is thus not
constant but variable, — 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,(*)

Table I

Value of ‘p’ (=-¥;§n— ) for different values of n and depths,

Rugosity coefficient n
Depth in ft.
0.03 \ 0.025 | 0.020 | 0.0175 ] 0.015 l 0.013 | 0.010
0.9 —_ —_ 0.83 0.86 0.88 0.89 0.91
1.0 0.78 0.82 — —_ — - —_—
1.1 —_ — 0.84 0.87 0.89 0.90 0.31
1.25 —_ — 0.85 0.87 0.89 0.91 0.91
1.50 — — 0.87 0.88 0.90 091 0.92
2.0 0.80 0.86 — — —_ - —
3.0 0.83 0.88 - — — — —
50 0.85 089 —_ — — — -
10.0 0.86 0.90 — —_ - — -
15.0 0.87 0.91 —_— —_ — —_ -
20.0 0.88 0.92 - —_ - — —

(1) Parker, ‘Control of Water’, p. 55.

(2) 1946 Report of Hydraulic Research Station, Krishnarajsagar, p. 22.
(3> 1944 Report of Develop & Research Division, Sind, p. 15.
(4) Farker, ‘Control of Water’, p, 64.
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. Values of the rugosity coefficient ‘n’ in Kutfer’s and

Table II. Manmng s formula frequently exceed 0. 03. vide Table II
below(®) and data are lacking for ‘n’ greater than 0.,03.
Table II
Values of ‘n’ for natural Streams.
Condition of stream bed
No. Surface -
Best Good Fair | ' Bad
1 Clean, straight bank, full stage, ‘ -
. no rifts or deep popls. 0.025 0,027__."; 1 0.030 0»._Q33 '
2 | Same as (1) but some weeds & A S Y B
stones. - 0.030 | 0.033 10.035 . 0.040
.3» Winding,so'm_._e p‘o,o.lsﬁand shnalé L : . . el - ,; AR
. clean. . 0.033 0035 | 0040 .-0:045-
4 ~S_arne as (S), lower stages, xnore | o T l T
. ineffective slopes & sections. 0.040- Q}.O45 0,050 0.055 -
5 |} Same as (3), some weeds &. : R .
stones. : - 0.035 | 0.040 0.045 0.050
6 | Same as (4), stony sections. | 0.045 | 0.050 | 0.055 | 0.060
- 7 | Sluggish river reaches, rather | .
weedy or with very deep pools. 0.050 -{ 0.060 | -0.070.1- 0.080
8 V_ery Weedy__reaches, ’ ‘ 0.075 0.100 0.125 0.150
- According to Gr'umsky,(")' .depends oniy upon ther ratlo
W ( - . width of stream_') ‘
. d '~ mean depth
'5' Fig. 3 'Thls dependent vanatlon is shown in Flg 3

" The coefficients however need to be varlﬁed with those

\ actually obtammg on the sife,” Say,_by vertlcal véloc1ty
“curve or the two point method but the présent note has been
written only by way of interimn information on the subJect

. (5). .Pages 373 and 863 Engineering News, Vol. 75, 1916,

(6) Trans. Am. Sogc, of C.E., Vol. 66, Page 123. -
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3  Water Supply for the Proposed Steam Power Station of the South
" Qujrat Electric Grid near Surat ( 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 pumping station
Fig. 4. on the left bank of the Tapti near Utran—Fig 4 about 23
" miles downstream of Surat. The Station advice was

sought on the site for locating the pump house.

"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 } 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.

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

An alternative site on the right bank of the Tapti upstream

Fig. 4. of Surat near Utran—F'ig. 4-was therefore 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
several factors such aschanges in the river bed and bed material in jhe
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 favour 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 havg 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- mentloned above together with the fizures of immediate:
and contemplated future water requirements were asked for, The scrutiny
and study of the data received, led to the following observations.
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3. Aralysis of data

(a) Yield tests: It was apparent that the yields obtamed were
much in excess of the requirements —one of the bores with'a lmall~operat-
ing head discharged as much as 10 to 18 times the desued maximum, °

In exhaustive tests the desxred daily yield. should be obtamable mt
8 working hours with reasonable depression head and without perma.nent
lowering of tha water table. In the present case the depreselon heads had,
been 8o small and the consequent discharges so copious’'that’ though the tests
were not sufficiently prolonged as they should be there did not appear much
cause for apprehension regarding the availability, of the required discharges.
~ Also the discharge can further be augmented, if requlred by sa.fely increas -
ing the depression head aftér providing a sulta.bly desxgned 1nv<;rted ﬁltér of.
stone over the bed of the well.

A note of caution, howeverl was, sounded .against platcmg..tentlre‘
reliance on the few tests made. 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 available yield and- boré—data showing that
the strata formations and the yields at several -bores within only ‘about
400 ft. . of each other varied considerably.

(b) Type of wells: Tube wells being much cheaper than and cémpa-
rable in respect of discharging capaclty Wlth the percolation wells, " were
recommended for consideration,

(¢) Water-table: The water table appeared to be at about the water
level in the river. As even in years of worst rarnfa.l],\the .Tapti does not
totally dry up at Utran, the well will not be required to be taken tod deen
nor will the suction head be excess1ve.

- (d) Shifting courses of the deep channel above and below the praposcd |
Stte:

These data were not available. Utran, however, happeuns to be on 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. The shifting of deep channel to the extent of
jeopardizing the.water supply is therefore not much hkely, =y

(e) Posszbzl ity of deposition of fine silt befm e and after theﬂood Season

Carpet of fine silt is found to. have a pronounced effect on. the perco-
lation of water to the sub-surface water bearing strata especially at lesser
depths as has been the experience at Ahmedabad TUjjain etc.

No such deposition is found at least in the vicinity of the sandy
island on which the bores were taken, and therefore likelihood of reductlon
in water supplies on this acconnt appeared to be remote.

E
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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:spegified 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 yield tests were reassuring and satisfactory. It was

therefore recommended that the pumping station should be located at Utran
asit would not have to face any difficulties about inadequacy of water supply,
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.B—-THEORY OF FLOW AND DESIGN OF CHANNELS

1. Flow in rivers and canals.

(i) FLOW IN CHANNELS IN INCOHERENT
AND COHERENT ALLUVIUM

4. Rate of Attrition in channels

The experiment, started in September 1938, to determme how far
attrition was.the true explanation of the progressive reduction of aize of
bed materials from the hills to the sea, was carried out in a..circular tank
in which water was revolved with a uniform velocity and hence expen-.
ments could be done with only one velocity at a time. These experiments
have been described in the 1946 Annual Report; the description is. repeated
after adding this year’s data—to make the note complete. -

- 1948 Apparatus

In order to expedite results, a circular tank 7 ft, in. dlameter -and
2 ft. deep was "divided into 4 compartments. Verucal blades were spaced
: 120° apart, fixed toa central revolving: shaft, w1th the
bottom edge of the blades 10" above the bottom of the tank
Fig. 1. - as shown in fig. 1. The mean velocity of the water in the
three compartments was 2.38 ft./sec., 4.16 ft, /sec and

593 ft. sec. respectlvely.

This expenment was sta.rted on 3rd February 1943 usmg 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  25))

The sand thus obtainad was placed in each compartment in ‘the. $ank

io a.l depth of 4" (about 1150 lbs,) and water was maintained at a constant
eve .

The abrader was run for 1460 hours, Sand- samples were colleeted
from each compartment and after thoroughly mixing the sand, they were
analysed by the Puri siltometer, . The observations were repeated - after
3770 hours (1944), 5650 hours (1945), 8550 hours (1946) and 8097 bours

(1948) and sand samples Were analysed for each period,
Table 1. Table 1 shows the percentage fraction of various grades
to total quantity.

The data of “reduction in volume of sand”: Velocity after.1.460-hours,
was snalysed and _tentative-‘straigh.t line relation was obtained. Similay
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Table I,

Conij)f}i'_a.tiye statement showing percentage fractions;of Brahmaputra sand. fo: total :sand collected
1 filiﬁerent compartments of sand abrader with velocities 2,38, 4.16 'and 5.93 ft./sec,
., . after 1460 hours, 3770 hours, 5660 hours, 6550 hours and 8097 hours,

R Brahma- Inner compartﬁ;nb . :.‘leid;ilei"bovn‘)partment Outer compartment Brah-
Ao putra velocity 2.38 ft./sec. velocity 4-16 ft./sec. .velocity 5-93 ft./sec. a
. Diameter| sand S 5 RS . : ' i ma-
F_raotiogs of | range of | used in . oo ‘ 2::;33
sand. particles | silt - ‘ ) “Af ' f .
D | abrador After hours, \ 'éhlf.t.qr“t.)ours. After hours. before
" . |Bet 60-80 ‘ 1 N . B ‘ ' . : :?:-
mesh, | 1460 ‘3770 i5660 l6550 ‘8097 1460"3770 ’5660 6550' 8097 ‘1460 l3770 '5650 6559“8097 &
Clay O 0039 — —  — e e 2 = — b8
Very fine silt ;.993{?;.0073 D — — —_ e —_ - — = - S S 1 .1 1 0-3
Fine silt 0078—.0156 "1 .9 2 .3 ) 2 3 .3 .3 % .2 .3 4 4 4 47
Medium silt -0156—.,0312 -.1 3 .3 4 .3 3 2 W5 .5 .5 .5 3 .5 .8 -7 8 5.3
Coarse silt  .0313—.0625 _ -4 4 1.1 1.6 1.5 1.50 5 .15 1.8 1.8 2.0 .6 1.4 2.0 21 22 8.8
Very fine sand .0625—.125 - 3.2 46 .71, 7.5 7.6 8I 48 '7%6 8.0 9.0 10-2 59 81 9.3 10-2 10-6 17.2
Fine-sand = - .125+.167. 8.0 .8.1 9.0 8.9 9.9 10-8 9.1 10:3 11.2 12.6 14-0 99 10-4 12-1 12.5. 13.8 10-9
Mediumfine @ . T ; o LA '
' sand .16755—.25l 3t-8 33-2 35-07‘36-9 37.8 38-9- 34.7 35.0 372 35-7 348 35.0 35-7 37-2 36-2 35.5 226
Medium sand | 25 -—.42 56-4  53.3' 47.3 44.5 42.7 40-1 50-3 45-7 ‘41.0 40.0 38-2 48.1 43.8 38.4 38.3 36-7 30-0
e 2419 L2317 ) 2438 lager .2230 .2328 z
Mean dia. in fim, 02537 | . $2487% f42345 . <3308 2358 - ' -2240 2408 2228 2194 -2190 .185
- g L Sl 01416 - +01244° -01449 -01165 -00109 -01262
S :01632 - .-01538 01291 £ +01229 ., +01311 ' -01124 ; . -01396 01106 01056
S : AU TR . Y . . -01051
gt 00216 7 '.00388  ...00183 ' ' .00467 .- . -00523 - .00370
dm "’ «00094 - 00341 00463 +00321 -00508 . +00236. + (0526 -00576

-00581

4!‘8-‘

8761 UVEX (IVOINHOEL) LYOJTH TVANNY
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‘relations were also obtained after 3770 hours, 5650 hours, 6550 hours and
8097 hours of working. : o

Reduction in volume after 1460 hours = .00137 (V—2)*°

” " " . 3770 ,, = .00202(V—1.2)3°
T » " »w 0630 = 0030 (V—.92)"3

3 9 1) s - 6550 . = .0038 (V'—'._89)'36

T D w o 8097 ,, = 0055 (V—.83)35

. The data after 1460 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
respectively. .

As size of sand decreased, the critical velocity to start attrition also
decreased, thus showing that the critical velocity depends upon the grade
of material, a lower critical velomty being requlred to start abrasion.of

finer grade matenal

An approx1mate relation between m and V critical, viz.

0-10
= 0-23 Vcrt
Fig. 2 is shown in fig, 2 where m = mean size in the thres
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compartments at the end of the five time intervals, shown
Table 2 in table 2.

Table 2

Showing critical velocities and mean diameter in m.m. at different periods.

Period of Velocity in eﬁ}ilnc;nnrln 'ai;i_ Mean m Vert
working ft./sec. menf. in mm. ft./sec.
1460 2.38 2487
— 4.16 2438 2444 2.0
- 5.93 2408 + .0032
3770 2.38 2419
. 4.16 2358 2368 1.2
e 5.93 2328 + 00311 :
5650 2.38 2345
" 4.16 2267 .2280 92
o 5.93 2228 | £ .0045
6550 2.38 2317 ‘ L
» 4.16 2240 .2250 .89
’ 5.93 2194 + .005
8097 2.38 .2308
» 4,16 2230 2243 .83
” 5.93 2190 + 085
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Fig. 3

Fig. 4

FLOW IN CHANNELS , “1

Figure 3 shows size distribution curves of sand at the end
of 8097 hours as compared with original size distribution
Abrasion is continually decreasing, as will be seen from
fig., 4 and the rate is now so low that it is not considered
worthwhile to continue these experiments,
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5. Protecting the left bank of the Katjuri River at Khannagar
near Cattack) above the Katjuri Railway Bridge (Orissa /
( Cattack) above the Katjuri Rail Bridge (0 )-

. According to the Director’s initial advice based on previous experien-
ce and later confirmed by model tests, (!) a 1,400 ft. long 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 subject 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 result 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.dand a channel scoured towards
Photo No. pier No. 12 from left abutment of the railway bridge —
5496 see photo No. 5496 — showed that main channel would

be well away 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 condi-
tions in full scale volute siphons based on results from scale models,

The volute siphon design was developed by Shree Ganesh Iyer,
Director, Hydraulic Research Station, Mysore. This design was adopted
for spillways in the Hirebhasgar Dam (Mysore). The construction of the
Dam has been completed and the volute siphons have opera.ted 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. and the diameter of the vertical shaft is 18.0 ft. The discharge of each
siphon was estimated at 12,000 cusecs and eleven such siphons were cons-
txjuctei to pass 1,32,000 cusecs, out of the maximum probable flood of
2,00,000 cusecs. Theseare perhaps the largest high-head siphon spillways

————— —

() Annual Report 1947, Page.43, -
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constructed -so far in India and keen interest was evinced in their per-
formance in the Engineering Circle.

Experiments with scale models of volute siphons as constructed at
Markonhally (Mysore) were carried out at this Research Station (*) and from
the study of these models improvements were suggestedin 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 1/24
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 1/24 scale model the discharge of each siphon was equivalent
t0 11,900 cusecs for water level in the reservoir equivalent to 1.0 ft. above the
crest -of the bellmouth (formed at R.L.1776.0). Experiments done at
Krishnaraj Sagar Research Station too, gave similar results, Thus if con
clusions were to be entirely based on these results, the discharging capacity
in the full scale siphon would be 11,900 cusecs.

Pressure 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 higher elevations. This allows for
vapour pressure and variations in pressure observed in the siphon), at the
base of the bellmouth. Actual position of the maximum negative pressure
will naturally depend upon the design of the siphon. This gave a dischargn
of each siphon of 9,800 cusecs. Calculations also indicated that the cutlet
would not run full. It may be pertinent to point out that inthe scale
models this possibility was not indicated as all the models were discharg.

' ing full bore. It was, therefore, recommended by this
Fig. 1 Station that the outlet might be reduced as shown in fig 1,
80 as to prevent cavitation by causing back pressure,

(). Research Publication No, 10, A.R.T 1945, pages 7278,



KATJURI RIVER AT KHANNAGAR SPUR—CUTTACK
(ORISSA).

Paoto 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 deep water channel.



KATJURI RIVER AT KHANNAGAR SPUR—CUTTACK
(ORISSA).

PHoro No. 5486 Showing a close view of the damaged nose of

Khannagar Spur. Taken from the downstream slope of the Spur

looking towards the nose.



KATJURI RIVER AT KHANNAGAR SPUR—CUTTACK
(ORISSA).

Puoro No. 5496. Taken tiom the left abutment of the Katjuri
Railway DBridge looking towards the right bank. Note the scour in

the river bed as manifested by exposed clay bank in the background
which runs to pier No. 12 from the left.
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.- 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 atthe 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 full 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 skﬂl but limitaticns
of the models should always be considered before predicting the behavmur
of the full scale work.

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

1.” Iniroduction—During the year under report, in contlnuatlon 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 embankment on the left bank of Katjuri
river below Naraj which will give the desired results of deep
water channels on the southern side of Cuttack—Series 1V.

2. Ezperiments and thetr results‘—to enable comparison, all the experi-
ments were carried out under the same conditions of flood discharge and
sand charge,
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Before the construction of the Khannagar spur 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 Naraj weir proposed by this Station.
Experiments were therefore done with the embankment

alone. Fig. 2 shows the low water channel obtained with

Fiz. 2 embankment. From this it will be seen that though deep
water channel 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 Khannagar
spur was essential for giving local protection to the Khannagar 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 imnmediate 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 obdervations noted
during the experiments. o

Figs. 3 and 4, show the various embankments tested in

the model with Naraj weir waterway reduced by 15.57

Figs. 3 and 4 from its right and the Banki Road spill discharge reduced

by 597. 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.(1) “

. The best result of channel conditions was obtained with
Fig. 5 embankment No. 7. The low water channel as obtained
after experiment with embankment No. 7 is shown in Fig.
Photo No. o and photo No.5229. It will be noticed that the low
5229 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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Puoro No. 5229. Looking upstream
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 Naraj weir waterway
reduced by 15.3% at its right end.

BELLEVUE GAUGE.

COLLECTORATE GAUGE.

KHANNAGAR SPUR.
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8. Effect of the proposed Hirakund dam on conditions of the Katjuri
river at Cuttack.

| The safe flood gauge at NaraJ has been; accepted as 90.1 when the
total flood discarge at Naraj is 12,15,000 cusecs. Provision has been made
in the Hirakud Dam Project to control the floods so as not to exceed the
safe maximum flood gauge at Naraj. In other words, after the: Hirakud
dam is constructed the peak flood discharge of the- Mahanadi at Naraj would
not exceed 12 lakh cusecs.'As meander length is a function of the*discharge
it was necessary to examine the effect of the redugtion of discharge on the
Katjuri system 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 case after the dam is constructed

"Fig. 6. - The data of controlied floods of the Mahanadi'at Naraj was
- taken from the June 1947 Hirakud Dam  ProiectReport..

The model was laid according to the 1946 survey with the Khannagar
spur constructed, and discharge cycles asin fig, 6 were
repeated till the model bed stabilised. fig. 7 shows the low

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

below the offtake of Kuakhai, moved upstream and was about 4000 upt
stream of the O. T. road upstream of the head of Kuakhai. This experimen._
showed that though under existing conditions, an embankment as shown in
fig. 4 with Naraj weir waterway reduced by 15° 5/, and Banki Road spill dis
charge reduced by 507 would ‘give the desired result yet under the post
Hirakud Dam conditions, the desired 2 aim could be achieved ‘w1thout domg*
any thing except the construction of Khannagar spur for local protection. -

'8, - Traiding’ of the Ganga ‘River -at Garhmukteswar.

Member  Engineering: and :-Director, - Civil - Engineering; :-Railway;
Board, inspected ‘the river Ganga at Garhmukteswar on the 13th September-
1948. - It was considered that the river had come dangerously close to "the
track and immediate remedial measures must be taken tn maintain the
lines of communications. .-
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It was proposed to extend the left guide bund by 2,600 ft. 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 comwmunications and the cost involved in the construction.
of the spurs, the Director inspected the site with the Dy. Chief Engineer,
E.IL Railway and it was considered better and safer to divert 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 maasures is being constructed.

9. Erosion of the banks of the Bhagirathi River near Purbhashali.

- Wh.en the Director visited the Ganga at Garhmukﬁesﬁvar, 'theﬂDY.-
Chief Engineer E.I. Railway discussed the erosion of the Bhagirathi bank
at Purbasthali. ' T

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 400 ft. as proposed
-l\:roul.d n(->t be e_nough. In case of the other alternative of protecting the line

¥ pitching with an apron, the cost of pProtection would be very heavy. It
Wo§11d not only mean a considerable amount of recurring expenditure on .
ma1r§te'mance, but the length of the arc and depth of scour go on increasing
requiring more and more protection of the bank. This would also be instru-

mental in keeping the river in this position permanently. .- - - -
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As the rate at which theriver has increased its length:in the past

varies considerably (viz. 15 ft. a year to 50 ft. a year), great reliancs 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 a.ppea,red to be the only practical solution.

10. Training of the Kshipra River at Ujjain—Union of Madhya
Bharat—(Gwalior State).

1 History.

(The problem was described in last year’s Annual Report, but the
history of the the case is repeated in this year’s report to present a complete
note).

1.1. 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 600 ft. 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 downstream

of the gallery. The Barrage impounds 14 feet of water

by means of a double row of 6" high kurries, stannched

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 1nev1tab1e On falling floods, find silt and olay
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 rate of pumping increases, becomes severe
and the supply drops down very considerably. During such periods the .
infiltration gallery works only intermittently.

* 1n an ordinary sand filter the head does not exceed 3 to 4 ft. and even in a rapid
filter the head does not exceed 10 ft. ‘In this case the hoad exceeds 14 ft, in fallmg floods
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1.2. Further, the gallery being situated on the convex side at the
apex of the meander. the river has been gradually receding away from it
and eroding its concave right bank. This called for the protection of the
right bank, particularly of the historical observatory known as ‘ Jantar
Mantar’; which was done by paving the side slopes with reinforced conc-
rete slabs and stone pitching. To protect the right bank from scour and
to push the flow over the infiltration gallery, a series ef spurs were propos- |
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 takea long time to act and might worsen

' conditions at ‘Jantar Mantar’. So they constructed,

before the floods of 1944, repelling spurs No. 1 and 2 on

the right bank and spur No. 3 on the left bank.. This attr-

actmg pur No. 3 suggested by the Station was not given sufficient time or a
fair chance to come into action because after the first low floods of 1944, it
was cut down by a length of 150 ft. from its nose; while after the peak floods
it was cut further down by 80 feet. . Later, spurs No.4,5,6 and 7 were-

constructed on the right bank. . ~ .

14. The Government of Madhya Bharat (formerly Gwélior:State)
are now planning to pump raw water direct from the river. The site of
. this pumping Station is to be on the right bank in the
reach AB which has, therefore, to be protected from
Fig. 11. erosion. This 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

Fig. 11, River was constructed. The model extends 3% miles up-
stream of the Barrage and 4+ mile downstream. The_

model reach is shownin Fig. 11. : ’

- o))
2. Hydraulic Data

Asin the ma]onty of cases the a.Va.llable hydraulic data. is verv
meagre '

, (ny
2.1. Bed Sand m 3.8 m.m.
’ i ' mz = 5175 m, m..
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ey : s : A
Bed slope = 1in 2500 (approximately).

Surface slope = 1in 4400 (apprqximatelj
in the reach under invest'-
gation.)

2.2. River Slopes

(1
2.3. Flood Discharge. The Station estimates of flood dis-

charges are, Qunax. = 1'36 lacs cusecs.
Qdom. = 0°70 lacs cusecs.

(1)
3. Model Scales.

The model scales adopted were :—

L. Scale = 1:170
d ,, =1: 30

V.E = 567
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, = V.E. = 5-67.
Photo 5220 On adjusting Qma.x=136 lacs cusecs, with the corres-
ponding water level at ths 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. Atand
below the Pump-House down to a point about 300 ft. upstream of
‘Jantar-Mantar’ there was very slack flow and water was almost quiescent.
On reducing Q=0.70 lacs cusecs and adjusting the water level at the
Barrage=R. L. 1567.5, almost the same conditions of flow prevailed except
that there was a slight tendency for the flow to shift towards the right
bank. The bed movement on the shoal oppcsite ‘Jantar-Mantar’ and-the
©ump-House was very excessive. When the dischargs was 70,000 cusecs
a severe ‘boil’ with a vertical axis formed opposite
Photo 2227 ‘Jantar-Mantar’; however the severity of this boil
decreased gradually on increasing the discharge to the

maXximum stage.

4.2. This is an incised river with a low ratio of

surface width W o |
depth (T =054.6). Theslope should, on 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 teen due to steeper.slope exaggeration and it was consi-
dered from previous experience that B.S.E. (bed slope exaggeration) should
be reduced to 3.0. On_effecting this change of B.S.E. t0 3.0 from BS.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 pattern.

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 prototype, the main flow, after hugging and eroding the right bank
leaves it at the Shiva’s Temple yard shoots acroos to the left bank. 1t-
strikes the left bank just upstream of the Barrage where excessive erosion
has occurred. This similarity was obtained only when the top of the sub
merged Farrage was raised by 4" (' = 1'-3" in proto). Thisis evident
from the fact that co-efficient of discharge through the Barrage is higher in
model than in prototype due to foreshortening. Raising the top of the
Barrage reduced the waterway over it thus mneutralising 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 visiblae.

) ‘44. 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, 1570 5 severe

conditions were visible. The following experiments were, therefore, made
with maximum and dominant discharges.

S, Ezxperiments.

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 presentthere 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.

92. The other aspect of the problem viz. prevention of erosion of
of the right bank was then considered. The first suggestion indicated that
if the discharge during floods is by-passed, considerable reductionin the
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.
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(1) A cut, shortening the sharp meander of the river, therefore,
appeared a probable solution.

(2) Another probable solution was a. device thch would attract the
flow towards itself thus causing reduction of concentration of flow along
the right bank, An attracting island was, therefore, tried. As the deflecs
tion of flow was to be continued throughout, along the left - bank towards
the Barrage, two islands acting in chain were trxed To prevent the. shoal'
occurring between the two islands, a divide Wall was given a trial.. The
following were the experiments done :—

(a) with cut No, 1—across the shoal.
(b) with cut No. 2—across the shoal.
(¢) with two pitched islands. -

(d) two islands and a divide wall. . .

5.3. Discussion of experiments.

" 53. 1. E.’cperz'menf (a)--wz;th cut No. 1.

The dimensions and alignment of cut are shown im

Appendix I  Appendix I.” The :cut carried 207, discharge .at the

and photo - dominant stage. 'As it was submerged at higher floods the

5234 and ischarge carried could not Dbe distinguished f.om . the

5235 discharge carried by the parent river.. In the parent
Figs, 12,  channel, the velocities reduced cons1derab1y and the a.ttack

13 and 14 on the right bank also reduced.

Expenment (b) W1th cut No. 2 was planned to observe the: condltlons
which may occur in case a smaller initial cut were to develop into a; mam
channel in future, in the absence of a pacca inlet. ~.As the-cut: carried!
567, 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 des1rab111ty
of having a pacca inlet.

4 5.3.2. Experiment (c) was made with two pitched islands
Appendix III (i) and (ii) design is given in Appendix III and the
Figs. 17 positions are indicated-in Fig. 17. The assymetrical island
(a tod) (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

Photos (ii) to deflect it still furthre on the left bank. There was
§221, 53226. 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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Fig. 18 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 divide wall
was put in to obviate this difficulty, The result was,

“however, not satisfactory; on ona side of the wall-towards R.B.—a channel was

gscoured out while on the other side a heavy shoal was formed. The

“stability of the wall would also be constantly in danger owing to the un-

balanced forces on the two sides.

6. Recommendations.

In the 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 bank from tha pump house to the Barrage. But, is feared that,
~in prototype, the islands will take a long time to come into action. In 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 isanincised river and 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 right 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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1/170, 1/30. KSHIPRA RIVER MODEL

Proro No. 5220. General lay-out of the

model looking downstream.

Proto No. 5221. Showing two pitched

islands with contours of scour-hole.

Pitching of ‘Jantar-Mantar’ in back-
i ground.



1/170, 1/30 KSHIPRA RIVER MODEL

Proto No. 5227. Showing eddies and
boils opposite ‘Jantar-Mantar’.

Proro No. 5226. Two pitched islands
in relation to the infiltration gallery
alignment represented by the rods.



1/170; 1/30 KSHIPRA RIVER MODEL

PHoro N 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.
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APPENDIX I (Cut No, 1) -
Dimenstons of the Cut.

In model ' In proto

Bw =9 . B, = 127"
Wn = 15 Wy, = 144
dm = 6’ dp = 15"

lm = 16°.0" L, = 2720
P = 224in |

A = 72 square in.

. A 13 .
..R P — 22.4 had 3.22 1n.

S = 0.0013 {observed) |
Theoretical carrying capacity of the cut—
v = 1486 RE st

... Manning’s formula
N - N=0.02 '
= 1.02 ft. per second, _
Q= AV, =Z2;11'02 = 0.51 cusecs.

’» Percent discharge carried by the cut= 92—5-5—1-
(at dominant stage) = 90.47

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.

o+ Actual Q carried by the cut = 0.48 cusecs
= 19.2/
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APPENDIX II (Cut No. 2)

Dimentions of the cut.

FiG:-20

In model In proto
- Bm = 14 By, = 197’ say 200’
Wa = 22 W, = 217
dm  =:8" d, = 50’
1m - = -16'-0" 1, = 2720
P = 31.9in.
‘A = 156 square inches.
A .
*“R = P = J.01 in.
S = 0.0013 (observed)
v < 1assRE st
. N _
= 1.324 ft./sec.
*. Percent discharge carried by the cut = 154.2 X 100 -
= 56.87

Fig. a0 (b) The velocity distribution curve is shown in fig. 20 (b).
V (observed = 1.20 ft./sec. .
156 x 1.2
144

1.3 cusecs.
52.07

Actual Q carried by the cut
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APPENDIX IIl (Two pitched islands)

Design of islandsi— Island (i) (Sketches not to scale)

Note:— R. L.Fof maximum scour-ho'e with model was =
8o apron is designed for scour down to R. L. 15550.0
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Island (ii) — (symmetrical about axis XY)

, :VF""G,V...’ZZ ,

R.L.1580.0

he— 5 e b

. RALISEE.0

R IB500

Diamenston of islands.
Horizontal scale = 1/170 and depth scale 1/30
Island (i)

Inmodel In prototype Iland (si)

Ww=1 | W = 142" ~ In model In prototype
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11. Training of the Tapti River at Surat — Bombay,

1. Introduction.

The Station was approached in 1944 for advice regarding protective
measures nacessary for arresting the bank erosion on the right bank of the
Tapti river between Rander and Hope Bridge at Surat and the severe attack
on the town walls bzlow 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 ahd 1947 Annual
Reports (Tech.) of the Station.(') '

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 present-ed 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
adoptlon of the following general pnnclples in devising the necessary work,

( i) Whenever a city or a blg town is endangered, to make the
training works economical, they are to bs 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 prov1de sufficient
secunty comparable with its costs. .

(ii) Protective works for local bank erosion are very rarely justifi-
able on financial considerations. Only under exceptionally favouiable
circumstances, expenditure on training works will be permissible, when
these ‘should be designed with the aid of the model.

Considerations which preclude the adoption of protective mea,sure
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 thereaches near the sea wkere the river
glope, owing to draw-down "effect, is steep and the tendency for bank
erosion is accentuated. o '

(1) Annual Report. (Tech.) of I. W.E. Station Poona, 1944, p. 87—90.
) ¥ . I ) ’” .. ”» ” 1947, p. 55—5%«
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Real remedy against bank erosion on an 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 discharges
below them would be appreciably reduced and rendered almost harmless.

2. Ezxperiments observation and results :—

(i) Repelling groyre for protection of Rander town and river
bank in the vicinity.

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

(A) Positioning of the groyne.

The groyne was tested at three positions in succession,
Fig. 23 shown in fig 23. The following considerations 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 Rander 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 tothe constriction of waterway and deflection of the
currcent away from the right bank, the opposite left bank below the
groyne, may perhaps be eroded. Surat Uity being not less than 1} miles
downstream of Rander town slight erosion opposite the groyne, it is hoped,
would be permissible. Itis however safer and hence desirable that any
erosion caused by the groyne should be as far upstream of Surat as
possible. The ugpper 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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(0) 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 flow 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 lines.

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 300 ft. long groyne pointing 70° upstream would' be
necessary.

(C) Type of the groyne

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 300 ft. length and a free bcard 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 a.pron 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 a similar but submerged groyne
was tested. 'With submerged groyne other complications however crept in.
At high discharges with a submerged groyne with top at half flood level i.e.
at R.L. 79 it was obseived that a drowned wave with boils and turbulence
occured below the groyne. These undesirable conditions were ameliorated
with lowering the top of the groyn2, anlultimately it was found that with a
groyne and with top of at R.L.66.00, the flow could be effectively thrown off
the Rander bank without causing unduly heavy turbulence and conseciuenf
erosion below the groyne.

The results showed that though not so effective as the full heighi:
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 fizs. 24 and 25, which reveal that with the
groyne the maximum velocity upstream of it and near the
bank will be reduced by about 12/, Below the groyne the
main channel will be deflected away from the bank — see
Photo 5219. photo No. 5219 and the maximum velocity near the bank
will be lowered by about 8.

(E)r Details of the submerged groyne.

Inspite of increase in length by 100 ft. the height of the submerged
groyne being 14th 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 1. in Appendix 1.

(ii) Protective works for preventzng underminning on the left bank
below 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. Som3 direct remedy is however warranted to ensure
protection of this reach of the bank.

(A) Various alternative training tested.

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

freeboard of say two feet would have tobe about 67 ft, high,

i.e. 15 ft. higher than than the Rander full height groyne
Fig. 23. will be expensive. Alternative remedies such as attracting

spurs, pile embankments etc., were therefore next tested.

Attracting spur 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 tested at various positions and at different
orientations but was found to have only local effect and consequently was

not efficacious in pul.ing away the strong frountal attack 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
was 600 ft. i.e about 447 of the length of the bank it was designed to
protect. It was so effective that most of the attack on the bank. was
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shielded by it. Due to the attraction local scour was caused along the pile

. “line and the deep channel praviously close to the bank was

Photos pulled away and made fairly central in line with the
5251 & 5236. embankment — see photos 9251 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., 24 length of pile lines with overlap would be necessary
and hence the embankment would be prombluve in cost and construction
very difficult. :

A submerged pile line was expected to reduce the cost appreciably,

' at the same time improve the flow conditions at the pile
embankment. The submerged embankment was how-

ever not 8o efficient in reducing the undermining. Its

Photo 42490 efficacy was found to be disproportionately low with the
economy.

An alternative of open pile line projecting a.bo‘vq
high flood was tested but with little success. :

Attracting groynes 'and pile embankments thus having given poor
results, attention 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 65, upsiream and submerged about half flood level was
found to meet the requirements,

(B) Results with the submorged groyne.

Below the Makhi Khadi, along the Surat bank the
deep channel which was previously bugging the bank was
Photo 5306 pushed 'out almost to the centre. Maximum velocities.
Figs 26 & 27 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 407, but the net velocities were about the same as those on the left
bank. Theright 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.
Itis not, however, unlikely that the river will develop some tendency for



42

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 100 ft, inside the bank
opposite and a little further downstream is permissible,

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

Appendix Il  Details of the Surat groyne are given in Appendix II.
(iii) Protective works for arresting erosion on the right bank near Bhatpur.

Very valuable furtile land, about one square mile in area, and costing
about 3,000 rupees per acre has been eroded by the river in the embayment
near Bhatpur, Main cause of this erosion is strong prolonged 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 Umra 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 dividing
island in the centre. With the present configuration of the river, pro-
tective measures for Bhatpur should aim at either ceducing the discharge
and thus the intensity of attack of the Bhatpur channel or else receding the
deep section and eroding current 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.

8. Recommendations:—

(1) For lozal protection along the river bank at Rander and Surat,i
submerged type of repelling groynes according to detailed designs given in
Appendices I and 11 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 experiments are
continued to test out exhaustively all posssible alternatives.
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THE TAPTI AT SURAT

Proto 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 away from the
Rander bank after the submerged
groyne came in operation in the model.



THE TAPTI AT SURAT

Proro No. 5251. Model as laid. The
deep channel along the Surat bank be-
low Hope Bridge is clearly visible.

Proto No. 5236. Model after running
with the continuous pile embankment
f)rotruding above H.F.L. The photo
shows the deep channel being pulled
away from Surat bank and made central
by the pile line,



Paoto No. 5249. The submerged pile
embankment was inefficacious in attract-
ing the deep channel on to itself.

, SURAY

it

PHaoTo 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 1

Details of the proposed sﬁbmerged repelling groyne at Randgr.
: The groyne should be positioned, aligned and oriented.
Fig. 28. as shown in Fig. 28.

Shank of the groyne.

Length of groyne at top % ... 400 ft.
Top width ... 10 ft.
.Top level at half flood level ie. .. ... R.L. 66.00
Side slopes of the shank . 13tol.

~ Slope of the nose e w Jtol

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 Cft. but the slopes of the shank and the nose
should consist only of heavier ‘one man’ stones to a depth of 3 ft. **

Alternatively it canbe constructed by dumping sand in gunny bags
upto L.T.L. for the groyne core and finishing off the slope faces by 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 whether the groyne is a sand core grOyne
or full stone groyne. Another modification necessary with a sand core

groyne will be about gside slopes Wthh should be not steeper than
2% to 1. : ‘

The alternative proposal of sand groyne will have to be considered
and compared with the stone groyne and the more economma] 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 1bs. each.

In the model, the maximun scour obtained with the full-heighu 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 70 ft. bLelow H.F.L. i. e. to R.L, 35.00. Thus the
depth of scour was reduced apreciably, by about §.

The analysis and study of the available data 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 by the

formula:
RLa.cey = 473 [“?]k,

Q being maximum discharge in cusecs and * £’ the silt factor defined
as 1.764/ m, where ‘m’ is mean diameter of the bed material in mm.

R Maximumfde'pth of scour = 2R

= 2 X 473 [?9 ma;]%

Qmax = 7,550,000 cusecs
m = 033 mm.
o.o f= 1.76v33 = 1.0

s 2ZR=2X"473 (7,5 0,000)§

= 856 or say 86 ft.

, 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.F.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

. - 5280 x 2 x.*391 = .
R.L. 101°00 1000 R. L. 105°13.

Therefore lowest bed level in tne scour-hole at the nose of the
groyne = 105.13 — 8600 = 19'13 or say R. L. 1900. With 7/ reduction
for less scour with submerged groyne depth of scour = 86 - 692 = 79°98 or
say 80 ft.

This scour depth is thus L0 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
prospective slope of the scour-hole with an adequate thivkness of the stone
layer, say 2} 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 especially 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

be -%%4-' = 3.28 or say 31.ft.
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APPENDIX Il

~ Details of the proposed submerged repelling groyne at Surat

Fig. 29.

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

Shank of the groymne,

‘Length of the groyne at top
Top width .

Top level should be at half
flood level i.e.

Side slopes of the shank
Slope qf the nose

250 ft.
10 ft.

R. L. 69.50
13 to 1
3tol

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 81 ft. as against 84 ft. with the full-height groyne while according to
3DLacey,” the maximum depth works out to 86 ft. Lelow H.F.L. As all
these figures are mnearly equal the design of- apron is based on depth- of

scour of 86 ft.
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Cubic contents per foot =42. 25 X 2.5 = 105.50 cft. And with an
allowance of 30), for stones being washed away, cubic contents per

- foot = 105.9 x 13
= 137 cft/f¢.

The width of the apron

- ]5%7-2.575 or say 2 ft=9 in.

50 ft.

Hence thickness should be
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12. Training the Kuakhai River at the PrapoS‘edQ'Rqa_d Byidg‘e'
‘gite near Balianta (Orissa).

Introduction.

The Kuakhai river takes off from the right bank of
the Katjuri river opposite Cuttack. The off-take being
Fig. 32 about 6 miles below Naraj. (fig. 32).. On 1ts right bank
the Katjuri spills about a lakh of cusecs—part of the
discharge flowing into the Kuakhai above the Railway bridge and part
finding its way into the Kuakhai below the’ Ra1lway bridge through the
Barang Nala and other culverts in the Railway e_mbankment 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 8. E,, E. C., Cuttack) embankments have
been reconstructed along the Kuakhai on both sides. Asa result of thie
the flood levels have risen between Kazipatna and Balianta. As such very
ittle spill now passes through 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 Kua.kl_iai river, 1.5 miles
above the bifurcation of the Kuakhai into Kushabhadra and Bhargovis
where the road bridge to cross the river is to be constructed. The Consultmg
Engineer, Bridges referred this case to this Sta.tlon for |

“Investigation of Hydrological problems of the locality and deter-
mination of.

(ii ) Exact discharge to be expected mto the Kuakhai 1tse1f at the
Bridge Site.

(ii) Discharge expected through Mancheswar Gap.

(iii ) Necessity or otherwise of protective works on either banks.”

The Model

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 Mahanadl and the Katjuri did not
extend sufficiently downstream and as this area was urgently required for the
model of the river Hooghly it was decided to constructithe Kuakhi model
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elsewhere. This new model constructed to the same scale ratio viz
1/400:1/66 extended from the Naraj 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 -
Kuakhai head down to about 3 miles below the proposed Road Bridge Site
Jengthwise 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 6 lakhs cusecs above Naraj to 15 lakhs cus-
ecs and falling back to 6 lakhs cusecs were run with injection of ted material,

The proportions of discharge drawn by the Mahanadi and Katjuri and
the sand charge were those obtained during the previous Mahanadi 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.

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 theriver edge with a high level ground

Fig. 33 (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
reproduetion of the slope of the right bank.
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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.

E':rpen'ment‘No. 1, Was done with existing river conditions.

Ezxperiment 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 & 35 flood of 8 lakhs cusecs above Naraj 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
near 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 whichidecreased 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,

Thus with the bridge, the general effect onthe flow was

to cause a translation of the channel further away from

Fig. 36 the right bank in the neighbourhood of the bridge site

' which is also seen from fig. 36 which shows the bed
conditions obtained in the model in experiment 1 and 2.

Visual observations 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 point.

Fig.37 (a) and (b) show isovels (equal velocity contours)

observed at C.S. 2ft. upstream of bridge site, and at C.S. 14

Figs, 37(a) down stream of bridge site, observed with .a flood of 8
and (b) lakhs cusecs above Naraj. The effect of the bridge in
shifting high velocity to the left is clearly seen—fig. 37 (a).

Effect of bridge on the discharge of Kushabhadra & Bhargovi.

Under pre-bridge i.e. existing conditions the Kushabhadra tédk
397 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 increased to 45/ while that of
Bhargovi dropped te 557. ’ |
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Dischatge of the Mancheswar Gap.

The discharge of the Mancheswar Gap in the model would depend on
maintaining the correct H.F.L. at the Gap and the surface slope downstream
of the gap. . When the C.E. Bridges saw the model working he was of the
ovinion that in the model there was too much of ponding, downstream of
the Mancheswar Gap and suggested to obtain relevent gauge data at Bhuva-
neshwar; the Lirector with 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 Mancheswar gap
near the road bridge site works out to R.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 Gap discharge; and hence it appears that an estimate of spill
discharge of 1.02 lakh cusecs based on the slope of 2.94 ft, per mile appears
to be excessive and that a discharge = 68,000 cusecs based on the water
level data‘near the bridge site obtained from enquiry might be of the
correct order,

Scour dt Brz"dge Prers.

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 needed for the left abutment also.

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

f = 176 \/ mean diameter of sand in mm., vorked out to 1.11 for sand
samples collected across the bridge site section, which gives

B 1/3 268 1/3
Dinces = 0473 () = 0.473( 28 X109

= 29.45 ft,
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The maximum scour round bridge piers according to this Station
analysis(!) is 2Dracey i-€. 58.9 or say 59. The M.F.L. at the bridge site
being R.L, 65, the bottom of scour-hole would be at R.L. 6.

Considering however, the data of borings shown in fig.

Fig. 39 39, the river bed consists of medium sand 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 2Dracey-

Model observations showed that the maximum depth of scour
obtained was equivalent to 36 ft. which equals to 1.22 Dracey. 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 there is no necessity of apron protect-
jon round piers. '

Waierway of the Bridge..

The existing design of the Bridge provides a waterway of 1596.

givingCin W = C \/Q = 3.08 with a discharge of 2,68 lakhs cusecs.

It was considered that as construction on the left bank has already 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 1596 ft..

Conclusions.

(1) The selected bridge site is suitable
(2) No training measures are necsssary.
(3) No apron proteétion for piers or abutments appears necessary.
(4) The waterway of the bridge may be 1596 ft.
(3 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) Annual Report (Technical) 1944, page 74,
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13. RAIL-CUM-ROAD BRIDGE ACROSS THE YAMUNA BELOW
THE PROPOSED BARRAGE AT PURANA KILLA

In connection with the proposed circular railway round

greater Delhi, it was proposed to construct a railway-cums=

Road bridge across the Yamuna below the proposed barr-

Fig. 40 age at Purana Killa—fig.40—. It was considered advant-
ageous to combine the barrage and the 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 site.

None of the proposed Railway-cum-Road bridges 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 experiments(') 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-pitched 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, could not be
difinitely stated without specific model experiments. The Barrage-cum-
Bridge at the proposed alternative site, 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 Purana Killa.

(1) Annual Report (Tech.) of work done during the year 1946, page 60,
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PURNA RIVER (BOMBAY) 49

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

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 the Purna

river, Surat District (Bombay Province). Now 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.

1.2 The local officers had proposed the following measures to
ameliorate the conditions at Desai Falias—

(a) short groynes 40 ft. to 90 ft. 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.

(¢) few short groynes on the left bdnk near the village Pelad
Buhari.

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

These proposals were forwarded by {the Secretary, Bombay P.W.D.
for further scrutiny and technical advice of the Director of the Station.

Remarks by the Director.

1.3. It was pointed out that short groynes 40 ft. to 90 ft. 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 the.
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 relatively narrow and
deep for its discharge (B/D ratio = 20 and maximum estimated discharge =
1.13 lakh cusecs), there would be a deficiency of sand and silt in suspension,
which would have otherwise 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 40 ft. deep).

As for (b) para 1.2 merely removing sand from the eonvex 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 and
the money spent over this proposal would be wasted.
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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 Pelad Buhari on the opposite bank. Under these circum-
stances, it was difficult to suggest the best alignment, length and position
of the groyne; it was therefore suggested that model experiments should
be carried Ol-lt. ’

(2) Hydraulic data.

(i) Representative sampies 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 090 ft. per 1,000 in the reach under
investigation. ' '

(iii) Marimum flood dischurge : As there are no records of velocity
and discharge the maximum flood discharge is computed by the following
methods.

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

M1 = 304/ Qaax
Qmax = 1,12,800 cusecs.

whereas the dominant discharge is given by the formula

My = 400/ Quom e Qaom = 63,000 cusecs.

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

{(b) Qma=x from Lacey’s general flow formula
v = 16 RY/3 g1/

Fig. 42 R'= 22.10 ft. and S=0.90 ft. in 1,000 near C.S, 42 shown in fig.42s
where the river has a straight reach.

V = 11.50 ft. per second
o Q=A XV = 1,38,.000 cusecs.

We may take the mean of the two figures or Qu.x=say 1,25,400 cs,
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oaTum R, 55 ¢

The model is now under construction.

15, Preventlon 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 Narbada river. The other problem was
prevention of flooding of the lands on the left bank as shown
Fig 43 -in fig. 43. This 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 opz‘m’on:

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 however
'ead to prohibitive expend1ture not justifiable by the protection and relief
it would afford and hence was not recommended. Multipurpose project for
the Narbada is under active consideration for some time past and when it
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will materialise in the near future it is expected that the moderated river
discharge at Broach will be 14 to 1/3 of its present magnitude; the floods
will then be contained in ‘the river Khadir and no spills over banks wil]
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 oppcsite 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 Godavari 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
in the left end spans, remarkable for its persistency from the time even
before construction on the bridge does mnot 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 also helps to maintain the deep channe! along this bank. Local
concentration of discharge in the rest of the spans, as in the left side spans,
cannot be accounted for due tolack of data. The only surveys available
are of 1924 and 1938. Yearly soundings round the bridge piers, from 1942 to
1948, reveal the capricious nature of tae river behaviour, evident from the
depth of bed scour varying from a minimum of 15 ft, to a maXimum of about
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45 feet, almost throughout the river width. An ample margin of safely
is therefore warranted in respect of anchorage to be provided for the piers.

In Technical Paper No. 86, on the construction of the Godavari
Bridge written in 1908 by Mr. Walton, Engineer-in-chief of Godavari
Bridge Works Las reported scour at Pier Nos. 4 and 5 of 81ft. 3" and 77 ft.
11” below bigh flood level (or say R,L.— 18 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 the river to deepen,
elsewhere, stone pitching at the piers in the deep channe]l portion was
provided. Due to heavy scour inspite of the stone protection to about R.L.
3.00 caused in .1943, 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. Dala

For thorough scrutiny of the case, the data, ¢nter alia, of survey plans
discharge hydrographs, sand samples etc., were asked for. Of these, the
only plan available 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-
gos 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. - '

8. Analysis of data and findings thereof.

Depth of scour in 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. Unless the
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bridge is sufficiently shortened to bring it nearer to the Lacey width—
allowing for wide or narrow nature of the river—by use of suitable training
works, 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 conditions.

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 thus built up
which must be causing deep scour below the bridge 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 1948. 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. .To 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(*) The available discharge hydrographs 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.®
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 not known.

Bed sand samples 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(?) which showed that the depth of scour was

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

being discharge and f the silt factor=1.76 v'mean sand diameter. Accord-
ing to the present practice in Bridge Engineering(’) of providing a grip to

(1) Technical paper 86 by Mr. Walton.
(2) Pago 78 of A. R, (T) 1944 of ths 1. W. E, Station. Poona.
(3) Railway Board Technical Bulletin Na, 78 * Well foundations for Bridges’ .
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the piers equal to half the anticipated maximum scour depth below H. F. L.
assuming the scour depth=2Dra.coy» the lengths of piers in sand of sizes
occurring at the site necessary to ensure adequate grip works out as below.

- Table I

|

Length of | H.F.L.(62.80) —3DrL | Actual

| |

P | 2 2 Do g | nfhioon | tndatn

‘ , ft. l ft. l £t. ‘£,
4 0.37 59.3 177.9 -1151 . —62.00
10 1.15 49.1 147.3 — 845 —32.25
18 0.75 52.7 158.1 - 953 -—31.96
36 144 . 473 141.9 ~ 79.1 ~21.80
45 1.58 46.5 139.5 - 76.7 -11.02

The above safe foundation levels according to 3DrLacey 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 wholy through sand. Thus grip
length = Dracey Criterion canbe said to be applicable strictly to piers 3 to
9 only. 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 Diracey 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. 1and 2 being sunk through and founded wholly in sand
stone, it was not necessary to provide them with any protection.

Piers No, 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, hade been
obtained from Spring’s curve which arbitrarily provides grip length. These
however, in the present case were approximatoly the same as these accor-
ding to 1/3 depth rule and hence were not modified. The warning levels
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at which pitching top should be maintained are --t6 ft. higher than
danger levels for 'piers No.3 and 4 and 10 ft. for 5and 6. This precaution
of checking scour at warning levels, 10w 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, thus 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 renewedin
successive years.

Model experlments 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. the 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 levelsis 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 — the 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.

Conclusions 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 away 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 a.nd protection should be restricted only to the
piers.
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. (iii) - As long as scour is arrested at warning levels no apprehensmn
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 falling flood -stage water
level instead of in January.

Erosion at Birla Jute Mill on the Hooghfy River
Introduction.

A severe bank erosion was reported by-the Port Com=- .
missioners at the Birla’s Jute 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 Mill
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 ﬁndmg the depth of scour — though not
strictly a.pphcable to tldal ﬂow -

D = 09 x q
where, D = the maximum depth of scour in feet
q = the intensity of discharge per foot and
e i

silt factor = 1.764/m

m = 0.14 m.m,
f = 0.66 - '

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

Y e tomcitw in | o Maxzimum depth of
' Discharge intensity in . 0
Inélsow ) cusecs per foot'allowing- DLacey -Sc‘fzuﬁ' expected =
(cusecs ~ for 50/, concentration. (feet) Lacey
: 2 ' ' (feet) .
1 2 , 3 ' .4
8,00,000 324 ‘ 48.5 970

or 77 ft. below K. O. D, 8.
' (Kidderyore old Dock Sill).

5
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- The above figure of 77 ft. in Col. 4 may be compared. with 41 ft "
the present maximum depth of scour below K.0.D.S. - .

It was recommended that a sea wall be constructed as
Fig. 46 shown in fig. 46 with the foundation taken as deep as
practicable — preferably more than 70 ft. below K.0.D.S:

with-the longest piles obtainable,

Tidal model of the Hooghly BEstuary
1. Introduction:—

The three rivers Bhagirathi, Bhairab-Jalangi and the Matabhanga

Churni, which take off from the Ganga river with their net work of creeks

- and khals are known as the Nadia Rivers. These are the

principal fresh water feeders of the Hooghly. Bhagirathi

- and the Bhairab Jalangi form the Hooghly below their

Fig. 48 confluence at Nadia —fig. 48 — about 92 miles upstream

of Calcutta. The Matabhanga -Churni meets the Hooghly

) at Chakdaha about 50 miles north of Calcutta.” The

Hooghly continues its meandering course through alluvial soil past Calcutt

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 compartments of the Hooghly.

The tldal range of the H00ghly at Saugar is of the order of 17 ft and
the tidal effect reaches up to Swarupganj about 84 miles north of Calcutta.

From November to February, the ﬂood tide is stronger than ebb and
the preponderance of the former galns much more .over the latter during
March to June. being maximum at equinoxes in March. During the period,
from J uly to October, the ebb gradua.lly gets preponderance and during the
‘Monsoons, the ebb current preponderates so that a neap tides, sometimes
depending on the freshet discharge; at Calcutta the tidal flood current dis-
appears altogether and its only effecti 8 manifest in backing up-the freshet
waters.

. During ths 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

L e 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 has to be resorted to, to maintain

navigable channel across the bars. Fig. 49 ehows the
various bars in the river. Besides the Panchpara, Pir’
Sarang, Poojali, the Mayalffur and Roypur crossings, the
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Fulta point is peculiar in that due to the confluence of the Damodar there

is a concave curvature (at Fulta) follow8d by another concave curvature‘at
Ninan; which in its turn causes the serious trouble at the Western Gut and
the Eastern Gut channels at Hooghly pomt '

There is a belief that the 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 Diamomnd-
Harbour to Calcutta costing 15 crores of rupees.

. ‘Before considering seriously such a costly project, the Port Autho-
rities consulted Sir Claude Inglis as to whether it was possible to:improve-
the navigability of the Hooghly by training works. In his ‘“Reporton the
Prospects of improving the navigability of the Hooghly”, Sir Claude reco-.
mmended the construction of the following model experiments to evolve:
the best training measures for the purpose.

Model I—Extends from 25 miles downstream of Saugar island to‘
Bansbaria (scales of 1/2,000 horizontal and 1/160 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 velocities in the River in the higher reaches may, however, be too
small to give reliable and definite information- This model would, therefore,
be considered as a pilot model, so far as the reach is concerned.

Model 1I—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-
red -to Model I is expected to give results of greater significancé "than the

ﬁrst one.

2. Though the Port Commlssmners intend to construct their own
model at Calcutta at a later stage, they decided  that this Research Station
should tackle the prob]‘em The points to be inyestigated as sta.ted by the
Port Authorities apé as under.—

“(i) The olject 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 nav1gate the River,on any day of the
year.

(ii) The depths in the Rlver are such tha.t under '‘the prevalhng
conditions,

(a) Below Diamond Harbour.drafts are limited by the
Balari Bar with-a depth .of about 14 ft.at L. W. 0. 8.
(b)  Above Diamond Harbour drafts are -limited by the -
seasonal deterioration of various bars and in particular
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the-Eastern Gut and Ninan with depths which may
fall to 6 ft.

(iii) The lack 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.

-(v) 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 Sa.nkra] ' }

Munikhali Pir Serang 22 ft. 6 ins. necessary.

Poojali 24 ft.;O ins. desirable.
20 ft. desirable,
() Mayapur 18 ft. adequate.
18 ft. 6 ins. desirable.
(c} Roypur 16 ft. 6 ins. adequate.
(d) Ninan and Eastern Gut 16 ft.
(e) Balari Auckland 17 ft.
Entrance Bar 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 Howrah
Bridge on the left bank.

(¢) The alignment of both banks Letween Howrah Fridge and
Garden reach including

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

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 Poojali 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. :

(h) The stabilisation of the entrance channel W1th a Ieast depth ol
17 ft. at L. W. O. S,

(i) For all bars, an investigation into the present methods of dredg-
ing and the position of the dumping grounds.’ ThlS shoul,gi 1n7
clude the dumping of spoil in the Port proper.

(ix) The maintenance of the Head Water ‘supply is cons1dered v1tal :
to the existence of the Port. At present very little information is available
and no control can be exercised by the Commissioners. Existing conditions
must therefore be accepted. (It is undersiood that the Ganges has already
been robbed of 407, 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 t111
the more urgent problems have been investigated.” :

3. The Model.

The model extends from Bansbaria 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 for fied model:

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

L/d 3/2 where 1/d and 1/L are the depth and length scale ratlos of the
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 to use the same saline water over
and over again allowing for lusses etc., for which a re-circulation arrange=
ment has been designed.

) When, however, it is not necessary to run saline water,
Fig. 50 an alternative arrangement has been .provided for using
fresh water by grav1ty ﬂow

The destgn of the tidal arrargement.

The sump which is fed by gravity flow has a capacity

of 5,000 cft. which takes into account any subsequent

Appendix I. changes of depth scales requiring greater discharge, capa-
city for initially fillingthe 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 turbulence caused by
concentrated delivery from the four delivery pipes 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 symmetri-
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 cbamber is provided with sliding weirs which will be
manually operated till electrical equipment:is received and set up for auto-
matic generation of tides. .

. A constant dlscharge measured by standing wave flumes drops into
the tidal chamber from where it can flow, wholly or partially as required,

(a) into the model producing flood tide;

or (b) into the escape downstream of the shdlng weirs when ebb
: is being reproduced;
by sulta.ble mampulatlon of the sliding weirs.

| N Thus, When the flood tide is bemg reproduced the shdmg weir will
be sultably raised, thus reducing the escape discharge and increasing the

tlda] mﬂux, causmg rise in the river.

On the ebb the weirs Whlch wﬂl be gra.dually lowered .W1ll escape
out the ebb flow and also the constant dlscharge pumped 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 |in 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.X3 ft.
from where it will be led to 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,
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APPENDIX I

Calculations to fix the capacity of the sump.

The maximum tidal inflow 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 1235 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

A whereas the offsets of the ordinates between the curve

and the horizontal line 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 thqrefore, should be sufficient to
accommodate the quantity of water represented by the shaded portion
under the curve. This works out to 950 cft. approximately.

~ If the depth scale were changed to 1/80 the minimum capacity com-
puted on the same linles as above should be 2,400 cft. Add to this'the capa-
city required to initially lettlng water into the model which will be a.bout
2,400 cft.

Making allowance for leakage and evaporation ete., the capa.éity may
be fixed at 5,000 cft. This will enable opera.ti_x;g the model even if the depth
scales have to be changed from 1/160 to 1/80."
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19. Preliminary note on the design of scale ratios of the
Model of the Hooghly River from Bansbaria down
to Reefs i. e. 15 miles below Saugar

Introduction :—The model of the Hooghly Estuary covers a reach
of 115 N. Miles from Barfsbaria 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 ai'ea 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
1/160; 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 1 give the model
depth in inches for'Saugar, Gangra, Balari, Hooghly point and King George
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 ' . N '
where

V =velocity in ft./second. -

¢=gp. gr. of sand used in the model.

& =sp, gr. of water assumed unity in this case.

L =1ength 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.

P

The average grain size was taken to be the weighted
mean diameter of the Ninan sand viz. 0.094 m.m. with which
Fig. 52 the model bed is proposed to be moulded. Fig. 52 shows
the sand distribution graph from which the modulus of
uniformity of Ninan sand was worked out to be 0'483.

The prototype max. flood velocities in the March spring tide of 1940
at Saugar, Gangra, Balari, Hooghly point and King George Docks have
been 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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Table
Showing the computations for workin2 out scale
Moan d | Magimum h=depth in model corresponding to col. 3 with
with flood v in d seale -
maximum| proto | v '
flood ft./sec. 1/80 | 1/120 1160 1,200
1 2 3 4 5 6 7
ft. in in inches N
Saugar 25 0 s.20 3.756 2.496 1.884 - 71.500 -
(fangra 261 741 3912 2.616 1.956 - 1,572
Balari « 200 540 3.756 2.496 1.884 1.500
Hooghly 27 4 7.50 4.116 2.748 2064 1.644
Point.
King George 35 0  10.70  5.196 3.492 2.628 2.100
Docks.
b =16.93 i;t : '\/1-1—13_6 ety Verti'c-aal
Depth scale. bef)w éau (;r hd e or nde o/ Hi30 vei::;i;y
& A/ 16.33]30 ,
foot : L/dal.2
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 " 0.0101 0.988
1/200 0,082 0.0006 ° 10.00 ’» 0.00442 0.706
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1
ratios of the 1/2000 Hooghly Model.

Tn moten st it me e e e etaype | Model Reynolds Va/10® with d scale of
1/80 1/120 1/160 1,200 1/80 1/120 [ 1160 | 1/200
8 9 10 n | 1 B | u 15
0513 0.467 0.443 0.416 0°1666 0.0971 0.0695 6.0520 .
=4'588 =5.116 =5.604 =5.883 o
0°520 . 0,472 0.442 .0.420 0.1695 0°1029 0.0720 0.0550
=4'651 =5.170 =5.591 =5.940 | ‘
0513 (0.467 0.443 0.416 0.1606 0.0971 0.0695 0.0520
=4,588 =5.116 =5.604 =5.883 '
0524 0.478 0.447 0.424 0°1707 0.1095 0.0769 0.0581
=4687 =5.236 =5.654 =5.996 _
0554 0.505 0.473 0.449 0.2426 0.1469 0.1036 0.0786
=4'955 =5.532 =598 =6.350 '
Max. 3:3%13 ;n;::&:l with Q in model Time scale ratio and tidal period.
= 50x106 :
[ = - :
d scale Q scale= dTIfz— cusecs. = ] Time scale ratic. I\Edci%elllz(ﬁ]s%zli‘;%‘?
23 24 95 2 ~ 27
1/80 1/1.43 x 108 35.00 1/223 : 3.30 mins.
17120 1/2.63% 10° 19.00 1/183 4.03
1/160  1/4.05X10° 12.35 1/158 4.66 ,,

1/200 1/5.66X10° 8,82 1/141 . 924,

*;Computations for V =1.30 (¢ - 63)0'37 1,027 M 027 }10'23

= (1.3 x1.148 x0.3094 x 0.822)h 023
=0.3785 n0-*%
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in the model, then thereis 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 distribation of velocities across the section is far from
normal and bed movement is expected to occur at even lower velocities
than those mentioned in columns 8 to 11.

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

20. Proposed Bridges and Reclemation between Ernakulam,
Thanthonni and Mulavukad Islands (Cochin)

1. 1ntroduction.

The Chief Engineer, Cochin State, has proposed to

construct bridges between Ernakulam and Wallarpot 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 as much as it will

provide for the expansion of the Ernakulam town which is already con-

gested, The Director was, therefore, requested to advise on the effects
this proposal would have on the tida! regime of the 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 re-

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- Thanthonm Channel will be increased by 29/ and the waterway

of the Thanthonni Mulavukad 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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FIG..53

SHOWING THE CENTRE LINE OF THE PROPOSED BRIDGE
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Table [

Showing waterway before and after bridging, dredging
and reclamation

Between Ernakulam and Between Thanthonni &
Thanthonni Isladns. Mulavukad Islands.

Post- Pre- Coll Post- Pre- Col- 4
Bridge Bridge Col.2 Bridge Bridge Col.'5

1 2 3 4 5 6

(1) Area of bridge
*section in sq. ft. 20,870 15,335 .36 8,973 8,592 1,04

(2) Area of obstruction
assumed proportional
to bridge length in . '
sq. ft. : 1,122 —_ - 510 —_ -

(3) Net area of flow "A’ : . ,
in sq. ft. 19,748 15,335 1.29 8,463 8,592 0.985

(4). Width of channel
‘B’ in ft. 1,280 2,580  0.50 650 1,280 - 0.1

(5) Net Area A _ Mean
Width B~ depth
inft. 15.4 5.94 259 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. 1Itis presumed that the large amount of dredging. proposed ‘is
to utilise the spoils in reclaiming the land, (the cut balancing .the fill)
otherwise 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 . 0
Original dredging, bridging & Obstruction t‘?s /> of
L ! watgrw Ay reclamation sq. ft. LArea. of Cross gecttom.
e e
- bgldgfxfg As pro- | Assug- | sq.ft. Exis.| A As sug-
q- ft. | o oced by | gested in tixnl;- pro- | gi;s;e'i
iC.E. Cochin 2.3 above | posedl above
1 2 3 4 ) 6 7 8
Ernakulam . : '
Thanthonni 15,335 19,748 18,091 1,122 7.3 5.38 6.2
Thanthonni- ,
Mulavukad 8,592 8,463 10,120 510 5.94 ;6.02 5.03

Comparing this with Gibson’s results(!) of similar experiments the
percentage obstruction being small the effect "on H. W. 8pring tide, L. W,
spring tide and delay in time of high water and slack water period is expect-
ed to-be small.

2.6. Inspite 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 — 80 as to resist srosion,

21, Silting of salt'water intake channel at Mithapur-
- Okhamandal, Kathiawad. =

I ntroductzcm

1.1. The Tat.a Chemicals Ltd, have established a factory at Mithapur .
about 7 miles from Okha: Chemicals are manufactured from common salt
which .is obtained by evaporating sea water taken through an intake
channel into two shallow water lakes.

/ (1) “ An experlmerntal mveshgatlon of the effact of Br:dge piers and other obstrue- :
‘”' -"tions ‘on- the tidal levels in an Estuary 2 Excerbt Joumsl of the institution’ of
civil Engineers, Session 1937-38. S : IR : '
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2. History.

Fig. 55 2.1, In the year 1933, a barrage with 8 flood gates was
built at the entrance to the Outer Sagar and an intake
channel 66 ft. wide and 140 ft. long was built in' rubble,
which extended up to the then shore line. :

22. The tidal ‘range at Mlthapur is 12 ft. (1e from R.L. 2 to
R.L. 14). The sill level of the barrage is R.L. 10.7. Sea water is admitted
into Outer and Inner Sagars by opening the barrage gates when the tide
level 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 entrance; but the
silting on both sides of the channel and creep of the shore
toe kept pace with the wall extengion. At present, the Northern wall of the
intake channel extends to a length of 515 ft. and the Southern wall to 615 ft

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 eventually be completely blocked, thus
becoming unsultable or prohlbltlvely costly for maintenance. -

3.2. The silting is not only confined to the entrance of the intaké
channel but some deposition of sand is said to take place in the intake
channel itself up to the barrage as well as some portion of Outer Sagar.

3.3, The Company is contemplating to construct-

Fig.55 -another boat cum intake canal, the tentative alignment of -
which is shown in Fig. 55. This has to be aligned and
designed to preclude or minimise similar sanding trouble

and subsequent expenditure over heavy dredging in future;,..

4. Analysis of the problem.‘

4.1. The problem is two fold

(a) Silting on both sides of the 1ntake channe] -and a.dvancmg .
of the shore. - SR

(b) Silting of mta.ke channel and Outer Sé.gaff

4.2. Any extension in the sea portion is usually accompanied with
silting problem. Bed sand is thrown in suspension by wave action, is
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carried by 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 Quter
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 Quter Sagar
when barrage gates are opened at the time of high tide; and in normal
times the material carried by theflood 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 experiments arejavailable

5.2 * Siiting of intake channel however suggests an obvious solution
of flushing it occasionally, The following recommendations were made 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 stiould 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 crest level of this regulator. A line
of sheet piles or an impermeable curtain wall carried intorock at the sea’end
followed by a loose stone apron designed for maximum scour would be all

hat is required.

These proposals were made 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 can be flushed during monsoon with no loss of storage
from the Inner Sagar and when another freshet comes, the Quter 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 toits rocky bed.
With the provision of second set of gates, these flushing operations should
be practicable, at opportune periods of .the seasoms, without any loss of
useful storage,
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SALT WATER INTAKE CHANNEL AT MITHAPUR (KATHIAWAD) %1

. Feasibility of scouring operation.

6.1. Lengtb of pucca channel in Outer Sagar according to above
uggestions would be about 1.200 ft. For the scouring of this ¢ annel

nd the present intake to be effective, sufficiently high velocities must be
btained and the duration should be appreciable.

6.2. Velocities which are likely to be attained are given
Table 1 in table 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 1,200 ft. channel ie. up to the
arrage gates is assumed to be 0'5 ft. and Manning’s rugosity coefficient
=0.02. Velocities and discharges in the proposed pucca channel for

ifferent water levels in Outer Sagar are given in columns (8) and (9) of
able 1

Scouring velocities for Mithapur sand (mean diameter = 041) for
ifferent depths according to Kennedy’s formula are given in column (11).

It will be seen that the velocities in the channel would be higher than
he scouring velocities. Discharges, for fully orened barrage gates with
ifferent water levels, are given in column (12), which are hlgher than the
liscl. arges required to produce scouring velocities. _

Duration of scouring operatlon will be the time reqmred
Table 2 for water level in the Outer Sagar to drop from R.L. 14 to
R.L. 12. This is about 2.23 hours. The scourmw operatxon

will be, therefore, quite satlsfactory '

Velocities in the present 615 ft. long intake channel would be
onsiderably ligher, being a free flow to sea and the channel can be
ffectively flushed to the bed rock. ’ |

7.1. The Tata Chemical Ltd. have been informed that model experi-
nents, with two differert scale models have to be done to arrive at an all.

ime satisfactory solution for the present intake channel as well as for the
roposed boat cum intake channel.



Table 1
x
Water | W, L. at [ a "“ml n * Dt;nsl?éllfége |
level in | the gates,| Mean | Area of P e | Vo= | Scourt | gates
the Quter| assuming | depth cross |Wetted] R Il g Q ing |whenfully
No. | Sacar |0.5 ft loss| of water | section | Peri- | Col.(5)| & = 3 2 in the 0.64 velocxty opened for Remarks,
above in the | inthe [of channel meter.| Col(o) 0.3' © &lchanne)0-84™ 1.4V, | WL.sin
mean sea| 1200 ft, | channel, | width -] v Col.(3)= '
level. | c hannel. N 66 ?. f (e e = cp 15 |
_ . sq.fe. . . - .| ft./sec.| ft./sec, ’ '
1 9 g 4 q5 o 3 l ﬂ;./geo cugecs 1I;ec ft /lslec 1céxsxec 15
. *
1. 14.0 13.5 3.0 198.0 72.0 278 2,88 570 1.7 2.38 600 No. of gates—8
Width of each gate...5.33ft.
2. 13.5 13.0 2.5 165.0 71.0 2.3 2.56 420 1.5 21 450 .. Total discharge = ‘
’ 1.5, 1.5
s, 130 125 20 1320 700 18 225 298 131 1.8 310 goBlE;: 102Xs§<>)< vf:fh’;ghe
& 125 130 15 990 690 144 1.86° 184  1.09 152 190 gates aro _capable oifnpgﬁ-
. _ing the discharge -
5. 120 115 1.0 660 680 097 144 95 084 118 915 f5).

* Kennedy formula for
movement of sands of
mean dia, above 0.4 mm,

- Mean dia. of sand at Mitha-

pur=0.4 mm.

- &

‘8761 UVEX (IVOINHOAL) LUOJdTY TVANNY
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Table 2.
S Water - Mean | Time
4 o - contents | Discharge | required | = o
- Particulars - in Outer ‘Remarks
g Sagar | - : o
n M. Cft. Cs. ~Hours
i 2 L I 5 K
1. Water level between _ | :
R.L. 14 and 13, 1.0 435 - 0.64 For discharges
| . B see Table 1,
2. Water level between ' : | Coi. 9.
R L. 13 and 12. 113 198 159
- 2.23 hours.
22, Tide 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 isin opposite direction to the river
flow or when the sea water flows into the river it is known as flood tide.
During flood tide and eDbb 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
anl ebb tide, the shape of the river and the sea and river discharges.

1.2. In connection with the Hooghly Model Experiments it was found
necessiry to devise an apparatus, which would produce the reversal of flow
and the samevise and fall of water 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 relavs, 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 descnbed in

detail Lelow.

This device Was very briefly described in Annual Report (Tech.)'1940.’\‘)

—————

T ey R

(1) Page 19, Annual Report (Tech) 1940—41,
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2. The apparatus.

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

2.2. The recorder consists of a rotating drum operated

by its own clock-work mechanism. Itis fitted with a

Photo 5164. stylus 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 other side is attached a counterbalance weight of the float in a similar

manner. The float movesin a gauge well which is connected to the

model and aIWays keeps the same water level as inthe 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 apparatus.

Functions of (b) & (c) will be clear from the working of the apparatus
which is as follows:— ”

The clock-work mechanism rotates a cam, obtained by the
Photo 5149. menthod of trial and error, as shown in photo 5149 and
Fig' 58, ° Fig. 58. One complete rotation of the cam requires the
- same time as one tidal curve in the model. For 1/30J,
1/60 Hooghly Model one tidal curve required 19 min. = 12 hrs. 18min. in
the river and so the cam is rotated at the rate of 1 revoluuon in 19 mioutes,
The rotation of cam lifts or lowers the pulley which
- ig in contact with it and the movement of the pulley oper-
Photo 5157. ates the needle valve which i3 connected.to it by a rigid

: frame,

The needle chamber in which a constant water level is
| maintained by a overflow arrangement is connected to the
Fig. 59 float chamber as shown in Fig. 59. The operation of the

needle, therefore, controls the discharge into the float
chamber, or the Wa.ter level in the float chamber. The float is thus brought
1nto action.

Photo 5155  This flcat is connected to a lever, the other end of which
Fig. 0o0. carries the cone valve, as shown in Fig. t0. The movement

- cf the cons valve, -thus, even thcugh apparently controlled

by ﬂoat; is taken care of by the'cam and if the intermediate links are kept
in mind it can now be said that the cam conirols the cone valve. - o
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Puotro No. 5164. Showing Recorder,

stylus and clockwork mechanism.



PHoTO No. 5149.

PHoTOo No. 5157.

. A—Cam.
E—Needle valve. . '. e B—Weight operating the clockwork
F—Clockwork mechanism o e cam., . mechanism.

G——Counter -balance weight of the needle - C—Additional weight for driving cam.
‘ D--—Balancing weight of the cam.

valve and the frame.




Puoto No. 5155.

Puoto No. 5156.

H—Float in the float chamber.
J—Downstream Chamber.
K—Upper Chamber covered with slabs.

L—Lever connecting cone valve.
M—DModel.
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Photo 5156  The cone valve moves within the two chambers shown

Fig 61. in Fig. 61. Water is let into the upper chamber from the

downstream chamber representing sea water. When the

cone valve moves in the downward direction the annular opening between

the lower and upper chamber increases and allows water of the upper

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
closes the opening, water in the upper chamber cannot escape and the
additional Jischarge coming in from the down stream 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
chamber, raises the float, lowers the cone valve, allows water to escape
produces and ehb 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 wastebut finds its way into the model.

‘ The float chamber is provided with outlets of varying
Fig. 50. diameter and at different depths to maintain the desired
‘water level in the float chamber They also serve as an
additional control in shaping the cam. '
3. The clock-work mechanism of a cam.

It is worked by weights, as against the usual method of helical
springs, which drive the main toothed wheels 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 Well
"synchronised before starting the apparatus.

4. Design of a cam.

4.1. 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 openings
due to the cone valve maovement. The rate of fall of the needle requires the -
consideration of time for filling the upper chamber

4.2. Counsidering the number of variables viz. the opening of “the*
needle valve, the variabledischarge admitted into the float chamber, changmg
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head in the upper chamber, the variable annular opening due to cone valve
and the friction inthe needle frame and the lever, any mathematical apPrO&Ch
to the 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 with the needle valveis manually
operated to get the correct reproduction of tidal curve, which ‘requires
skilled operation and supervision with a perfect synchronising of all the
recorders in the model.

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

44. The cam is fitted in position and tested under working condi-
tions. If the worrect reproduction of the tidal eurve is not obtained either
due to slight error in plotting or due to friction between the pulley and the
ram, it is reshaped and tested. This procedure is repcated till correct
reproduction of tidal curves is obtained. The clock-work must be sufficiently
powerful to work the cam: :

“4.5. The cam is balanced by a balancmg weight to reduce the jerky
motion and ensure smooth working.

4.6. Ffig. 62 shows the shape of the cam which prod
uced a freshet spring tide curve at Cossipore. From the
Fig. 62  zerorposition 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 sufficiently 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 3 minutes and the gradual lift of the needle valve from 2 min-
utes to 5 minutes allows for thefilling of thefloat chamber to raise the
float and to lower the cone valve so as to empty the upper chamber.
From 5 minutes to about 13 minutes the needle valve is in a raised position-
the float is raised and the cone valve is lowered to get the ebb tide curve
correctly reproduced. After 15 minutes, the needle valve isslowly lowered
thus raising the cone valve, reducing the annular opening and slowly rond-
ing up water in the upper chambers for the flood tide to follow.

4.7. In the presentarrangement the cam reproduces the same tidal
curve over and over again whereas in nature all the tidal curves are different
from one another. Improvement of this arrangement to simulate nature is
under consideraticn in whick case different cams for different tidal cuiveg
would come below the pulley in succession. ‘
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5. Hooghly river model.

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 baving 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 1947.

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 the flood tide is absorbed 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 river,
the absorbed discharge returns back to sea alcng with the river discharge.
In the model, therefore, to make up tha escaped discharge during flood tide,
Water is fed in at the Damurdah end by raising the Uippoletti weir. During
the flood tide and ebb tide the weir is lowered and raised respectlvely, to get
the correct reproduction of tidal curve at Damurdah

53. Fig. 63 shows the tidal curves at Cossipore, Kon.
nagar and Damurdah. Tidal curve at Cossipore end was
" Fig. 63. obtained to setthe correct reproduction of the curvye at
Konnagar and was only slightly dlfferent from the tldal
curve in the river as shown in Fig, 63.

23. Wave Recording Apparatus.
1. Introduction.

1.). New problems, such as Madras 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- t0©
observe the above mentioned features of waves produced in models.

2. Outline of the apparatus.

2.1. If two wires are dipped in water and constant pote-

‘ ntial is applied, variaticn 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

rightangles to thewavefrontand recording simultaneously

variations in currents, for a short time, all pertinent information such as
iength, shape and period of wave will bzcome available.
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3. Investigations.

3.1. Capillary effect. 1t is desirable that the wires of the resistance
unit should be as thin and as close as possible for least distortion of waves
to be recorded. This distance, however. cannot be made indefinitely srall
as capillary film formes between the wires, if placed too close, and rapid
variations in water levels are not faithfully followed,

With two nichrome wires, each 0°072' dia., it was obser-
ved that the optimum distance was 0.06". It might be
possible to reduce this using thinner wires.

3.2. Polarisation. When the resistance unit was dipped in water (Khadak
wasla lake water, Temp. 24.5°C.) to 04 ft. depth and connected toa b volt
battery, 20 milliamps current passed through the unit., Polarisation occurr-
ed an i bubbles formed on both the wires when current was passed for about
10 seconds. Due to this, value of currens 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 notice
eable bubbles 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

‘Flg. 64(b). limited to 3.0 miiliamps by interposing a potentiometer in
the ciruit and applying reduced voltage across the unit,

3.3. Linear relation. To obtain directly, wave height and wave
form frcm records of current variations, it is important that the reclation
between the depth of immersion and current should be linear.

In the first instance. the resistance unit with immersed
ends of two wires kept open was tested. Variation in
Fig. 65(a). current is plotted against depth of immersion in water in
*Fig. 65.a)dotted line). It will.be seen that the points practi-
cally lie on a straight line for depths from 0.1. ft. to 0.4 ft,
Fig. 65(b). For depths below 0.1 ft. this relation no longer held,
This was due to the fact that leakaze paths at the ends
considerably affected the resistance at low depths,

To reduce this effect, the ends were sealed by a piece of
Photo 5400 ebonite and wax as shown in photograph 540) and Fig,
Fig- 65(c). 65 (c). Thisimprovement gave a linear relation throughout

the range of observation i.e. 0.01 ft. 0.4 fr. depths.

The actual apparatus to record varying currents simultaneously ona
. common paper -camera will be more elaborate. Messrs. Cambridge
[nstrument Co., 13, Crossvenor Place, London S.W.1, have been approache
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for a suitable ‘Low Frequency Oscillograph’® Messrs. Poona Laboratory
Apparatus Works are also trying to develop a mirror type galvanometer
cf low resistance and sufficien.ly quick period to record the varying pheno-
menon and it is hoped 1o evolve a working model in the near future.

24. Proposz1design of Lower Sini Barrage at Kotri for effective
sand exclusion from Canals, Sind.

1. Introducticn.

1.1. The experiments reported in Annual Report ( Technical) 1947
(p. 116) covered the following salient features of the design of the barrage.

(a) Sills of head regulators;

) (b) design of the left and right pocket and the optimum number
of spans;

(c) long pocket versus short pockét;
(d) design of guide banks;

(e) location of the left abutment

(f) leftand 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 otherw1se of paving the bed of the pockets.

1.2. This year's work (upto May 1948) mainly covers the follow-
ing points :—

(i) Testing the applicability ot' the scour factors for the left and '
right guide banks and the central 1s1and as proposed in
the design,

(ii) reorlentatlon of the alignment of the right arm of the Larrage;

(iii) testing ‘gulleting’ on the flat side slope of the central
island ; '

(iv) tests to see whether the modified alignmenta of. the right guide
bank moved, sufficiently river-wards, would help to offset
the apprehended inordinate shoaling near right 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 design.
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_ All the experiments, éxcept for (iii) above, were carried out in
1/250 : 1/50 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 1?47 the above mentioned additional experiments
were carried up to May 1948 and are-described in this year’s Report.
Owing to the shortage of space and staff and other urgent experiments on
the waiting list, these experiments were discontinued after May 1948, with
__the_a; proval of the Chairman, Central Waterpower Irrigation and Naviza-
tion Commission. Though the problem, unhappily, belongs to other domi-
nion and is not of specific interest is given for information and guidance of
designers dealing with an ancillary type of work.

2. Testing the applicahility of scour fJutors for the left and mght yuide
banka and the Central Islaf.d .

2.1, Left guide bank Appendix I sbows the reduced levels of deep-
est scour obtained in the model and the scour factor recommended as

compared to the R.L. of deepest scour expected in the design.

When high flood diacharge =7,50,000 cusecs was run-'in “the model,
it was observed that scour.alonyg the left guide bank—although it is on the
concave side of the curve-—was not severe and it appeared thata scour factor
of 15 R provxded in the design was rather on the high side. ‘The level of
-bottom of deepest scour factor of 1.25 shoula be suﬁiclem all a]ong the left

guide bank.

The reasons for this lower scour than expected in design, along the
left guide bank, are that—as evinced by the the model—(a) the flow concen-
trates in the middle of the river on account of the attraction by the Central
Island; and (b) the high river dlscharges tend to flow stiaighter, following a

.course of flatter curvature.

In splte of the pronounced curvature on the left bank, upstream of
the Sukker Barrage, berms have formed along that bank; conditions at
Kotri being somewhat similar, there is further reason to believe that, a
‘seour factor of 1.25 R should be sufficient.

R.2. quht guzde bank.

The reach A B (fig. 66) of the right gmde bank was sub-
ject to severe attack. The tottom level of deepest scour
‘ observed in this reach was R.L. 1!.0, showing that the
factor of 1.5 R provided ,in the Sind Note was necesgary. The flow in the
reach B C was, as anticipated, very slack and there was little scour obser-
ved below the existing bed in this reach and so the scour factor of R, adopted

jn the Sind Note, might be rqtamed

Fig. 66.
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The level of the bottom of deepest scour observed in the models in
the rcach C D (1. e. urstream of the Kalri Baghar Feeder) was R. L. 35.0.
Scour factor R2 was reasonable.

2.3. Nose of the Central IslanA.

Due to the flat side slope of 1 in 6 proposed for the nose of the Centra@
Island, it was observed that the deepest scour was not lower than = R.L.
100, an1i hence a scour factor of 2 R ( giving bottom of scour at R: L' 16.90)
appeared a little excessive; the scour factor might be reduced to 1.75 R.
This would also counterbalance, to some extent, the extra cost of the
island arising frow the flatter side slope recommenied for the- nose of the
islani, The levels of bottom of deepest scour observed for the left and
right shanks ‘of the Central Island ‘were R L. 10.0'and 25.0 respectively.

For the same reasons the scour factors of 1 75 Ri1and 2Rz
Appendix I — justified by the model — mighf be’ adopted for these
shanks, respectively. (see Appendix I)

2.4, The Sind note.provided for an apron, assuming a_uniform l;aui)cb"‘.;
ing slope of 3:1 (3 horizontal : 1 vertical) for maximum scour. This was not
correct. The slopes of launched apron depend upon the varying severjty
of attack, as shown by the model. It was recommended that the apron
should be designed to launch to a slope of 3:1 for the Central Island and reach
A B of the right guide bank, 3.5 : 1 for the whole of the left bank and reach
C D of the right guide bank -and 2:1 for the reach B C of the right.guide
bank¢

(ii) Alignment of the right arm of the Barrage—

With "a view to making the flow central in the right arm channel,
downstream of the barrage, and to reduce the curvature of the Kalri
Baghar Feeder just downstream of the Head Regulator, it was proposed to
reorient only the right arm of the barrage anti-clockwise.

3.1. 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 arin of the barrage was made 276° -30!, while that of the left
arm of the barrage was kept the same as before, viz. 284° -30%

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 central and followed better the existing curvature

of the rlght bank,

After runnmg four consecuuve rising ‘and falling cycles and exag-
gerating the silting near the right guide bank,—to compensaté for the model
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limitation in respect of shoaling — lines of flow were

Figs 66 &. 67 * observed from c. s. mile 5.5 and ¢. 8. mile 7.5; the
exclusion of sand was found to be as good as obtained
with the previous alignment of the right arm.

[t was also observed that no change in the alignments either of the
right guide bank or of the central island was necessary.

4, (iil) E'xjoeriments 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 1in 6 has been recommended for the nose
and a part of the right arm of the Central [sland, partly with a view to
preclude the bed sand being thrown into suspension by turbulence at the
nose by differential depths and extent of scour on the left and right arms of
the Central Island. |

As “gulleting” is a phenomenon 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
was large enough and suitable from the point of view of availability of dis

charge and space. -

The mode] 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 distribution, as

observed in 1/20:1/50 model, was enforced by slightly

- Figs. 68 & 69. moulding the model reacy between c. s, miles 6 and 5}
: (See figs. 68 & 69).

‘The side slope :of the Central 1sla,nd was pitched with 3/16” dia,
gravel (') equivalent to ‘‘one man stone™

‘Being a geometrically-similar model, it was initially 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 4.5 to 5.20.

Thus, while laying a geometrically=similar model, precaution has to

be taken to lay it to a slope steeper than the prototype slope as propurtionally
greater frictional resistance has to be overcome in such a model. As3uming

a value of N = 0. 035 in the Manning’s formula
V= 1.436 486 R2 3 S‘/Z V & R being calculated for Q=5,00,000 cusecs after

mouldmg the cross sectionat mile 53 soas to have correct velccity distri-

() Annual Report (Fechnical) 1833-40 FPoona. Pages 0, 51.
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bution slope works ouf 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 cusecs, allowing sufficient time for the bed to stabilse aud
adjust itself.

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 the Central
Island in the vertically-exaggerated model had been frequently washed out
and there were indications of rather severe action.

In view of this, itis necessary to pitch the island with

‘two-men stone’ (each stone 150-200llis.) in the region of

Fig, 70. likely “gulleting” and to have adequate apron protection
as shown in fig. 70,

5. (iv) Ezxperiments to see whether the right guzde bank could be moved
riverwards.

5.1. In answer to the criticism of likely inordinate
: shoaling against the right guide bank of the Double.Barrage
Fig. 71. desizn, more detailed experiments were carried out with
modified alignments of the guide bank moved sufficiently
riverwards, Alignments tested in the model are shown in

fig. 71.

5.2. As borings have disclosed the .presence of clay at a substantially
Ligher level in the right bye-river, the bed of the model of the bye—i'iver
(upstream of the barrage) was moulded in inerodible 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 results with those obtai-
ned previously with a wholly erodible bed.

One rising and falling cycle up to Q = 5,00, 000 cusecs was run w:th

each of these guide bank alignments under still pond conditions, with left

and right arm 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 aiflux between

the left and right arm barrages and the discharge entermg the right arm
channel upstream of the barrage.

Figure 74 shows the variation of the intensity of dis-
Fig 74. charge observed along the cr.ss sections 2500 ft., 4000ft.

and 5500 ft. parallel with guide bank alignments numbers
1 and 3.



Table 1-—Showing the afflux the left and right arm barrage and discharge tapped by the right arm
channel with right guide bank alignment numbers.

-

Discharge

Right Guide Bank No.1

(Station Design)

Right Guide Bank No. 2 | Right Guide Bank No. 3

(Intermediate)

(Moved Riverwards)

in cusecs Discharge o Discharge Discharge Homarks
: Affl ix feet CuSes Afflux feet CUSeCs. Afflux feet CUSECS.
200,000 070 31,000 80 30,000 1.00 27,800 The barrage  was
o ‘ ‘ worked under still pond
250,000 070 38,000 80 33,000 1.00 34,700 uthO 500.000
‘ = . cusecs.
300,000 0.65 47,100 S5 39,000 0.85 39,100 The:e was no enforced
regulation Letween the
©352,000 090 57,800 0.90 55,300 1.05 40,000  left and right arm bar-
| rages.
. 400,000 080 69,600 I.QO 61,400 1.45 55,00 -
- 450,00) 0.65 78,400 1.20 73,400 1.50 62,700
503,000 063 85,40) 1.20 76,800 1.50 71,600

¥8

‘167 AVIX (IVOINHOAL) 190dTY TVANNYV



-

NE® 6555 OFJAN.1343.
C.W.1. & N.R.STN, POONA.
' !
gt

FIG. 70
PLAN SHOWING THE CENTRAL
/

ISLAND WITH S5LOPES
FINALLY RELCOMMENDED .

SCALE+!"=500

( 6:126 HORIZONTAL TO | VER. )

By sAPKAL.26/1/47.

A
Y
1
v
o)
o)
1
»
-\
o
w
l#

s




SHOWING ALIGNMENTS OF RIGHT
GUIDE BANK AS TESTED IN

HG. 71

LOWER GSIND BARRAGE -KOTRI.

THE MODEL.

Scale:- 1"=5= 1250

CROSS SECTION MNO-B

CROSS SECTION NO.2

—

—
——
—

—ent o CROSS_SECTION HoO.t.

—

— —

——

—
T —
- -

i |
: [}
]

{
\
mlRLf F
Pu‘Ylmt
7\

[}
[}
[}
[}
[}
¢
!
(]
!
[}
[]
[}
1
]
[]
[}

CENTRE LINE OF THE BARRAGE.

CENTRAL
1SLARD.

o

7149 OF JAW.’4S.
C.W.1.& W-12- S.POONA.

\ ’ '
"\"‘KALRI BAGMAR. FEEDER-

©.P2.P. POOHD 1889,




HO. 7167 OF FEB.?1549,
T C.w.k. kH-R-S-P&M.

FiG. 72 &73
SUOWING CONTOURS OBSERVED WITH

GUIDE BANKS HNO. [ g 3.
AFTER RUHNING A RISING &VAL‘UNG
CYCLE . -
scale: 5754875 FL

A FiG.72

GUIDE BANK.
No. 1.

riG.73
GUIDE BARK

NO. 3.

So:mot. N LN

ERT LT DY SREIEIPNY Fuply Sy ey

.
- — - R

[

w o o rdyconcs conn S Wy ow = ankhe swana

kevlkarnyi, 2-2-49

G.P1.P. POORAL99S .

ALCENTRE LINE OF BARRAGK.

RACENTRE LINE OF BARRAGE.

—




Table 2:—Showing the afflux between the left and right arm barrage and d"ischa_rge entering the right arm
-channel, (With right guide bank No, 1— Station design)

' . Cycle No. 1 Cycle No. 2 Cycle No, 3
Discharge o
cusecs | T e = Remarks, -
Afflux Discharge-| Afflux Discharge Afflux Discharge
feet cusecs feet - cusecs feet cusecs
200,000 1.40 22,000 070 27,800 10.70 29,100  same as in Table 1,
250,000 1.40 24,900 0.80 33,000 0.80 - 35,100
300,000 155 26,700 0.90 42,200 080 45,000
350,000 1.60 30,000 1.0 | - 50,200 0.90 55,200
-400,000 1.75 - 39,700 0.95 62,800 0.90 69,000
450,000 1.75 46,300 095 71,900 0.85 80,300
500,000 190 55,600 1.10 0.60 90,900

84,700 .

1910X IV TOVIUVE ANIS YIMOT

a8



86 ANNUAL REPORT (TECHNICAL) YEAR 1948.

5.3. The analysis of this data brings out the following points :—

(a) The Station design gave least afflux and with the right guide ban.

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 barrage, with alignment numbers 2 and 3, under unregulated
conditions,

[ Note:— Previous experiments were made with the bad of the right
bye-channel moulded in erolible clay below R. L. 43. 50; with an iner »dible
bed, it was observed that, with the same alignment of the guide bank, the
afflsx is greater than that obtained previously, owing %o the depth and ¢xtent
of the scour round the nose of the central island and the consequential *dimie
nished ‘* pull *’]

(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 marked tendency of an increase in the

; concentratinn of discharge towards the left, which would

necessitate stronger protection upstream and downstream of the lefi barrage
arm and the lowering of the downstream cistern level.

(d) The pacca pavement of the extreme left end spans of the right
arm 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 nuamber 3, advers:ly aTects the distri-
bution of sand charge between the two arms of the Barrage. Thus
alignment number 3 with incrcased sand charge superimposed over reduced
discharge was less, not more, favourable as expected, from point of dimi-
nished risk of acecumulation of sand on the right arm channel.

(e) Itis also notunlikely that, owing to the restricted Waterway
between the right shank of the central i~lanil and the right guide 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 the axis of the bye-river, caused by so
much shift of the right Lank riverwards, must in the long run cause
significant changzes, whic’r ¢an nat all b3 foresesn and which may not be as
favourable as the natural conditions which are being perpetuatsd by the
guide bank alignmeut number 1.
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S.4. .As the ghift of the gnide bank riverwards showed that it would
do more harm than good. further experiments -were .carried .out, with the
guide bank alignment number 1 as proposed by the Station, to ascertain
whether the- worst shoaling dlong it-would lead to equally adverse condmons
as-would be obtained -with guide bank of alignment Number 3.

A shoal of ‘fine red :cohesive  clay -was 1ldid roughly
along the contour R.L. 55.0,-obtained in experimsents with
Photo 5251 guide bank alignment Number 1 up to R.L 630 (see photo
'5251). ,'Four rising and falling cycles were run and the
~afflux ‘between the left and right arm channels and the
“discharge entering the right channel were observed.

.Table 2 Ses Table 2.

- It is evident from the table ‘hat with every cycle there
was a substantial, progressive improvement in afflux

and the discharge entering the right arm channel.. Fizure
Fig.75 & 75 and photo 5252 show the remnang of the shoal after the

Photo 5252  fourth.cycle. In spite of the ‘little shoal still remaining
along the guide bank the exclusion of sand from the R.B.-
TFeeder was quite satisfactory.

6.5. Conclusion.

A shift.of the guide bank riverwards, on the misguided presumption
that ne further shoaling would take place -beyond 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 suititself, by building a small shoal -along the guide bank if
" the post-barrage conditions so ‘warrant it, as the model bas shown times out
of number that sand exclusion .from tLe R. B. Feeder will not be adversely
affected by this formanon of shoal.

6, (v) Alternative designs of a smgl,e'Barmge.

.6.1.1, - Mainly with a view to save cost—the additional cost in the
duplication of flank walls and the provision of the Centra] Tsland in the
Double Barrage design being Rs. 30 lakhs roughly — the Chief Engineer
Lower Sind Barrage suggested alternative designs of a. sinale barrage up-
stream_of the site finally adopted for the dou'.le Barrage design.

The second criticism raised against the Double Barrags design was
that it would Jead to inordimate shoaling along the right guide bank near
the entrance to _the right arm; but mode] tests have shown that this
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shoating at its8 worst, can do nofareseeable harm .and will probably:-improve
the sand-exclusxon trom the Rxaht Bank Channel

6 l 2. The posmons and desxons of the angle Barrage at other
sites than that’ selected for the Double Barrage were soon proved on the
model to be obvxously unsultabfe, mainly owing to the msuﬂ‘icwntly deve-
loped curvature at these, upper sites. - The Chief Engineer, Sind, agreed to
drop these summarily out of’ cousideration. -

. 613 The Chxef Eno-meer, ‘However, cons1derea the arguments
( mentloned m para. 611 ) m favour ofa.Smcle Barracre design to be

-design, to Jusufy detailed modul tests.

6.2. FExperiments and discussion of the résafto‘o;‘ tiz;. Singfe‘Ba}}age
- Design.-

6.2 Expenments were, therefore, earried out, in the 1/250:1/50
V -E. model, with the followmv arra.nrremenr. of spans —

8 Ieft pocket spans Crest R. L 52 0
98 barfage spans. Upstream pavement R. L. 46.0.
4 right pocket spans. Downstream cnstern R L. 37 0.

- =
-

The alignment of the left guide bank, the position of the left abut-
ment and the’ withdrawals of iliedeft ani righ% bank canals were ‘maintained
the same.as ﬁnally adopted m the Double Barrage desngn

The desjgn of j:be rlght gulde bank was as suggested by

. the Chief Engineer'viz: 4000-long with a very flat curve of:
“Fig. 6. ~ R=11000' and ending in -a 120° caryed head of R=500;:

- _This .design of the guide bank nose was expected to act as.

an attracting bank and thus improve the-adverse condi:;

.- tions for sand exclusion from-the Right-Bank Feeder. - -,

6.2.2. After running four rising and falling cycles up to Q=
5,00,000 cusecs (i.e. after deeps and shoals :were stabilised in thetodel),:
it was observed that, inspite of the low_ withdrawal of ihe nght.. Bank
Feeder anl the higher .ratio of.” Viiyer: Vp,ck,,. at the most dxfﬁcult
river stages (Q = 2,00,000 cusecs) the unfavourafﬂe oﬁtake at the end of
the wrong (convex) curvature of tBe right gulde bank coufd not manlfestfy-
be corrected by the more favourabla Viives® Vpockeg Fatio., On’” the
contrary, bed sand was vxsﬂ)ly agirated into suspénsion and sicked into fha’
Right Bank Feeder in large quanutles

vv

6 ‘The contours m fig g 76 o’bservecf after four rlsmg
ani fatlmv cycles.’ §hnaw tha  fnarked teﬂdency “of shoal
Fig. 76. forma:ions jast ia froat of tha rigit pocket and egainst
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MODEL OF LOWER SIND
BARRAGE—KOTRI.

Puoto 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.

Paoto No. 5262. Showing the contours
and remnant of the extent of shoal

against the right guide bank after run-
ping the fourth rising and falling cycle, :
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. LOWER’SIND" "B ARRAGE AT-KOTRI”(SIND) ‘89

¢ha right’ ails ’m.nk The cmsequences “of thess’ s‘xoalswﬂl be far worse
4han’tHe dountérparts in the double Barrage design: whrle'the model+'ywed
gome inprovement in exclusion after shoaling in the Double Barrage design .
‘the very reverse was ma.mfest in the model of the Sngle Barrage design,
vo’wmcv no doubt to the im prove- mént of curvature in the former a.nd the
worsenmd in the Iatter after shoalmg

6 2. 4 Figure 77 shows the lmes of ﬂow, for Q=2.00,000

cusecs, - after Tunning four rising and falling cycles.

: Fi’g;’77.f These'also clearly showed how disproportionate would be

the distribution of bed- sakd- relative- to the -discharge

: which would be shared by the extreme right end spans of

‘the Barrage. Thétipstream pacca pavement of the Fight side of thebarrage—-

as well as'the Head -Regulator af the Right Bank Féeder was seen fully

covered with bed sand owing to the concéntration of a substantial percentage

of bed charge on the:right’ side of the river -which was not observed i m
expenments w;th the Double Ba.rracre deS1gn ‘

Moreover, in no experiment carried -out with- the Double Barrave
design; -as- much -gand- was ever - collected in’ the model in- the silt: pit
downstream of the R.B.Feeder, as int experiments with the Single Barrage
desxgn

This would not only lead to shoals upstream 6f the barrage-as alréady
brought out in para 6.2.3. above but also affect the reglme of the river
d‘o@vnstream of -‘the barrage ewing’ “to " ‘thé- heavy concentratlon of
discharge ‘o thé  left -side of -the barrage Water dra.wn by the
teft barrﬁge spans; being comparatively clear of the bed sani would exther

.seriously erode the Jamshoro Bund downstream of the-barragze ani/orcarve
out & deeper channel on the left side of the rxver with increase in concen-
tration of dnscharge followmg the” sanding “of the rlght sxde of the river
dcwnstream- this progressxve deterjoration would lead to adverse condmans
downsrream, which mlght further detenorate the condmons upstrea.m B

p*y (7--: 4

6.2.5. Wlth a view to assess the attracting effect of the proposed
nose of the guxde bank expernments were carried out alternatlvely wuh
Tgrade

-FIge 17 (a; Rnght Gulde Bank as suggested by the Chief ‘Engineer
\See fig., 7).

. .and(b) Right Guide Bank alignment same-as.in (a' above up
Fig. ;_7_7._ ~ - to 4000 upstream of a barrage and then taken. stralght to
..link; up with the right bank. of the river. (Alsofig. 77}

, 1fter runnmg a nsmg and fallmg cycle for discharges .upto Q =
5.0b 000 cusecs, the velocity “distributi n was. observed as the .crogs section

* .

€000/ upstream of the barrage for Lioth thesé™ alignments.



20 ANNUAL REPORT (TECHNICAL) YEAR 1948,

Figure i8 shows the percentage of diéch_adrge and the
Fig. 78. velacity distribution along the C.S., 40J)/ upstream of the
barrage.

It will be seen from the same figure that the scour-hole at the nose of
the guide bank had a sirong attracting effect as expected by the designer.
But, inspite of this stronger attraction by the nose, no difference was obser.
7ed in sand exclusion. from the Right Bank Canal. On the other hand,
‘bis attraction had a little adverse effect on the Left Bank in that it pulled
away a percentage of flow from the left bank and thus slackned the velocities
and reduced the curvature along the left guide bank.

‘Thus, an attracting mnose, if successful would in all probability
reduce the prospects of a deep channel along the left bank—desirable
for satisfactory sand exclusion from the left. bank canals which .is difficult
inspite of the favourable curvature, because of their proportionately large
withdrawals If too effeciive, the attracting mose may pull too large a
fraction of the river across to it, necessitaiing subsequent measures to
counteract this effect. Moreover, t' e unfavouravle location of this attract-
‘ing nose, in relation to the river meanders, would cause .it to pull not:the
top water,-as-is desirable, but als) bed sand.

6.2 It was alsn observed in the Model that ejectors would not
prove useful for two good reasons:—

‘(a) The Canal offtake being on the convex (i e. inside) of the curve,
with the increased Pocket discharge following the provision of escapable
discharge for the ejectors, a demonstrably larger amount of bed sand was
drawn into the canal.

(b) The river conlirions downstream of the barrage were not satis-
factory for flushing away the ejected bed sand from the tail of ‘the super-
charged outfall channel; being on the inside (i.e. the s1lt1n<r 81de) of the curye
downstream of the Larrage, the outfall would get plugzed with accumula.ted
sand unless continuously removed by dredgers.

It is essential. therefore, to locate the canals on both banks to have
favourahle concave curvature which can be secured by mea.ns of the Double
Barrage Design.

_ 6.2.7. Inthe Double Barraae Design, owing to the concave curvature
on the right bank. assisted by the central island, not only exclusion was
satlsfactory but it was also possible to mav.ntam semi open” flow regula-
tioh - In the Single Barrage Design ‘‘semi open” flow would be
impracticable, as with it, the model showed al 1ncreased amount of bed sand
was drawn by the R B Feeder. ' S

-l g
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If * still pond” is to be rigidly observed it would necessitate raisiné
the pocket gates by another 2ft. to 3ft. over those already recommended for"
the Right Pockes of the Double Barrage Design,

- “Still pond” is only a temporary palliative and cannot be depended
upon as an all-time remedy for arresting.the excess 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 1939. Besides-
such shoaling as at Sukkur should never lLe permitted at Kotri because no-
similar '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 possible alternative for satisfactory exclusion from
the R. B. Feeder with a single lLarrage design would be to locate the off-
take at the ‘favourable curvature, some, 24 miles upstream of the barrage
But this arrangement will neither be convenient no- sa isfactory as the off-
take will be far upstream of the control and fixity of the barrage. As the
river upstream of ‘this point cannot be regarded to be equally stable, this.
alternative cannot be récommended. ‘

6.3. Other dem’erz’ts of the Single Bufrage Desiqn.-

Other disadvantages of the Smgle Barrage Deszgn Wortby of note are
as under*—

6.3.1. The Single Barrage is unnatural to tl.e site and such a distor-
tion of natural conditions must inevitabtly produce far reaching changes,
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 wculd 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 ata 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 by about 4 a mile. This presumes that the construction will be carried
in the Ring Bund by diverting a part of the river through the bye.channel.

To avoid the bridge and diversion if the construction is done in
cofferdam the difficulties will still be aggravated by the maximum scour
raused by the great restriction of waterway in the Single Barrage Design,
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" Thus, from --the point of view of the censtruction difficulties and
programme, the Double Barrage Design, worked for the Right Bank as.
discussed at Poona, is apparently the superior proposition., :

6.3.4. Owing to the loose design of the Sukkur Barrage there was
sufficient margin for the provision of an approach channel for ameliorating:*
the trouble in the right bank due to the unfavourable curvature at the off iake. !
The Kotri. Barrage design being comparatively very.tight no such improvt '
ement will be feasible at a sulsequent stage. The model showed that the -
conditions on the nght Bank - at Kotri were as bad as, if not worse than,
at Sukkur. E

4. C’onclusz on.

Permanent advantages of dependable and effici- nB excluswn of sand s
on both banks and the superior control secured in the Double Barrage
Design, with a definite saving in running costs, shonld not Le sacrificed to
the saving first cost exrecied from the Single Barrage Design. When a
proper estimate is made of lhe comparative costs the difference may not be -
as much as expected because the Sing'e. Barrage des’ gn will involve heavy. .
cutting of the ‘Keti’, stronger loose stone protections against greatest
concentrations, etc; but -considerations” of all time-efficiency mustin any
case prevail over those of additional first cost.
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APPENDIX 1

- Showing depths of sgaur below water level and values of R-calculated
for the main river, left and right arms of the river.

-r

‘The maximum scour is calculated for anmtensxty of superﬂood
discharge of 7,50, 0u0 cusecs distributed-gvef the mnnmum s:abte w;dth thus

q S5V 267 =37 = 324 cusecs/ft.

o R = 0.96320%°% = 45311

Below the-nose of'the Central Island the super ﬂoiod dfséhérrge was
distributed into two parts, 5,62,000, cusecs and 1,87,000 cusecs “in left and
right arms reSpecuvely Consegque utly, the scour in the.two arms-would also
depend upon the intensity of the réspecctve mschazge, so tha.t the depth of
scour in the left nver would be, -

_ 3
Ry= ( VXX ) B 96 = a1zt
°; 2.67

Slmllarly S

2 R
Com \/1 87,000 /3 x 96 = 28.6 ft.
T 2.61




- Tahle 8. Main river upstream

Reach BC of| Nose of the

Left ouide |Reach AB of Reach CD of| Left arm of |Right arm of
; ba%lk right guide | right guide Central the right | the Central | the Central
o bank. bank. Island. | guide bank. Island. Island.
1. H. F. L. super flood. 73.70 73.70 73.70 73.70, 73.70 73.50 7370
2. Scour factor recom- 1.25 1.50 1.0 1.75. 15Rz . 17.5R, 2R2
mwended. 3 :
3. Normal scour R (ft.) 45.30 45.30 45.30 4530 28.60 41.2 28.6
4. Adopted R (ft.) 56.60 67.95 45.30 79.30 42.90 7.20 57.%
£, R. L. of bottom of +1710  + 535 +28.40 -5.60  +30.80 +11 +16.5
scour thus recom- by
mended for adoption.
6. R. L. of deepestscour  +25.0 +12.0 . +35.0 . +10 %35.0 +10.0 +25
ohserved in the '
model. '
7. R. L. of deepest scour +5.75 + 5,75 +28.40 -16.90 '+30'8.Q, * *

proposed in the Sind
Design.

* Not worked out in Sind Des'gn.

gLV



RLDH'A‘N-L’G&’B-F-HYDRO‘E!.‘EE}T-‘RIG%‘WORKS“%(K.{)L&APUR) L

23> Investigations-in®connection with Radhanagari Hydro-electric
Works— Kolhapur. -

1 Ihtreduction.

The- scheme- costing - about two ‘crores of - rupees which is already
under way-envisages the construction-of - 115 ft. high gravity type masonry
dant across - the- Bhogawati ;river near Radhanagari village in Kholhapur
Statey for-impoanding 8,000 m. cft. of gross storage,- This storage is suffici-
ené-for generation of-5,000-K. W. continuous supply. of electric power.- The
tail race discharga of 5)) cusecs will ba available-for lift irrigation:om
the river banks downstream and wxll a,lso provide adequate water  supply
for the Kolhapur City.

Out of an estimated mazimum flood discharge of 40,000

cusecs, 75/ is proposed to be escaped through the deep

Figs 79+ seated sluice outlets, the balance being passed -over an

" emergency overflow waste weir. Five sluices, each eight

ft. wide and 18’ = 9” high, excluding four ft. radius-arch- as

the top, is expected to have a total capacity of not less than 3),u00 cusecs

with discharge coefficient of 0.6. The sluices will be provided with special

cofiverging - entrance ‘pieces* at’ the' mouth to ‘reduce 'the losses at' entry.

‘These entrance pieces will be 22’ —9"X 12’ at the dam face‘tapering:down to

the conduit size of 18'—=9"X 8’ in a distance of 9'—44"." Exact coefficient of

discharge with such a sluice entrance not being known, accurate estimation

of the discharging capacity of the sluice outlets was not poqs1b1e The

Poona Station was therefore approached for determination of discharge

coefficient of the *shiicéswhich woidld then détermine ‘the capacity“of the

eméigenoyYweir/ Besides‘these-two probléims, séveral others, such as'deter+

mination. of - thestop-level of : the:flank .walls: below - the: sluices; proteetive-

works to prevent scour due to falling jet through the:outlets, . prevention: of.
sand bars in the tail race have also to be subsequently tackled.

2+ Investigations and-results.
(i}/ Sluiceroutlets, -

The %rfgmél ptojéet’ desigh~ with' tapered gides did nof & appear to*‘be ‘
jdeal fornatiral curvéd ‘idw” entry “ conditions, . For obtaining ' maximum}-
possible coefficient for the sluice entrance consistent‘with'safety; the: extrexig
water filaments have to be made to follow the sluice entrance sides without:
causing.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 ‘ vena contracta 1ssu1ng from a sharp—edged orifice of
thesamie size ‘as the entrance section. In the present case the design on the .
above lines-was‘however not” permissible as the' permanent and temporary
sluicergates * forming: obligatory: sections have already:been ordered and
some of their parts have:actually.arrived-on site: :



94 - ANNUAE.REPORT: (TECHN wm:n‘.;‘ne.mér&

. It was still felt that a :profile.intermediate* between the

Photo idial bellmouth and straight .tapered sides, would perhaps

5398 & yield better results,s Actually the results given by experi.

Fig. 80.  ments 2 & 3 shown in fig. 80 were not satisfactory. The

pressures obtaiped : with . tliesp . profiles -were npt only

negauve but at some points below =206 ft.i..e. cavitation.pressures “wevre

'obtamed and even then the increase.in discharge was inappreciable.-” The

extra cost for providing. centring for.  curved bellgiouth .in lieu of ‘straight

tapered entrance was thus not justified.: .1t ' was therefore decided ta recoms
- mend the original design. .

In Experiment No. 2, the effect of aeration vents on discharge was
examinel. Aeration vants:were proposed to. prevent ‘cavitation. It was
found that so long ds cavitation pressures were not reached, the air vents
reduced the discharge due to interferencs: ‘With fapered sides$” negative
pressures were not recorded anywhere'and hence the provisicn of air vents
was . considered urnecessary. -

- To. determme the coefﬁment of discharge, experiments w ill-be done
in l/ 40 scale brass model :

(ii_) _' E’mergfn_cy’VW_ast_e. Weir

, The section of the emergency waste weir proposed by the pro;ecto
engmeer "had a.trapezmdal section with 6 ft. -top--and 18 ft. bottom.. This.
was suitably modified to increase the coefficient and thus reduce the” length:
of the weir- substantially.

| The mazimum coefficient of 3.98 is posstblo®with the profité prdposed™
by the Station without causing any subatmospheric pregsures: on. tlia spill-
way face. The coefficient can be still further raised. by -shaping the weir
proﬁle 0. that negative pressures dowanrto, buh not equal to or below, the .
cavitation pressures are. ca,cu.sed‘ :

~ The weir section ‘to give, fhe coéfficient of about 3,98,
suggested for adopuon was as shown in ﬁg 81. Thxs
o Flz 81, desxgn 8 eunab!e to’ pass 10,000 cusece ‘with a head of four
T feet over a lenfrth of: about 330 ft. A,fter the exact dlscha,-
. Iging ;caracity of .the .sluices is determined by models
sluices in brass, the emergency weir-design will be- finalised. - .
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RADHANAGRI HYDRO—ELECTRIC
SCHEME.

Tank for maintaining constant W. L. at
R.1..—348.00.

Sluice fitted with several piezometer
tubes in the entrance portion.

Proro No. 5398. Model set up for sluice
entrance design in connection with
Radhanagri Hydro-Electric Scheme.
Model scale 1/25.
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'36, Siphons -and gates for Bhandardara waste-weir to vaise the
. retentjon tevel,

1; Introduclzon.r |

'1.1. Lake Arthur Hill, in-the Western Ghats stores Water for the
Pravara Canals. In the year 1926, ,yv_hen__the...dam. was. completed; thes
reservoir ‘capacily was in excess of the irrigation requirements,, The
waste-weir consisted-of a 65Gf¢. 'wide ¢ut (R.L.of 'waste-weir 260 0, da. T fop
béing atR.L. 270.0) -through a kill forming the right flank cf the dam: In’
1937 a“wall - 2. 5 ft."high was built on the waste:weir, as an emergency
measure, to cope up- ‘with the increased irrigation demands. ~ To obtam stxll
greater- storage without ex coedmg hlgh flood level, thls Statlon suggest.ed the
censtrucubn ‘of *high- coefficient weir ‘() with sill’ at R L ‘965, 45, ThlS
provxded an overflowing  capacity of - 20, 000 * cusecs with 270.0- Upetream
water level, - The weir was not built as recommended but the old wall was
_increased in height to R:L. 265.7,9n 1941.

. 1.2, The Irrigation. requirements have: increased since then - and
fu;rther 1ncrease in. storage by raising the retention level to ma,xunum
possible 1. ¢ RVL. 269.0° or* 2695 is felt desu'able Thxs cannot be
achieved:by further inctease in.the height'6f the wanr as the maxtmu“m
high: flood lével R.L. -270.0: must not bé excéeded. - The a.lternanve, there-
fare,.isthe installation of gates and. syphons. _

&. Discharge Capaczty.

The catchment area of Lake Arthur is 47:sq. miles and the maximum
run-off discharge by the fan catchment formula.t

7000 A
Q= /z—7 1546000 cusecs.

. The Splllway will have to be designed-for, this maximam ag there will
be’ pracucally no flood, absorpuon due to, the: narrow, margin, between-thers
proposed retention level and hlgh ﬂood level.

8. v. Choice of Spillway: \
3.1. The following are the four alternatives.

(a) manually operated gates.
(b) fully automatic gates.
(c) sxphons

~{d) siphons and gates,

e RN LIRSty rar e

(1) Anmnﬂ“REport of work decne during 1937—38, Central 1rrigation & Hydro—
dynamic Res. Station, Poona pp. 3944,
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Altervatives (a) and (b) were too costly, considering the additional
storage oltained. Alternatives (¢c) was cheaper than (d) but did not afford the
desired flexibility of operation. A combination of siphons and gates was
therefore only consindered, The following propusal was'made by Mr.
Thomas, then Executive Engineer, Ahmednagar Division.

3.2. Comlination of siphons and gates.

This is technically a more attractive arrangement than either gates
or siphons alone as it provides a proportion of the advantages of Loth. If
gates were provided for one third of the discharge anl syphons for two-thi-
rds, the control obtainable with gates would be available and also muach 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 anl observations. TTak-
ing the capacity of siphons to be 35,000 cusecs ( about 2/3 of 51,000 cusecs ),
75 units would be required occupying 492 ft. For the gates, allowance
made for flood absorption may be omitted to enible them to be used for
priming syphous. Maximuin discharge through the gates will be 15,000
15,000

83

cusecs and it would be necessary to prov1de a total widih of at least

= 181 ft._as &3 cs /ft, is the maximum intensity over the cut. To’ allow
for a reduced rate of discharge near right bank due to receesed approach
and loss of head at gates, a total width of 205 ft. may be: provided for'gates
and piers by widening the cut by 47 ft.

Siphons 4970 ft.
Picr between syphon & gate 10.0-,,°
6 gates of 30" each~ 180.0
5 piers of 2’3" 125.0 ,,
Side pier ’ 2.0,
Total. 701.5 ft.

Owing to the concentration of dlscharge approachmg the hmlt for
the‘approach channel, thé minimum restriction” should be” placed on ‘the
flow. A sill 0.5 ft. high could however be prov1ded The gates would then
be 9.5 ft. high, It would be desirable to lower thedownstream leyvel by
1 to 2 ft.

3 E’conomw Aspect of tke Sckeme
l. Extra Storage,
Storage up to R.L.. 269.5

(Propsed sill of siphon) .. 1_1,984 ‘M. Cft.

Present storage up to sﬂl

of weir R.L. 265.7 11,342 "
642....

ey gy ”w
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:Cost of .s’phons.and gates | .
(1947 figure) . 4.78 lakhs

Value of additional storage
at 337 capitalization (Rs. 120
Par million Cft. as water chafg'e) ' 929.5

Fig. 84. -Figure $4 shows.the design of siphonand the alignment
of siphons and gates.proposed by Mr. Thomas,

5. Ezxperiments.

5.1, The investigation could:be divided into two parts;—

(i) Experlments to determlne the discharging capacity of the waste-
weir cut, lines of ﬂow and water, proﬁles with dlfferent: upstream water
levels. This data was essential for assesing avaiiable head and depriming
levels for-siphon and optimum a.hgnment of sxphons and gates,

(ii) Design of siphons and gates to pass 80 'to 83 cusecs per ft. so0 a.s
to provide a total dlschargmg capa.cltv of al, OOO cusecs

5.2. To carry out the first partof the 1nvest1gat10n ina geometrically
similar model of the whole waste-weir with as large a scale as possible was
desirable. 1/30 scale was, selected as it gave high Reynold’s Number -
( = 35,000 ) and was the biggest that could be constructed in the avallable
space 'This also provided as an opportunity forcomparmo with the previous
results of 1/30 G.S.Model.

5.3. Reproduction of roughness in model.

The waste-weir, on the whole, is very rough and the roughness varied
considerably in different parts. This-was. an all .important point and the
reliability of the expenments depended upon. correct reproduction in the
model.

To attain exact hydraulic similitude between proto-type and model
the roughness in the model would have to be reduced to get scaler rugosity
cofficient. This could .only be.done.by altering :bed roughness till
water profiles and" lines of ﬂow were ,con'ent]y repmduced in the model i.ee
8 process. of trial and error. )

- Exact reproduction of  bed ~with- any~number of cross-
" Photographs sections observed was practlcally out: of- consldera,tlon due
1295, 1296, to the extreme roughness of the bed, the undulatlons being
1300. as much as 2 ft. The following méthod was, therefore,
' adopted as the best approxxmatmn to correct representatlog

of bed conditions.

g i FS _‘f I i t- 3 Re' ‘ 1 ivi & * 3 ¢ . .‘ el
| ;,&) 6.{'I"ec:hmc:.\l kaper No. 58, Irrigation earchi Division, Governuient of B bet,
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In tha 1/3) geometrically-similar 7m6:1bl§'7sp'ot'j’levels at
1.55 ft. (=3)7) inzervalsraad faw cro3s-sections-—sse fig.
82—were reproluced. This give the meanievel of the waste
weir. }Prtuberances in - different ‘parts.of ;the waste
Fiz: 82 weir were observel in t_he proto-type. They were reprod-
' o uced in the model by sticking stone agzregate with sharp
: corners, on cement mortar bed, - The sizo of stones varied
from §"= 1.9. f. to0 3/8" =0.95ft. .In these experiments
the existing waste weir wall was omitted

~g-Upstream poition df’ the-waste-weir; whera the bed was
Photo not very rough ani was slowly unlulating with isolated
-5260.° - ‘bou[ders was Tepresentet by stic’ <ing gravel- (|/4"-3/8" dla)

"on the bed. "~ A- genera.l view of themodel is shown m
Photo"raph 52 66: -

5 4, stcharcres over the waste weir ‘were run thh water leve]s in

.......

proﬁles were observed tor each discharge

Results of erpemments.

15:1. .Dzsc]mrgv observatwns.

-.-Table; '!_- ; ;Ta'b}_e«l;.shQWS water-levels and discharges in the protos
type. Equivalent discharges are .plotted against -water
depths above mean .waste-weir Jevel .in fig. 85, shown by

Fig. 83. full line. These are surpnsmgly cldse to the’ previous
- results shown. by dotted curve. ;:The relation previously
obrained Q=608 d “¥-whers Q5 the dischitge in cusecss

14608 Tt. is the waste-weir length ‘and d-depth’ of water, was

thus confirmed. o

6:2.- -Lines of ﬂigfwf

LIl Dep%hs in’ th’é( miodel bamor-vet‘y small’ an"l mterferencé'

Fig86. 11 - die to-bed roughness was’large, 1nas-of ﬂow were-observed"
(a) & (b)  at the surface only by wo.l -thread: *Figure“85 showé
Photos . .. liges of flow for discharges equjvalent to 30,000 cusecs and

5263, | 5264 44800, cusees.- .These.showed ‘a tendency to- shift towards
& 5265 the right. this being due to sudden expansion at the l‘lght
] bankz - -
8.5 Manming's "N* in model
+-.. Manning's ‘N’ for - (_ilfferent parts. of | the -model-was assessed  from
wa‘torproﬁléﬁ“fb‘i-’ 4 4’.800 cusecs discharge ™~
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Scchons 2 5 an1 -8 were alvded mto €Wo leﬁo’chq of observation,
(lfupstream portnn whxch WaS cr)mpara:tlve y less roﬁo‘f‘and (2) the dnwn'
stream _portion. These werg (onsndered separate[y,. For section® ‘T1, 17
and 20 whlch are:; short and more uniformly rough, one value of ‘N’ is

obtalned

Water-levels upstream and: downsf,ream for each reach of observatlon
ate given in Table 2, colamn (3)- Values of Manning’s “N* are given if¥
column 11,

- It will be seen that the weir is comparatively more rough on the left
bank ani do_wnstream of the present weir. Awerage value of ‘N’ for the
whole waste-weir comes to 0.059.

7. Siphon experinments.”
7.1. Two important rejuiremsnts of the siphons were:

(i) alow priming depth. This was essential as sufficient additional
storage could only be obtain=d by increasinz 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 primino- depth less than 0.75 ft. is necessé.rfy

(i) The s1phons muqt pass 80 cusecs /ft to pass the maximum ﬂood
of 48,000 cusecs according to fan catchment formula, lna.vmcr a satlsfactory

margin of safety.

: . 7.2. The preliminary design of siphon spillway sugge-
Fig. 84. sted by Mr. Thomas, Executive Engineer had a very low
- discharge capacity. The design was modified by mcreas-

ing the depth of the barrel from 3.0 ft. to 4 5 ft

‘When experiments were “carried out wlth a 1/6th scale

. - model, it was found that the bucket provided at the end of

Fig. 8.  the siphon was not effective in sealing.the.lower lip of the

: _sxphon during priming neither the jot projected as antxclpa.

: - ted by Mr. Thomas Due to these defects the priming

depth obtained was very large viz. =25 ft. and the discharge intensity per

foot W]dLh thrcugh the siphon was only = 45.0 cusecs ( with Water level jn
reservoir = 2(00 i.e at'M.F.L. ) ‘

- In order to counter-balanf'e the reduction i in eﬁ'ectlve hea.d in the ﬁrst
deswn As thoe outlat of the siphon wasloweredas showu dotted in fig. 87, thus
1ncreasm°' the dxﬁ‘erence between the crest of the siphon and lower lip from
9.0 ft to 11. 75 ft.  In this second design though the discharge intensity: per
foot w;dth increased to 50.0 cusecs; the prlmmv depth was still large. :being

= 2.3?(:. Y discharge cosicisnt obtainad was oalv 0.Ta.
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7.3. The siphon design was then modified as-shown in -

fig. 88. Two siphons, each 1 ft. = 8.0 ft. were construct-

Fig. 88, ‘ed in 2 ft. wide channel to a scale of 1/8. Head of the

T ‘siphon was increased by cutting downstream -rovk to

R. L. 2480. The throat height was reduced to 4.0 ft.

because ‘it was observed in the previous experiments, with 4.5 ft. -high

throat, that water did n0t follow the upper curve. The downstream glacis

was given a slope of 1% instead of .15% It was anticipated tbat.with steeper

glacis water would leave the crest earlier and strike the opposite leg at .a
higher ievel thus causing early priming.
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WASTE WEIR AT BHANDARDARA

(BOMBAY) _
(Photographs were taken before H.C.
weir wall was constructed).

Proro No. 1300. Photograph showing
upstream portion of wejr on Right Bank.

Puoro No.: 1296 Photograph showmg
downstream portion of ‘weir on nght
Bank,



Puroro No. 1295. 'Photograph showing
downstream portion of weir on Left
Bank.



“PHoTOo NoO. 5266. Photograph showing
bed-roughness in 1/30 G. S. Model of
Waste-weir at Bhandardara.



Paoto No. 5265. 1/30 G. S. Model of
Waste-weir at Bhandardara discharging
6,825 Cs.

Proro No. 5263. 1/30 G. S. Model of
Waste-weir at Bhandardara discharging

36,700 Cs:



Proro No. 5264. 1/30.G. S. Model of

Waste-weir at Bhandardara discharging
52,000 Cs.



PHotro No. 5377. Conditions down- PHOTO No. 5379. Conditions of down-
stream of 1/8 scale syphons. Priming stream of 1/8 scale syphons. Priming
weir 3.92 ft. high at 20.8 ft. downstream weir 4.4 ft. high at 61.6 ft. downstream

of syphons. of syphons.
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- Priming weir (in the form of vertical planks, to b2 later properly
designed ) were tested and found to be Letter than priming buckets.

. Resulls of e.rp('nments.

8 1. Results are given in Table 3. The primmd depthy with this
design considerably improvel, being = 0.64 ft. with a priming weir 3.92 ft.
high, fixed 18.8 ft. downstreadi of the’siphon, the discharge . . was = 3599
cusecs/ft. ~"A discharge of 68.9 cusecs/ft. could ba passed with a priming
weir 4.4 ft. high at 61.6 ft; the priming depth howaver slightly - increased
o = 0.72 ft. ' |

Fig. 89. 82. As one would?_' expect, the priming weir when
(a) & (b)  placed nerrer the siphon improved the priming qualities,
and Photos but reduced the discharga by ciusinz back pressure, than
5377 & 5379 whea the weir fixad further downstream. (See Fig: 89)

). Concl uston.

- (i) Though the desizgn is sat'sfactory from the point of view of low
yriming head, irs discharge has to be increased to §0 cusecs/ft. Experiments:
\re m progress to improve the dlSChaI‘g ing capacity.

(i) It was also noted’ that to get the n=cess:u'y hea.ri rock will have
0 be cut to a depth of 10 ft. or so and in order to-reiuce the_guantity of
ock cutting, the siphons will have to be constructed nzarer the downstream
md of the waste weir than previously anticipated. Eeonomies of the propo-
als will thus have to ba carefully investigated.

Talle 1.
Depth fv;vt- D -4
y epth of watar . - T
51 Upstream - over‘was'te-w_eir DlSChal’o'e es/ft (t;iffflﬂ o
Jo' water level | (Mean waste | - casecs. f wé, . bi : Remarks.
* | in the lake. | weir sill level |[* ot .6130? welrz
O ft 26J.0) ft. 01V
1 e .U 3 = |- 4. 5 6
1. - 263.53 . 353" 6,85 112
2 26453 4.53 11,150 183
3.  365.52 5.52 16,850  ___ 276
4. 266.51 6.51 23,050 - 37.8
5. 967.53 7.53 30,000 49.3
6. 268.49 8.49 30,700 . ._60.02
7. 269.5 95 44,800 . w35




T'able 2
= ‘Depthof | R | - S N R N P
Fart of section . water at Mean Drop in | Surface slope- Average q'ft. | Velocity.in{ N (Manmngs)
Seriall Section |for which drcp |Lengthof | s &d/s | depthof | water | ££./1000 ft.- for waste | ft.sec. |
No.|* Na,. | inwater lovil | secsion. of section, | water, | level Cel. 7 1000 (  Weirn '} Col 9.1, g0 R23 Snz
ol s consldered SN B - Col. 4 Ct Col.6 _
| . T T .. | fs. o oslts, ot S
1] 2 8 4 | 5 6 T 8 |- .9 10 1n -
10824310t +40 200 08 876 144 5.33 44,800 800 84 0.055
oo ‘ .04 : 610 . '
2. v .2, +40to =135 175 2.04, 6.58 2.91 165 735 11,15 0.06 .
3. . 5 +250to+10 240 s7>3.s 8,59 147 6.12 . 855" 0.0565.
4. w 9 +10to <165 175 '57.86 684"  2.04 11.6 10.75 0.0535
5. w .8, w+‘2l() to: 0 210 386 852 . 1.08 - 73,15 8.63 0.0511
I : L , 93 . . . C
6.’ w '8 'Oto—-145: 145 ‘;28 1 6.7 .. 2.55 17.5 11.0 '0063-
. ) ‘ 43 . : o
7., 11 +120t0 =120 240 - 8.7g 69 . 294 12.2 110.65 0056
. X ) , T ’ : ‘
8. " 17 + 45 to -110 -'183 272 - 7.63 2.18 - 11.8 9.65 0.064
9. 20 +45 to - 145 0 190 843 669 348 183 110 0.063

*Dlstance u/s ngh Co-eﬁicxent of weir are marked pogmve & d/s negatxve.
(High Coefficient woir wall was not reproduced in these expenments)
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Table 3

1 v v Pt Px‘r‘in(xing; . 5 W 3
" Distancs: |:. .. water . Water | - 1 Water B , I
1" ofweir | Height | level, . | Jaga®Vol Ll DL L, dovel | Velocity | Total |
BL'{ from centre |: of ... | cauge:..| R.L.of |Priming320' u'sof | Disch- 33ft.usof3¥ us of | D'Slip | effective head ; Cocfficient
No.| " linaof . primirg '[320 ft. u/s | sill of .|depth. | siphon :| argd {. centre -| syplon. | lavel of Cul 9« ot siphon,
‘1 siphon; - weir, :| of 8iphon | siphon.: centre: | q linsof | . ~ ] siphon,’{. Col.lo== ' '
N | 3 centre : o line, ) siphon, T .. Col.ll 4
: . line, ' - ' Co ‘ -
s £, . | ] e L ft./ss0, W c -
1 2 3 4 S 6 7 8 ' 9 10 . 11 12 13 .
. 1/6 Scale Syphon Model.
Nopriming - . 2122 2695 25 210.0- 450 - 26935 0356 2605 - 9.2 041
weir but a : o ’ _ . R o
bucket. - 2.8 2695 23 270.0 547 269730 0.48 25795 ~12.0 - 0.44
.Primit;g PR - " - ‘Not
weir at’ : ‘ - obser-
36.0: - 40 ' 27042 2695 0.92 2700 ved.
' | 1/8 Scale Syphon Model
1 616, 44 20022 2605 072 -270.0- . 689 26882 095 - 2515 1827 049
% 308 392 27018 2695 0.68 2700 620 26898 ‘075 2515 1823 0.453
3. 188 392 21044 2695 054 2700 595 269.16 067.: 2515 1837 0.435
LD 352 27016 2695  0.66 27.00 6.33 268.98 0:73 - 2515 . 18260  0.462
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27 Experiments for dissipation of energy below the proposed
Vaitama dam s)illway (Bombay).

1. I ntroductz'on.

1.1. The Special Engineer Bombay Corporation requested the opinion
of the Director regarding the type of waste weir to be pravided apd the
value of coefficient of discharge to be adopted in working out the depth of
flood for passing the maximum flood discharge in connection with the
proposed Vaitarna dam, contemplated to La constructed to cope with the
lncreased damand of water supply to the city of Bombay.

1.2. Specml Engineer after considering the merits and demerits of
different types of spillways had come to the conclusion of a central

spillway with a high coefficient weir (and 20 ft. high automatic ehutters)
as t.he cheapest proposition.

‘T was pointed out by the Director that having regard to tha width of
the gorge the proposal of siphon spillways ghould be reviewed in light of
its overwhelming advantages such as automatic but dependable action, low
first and maintenance costs, simpler anl economical effective measures for
dissipation-of ‘energy inspite' of its disadvantages such as difficulty - in
raising the dam and F.S5.L.. at a later stage if found necessary and loss of
flood absorptlon capacity as compared to that availablein a broad cres,tgad
weu'.

1.3. The siphon spillways are now completely ruled out of gerious
consu]eratlon by the Special Engineer ag it would be difficult to modify the
desngn at a later stage if found necessary when the syphons were ¢onstr-
ucted. This was essential on accunt of pau :ity of data regarding discharge
observationis for sufficient number of years and hence he finally considered
that the central high coefficient weir with crest at T.FLD. (i.e. Town Hall
Datum) R.L. 55.10 should be now constructed and installation of automatic
gates postponed till the estimated maximum discharze of 92,000 cusecs is
substa.nmated by the actual measurement of the discharge over the wgir.

1.4 After discussion with the Special Engineer, it is prop,osed to
' ca.n'y eut-only the following experiments at the Research Station in conn-
ect,mn ‘with the Valtarna Scheme on behalf of the Bombay Coroporagion:—

(a) To derive effective measures for scour protection, downe
stream of the spillway.

(b) To developtheshape of the weir crest to give the maximum
coefficient of discharge with a water- depth of 20 ft. over
t};_e weir.
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(¢) To determine the pressures on the downstream profile of
- the spifllway.

(d) To ascertain the shape and size of guide walls downstream
of the spillway to localise the flow 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 apstream and downstream of the dam
is under construction. The experiments during the year were mainly
carried out in a 1/30 geometrically-similar model for devising satisfactory
measures for dissipat.ng energy below the spillways and are given below.

In view of the constractional difficulties it is considered

- economical to locate the spillways centrally for passing:
Fig. go. a discharge of 92,000 cusecs over the net length of 280 ft,
with 20 ft. depth above the sill (R.L. 515.0) Figure 90

, shows the profile of the weir as proposei by the Special
Engineer. The length of the weir viz. 280 ft. is fixed consistent with the -

existing width of the deep channel of the river, It is also proposed as

stated above to install four autcmatic gates of 70 ft. each onithe 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 jumo will take place sausfacconly the followmg two
devices were considered possible in this case:—

(a) To construct a short upward curvmg bucket o as to throw
the sheet of water sufficiently away from the toe of the

dam and thus prevent scour taking place .in the 1mmed1ate
vicinity of the dam.,

(b) To cobstruct a stilling pool by having a subsidiary weir,

As,-however, there is solid rock in the bed of the river alternative (a) |
is cons1derejl cheaper, economwal and quicker in construction,

The following experiments were carried out with Q = 92,000 cusecs
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. | ?;26.7'

Experiment II. With an upward curved bucket 6f~ radius = 6¢/
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and  height @ 5.0ft for downstream -water- levels
same as for expenment I.

- Experiment IvII Wnth bucket of radius = 80 and helght = 7.0

for downstream water levels same as for experi-
“ment L.

) The object of running the maximum discharge with low -water level-
downstresm. was to observe the depths of scour as such conditions are
hkely to occur in the nver after the installation of automatic: gates

Though there is exposed rock in the ted of the river below the walr,‘
pebbles of diameter -varying from 3/16" to ' were-used in the bed of the
model so as to compare qualitatively the efficicncy of various measures tested
in the model. For each experiment the bed was moulded toR.L. 310.0. In
all the experiments a discharge of 4.67 = 92,000 cusecs was run till scour
stabilised.. For each of the experiments the following data was collected:—

(i)

(ii) Profiles of scour downstream of spillway

Water-profile downstream of the spiillway.

(m) Photos during the run of the exper‘ments. |
Fig. o1
Photos
5274, 5256,
5271, 5209,

Results of water-proﬁle and proﬁles of scour aro plotted
in fig. 91 ( See also photos).
Resulis of the geour are given below in table l

5283 8::5284.
. Talle 1.
Expt [Fest| Discharge TDownstream |Maxzimum | Distance in
No | No| (cusecs) water level _[|scour in fr.| ft. from toe
R S - "R.L. {below R.L of the | Conditions
S .+ 3.0.0 -weir T
UL a0 . sare 227 . 2400 - }Wlthout
2. ¥2,00) 326.7 33.0 150.0 Bucket
II 1. 92,000 342.9 186 405.0 }th 5 ft,
2 92000 - 3267 33.0 9550 _ § Bucket.
IIT 1. 92,000 342.2 222 4200 i With 7 ft.
2. 92,000 326.7 35.9 302.0 Bucket

—p
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VAITARNA DAM SPILLWAY
(BOMBAY).
EXPERIMENT I WITHOUT BUCKET

(Looking upstream) Test I - " (Looking upstream) Test II.
Puoro No. 5274. Downstream water Puoro No. 5276. Downstream water
'level corresponding to 92,000 cusecs. : Jevel corresponding to 18,000 cusecs.



VAITARNA DAM SPILLWAY
(BOMBAY).
EXPERIMENT II WITH 5 FT. HIGH BU«

(Looking upstream) Test I. (Looking upstream) Test II.
Puorto. No. 5271. Downstream water Puorto No. 5269. Downstream water
level for 92,000 cusecs. level for 18,000 cusecs.



VAITARNA DAM SPILLWAY
EXPERIMENT III WITH 7 FT. HIGH
BUCKET.

)‘5 5

(Looking upstream) Test I (Looking upstream) Test II.

Proro No. 5284. Downstream water
level corresponding to 18,000 cusecs.

Pioro No. 5282. Downstream water
level corresponding to 92,000 cusecs.
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As there are no substanfial marked advantages obtainable with 7 0. ft
bucket, such as greater throw_off from the toe of the dam, lesser depth 'of
scour, effective back-roller at the toe etc.,.5.0 feet bucket was considered
more suitable.

Another 1/50 geomtrically-similar model is now const-

ructed to. see the efficiency of the bucket with - particular

N . references to the position of the standing wave under
Fig. go. “various rising and falling conditions of water levels
upstreamand downstream and to study pressure distribution

along the profile especially at the kink in 1he profile at A

—fig. 90—where the upper curve meets the downstream

:glope.

28. Torque required to move the&'Tansa autcmatic gates (Bombay)

1. Introduction.

Experiments done on the half size geometrically-similar model of the
titling type automatic gate ‘as installed at Tansa(!) revealed that for ensur-
ing the proper working of the gate according to the design, the. design
should be strictly based on the data collected on its model. Special treats
ment for each problem is necessary for prov131on of adequate acratjon
arrangement and devising suitable weir section to permis free movement
of the gate. Model experiments are therefore mdlspensﬂ)le in" any
specific case. '

General design and design practica- can however ‘be standardised to
gome extent and data necessary for this was desu'ed to be collected for
Messrs. Duncan Stratton & Co  of Bombay '

- The conluelons arrived at .from the results of the. expenmcnts made
in this connection are given in 2 (i) below.

.-(1) .Pares 153 to'165 ¢f Annuul Report (Technical) 1947 of C wW.I. & N. Kesearch
Statxon,
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- It was noticed in Experiment 2 of Series IV (described on pages 156
and 162 of - 1947 A.R. .T)) that fcr a specilic constant water level in the
lake, the position of the gate was not fixed but varied within a range. Exp-
eriments were don2 to determine the torque in foot 1bs. required to move
the gate from the lower to upper position and vice-versa bLetween these
ranges. The results of these experiments ara presented in 2 (ii) below.
~ These werv also carried out at the instance of M/3. Duncan Stratton & Co

2. Resulls 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
529~ 307 and (°- 0’ range, with two alternative upstream lake water level
viz. 42200 ie. F S.L. and 422.25i.e. HF.L.

The following conclusions were drawn from the experimental
observations:—

(1) The pressure lines and nappe profiles are not concurrent and
hence designing the counterweight on the assumption that pressure on the
gate is equal to that given by nappe profile is not quite correct.

‘The pressure line is slightly civergent from the nappe profile at upp-
er positions of the gate aud apprecially different at lower positions of
the gate.

1f therefcre the counterweightis de-ignel from nappe profiles, the
actual pressures Leing less at the lower pos.ticus, the counterweight will
become heavier and will prevent the gate from going down. 1if the couter-
weight be made lighter to allow the gate to go down, at upper positions it
will beconie lighter and will open and close it_he gate at water levels Lelow
the retention level, which is not desirable,

A compromise thus appears necessarys,

(2) TFor calculating net turning moment due. to water pressure. on
the gate, pressures above as well as ¢n the underside of the gate need to be
algebrically summed up for all inclinations of the gate, when the nappe is

T

unaerated.

2. (ii} Ex'per'im_ents were done to determine the torgue raquired to
move 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.

@7‘*”"“"’"" _,(
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FIG 92

SKETCH SHC}WKNG THE QEOPOSED:ARQM‘IGEMENT

.4,4,_'

we xsm‘ s‘"’m

&\wmem‘s 1 B 'Aab'a FoR

L1 Bhingove

SECTION. LOOKING U;’s;;z_ o |

The*arrangement.ccnsisis of a ran for lcading the > mecessary wewhts
attached to the gate by mcans of a steel wire runmng over the pulleys.

;. QObservations and results s=

m

Maximum Torque in
Wat opening of the ' fr. lbs.h , ;
-Water ate in-risin o nove the . :
level s‘i'age tr:>l;nax§.g cate t.hro:mh‘Aeratwn Remarks
closed rositicn |the range in
in the falling | column (2) |
stage. -
1 2 3 4 5
422,144 17% to 8% =10’ 89.19 Full  In order to maintain a.
' constant water level
422174 149-("to%%-30" £8.17 . upstream of the gate,
the water supply was
422250 13%to 60! 76.50 " reguired to be continuos
. . usly adjusted and Lence
422.324  8°-30"to 5° 71.20 .

results were approximate-
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29. Siphon s'nllway propesad for the !\onlsagar dam’ proiect-— Hyderabad
(Deccan), -

Intreduction.

It has been proposed to construct a dam across the
stream, Pedda Vagoo, near Mahhoolnagar in Hyd<rabad.
The catchment area of the stream at the site of the dam
is 7LY sq miles, Lut of this 502,5 sq. miles is intercepted
Appx. and the rest i.e, 206.5 sq, miles area contribute direcilyi to
' the run-off. IIyderabad P.W D. officers have estimated
the maximum probable flood discharge of the stream by
Nawab Ali Nawaz Jung Bahadur’s formula (See Appendix
I for other details of the schemej;—~

O —o M 2~blog M

Where M, area of catchment = 709 sq. mxles.

C=1700, a = 0.92 and b=1/14

This gives Quax =1,87,500 cusecs.

According to the fan catchment formula

Qumex = 7,000 ‘\/A oo (2
A = Catchment area in square miles. '
Q..,.,.. = 1,86, 390 cusecs.

01. Cons1dermg that nearly 2/3 of the catchment area does not
directly contribute to the run-off the intensity of the maximum protatle flood
discharge is likely to be less than estimated on'the Lasis of the "assumption
that the whole catchment contrilutes tothe run-off. The normal maxxmum
flood discharge according to

Q 4 050y "“ (3)
gives a discharge of Q =1,0€,500 cusecs and the probafle maxlmum ﬂood
discharge considering the: peculiar catcdlnert conditien s not_ likely to
exceed 1,60,000 cusecs, This point requires further study as it wxll result

in saving over the cost of Spﬁlway construcnon.

oy

l.O. It bas been decided to construct slphon spillways in the gorge
portion of the dam to pass the flood. Ordinary over-flow spillways are
ruted out of consideration as the length of spillway required is considerable:
The'length of the spillway is necessarily hmxted by the widih of the gorge’

whxcb is abou.t. 760 feet. -

Szphon spzllway deszgns

- (a) The ordmary saddle type siphon (L) The volute siphon developed
by Me. Ganesh Iyer were therefore consldered The Ganesh Iyer’s desxgn_
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has a better coefficient of discharge but due to necessary spacing between
two adjacent siphons, a spillway dam portion of about 1,060 feet is required,
Results of the Jog . volute.siphons - have disclosed that a priming depth
required for the desngn is nearly 1.6 ft. In the saddle type siphon design
though its coefficiens of discharge is slightly less than the volute type; the
lengch of spillway dam required is 750 féet'Cue to close spacing of the
batteries bf<*the siphons - passible in this design. : The priming depth: will
be-of the same.order-as_in_the volute design. It was declded 10 carry out
experiments with. small scale models _and test both -types to "~ eVOlve n
sultable design. The ekpenmems with saddle type siphon with a l/20 scale
geometrxca]ly-sxmllar modecl are eiven below

i 3

2.0° “"ﬁekz‘gn“bf thesaddle siphon;

- In- this, design an easy curve is provided for the inner
shell ‘of the siphon to obtam better dxschargmg capaclty A
: priming weir on the downstream of ‘the siphon is also
- Fig: o3 provided to cause sealing of the lower lip with a given
depth of flow over the 7we1r ‘and to secure earlier priming.
The lower lip of the siphon was kept 33 ft. below the crest
- of the siphon.

. Four units of siphon to:1/20 scale were constructed in the 5
feet vnde channel on the left bank of MRBC A Rehbock weir was
constructed 4) feet, downstream ‘to ;measure the .dlscharge throufrh 1he
sxphOnsL

8.0. Eaxperiments.

. In order to determine the optimum .position of the i prl'mng weir 1ts
dnstance was- varxed equlvalent to 60 feet, §0 feet . and 100 feet from the
inner vertlcal leg of the s:phon In all 1hese three posmons the c,rest of tha
weir was kept at = R.L. 13U9 O or. l5 ft. lower than the lower l}p of thé
siphon, -

3.1, Discharge Coefficients,

" Varying - discharges ‘Were “rtini in:each posilion and the

depth of water upstream over the crest of the siphon was

-~ - - noted; from these observations the coefficient of discharges

Fig. 94. : ‘were worked ‘out- as shown'in Table 1 below observedin

. ! . the model for the three positions. "Figure 94 shows ' D:Q
and D:C curves for each siphon,
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Table 1

¢ Dis:harge given sn the T'able 13 for 4 siphon units)

Weir 3 ft. D/S | Weir 4 ft. D/S | Weir 5 ft. D/S
D = 6 ft, = 80 ft. = 100 ft.

. Sr- Dep'l:lu/s —— -
No.] over crest of Dischar | Coeffi- |Dischar-| Coeffi- |Discha.-{ Coeffi-

siphon in'ft. ge Qin | cient Jge Qin| cient |ge Qin| cient
cusecs. C cusecs. | ©C cusecs.| C

N 3 4 5
1. 0.0125 = 0.25 4.800 0.917 4976 0.539 5.184 0561
2, 0020 = 050 7 ‘4.845 0.521 5.920 0542 5.223 0.563
3, 0050 = 100 4942 0528 5114 0.547 5309 0567
4, 0075 = 150 5.043 0.535.- -5.207 0.553 9.392 0571
5. = 2.00 9.140 0.541 5.300 - 0.559 5.473 0.575

0.100

Thus with weirs = 80’ from the siphon, the discharge of each siphon |
with' upstream depth equivalent to 2.0 feet over:the crest of siphon would be
2.370 susecs. The low coeffi~ients of discharge in these experiments are due
to the relatively high crest of the priming weirs downstream. The crest
was only 195 ft. lower than the lower lip of the siphon and may have caused

back pressure,

3.2. On comparing the coefficients of discharges at the three positions
it is seen that the discharge coefficient increased as the weir was moved
downstream. Thisis according to what one would expect, but beyond a
certain optimum distance downtream, though the coefficient may improve,
thespriming qualities would be affected; this is because due to bigger contents’
of the cistern, with a given rate of rise in the reservoir water level, the timée
required to fill the cistern would exceed the period required for the water
level in the reservoir to rise to the priming level.

€.2. Priming deptiis. _

The depth of water upstream over crest of siphon was observed with
the three positions of the weir; in all cases the depth was observed to be the
same, It was eguivalent to 2.78 feet. It i3 an established fact that the
priming depth in small scale model is relatively higher than in the prototype
and to estimate the depth of priming in the full scales siphons, priming
depths with at least three different scale models should be observed,
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FIG.94
KOILSAGAR SIPHON SPILLWAY EXPERIMENTS.

- MODEL SCALE If20
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APPENDIX ‘A’

A4

Principal features of Koilsagar Project, Hyderabad ( Deccan .

LCatchment area
- (206.5 sq. miles free & 502.5
8q. miles intercepted).

Average monsoon rainfall

Nature of catchment

Yield per square mile

Total yield.

Fall of river bed above the reservoir
H.F.L.f the stream at the dam
F.R.L. proposed

M.W.L,

T.B.L.

Sill of sluices

Capacity of reservoir at F.R,L.
Capacity of reservoir at sill

Net capacity of reservoir at F.R.L.
Length of composite dam

Mazimum height of reservoir above the
pond level.

‘Maximum height of reservoir above the

river bed ,
Estimated maximum flood discharge
Lowest rock level in the river at dam
Sound rock level :

709.0 sq. miles.
24.0 inches
Average
8.15M.cft.
2705.0 M. cft.
10.45 ft. /mile

. 1308.0

(1 1]

1343.5

1345.5

1351.5

1317.0

1766.71 M. cft.
174.0 M. cft,
1592,71 M, cft.
2600 feet.

63.5 ft.

59 ft.

1,87,309 cusecs
R.L. 12785
R.L. 1270
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30° The proposa¥rajsiny of the waste weir level of the tank .
- at Kalyanipura Village (Ajmer)

The Kalyanipura tank has a- catchment area of 2.2. sq,
miles, The crost level of the presant waste waeir ( length
" Fig.95°  98'fest) is at R.L. 100.0° with M.f.L.. R.L. 102.75. It
is proposed to raise the F.S5.L. by one foot by raising the
crest of the waste weir to R.L. 101.0. ' -

The Executive Engineer, Ajmer, required to know thei mcrease in th;e
spillway length so that the present M.F.L. is not excesded even ‘afér the
ra.lsmo' of the crest of the welr.

i : £

Probable maxzmumﬂood dzscharqe at Kalyanzpwa Tank,

As the size of the catchment is small—only 2.2 sq. miles ~the chances
of the probable mazximum “flood discharge occuring in the catchment are
very remote. In the absenca of records of unptracadernied floods~in this
locality, well- estdbhshed empenca.l fromulae ‘were usad to esnma.te its
.’value. EARE : o

: ( 1.) Dicken’s formula
Qmsx = CM 3/4 ' o

M = Catchment area in sq. miles

C=coeﬂic1ent depends. on the 'catchment characteristics;

averao'e value g’nera.lly adopted is 825, with C =823,
Q..., = 1490 cusecs.

If, however, the value of C is taken .as 1630 as. suggested for very small
catchments; T ! :

" Qumax= 1600 (2.2 )3/ ¢ —2890 cusecs.
(") Fan catchment formula

. The fan ea.tchment formula developed at this Station and later modified . to
cover ‘maximum;run-offs. obz erved in small catchments has been ¢hecked in
‘many cases,” The maxxmum probable discharge is glven by
7000 A
Qﬂﬁ:
VA + 4
where A = area of the catchment in 8q. miles. Maximum dischagge accord- -
ing to thls formula is 5184 cusecs. A provision to pass this extraordinary
flood ‘discharge.that'may probably occur at extremely .long intervals swill
require -a’_much* longer : spillway ' dnd. appears.unnecessary. .. However,
;arrangement to pass-the:probable nérmal maximum flood discharge which
would oceur ot morefrequent intervals will have to-be made.
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. The.normal maximum dischargs is given by
4000 A =
vVA+4

Maximum flood discharge which could be passed wi't_h the existing wesr

Qmax = = 3534 cusacs,

The inflow at the tank could be worked out from the outflow over the
waste weir and the capacity of the Tank bLeatween 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=CL a2 L = 98 feet and assuming
' C = 330; with depth of water
upstream of 2.79 feet,

Qmax =33 X 98 X ( 2.75)3/ 2 5 1474 cusecs.

Due to absorption capacity "of the tank of 9.71 M. cft. 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 durations, ¢an be accom-

modated in the tank. The permissible duration of any such flood is, however

limited by the fixed total capacity of the Tank and.decreases with increase
in the magnitude of the flood.

" The probable duration of the maximum flood discharge varies with
the size of the catchment and for Kalyanipura Tank this period accerding to
Gurtu’s formula:

=07V A + 4

is 1.75 hours. With this durahon the maximum inflow which can be passed
through the Tank without exceedma the M.F.L. is computed to be 2200,
cusecs (see Appendix I for calculations).:If the duration of the probable
maximum flood is smaller,an inflow of corresponding higher intensity
‘counld be accommdated in the Tank; thus if the flood lasts for 1 hour the
‘maximam inflow which can be passed will bo be 3400 cusecs. Since the
existing spillway has only an effective capacity cf 300 cusecs, itis
presumed that the new spillway is required to  pass only “normal’’ discharge
ie. 3534 cusecs. B

"Phe Design of hinh ccefficient weir,

The L. Section of the existing wair is: shown in fig. 93.

Fig ¢5. The top of the weir is level, with length in the direction of
. flow of 3.0 feet. The height of the weir above the upstream
bed lpvel is 2.25 feat. Under frea.flow: coaditicns down
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stream of the weir, the coefficient of discharge will not exceed 3.3 (with
M.I.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 be
175

3.5 OF 0.54 and a higher coefficient is not likely to be attained.

The present weir crest may be modified as shown in
Fig. o0, fig. 96. (The exact profile will have to be obtained by modi-
fications to give best results onmodels). The coefficient of
this profile for designing may be assumed a$ equal to 4. 0
- Length of Spillway required after raising the crest. 2
With F.S,L. raised by 1 foot and H.F.L, same as before the a.bsorp-
tion capacity of the tank between F.S,L., and H,F.L. will be reduced from
9.71 m. cft. to 7.01 m. cft. and it is safer to inake a provision to pass the ful.
maximum inflow over the waste weir viz. 3500 cusecs. The length of
weir requlred to pass this discharge is given by =

L=—Q o 300 = 380 feot.
T el3? T 40 x(3.75)3/2

Existing length = 98 feet.
i.e. additional weir length required is 282 feet.

This will still not pass the catastrophic super-flood of 5,184 cusecsl
but this risk may be taken as such floods are very rare ani may be of a
very short duration. :

APPENDIX I: Computations to determine the time required fér‘
the Water Level in the Tank to rise from F.S. L'
to M.F. L. R.L. 102.75 with inflow of 2200 cusecs.

, Average [Perlod to fill
Range of W.L. - |Average| rate of | the storage
in the tank | Storage | outflow absorption| capacity
(sill of weir in jover the| inthe | within the
at R.L. 100.0) | m.cft, spillway| tank in range in
cusecs. | cusecs. - col.l
minutes. .
1 o 2 3 4 L 1 6
1. 100 to 100.5 .10 - 38 2162 848 The water
2. 100.5t0 101.0  1.59 197 2003 13.2 level in the
3. 101.0to 1015 179 425 1775 16.81 tank is ase
4. 1015 to 102.0 2.02 703 1497 2249 ° sumed at
5. 102.0 to 102.5 2.10 1025 1175 29.79 F.S.L. R.L.
6. 102.5 to 102.75 1.10 1292 908 20.19 100,9 at the

start of ﬂood.

- 110.99
Total period of inflow= 1 hour and 51 minutes.
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3L Remodelling of the Dimna Nala Overflow Spillway, Jamshedpur
! ' Water Supply Scheme

0.0 Introduction

~ When Mr. K.K. Framji late Director, Central Waterways Irnvatuon
& Navigation Research Station, visited the Dimna Nala reservoir in May
1947, he observed, in progress the reconstruction of the R. C. C. bed slab
above the cushion wall of the main spillway, which had been damaged
during heavy rains of the proceding year; he 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, suggested that, if the case is referred to the
Station, it would be possible to suggest a more efficient profile (i.e. one
which would give a higher discharging capacity for the same flood level.
and better energy dissipation measures, the latter if, on a study of the case,
it is found that the damage to the bed slab was a result of excessive dynamlc
actlon of the surface flow.

0.1. Later, Mr. Aga, the Chief Town Engineer, furnished all the
data that had been asked for by the Director and suggested that, sitnultane-
ously, the questions (a) of fixinz the crest level of the main escape, prefe-
rably in combination with as Jow automatic gates as were necessary and
desirable, with a view to increase the storage capacity of the reservoir, and
(b) of .the maximum flood intensity which must be surplussed through
the main and emergency escape3d, should be reconsidered. Mr. Aga, there-
fore, desired that the profile of the main escape proposed by the Station
should be for the revised crest level of the spillway which would permit
increased storage, anl at the same time, in combination with the emerge-
ncy escape and the flood absorption capacity of the reservoir, dispose of
estlma.fed maximum 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 recapitulate some of the more important data of the
existing Scheme which affect the proposals mentioned above,

(i) Earth Dam

Top level of the dam = RUL. 538.00
Top of hearting = R.L. §35.00
Top of masonry core wall
ie. safe H.F.L. = R.L. 533.00
Proesent F.S.L. = R.L. 524.00"
" Proposed F.S.L. = R.L. 527 to R.L. 530

(¢i) . Main Escape.
Length of main escape 167 feet.
Existing crest level R.L. 524.00
Ultimate crest level
(Proposed by Mr, Muzumdar) = R.L. 522.00 (with 8 feet
S - ' I high gates).

“‘
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DIMNA NALA OVERFLOW SPILLWAY (FASHEDPUR) 1 9 ¢

(i33) - E'mergencyEscape.

600 feet..
R.L. 530

Length of escape (aggregate)
Existing top of cuts.

Ultimate top of cuts (in = = o .
Mr. Muzumdar's final proposal) = -R.L. 529

bl

(iv) Reservoir

Catchment area intercepted

by Dam. 36 square miles.

o

- Dead storage capacity 53 m. cft.
Gross storage capacity at — |
R.L. 524 : = 938 m.cft.
R.L. 525 = 990 ,,
R.L. 526 = 1042 ,,
R.L. 527 = 1094 ,,
R,L. 228 = 1150 ,,
R.I1. 529 =- 1208 ,, -
- R.L. 530 = 1267 ., .

| Terms of Reference.

The Station has assumed the followmo' igsues as the terms of

ref erence :—

I

What should be the optimum F.S. L —_ between R.L. 527 and RL, 530
— upto which storage is practicable having regard to the existing
need for the increased storage as well as to the supphes hkely to be

) “available ?

IL

What is the best estimate of the maximum catatrophic flood (i.e:'supet.

. ﬂood) likely to occur in the Dlmna Nala basm ?

1L

What should be the rev1°.ed crest level (Wlth or Wlthout'automatlo

-gates) of the Main and Emergency Spillways which will permit both—

(a) increased storage, as under I ; and

(b) the dlsposal of the super-flood discharge ( vide 11) allowmg
¢ for the combined capacity of the two-spillway — the Main Spill-
- way having an improved high coefficient profile. =~_and the
- absorption capacity of the reservoir between the proposed 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)

. IV What measures can be suggested for the optimum dlssmatlon

of energy of flow over the Main Spillway and the reduoglonm ff
damage to its floor ?
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In answering these issues, it has been presupposed that even in 1944
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 likelihood of the Management,
reopening the question now when the difference in cost will be more and a
weir spillway has been already constructed, whatever ba the merits of the
Siphon on other grounds.

3. Issue No. 1: determination of the optimum storage Jevel

3.1. Estimated mean monsoon rainfall & corresponding run-off.

3.1.1, In his note dated 17-2-44 on *'the Design of surplus arrangement,
‘for the Dimna Nala Water Supply Scheme*’, Me. S. C. Muzumdar, at that
time, Special Engineer, has -analysed the long-period rainfall data of four
rain-gauge stations near the catchment (Chaibasa and Ranchi 53 years
Purulia 44 years and Jamshedpur 35 years )y for the period preceeding 1943.
The rainfall data of the catchment basin of the Dimna Reservoir were
available for only 8 years (1936~13) and so he has estimated the long-period
monsoon {(June to October) rainfall for the catchment from the ratio of
long-period to short pericd rainfall, particularly from that
o - for the nearest Station (Jamshedpur). Table 1 shows the
Table 1. mean, maximum and minimum monsoon rainfall for the
five stations considered to Mr. Muzumdar’s note aud the

‘ratio of the long-period mean to the short-period mean.

_ 3.1.2. Assuming that this ratio of 0.9 obtained for Jamshedpur 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 lonz period the probability of the occurrence of rain.
fall in the Dimna Catchment may be taken to be similar to that at Jamshed-
‘pur, which is only 7 miles from the centre of the catchment and, therefore
on the same analogy, the probability of occurrence of the rainfall (more or
less t.han the long period mean by the same percentage ) will be the same in

S .the Dimna Catchment as at Jamshedpur. A probalility
~_ curve of rainfall at Jamshedpur is plotted in fig. 97. Since

Fig. 97. the long-period mean fall at Jamshedpur has a probability

of 46/, it may Dle taken that estimated mean monsoon

rainfall of 50 inches in the Catchment will have a probabi-
lity of 46/; and the probability of a rainfall of 49.7 inches in the Dimna
Catchment - which is 27 less the mean fall~ will be 507, because a rainfall
- 2/, less than the mean at Jamshedpur, i. e. 43.9”, has a probability of 507,

(1) See A.R.(T) for 1940-41; 1941-42 1942-43. . .
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i.e a frequency of 1in2 years. It will be seen later-

o L vide Table 3 in para 3.2.2 — that a mean monsoon rainfall
Table 3. on 4).7” in the Dimna Catchment is required to produced |
the yield necessary'to fill the Storage to R.L. 529.0, thus

confirming the expectation of supplies being sufficient to
fill the stroage up to R.L. 529 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 has-
attempted to obtain the corresponding monsoon yiled by plotting along side
a graph representing the relation between the monsoon rainfill and the-
yield as givenin Stranze’s tahle. This is because Mr.Muzumbar had only four
years data (i, e. for 1937, 1939, 1941 and 1943) which he correctly cosidered,
énsufficient to establish an independent relations between seasonal rainfall
and yield. Data of run-off and rainfall upto 1947 are now available and an
. independent regression line can be fitted by the methods of
Statistics. This hasbeen done in fig. 98 in which the curves
Fig. 08. 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=00116 ( Rainfall 20289
WIth a hlgh correlation ratlo of 0.813. The fit is also good,

In this connection, it is pertinent to point out that, for the years
1936-40 when the run-off was measured at a point in the stream where the

catchment area is 40 square mlles, Mr. Muzumdar had .deducted 10 from
the actual run-off figures (assuming run-off proportional toarea) to obtain
run-off corresponding to 36 square miles (when the subsequent run-off is
measured being appropriate to the Reservoir); since there is data available
to substantiate that run-off is proportional to +/A. (not to A); the appropriate
deduction would be

@‘—"__)’% = 5.147.
Y40
This deduction is made in Table 2 showing the seasona
rainfall and corresponding yield data observed for the
Table 2. years 1936 to 1947 and fig. 98 is the plot of the yield in
Fig ¢8. 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 mill.
ion cubic feet/square mile (according to the Statistical correlation)and so
the total yieid intercepted by the dam would be 36X 32.48=1,169 miliion
cubic feet, against only 802 millon cubic feaet estimated by Mr. Muzumday,
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32. -Required Storage capacity and F S.L. of the Reservoir .

Deductmc dead storage of 53 million cubic feet Lelow level of outlet
sluices, the live storage capacity, corresponding to take levels of R.L. 529
and R.L. 530 are 1,153 and 1,214 miliion cubic feet, respectively.

3.2.2. Thus, storage to R.L. 529 (= 1,153 million c. ft.) ‘can be wholly
filled with the yield corresponding to the mean monsoon ramfall (viz. 1,169
millioa c. ft.), which has a frequency of about once in 2 years. Even in
the remaining 45 years out of 190, by fixing the F. S. L. above R. L. 527

additional storage will be available, and the extra cost involved will be fully
Jusuhable

.~ 323. The actual figures of yield are available for recent years 1939
to 1947 (excepting 1941 and 1942). These years aure 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 period of 12 years. than the
exlstmg tank —_—

Net . -Net - <+ ---- - Frequency with
FS.L. Capacity Capacity which obtained
(M. Cft.) " per'sq. mile. (From Table 2).

M. Cfi/Sq. ml,

527 1,941 28.91 8in 12

529 ° 1,155 - 32.08 7in 12

530 1,214 : 33.7 6in 12

Note:  In working out these frequencies it has been assumed, for
' the years 1941 and 19i2 for which run-off data are not avail-
able, that the tank would have filled upto R.L. 527 in both
these years, but only in one year for tank Ievel upto R,L. 529
Table 3. or R.L. 530, even though the rainfall in both -these years is
so much more than the normal rainfall required to fill the
- tanks upto these levels, (vide Table 3).

These frequencies also show that the probability of the
overflowing in a long period of years, as given in Table 3

" ig reasonable. ' :

3.2.4. To fix the storage capacity of the reservoir Mr. Muzumdar

-hag prepared a Table showing rainfall necessary in the catchment to fill the

“tank to various storage capacities, as fixed by the sill level of the spillway

radopted. Table No. 3is prepared on analogous lines except that instead of
.the gross-storage, the net storage - (excluding the dead storage Lelow oatlat
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sluices) hds 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 will matter.

3.2.5, With sill at R.L. 529 and 530, respectively, the percentaga
probability of filling are 507 and 427 (1 in 2 and 1 in 2} years)as compared
to Mr. Muzumdar's figures 14.87 and 16.67 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 .criterion, therefore, the
F.S.L. of the reservoir should be fixed at about R.L. 529 or R.L. 530,

3.2.6. Considerations of satisfactory routing of abnormal flonds by
partlal absorption.inthe reservoir in the conditions obtaining in the Dimna,
however,require the F.S.L. to be not higher than ‘R L..529 ~for.reasons to'be
explained in para 5. Moreover, with storage up to R.L. 529, it is possible to
two store year's requirements; even assuming the usual allowance of 1/6th
for evaporation (although Mr. *Muzumdar has stated in para+14 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 the
ultimate consumption of 10 million gallons per day for 300 days, as esuma.-
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.

40 " Issue No. 11I.

The best estamate of the maximum catastrophzc ﬂood lzkely to occur tn
Dimna Nala Basin.

4.1.1, In making provision to pass the maximum flood discharge for
designing the spillway, it is necessary to make a close estimdte of tbe
marimum rate of inflow in the reservoir with a certain degree of exactitude.
In rare cases, however, sufficiently long data necessary to estimate the
highest-ever discharges, ona rational basis, are available and, generally
empirical formulse are employed to ascertain the maximum possible flood
from the catchment area. These formulee are of the exponential form—

Q=0A"
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 theu' accuracy and apphcatlon
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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derived; and rcay lead to an under — or — over-estimation of the maximum
flood discharge 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, butthe bulk of the obtainable

data tends to support the latest practice, of an index of 0.5, as evinced by
the Station fan-catchment formula—

—
[ S———

VA+4

4.1.3. This formula was evolved at the Station from data collected
from all over Inlia which covers a very wide range, and moderated to apply
tavery small catchments. It is to be noted that thelequationls nof the
statistical average line fitting the data but the outside envelope line which
thus gives weight to the points giving maximum discharge for given areas.
(The statistical average line gives normal flood discharge about 4/7th this
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
duration of the maximum 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 of rainfall of
maximum intensity. In the present case, the area of catchment is only 36
square miles and therefore, nc allowance for shaps need be made.

4.1,5. According to the fan catchment formula, the maximum likely
discharge from the Dimna Nala basin would be—

7.1000X 36

——"— = 39,840 cusecs.
V3ie+4

4.2.1, For the other methods it is necessary to know the hourly
rainfall intensity and run-off, the former requiring an automatic rain-
gauge which is seldom, however, available; because a correlation between

rainfall are only possible when these hourly intensity figures of rainfall
and additions to storage during high floods are obtainable.

4.2.2. Ttis an established fact, however, that the rate of precipita-
tion and the period over which it occurs vary inversely and thatthe 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 observed daily rainfall figures, data of
which are available for the Dimna catchment,

423. The maximum daily rainfall observed in the
Dimna Catchment during the last 10 years is 7.9¢4". In fig,
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o 99 are plotted observed run-off against the daily rainfall
Fig. 99. for high values of run-off. Scatter is inevitable and must
be expected because of the variation inthe intensity 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 only

in the envelope in which we are interested. The line

enveloping the point may be taken to represent fairly

Tablz ¢ the run-off of normal floods that might be expected corr®

& 4A. esponding to the given rainfall figuresin 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 reusons 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 24 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 comgpara-
tive short period of 10 years, it would be wiser to expect amaximum rainfall
of 12.5” for 24 hours (i.e. 257, in excess of the maximum rainfall actually

observed), panicularly in view of the area being subject to
Fiz. 99. cload-bursts. From fig. 99, this will give an average run-uff
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 shownin column 8 of Table 4 and applying hlghest ratio
of 3.366 observed in 1940 the peak discharge would be—

Quax =13,000%3.366=43,760 cusecs.

4.3. Mazimum flood discharge based on rainfall ¢ntensities over shortcr
duration.

4.3.1. For finding out the rainfall intensity over shorts

‘periods from the average maximum rainfall data for 24

hours the ratios given by Mr. Cochrane{}) have been used.

Table 5. Table No. 5 is, accordingly, prepared showing the inten-

(1) *‘ Flood run-off from small areas ™ by Victor [I. Coohrana, Envlneerm"f News Record
Vol. 119, (1937).
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sities of rainfall of various durations arising from an

Fig. 100,
Table 5.

change of arca w
spillway.

average rainfall of 19}" during 24 hours.

43.2. 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 caich-
ment, to reach the reservoir. Fig. 100 shows the Dimna
Catchment. Table 5 is required to showing increment of
areas contributing to the run off corresponding to incre-
ment in the distance from the reservoir (spillway) for the
Dimna catchment. In fig. 101, these increments in areas
are plotted against the mean distance of the zone consi-
dered from the spillway. It will be seen that the rate of
ith the distance drops for areas Leyond 5 miles from the
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4.3.3. In the Dimna catchment, however, maximum inflow is expa-
cted to occur when the duration of rainfall equal the time required for flow
to cover a distance of 5 miles. Itis difficult to assess the correct value of
the average velocity of flow over, this distance .in the absence 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 and the modifications due to absorption in bank over-
flow ; beinz in a rather steep area the assumpsion of 4 feet per second is
cousidarel raasonable) With this velocity of flow, the periol ‘of concen-
tration from a 5 mile 2313 woud b3 1. 833 hours anl for the flow from

the farthest part of the scatchment to reach “the splllway would be 2.38
hours.

4.3.4. Referring to Table No. 6, corr_esponding to a rainfall of 1.257
in 24 hours, the intensity of rainfall per hour for a rainfall of 1.83 hours
duration is 3.5) inches, and the maximum run.off per square mile with this
intensity is given according to formula. (Cochrane).

q=645XCx0.69XI ( I=intensity of rainfall of 5.208°
. , for a rainfall having one hour’s
=645%XCX%X359 - ~durativn correspondlng to rain-

. fall of 12.5" in 24 hours ).

- Cis the rainfall to run-off coefficient of the catchment; at Dimna, a
coefficient of 55/ was experienced ( generally for August; as in latter penod
the ratio increases due to recuperation) and

q=645%.55%X3.59=1,270 cusecs/square miles as the area of the zone
considered, which only contributes to the maximum run-off is 907, of the
total, i. e. about 32.4 square miles. The maximum run-off that may be
expected is— : | S '

Qumax = 1,270X32.4=41,150 cusecs.

4.3.5. - This fiigure has, admittedly, tbeen on an assumed velocity
of flow in the catchment of 4 ft./sec., and the actual magnitude depends
upon the correctress of this assumption. However, if the velocity were
3.5 ft./sec. or 4.5 ft./sec. the maximum flood, calculated in the same way,
Would be 37, 300 and 45,200 cusecs respectlvely.

4.4. Thus, there is rational coroboratlon to a remarkably close
degree, of the estimate of the maximum flood discharge as obtained by the
Station fan-catchment formula, the figures for the maximum flood according
to the two other rational methods being 43,700 cusecs and 41,150 cusecs as
against the estimate of 39 ,340 accordmg to. the StatLon .fan-catchment
formula.

, It is accordingly, the Director’s view that a maximum prohable flood
discharge of 40, 000 cusecs is the best estimate that can be made from ‘the
available data.
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4.5. Duration of Flood.

The duration of peak flood of 4} hours was suggested by the Station
based on Gurtu’s formula T (in hours)=07 YA +4. This formula has not
the authority or general acceptance based on verification from extensive
data and the 41§ hours figure need not, therefore, be.rigidly enforced in
design.

5.0. Issue No.IlI.—Revised crest levels (with or without automatic gates)
required for flood routing in the Dimna Reservoir.

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. . the ratio of length of

Pnotoes weir crest to depth of flow is 1.67. Under these condi-

5396 & 5305 tions, the coefficient of discharge in the usual broad-cres-
ted weir formula—

Q=CBDM
would at the most, be 3.20; against 3.09 for a broad crested weir ; the coe-
ficient of 3.3, as ~assumed by Mr. Muzumdar, is tbus evidently high for
depths of flow smaller than 6 to 7 feet.

5.1.2. -1t has been proposed to raise the F.S.L. in the reservoir to
gome level between R. L. 927 and 530 by either installing automatic gates
over the present crest or by partly raising the spillway and partly by prov-
iding gates. In recent éxperiments at this Station with half scale model of
the Tansa weir with over-shot gates the coefficient was found to be 3.16 for
a depth of flow of 1.8 feet and length of gate 1.88 feet. A coefficient of 3 2
may be, therefore, reasonably assumed for the Dimna Nala prototype, if
the profile of the 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 high coefficient profile by suitably modifying
tho 'erest anl lowering the' upstream bed down to R.L. 518 for a
sufficient length upstream, the coefficient could possibly be improved to
4,50 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.
522 (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 4.0. 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 theflood under the existing-conditions, (with crest
at 2.L. 524 and F.S.L. at R.L. 527) tho maximum discharging capaclty
will be given by



DIMNA NALLA WATER SUPPLY
SCHEME-—JAMSHEDPUR.

Puoto No. 5396. Showing crest of the
existing main spillway.

Paoto No. 5395. Showing the main
spillway and downstream cistern and
baffle-Photo looking upstream.
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Q=3.2%X150X D! )
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 noted, has
been assumed).

With a high coofficient weir with crest at R.L, 524 and radial gates,
the discharge over the weir would be given by

Q=45x150x D13 )

i.e. with initial reservoir level of R.L. 527 and maximum flood level of R.L
533 the main spillway would discharge 18,225 cusecs.
With the modified spillway crest at R.L. 522 the dlscharglnv capaclty

would be Q=4.0X150xD 1°

=21,892 cs. {3
5.9. The emergency spillway.

' 52.1, The emergency spillway consists 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 an open cut with
lenzth 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 discharge intensity per foot width, q, as given
by Strange in the Standard book “Indian Storage Reservoirs”. The dischar-

ge to depth relationship obtained from Strange’s figure can be represented
by the exponential formula:

q=2.38 p180% | @

where D is the upstream depth over sill.

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 transis
from the upstream to the downstream end 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 Dimna Reservoir.

5.2.2. Results of Bhandardara Open Spillway experiments,

Experiments (!) with 1/10 scale model of the Bhandardara Spillway
(Bombay) were carried out at Poona Research Station to determine:its dige
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charging capacity and to evolve a suitable profile for a high coefficient weir.
The spillway had 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 extremely uneven. The roughness at site was reprodu-
ced to scale in the model as closely as possible. The discharge to depth
relationship obtained for the prototypa (i. . after making due .allowance in
the model results for the scale effect) was

q=077 D 109, : (5)

Fig. 102 shows the water profiles obtained inthe 1/10
Fig. 102. scale model. At the Dimna emergency spillway the bed
Photo 53094. of the cut is, comparatively, lessirregular and the spillway

has a relatively lesser length of crest in the line of flow.

- The discharging capacity for the Dimna conditions will therefore be
gomewhat more than that given by the relationsibp obtained from the
Bhandardara experlments ~vide (5.2.2.) ~

' 5.2.3 Tho discharge over the Dimna Reservonr Spill-
Fig 103.  way can "be worked out by making reasonable assumptions
a8 shown below (fig. 103.)

m— ' . 9. :
o FIG.102 ° . C.WLEMASTN. Poona

The sketch above shows the L-Section of the spillway and water
‘profile for an upstream depth D over the sill. If the slope of the bed
immediately below A (in the sketch) is more than sufficient to compensate
“for frictional and other losses {i.,e. more than the critical slope), the depth
- of flow at A would e critical; but in the present case the bed is nearly flat

for a length of 350 feet and only thereafter i.e. from B, onwards, it begins
“to slope dowistream, hence the depth of flow 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 where, theoretically
K =2/3 for maximum discharge anl is indepsndent of bed roughness.

~ (lAnnua] Report (I‘ech) of the Indian Waterways Experiment Station for the yea_
o n37-38 . L. .. . . i - - e e .



Fls. 102

WATER PROFILES IN SECTION A A
FOR VARIOUS DISCGHARGES IN
1/10TH SCALE PART WIDTH MODEL OF
WASTE WEIR OF LAKE ARTHUR HILL (WILSON DAM)

AT BHANDARDARA

NO. 7128

C W I-NR.STN. POOMNA

’” 4
HOR =14
"—‘-—-I
SCALE -y e 1 -04
0 2 4 6 8 0 12 14 16 8 20 ak 24 26 26 30
' T T T
4 l
D,=0.978. Q= 11-67 | CUSECS
& D=1.031 OR| /=2 334 [ CUSECS \\ T T R
2 .
D, =026 0=-8-826
0= 0.869 WBRq =725 r— \/\/‘\_,__\
e \_/" —————— AT
. \\/ \
D;=0.653 4 _[8=5%57 T ——— K "’\\-
& D=0.70¢ R =1-167 \ K————-\—_—\__/——g,_-—\\ |_— 66
L — o \
\/‘5 —— X \
e
D]=0.425 0=-2-6227 L \/\—
D:O.'47d OR. ¢/'=0-528 \ ] \
of N
[4 o ——
: | : — ] \
,IE % \
£ E ~N
H F
o 51| BED 0-0| (= 2437.63 PROTPTYPE) /8
5 EH [ et B e A \\/A\\/ b,
o DEPTH OF APPROALCH
z GHANNEL. [I-BFT. BELOW - M/ \-/
u '
e f
: ) L=5 36 5 s A y} -
v Ve ISECTION |1 SECTION| 2 SECITION 3 SECTION 4
o
3 Ll /N\ / |
CAA)
) e / /
0"
Ay )
¥ 1%
@ g0
\,»"‘0»(‘*’ 1
05 A\ac\‘ WO » 1
5% “’—‘
VORI,
*__‘——_——-
a4 l | i
.5 1-0 5 20

IRK K @2-1-49

G.PZ.P POOUAYDAS.




DIMNA NALLA WATER SUPPLY SCHEME—JAMSHEDPUR.

Puoro No. 5394. Showing bed roughness in the open cut-emergency
spillway. '



1.0

0-6

0.3 0.4

3.0

N
0
N.
H .
g 3
: M .V-
4Ev,m
Qafy
1SN N
gSgH
Fr&sm N N
a = AN s
I S ) e
=) : A\O N,
4 Qc,w,?
g L.
Q QS oo N 0w u ¢ ) o~ lwwmwmm ._.u,., S

SINI AVMT7dS 40 HLAIM L004 a3d 3DavHISIA =

4

2.0

D= DEPTH OF WATER U/s OVER SiLL INFT.

G . PZ R FOONA, 4.




DIMNA NALA OVERFLOW SPILLWAY (JAMSHEDPUR) 129

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), For
smooth entranca the value of K is 0.63 while for a very 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 very smooth nor sharp. This value of
K has been found to hold good in the case of the Bhandardara Spillway.

Disregarding the velocity of approach at the entrance, the discharge
at section A computed for a given drop in water level is"

qQ= Cdl '\/Qg(D‘dl)
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 reach AB (in the sketch) would be given by

1486 RY3 g 1/?

v = 0.03

5.2.5. The best estimate of discharge will be one that satisfies equa-
tions 6 and 7, ‘

The table below shows the discharzes worked out by this method.
The statistical relation obtained for this estimate

is Q=1.13 D013

: q Statistical : q (according to Strange)
Din ft. : in cusecs -3 in cusecs.
1.0 1.122 2 380
20 4 650 7.283
2.5 7.128 10. 60

3.0 10.205 -13.705

rE

~ 5.2.6. It will be observed from the table that the dische

arging capacity is less “than that obtained from Strange's

" Fig. 104. ~ relationship. In fig.104 are plotted the discharges' corres-

o ponding to various upstream depths according to the stat.

: istical relationship considered most proper for the Dimna
condmons the Strange’s curve and the curve obtained from the Bhandard-
ara experiments. The curve shows, at a glance, to what extent the disch-
‘arges worked out by Strange’s curve are more and those obtained from the
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relationship fitting the Bhandardara data are less than -the discharges to be
expected for the Dimna Nala conditions. For reasons explained above in
the subsequent calculations for routing the maximum flood the discharging
: capacity for the Dimna emergency spillway has been taken
4 according to the Statistical relationship obtained above.
Fig.105. = The curve showing D.C for the three relations is shown

: in fig. 103. :

' NO. 7953 A
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M et 30149,

'5.27. Mr. Muzumdar has'considered that, with crest of the Emer-
‘gency Escape at R.L. 530 and the Main Escape as constructed (i.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 i—

(1) 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; the difference is as
much as 307, at H F. L 933.0. .

(3) The peak flood of 40,000 cusecs can only be discharged, even
~ under tho optimistic assurhptions made by-him if its duration does
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not exceed 3 hours 17 minutes. Although no rigidity is cl'aitriédy
for the estimate of the duration period of 414 hours, it is d1s1ra-
Lle to provide for a flood ﬂowmg for about that per1od.

5.3.1. Tables 7and 8 are prepared glvmg_ the ;outﬂo.-W;
Tatlzs g at various reservoir stages with a- flood of 40,000 cusecs
and 8. with the water level in the reservoir at F.S8.1.. 527.0 at the
begir.ning of the flood. The method adopted is the same

as used by Mr. Muzumdar in h1s Note '

5.32. From table 7 it will be 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. 533) within 3 hours and 12 minutes:

: This .is not considered sufficient and a bigger spillway

capacity is indicated. If the coefficient of the main spills

way is mcxeaeed from 3.2 to 4.5 by suitable mcdifications of its profile, an

inflow of 40.000 cusecs. could b2 accommodated for 3 hours and 40 mjnutes

without the water level rising over the maximum safe level., As:even

this is not considered sufficient it would also be necessary to lo wer the top
level of the Emergency bpll}way

: 5.3.3. Table 8 shows similar computatxons with the same reservoir
F.S.L. of R.L. 527 and a high coefficient weir constructed at the Main Splll,
way (crest level R.L. 524) but with the top level of Emergency spulway
lowered to R.L. 529. This Table shows that an inflow of 40,000 cusecs
could bz accommolatel four hours ant four minutes without allow! ng the
water level to exceed R.L. 533 ; the main prllway will pass 18,225 cusecs
and the emergency spillway 11 ,U50 cusecs, the balance of 10,725 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. above) — the flood al'sorpiion
capacity between R.L. 527 and R.L. 529 would be lost. It would, therefore
be necessary to provide for a Dbigger outflow over the Main Spillway.
Higher intensities of flow over the emergency spillway are believed to be
indesirable because there is no leading channel downstream. Provision is
herefore, proposed for additional discharging capacity in the main spillway~

- 8.5.1. Table9 is prepared, identically to Tables 7 and

8, giving the period over which a maximum flood of 40,000

Table 9. cusecs ¢an be passed over the Spillways and partially absor

bedin the Reservoir without the water level inthe reservoir

7 exceeding R.L. 533 when the tank had been full up to R,L:

29 prior to the flood. For this purpose, however, the crest of the high

oefficient weir in the main splllway is required to be lowered to R.L. 522.
10
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It may be noted that the coefficient of discharge adopted is only 4.0 against
4 5 assumed in Table 8 because, in this case, the ratio of the height of the
weir to the depth of flow of the weir is reduced. Itisalso 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 compgletely out of
water, free from causing any 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 414 hours obtained from-Gurtu’'s formula need
not be adhered to absolutely and arrangement .suitable for “surplussing a
flood of. 40,000 cusecs occurring for a periol 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 of a
flood and its duration are known to vary inversely, i.e. the higher the ﬂood
the lesser its duration

5.6. Conclusion.

With the above proposals, 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 m
the maJor number of years. .

A‘thOUgh only safe and reasonable assumptmns have been made in
the above calculations it is, nevertheless, considered necessary to assess the
exact values of the coefficients of discharge for both the spillways from
model experiments

6.0. Issue IV — Measures for the dissipation of energy of flow 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
an examination should be made whether the damage that has 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 before the Director to make this examination, specially in respect.of
uphft; pressures.

6.2. With reoa.rd to the measures for dissipation of energy of .surface
flow model experinients are considered essential to give a sound and well-
considered opinion These experiments can be conveniently combined ‘with
the experiments for the optimum profile of the weir required in connection
Witfhv-the other issues and it is strongly recommended that these experiments
shofﬂd be done. The cost of the experiments will be only a fractlon of the
saving that will accrue in maintenance year after year.



Table No. 1

Morsoon (June October) rainfall data.

Minimum

Distance froimn |Short period | Long period | Maximum Period over Ratio
centre of Dim-| mean rain- | mean rain- rainfall rainfall which observed
Station na Catchment. fall fall

Col. 4

“miles. " - inches - inches inches " inches "years ] CoL 3
1 2 3 T4 5 b 7 8

1 Chaibassa 34 50.10 . 44,38 66.15 2394  55(18991943) 089

2 Purulia 32 '50.36" 46.07 66.77 32.03 44 o, ©0.91

3 Ran'chi" 65 55.83 50,92 77.61 32.72 55 . ., 0.91
4 Jamshedpur 7 51.80 ,46.84 7691 . ° 26.10 |35 (1309-1943) 090
5 Dimna Catchment 0 55.45 49.94% 71.08 40.31 8 (1936-1943) ° 0.90

(esumated) A

" NOTES:— Column 3 is the short-period mean for the 8 years 1936-43,
& Column ¢ is the long period mean for the period shown in column 7 except
for the D1mna basin ‘which has been estimated™ . from the

- J amshedpur ratio 0.9 (vide column 8).

(Assumed)

Column 8 ratio of long perlod mean (column 4) to the shorf perlod mean (column 3).

(4AdEAHSHY L) AVMATIIAS. MOTAYTAO VIVN VYNRWIA
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Table No.

2

Monsoon Inflow at Dimna Reservoir observed between years 1986 to 1947.

Inflow in

¥,

Inflow per

Rainfall ‘f‘.n‘f?f.’zi“ I;?ﬁ:;x:n :‘mlll' n gall mile of
s 10 allons uare 0
Year Jun?nt?ngtf::ber gallons for gallons for, . | per square mile | oatchment in RBemarke
. A =408q. miles | A=36sq.miles | of catchment million cft.

1 2 3 4 5 6 T .
1933 46.33 9030.1 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 4493 4943.4 04889 39 131,26 20.84  inadmissible for corre-
1939 56.14 9196.7 4929.68 - 136.94 - 2191 - lation.

1340 40 24 47335 4490.28 ©124.73 19.96 £ 4

. 1941 60.56 ' ‘ T " Run-o ata not
1942 71.03 Not recorded complete so inadmis-
1943 62.74 10908.6 303.02 48.48  sible for correlation.
1944 52.25 9539.2 264.98 4240 '
1945 51.10 7608 9. 211.36 33.82

1946 68.17 19457 2 540.48 86.48
1947 . 38.95 83595 148.83 23.82

¥8L2
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Table No. 3.

| Remarks,

Reservoir level. 524
Gross storage Capacity (m. bft.) 938

Net storage capacity (eicluding stor=
age belew sluice level), 885

" Yield per square mile of catchment
. required to . fill the net capacity

(m. cft.) %' 24.6

Total monsoon rainfall required to
produce the above yield (inches). - 43.6
Percentage vé.riation of (5) from
mean monsoon rainfall af 50”. - 12.8

Frequency of the. occasions when

the reservoir can be expected to fill -

up to the level given in (1):= once

in number of years. ' 1.5

Percentage probability of filling. - 72.5

525
930

937

26.0
44.8

-10.4

15

526
1042

989

27.5

46.1.

~7.8

15
62.0

527 528
1094 1150
1041 1097
2.0 305
473 485
~54 -30
2.0 20
580 52.0

529
1208

1155
32.1
49.7

-0.6

20
50.0 -

530
1267

1214

33.8

91.0:

=-2.0

2.5
420

From the Statistica}
curve on fig. ' 98. !

(IOJATHSWVL) AVMTIIIS MOTIYTAO VIVN VNRIQ
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Table No. ¢

L 0 N A -

.

Rate of average and maximum inflow at the Dimna Reservoir based on inflow hydrogruphs of 1937, 1939, 1940 and 1943.

Worst Ratio=3.366

. . . P vwMaximum - " .
Rainfall d . T . ; . - Ratio of | Duration
| tho date as reco. ff(\)l":ahos:g_-, : irnof'l;:vlv Period of é:::agfe ‘i'::ﬁ);f Max. inflow of Max. Remarks
Date. - |rded on the next grapt{in ' in hoar inflow in inflow observed | T m‘ﬂow .
da;: ?x:osh eAs':M’ §q. inches, | cusecs. | DOWFSe | cugeces. | in ousecs. A;e;lr:\se ‘i’z’fﬁ?
28-737 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=
- 30-7-37 1.29° 4.09 " 65,440 24 2727 8278 . 8.32 oo
22-6-39 160 O I B : : Run-off based on 10
23-6-39 ‘794 4.03 - 64,480 12 5373 12074 2.247 1.0 a.m. 23-6 to 10 a. m.
- 24.6-39 0.30 4.20 67,200 24 2300 on 24-6-39.
25-8-40 Nil, Rainfall for 24 hours
© 26-8-40 353 - - assumed to be=3.53 +
27-8-40 4.71 3.62 . 89,920 24 3750 12612 3.366 05 4.71=8.24.
3.8-43 1.73 ‘ Run-off hydrograph
4-8-43-° . 3.89 2.55 40,800 215 . 1900 S Co . 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 hydrograph
from 5.30 a, m. on 5-8
to 8-00 a. m. on 5-8-43.

9¢1
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'Rainfalls and cverage run-off (24 hours) in Dimna Nala Catchment during

Zable No. ¢4 (4)

(Monsoon high run-off periods) years 1943 to 1946. .

Rainfall during the date

Total inflow computed F
outflow + shortage +

SR

99.73

Average rate of inflow
Date 8 AM. in inches supply to town during in cusecs Remarks
M. 11 24 hours in m. cft.
1 2 3 — 4 5

1 8§ 43 1.42 14.63 169
2 8 43 3.08 119.31 1380
-3 8 43 3.81 16A.66 1925
4 8 43 1.73 99.85 1185

5 8 43 3.89 181.39 2.00

6 8 43 2.65 - 186.62 2160
25 8 44 1.35 - 87.37 663
%6 8 44 5.96 307.40 356V
27 8 44 2.07 41.04 475
4 8 45 0.06 5.50 _

5 8 45 326 53.27 616

6 8 45 0.46 83.01 960
29 8 46 0.07 . 21.29 246
S0. 8 46 0.63 - -48.00- " 555
31 8 46 427 128.03 1482
14 9 46 - mil 23.88 276
.15 .9 46 4.14 159.88 1848
16 9 46 2.36 129.87 1500
17 9 46 3.67 - - 308.48 ~3570°
18 9 46 0.69 1152

(9AdATHSHVSL) AVMTIIAS MOTIYTAO WIVN VNNIA
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Table No. &.

Showing areas of zones contributing to run-off at vartous distance from the Dimna Reservoir.

8l

\
{ .
Limiting distances | Area of the | Mean distan- Maximum

of the zone from the one i co of the | Percentaze area, | Summation per- | distance of Col. § Remarks,
spillway in miles, squzure mtilles zone mtiles. ° ° centage. th& ?f::. in Col- 6 y
1.
1 2 3 4 , 5 6 7 8

1 0-0.5 0.445 0.25 1.239 1.239 0.5 2478
2 0.5-1.0 1.240 0.75 3.453 1.692 1.0 4.692
3 1.0-1.5 2.075 1.25 5778 10470 1.5 6.98)
4 1.5-2-0 3.030 175 8.433 18.908 2.0 9454
5 . 2.0-2.5 3.820 2.25 10638 - 29 546 2.5 11.618
6 2.5-3.0 4.200 275 11.696 41,242 3.0 13.781
7 3.0-35 3.970 325 11.005 52 297 3.5 14.942
8 3.9-4.0 4.640 3.%5 12 921 65218 4.0 16.306
9 4.0-4.5 3.960 4.25 11.028 76.246 4.5 16.944

10 . 4.5-5-0 3630 4.75 10.109 86 355 5.0 17271 Maximum
11 5.0-5-5 2.090 5.25 5.820 92,175 55° 16 760
12 5.5-6-0 ° 1.510 575 4205 . 95375 60 16.063
13 6.0-6-5 6.5 15.3584

1.300 6.25 3.6.0 99.999

35.91
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DIMNA NALA OVERFLOW SPILLWAY (JAMSHEDPUR) 139
Table- No. 6.

Showing avéraqe cnlensity of rain—fall of different duration corresponding
to 12.5" of rainfall ¢n 24 hours ( per hour = .5208".)

! wAvérage precipitation for
period. o
Duration in ‘ ' . Total for the
hours. S - jperiod in inches.
Percent of © -; Intensity in ' . !
intensity. inches/hours. s ;
0.2 1692 8812 4405
1.0 1000 5208 5208
1.83 69.0 3.590 6.570
20 647 3.370 6.740
25 550" 1 2.864 7.160
30 411 2.481 7453
40 385 2.005 8.020
6.0 28 4 1.470 8874
12.0 169 0.880 10.560 .

240 10.0 0.520 12.480




Table No. 7

Average rate of surplus discharge from the
reservoir within the range in column (1)

Average rate

Storage

capacit —- of ﬂoogl
Fovrocis | with tho | overwmo | o | wimie

level. c’(;?gglen '(ri) Ovzrsgl;;;nam emergencyt a.vtfarage 1]-ate : .459(?(?5‘700“1-51
escape cres of surplus -} 40,000—Col. 5 |
tIn m. oft. (cusecs) " R. II)J 529 diséhﬁ-;e ' (cusecs)
(cusecs) (cusecs) o
1 3 3 4 5 6

527.0
527.5 28 2813 Nil 2813 37187
528.0 28 3485 v 0 3485 . - 36515
528.5 29 4206 4206 - 35794
5290 29 4969 4969 35031
£29.5 29 5775 8775 34225
530.0 30 6619 6619 33381
530.5 30 7001 42 7543 32457
531.0 31 8418 380 8798 31242
531.5 31 9369 1063 9492 3068
532.0 31 10350 2091 12441. . 27559
532.5 31 11380 3470 14850 25150
533.0 32 12420 5200 17620 22380

Time taken:

- 3—12

to fill the ' | Total time
storage _cgpa:- since the ‘
. | commence-
o;ta?’ngt; tofm; ‘r)nent of Remarks.
column (2) + | the Flood.
Minutes, ' Hrs. Mins.
| | 8 - 9.
11.06 0—11 Crest . of main
12.78 0—24 spillway R. L.
-13.50 0—37 524.0 length=150,
13.89 0—51  C=C(oefficient of
14.12 1— 5  discharge for maln
14.98 1—20  spillway. .
15.40 1—36  ~ =32 -
16.56 1—52  Top of emergency
16 90 . 2— 9 ‘escape atR. L, 530
18.75 - 2—28  length 600 feet.
20 54 . 2—48 Mazx. flood dis-
23.83 charge— 40,000,

F.S L. =527.0

C¥1
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" Table No. 8

Average rate of surplus discharge from the
reservoir within the range in column (1) -

Averago rate

Time taken to

Storage , f flood absorp- | fill the storaze

Ran~e of c??g’f‘?ﬂ ! , ° ﬁgg. 3“‘;1(2:;1) capacity with- |. Total time

reservoir v:ang;l me o Over the Total average |th6 reservoir= |11 the rauge.| since the -Remarks.
level, Jumn (1) Over the main| emergency rate of surplus| . 40.000— Cal. (2) commence-

, , ‘;g H. Cft. escape. escape crest disch I: Col. (5). Col, (6) ment of the
e (cusecs) R. U. 529, 18cnarg 1. (cusecs) . Minutes. flood.
: (cesecs). (cuseps). . , -
3 , _ . , -
1 1 4 5 6 7 8 9

527.0 | H. C. Weir for
527.5 28 3956 3956 36044 12.94 0—13  main spillway.
523.0 28 4901 4901 35099 13.29 0—26 B=150ft... |
5285 29 5900 5900 34100 14.17 -0—40 C=45.
529.0 29 6v88 6988 33012 14 64 0—55 and crest R, L.
529.5 29 8121 42 8163 3137 15.18 1—10  524.0. .
530.0 30 9309 380 9689 30311 16.50 1-27 Emergency spill-
530.5- 30 10540 1063 11603 28937 17.61 1—41 way length=600
531.0 31 11840 2091 13931 2€069 19.82 2— 4 feet. And top at
531.5 31 13170 3470 16640 - 23360 2212 - 2—26 . R.L.529.0.
532.0 31 14560 5200 19760 20240 25.53 ‘ 2—52  Maximum flood
5325 31 16000 7276 23276 16724 3089 . . 3—23  discharge=40,0L0
533.0- .32 17470 9703 27173 12827 - 41.58 4— 4 . c;sescs:.[‘
L : : o ’ .S, L. 527.0.

(4NJQTHSHVSL) AVMTIIIS MOTIYTAO VIVN VNWIA
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Table 9

!

1
|
i

Average rate of surplus discharge from
the reservoir wWithin the rangse in

Averace rate

Storage column No. (1) of flood
Range of capacity I o absorption
reservoir within the | . within the
levels rangein | Over the Over the Total ave- reservoir
R.L. column (1) in | main escape | emergency | race rate of | with infllw
m.oft. | (R.L.732.0) escape surplus rate of 40,000
i (cusecs) (R.L. 529.0) discharge. cusecs
1 (cusecs) {cusecs)
529.0-529.5 29 11,710 42 11,752 28,248
529.5-530.0 30 12,940 380 13,320 26,680
930.0-530.5 30 14,220 1063 15,283 24,717
530.5-531.0 31 15,530 2091 17,621 22,379
531.0-531.5 31 16,890 3470 20,360 - 19,640
531.5-532.0 31 18,270 5200 23,470 16,530
532.0-532.5 31 19,690 7276 26,966 13,034
532.5-533.0 32 21,140 9703 30,843 9,157

Time taken
to fill the
storage within
the runge in
column (1)
column (2)
column (6)
minitues.

17.11
1874
20.29
23.09
26 31
31.26
39 64
58.24

Note:—Coeflicient adopted for main spillway=4.0

Combined
period since
the commence-
ment of the
flocd
hrs.-mins,

Remarks

Crest of main spill-
way R.L.522.0

F.S.L. R.L. 529.0
effective length of
main spillway 250
feet and effective
length of emergen-
cy spillway 600 feet

Top at R.L. 629.0

Maximum Inflow
40,000 cusecs.

(34
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SECTION F—-WATER UTILLISATION PROJECTS

32 Meshwa Canal Prbject (Bombay)

(1) Introduction:

1.1. The monsoon in Gujrat practically ends by about the end cf
August. Any rice crop, therefore, plantel on the early rains bas a great
danger of failing completely due to want of late rains if unaided by irrigea
tion; whereas one or two waterings in September and October would give a
bumper yield.

1.2. Itis therefore .proposed to construct a pick-up-weir across the
Meshwa River which is a non-perennial and alluvial river, having a catcla
ment area of 67) sq. miles at the pmk-up-weu' site near village Raska in
Kaira District {(Bombay Province).

The proposed scheme provides for only one canal, with full supp'y
discharge of 334 cusecs, taking off from the right bank of the weir for irrig=
ating areas between the Khari and Meshwa rivers, and also for filling two
important tanks,viz. Galki and Ghoblaj, of capacities 50 and 123 m.cft.
respectively. : 2

2. Salient features and details of the Pro:ect are shown
Statt. 1. in Statement I. '

2.1. The Executive Engineer, Irrigation Project Division (N orth)
Ahmedabad apprehends excessive draw-off of bed sand owing to the location
of the head on the inner side of a gentle curve. Itis, therefore desrrable to
orient the Head Regulator suitably to incorporate some form of sand-exclu-
ding device. .

2.2. Table | shows the velocities at the pick-up-weir

site, with and without the weir. It will be seen that thg
Table 1. . bed movement in the ponded reach upstream of the Weu-
f will start with discharge greater than 18,000 cusecs. As
the average monthly discharges obtainable 1n September
and October are short of the minimum discharge at which the bed move-
ment begins in the ponded reach, there is little danger of the canal drawing
excessive sand and as such sand-excluding devices do not appear to be nec-
essary. 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§gharge, at which the bed movement just starts, synchronises with



Table’ul

 Table showing the velocities at the bick-up weir site with and without wesr.

Velocities at the pick-up-Weir site without weir

Velooities at the pick-up-weir site with the weir

._ ‘ Discharge

" W.L.at | Areasi f P in ft. ) v ot L W.L. at

. tﬁe sii:e‘ , srq. ftl.n 1 pgv:l?;?:%r) R in ft. izefl:j;z orsees ‘the site
108.0 1,100 340 3.26 3.75 4,120 11450
1100 - 1,550 346 4.24 4.40 6,800 115.50
112.0 2,500 396  6.33 5.35 13,400 117.25
114.0 3,100 420 7.38 5.80 18,000 117.90
116.0: 3,820 440 8.65 6.27 24,000' ©118.50
1180 5,200 549 9.60 6.55 34,000  120.70
1200 . 6,310 584 108 695 . 43,800 123.50
121.0 6,900 610 11.30 7.00 48,000 124.00

Velocity Vi v
i stream | —— R
ft./lgec. ogptgher v?eir \4 omarks
0.84 2.67 0.31  Nobed movement
1.29 2.72 0.475 gxg:cted.t
ust ups
2.30 2.96 0.78 the we‘i‘r. rgam of
2.86 2.92 0985 Bed movement
may start up-
stream of the weir.
3.65 2.92 127  » iable bed
447 304 145 movement  may
4.90 3.17 1.55 start upstream
5.25 3.17 1.66  of the weir,

NQTE_ ‘-—Velocny at the plck -up-weir site (w1thout the welr)

V= [ (2"5RS% /4-0 0388 ]2

is worked out by the M1s51ss1pp1 formula.

Vi = L0667V IR

124
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the peak demand of the canal. Moreover, there is so much

of heading up over the natural river water. levels for

Fig. 1. commonly occuring dlscharges that there would be very

' heavy accretion within a few years owmo' to the substan-

- tial damping of velocities upstream of a weir for long

penods 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 selection of the site for the weir, pos1tmnmg the Head Regula.-
tor.and the necessny of sand excludlng devices.

/ 3) Selectzon of szte

3 1. . The site selected by the Executlve Engineer is shown 1n ﬁg.2
the site being considered suitable for the reasons set out below:~

(a). The river at the pick-up-weir site 1s stable for the last 20 yeals
(b) There is an overflow of the Khari river meeting about 2,000 ft,

_above the present site; the weir below the ju nct1on is cons1dered ‘

preferable

(c) Shifting the site upstream would bring it within State Territory
which is considered: objectionable. (This reason will not now
be valid.) '

3.2. - Though the stability of the river course and adequate comimand
of the area proposed to be irrigated are 1mportant factors 'in choosing the
gite, advantages of design should not be sacrificed thereto, partlcularly the
correct locatlon of the offtake in an alluvial rlver.

. ~—'

Rehable, permanent and efficient silt or more correctly 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 exclusmn and experlence as well as experi-
ments have fully substantlated this form of exclusion to be hlghly efﬁclent
and lastmg - : :

3.3. Tunnel type Excluders & EJectors for excludmg the sa.nd from
the head or ejecting it after its entry into the canal are also inot feasible
under the conditions obtaining at the site. Firstly because of the fineness
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 Excludersis-available at the site, the minimum
escapage discharges of 337 and 207, respectively required for them would
only be avaiblable at the cost of sacrificing the supplies v1tally required for
irrigation, when supplies are already short to the point of maklng the Pro-
ject a 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 off take neaf

the transition of the curve.

For these reasons the best site, suited to the river conditions and the

canal withdrawals, would be about 1/2 a mile upstream of the site selected
by the Executive Engineer as sand exclusion can naturally be obtained there

due to favourable curvature. But as crossing of the Khari river overflow is
considered objectionable, the site 1,500 ft.- upstream of the site selected by
the Executive Engineer vide Fig. 2 is suggested as the next best alternative

The all time ad7antages obtainable at this site would certainly repay
any additional cost involved in locating the weir at the upper site.

(4) Posilion of Head Regulator.

In the Project the Head Regulato- is proposed by the Execuuve
Engineer to be constructed well away from the weir., It wa3 not clear why
the Head Regulator should be constructed so far away from the weir espec-
ially when the river banks are stat2d to b2 stable at the weir 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 inland, at an adejuate distance inside
the approach channel with provision to ensure that this length of the cha-

nnel remains clear of sand

At “the sxte proposed by the ‘Station the Head Rewu]ator may be
constructed on the right bank of the rivar. Itis not so much the angle cf
oTtake of the Head Regulator which arrests the excess mﬂux of bed sand as
the correct positioning of the offtake relative to the river curve upstream,

(5) Recommendations;
The weir site should bs sl:ufted at least 1500 ft upstream of the’ s1te
s2lected by the Executive Enomeer .

. Even though the weir is located on lhe 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 aceretion will adversely affect the smooth working of the canal

and sand-exclusion
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~MESHWA CANAL PROJECT (BOMBAY)

STATEMENT 1,

Catchment area at the plck-up-weu' site

.‘Average annual ra_}lx;f,all

Maximum flood diggh:arge from the
catchment at the weir site.

Highest flood level.
Lowest bed of river at the weir site.

-Propose1 crest of the pick-up-weir.

Total length of the wem(mcludmg
undersluices).

Length of the underslui_i;es portion.
Sill of undersluices.

No. and size of ‘Head Regulator.
Crest of the Head Regulator.

Average bed fall of the river at the
weir site.

H.F.L. with afflux after construction
of the pick-up-weir.

Léngtli of the weir canal.

Area under command.

Area proposed to be irrigated.

Cost of the Project.

s
.

147

- Salient features and details of the leéshwa Canal Pro,;ect

670 sq. mlles
33 02. inches..

. _ 44,683 Cusecs.

121.00
103.0 -
112.50

R.L.
R.L'
R.L.

480 ft.

..~ 64 ft.

*ee

RL 1060
5 openings each 6’'X5" "
R.L. 106.0 '

1 in 2.,335

R.L. 123.70.
9.15 miles.
18,000 acres.
16,000 acres.
Rs. 25,69.712&‘
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33. Submarine Cables across the Ganga 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 river at Patna and Mokameh. So that damage to the
cable by alternate silting and scouring of the river bed would be minimised.

FIG. 1 IR - A,
| INDEX PLAM -
- SHOWING THE GANGA RIVER I_N THE VICINITY OF PATNA  AND MUKAMEH .

"SCALE:~ 16 MILES YO AM INCH.

-
-—

-t

T e, Mokameh

A\ p— . \
R Wiy
Nwee Zr Barh \ e

TN RDNAK. 2 4y

At both these places, bridges for crossing the Ganga are contemplated
and the proposal of the Mokameh bridge has already been approved by the
Railway Board. When these bridges are-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
scourirg. From data it was however apparent that the best

Fig. 2. alignment would be between sections AB and CD in fig, 2.
Considerations guiding this selection of area between lines
ABand CD were the following.
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FIG. 3 SHOWING COURSES OF THE WINTER CHANNELS OF MRS G R S S
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CBALES ACROSS GANGA AT PATNA AND MOKAMEH 149

(i) On both the sides, permanent high banks (Khadir limits) are stable
since 1928, which indicates that further encroachment by the river is
improbable,

(ii) The width of the river from bank to bank i.e. of the river
Khadir, is about the minimum, thus requiring a minimum length of the cable
to be laid.

(iii) Tho proposed area in which the cable may be aligned is sufficie-
utly 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 extent of the alternate
silting and scouring of the bed is likely to be the least anJ 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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Damodar River, Bengal—propo- |- 3% [#fussy A | T
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of damage resulting from '
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Damodar River—Transmission BRI R |
coefflcient of the sand samples |- * | - TR A
from the bed of, at Sindri.

Damodar River —Floods & their vert ok T 1 S IR
control. A B A TF S >

2 s T

Danger of water—logging in the 3%
Easiern Nara Tract ;in
Khairpur State in Sind.

=
-

2o taY. ] ' [ u.l FAEE
Darkeswar river. | 18 | GO

Dates of beginning of depletion 7 N
from Lake Tansa. Bombay— L
years 1896 to 1944, N

Dates of break of monsoon at 73
Tansa Lake Tansa, (Bombay)- ] R
years 1896 to 1944, A ’

Datum area 1,000 ft. d/s of 108
Sukkur Barrage before Right A
Bank approach channel was EIRE KL SO T B
constructed and after. LA ]

Deep scour d/s of the N.W. % S O U K
Railway B-idge over the A P PR
N. W. Canal near Ruk, Sind-
Experiments carried out to
evolve a suitable design of
pavement and side expansion .
to induce accretion. ' ; S b o

E" S
[4

Deflecting groyne — Measures C | Be=% -
taken to control erosion of T Y N
the left bank of the Rupnarain S DR Y bgen el
u/s of the B. N, Railway Brid- B T ol
ge at Kolaghat by means of a~ ’ crai T A
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Dehri—Groyne with a regula- 58
tor to reduce sand entry from
M. W. Canal at—

Dehri on the Son ( Bihar ) Pre- 20 R PR DR B
vention of scour d/s of sluices .

R Y

Dehri on Son ( Bihar)—sand 58
excluding heads for the M. E. '
Canal & M.W. Canal on the—

Dehri Son ( Bihar }—~Coeffcient 58 SR
of discharge of weir. S . .

Delhi Gate Pumping Station— w4348 |
Training of Jumna River at, o
with pitched embankment on |,
the right bank,

Delhi—Training of the Jumna ) AN R
at Delhi Gate Pumping Sta-
tion,

Delhi Wé.i'.er Supply Committee 5
appointed by the Government
of India. '

Depth of scour—maximum, for S T - TN D e
apron, protection at the trun.
cated nose of extended outer
bank of approch channel in
the Indus above Sukkur
Barrage.

Depth of scour—maximum, at 13 SRR
the heads of guide banks—
Ramganga River at proposed
C. K. Railway Bridge.

Depth of scour=-maximom at ' eee 13
the shanks of proposed C. K., o
Railway Bridge over Ram-
ganga River, ]
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Depth of scour—maximum at
Bridge section Ramganga
River--at proposed C. K. Rail-
way Bridge.

Depth of foundation for Bridge
piers at the proposed C.K.
Railway Bridge over Ram.
ganga River,

Design of a stilling basin d/s
of the overflow section of the
of the main Erinpura Dam in
Jodhpur State.

Design of approach channel 6f
Flumes and Falls,

Design of- canals, in Sind,
Part 1—New canals and Part
II—Inundation canals.

Design of Channels ufs of
S.W.F.s .

Design of canals—comparative
analysis of sand by Puri
sand—meter and Air sand-
meter.

Design of cistern below flumes

Design of downstream portion
of S. W, Flumes, standard
design—where very high re-
covery of head is not essntial.

Design of downstream portions
of S. W, Flumes, standard
design-—where it is important
to lose as little head as
possible,

2*

31

31

36,40
85

37

4.

14

136

24




166 INDEX

. Pages of Annual Report { Technical )
for the year ’

D 1 [
1944 { 1945 | 1946 l 1947 | 1948

S —

Design of guide- banks and 22 S R S
divide walls downstream of S R I
the new undersluices of the
Son at Debri ( Bihar )

Design of the Low#dr Sind 48-59 | 127 | 116,
Barrage-Experiments to test S e 134
the design for scour and sand N A
exclusion from canals—Sind.

Design of new canalsin Sind | “o% | .o
—recomendations for bed 1o
width, depth, slope.

Design of off-take at the en- | ... | 96 o | e
trance to the right pocket : EREE A R
from the approach channel
at Sukkur.

Desiiting and dredging of Tanks A R e T T
mSanghState Sl ‘ '

Determination of the coeffi- 29-36. 1 i .. ..
cient of discharge of the
automatic gates spillway fcr o
the Tansa Dam. N . i

Determination of the wvariable 9 | ..
coefficient of the 10,595 cs. '
Tando Mastikhan Fall on the
Rohri Canal, Sind.

Device to ensure stilling before 105 A o K ...f
water is let into a model. s ‘ :

Difficulties experienced in river e | 110=] . .
model experiments due to ] 115 .
effects caused by vertical | ° -
exaggeration.

Dimna Nala overflow spllway | .,..‘; ';__' Jllﬁc
~Jamshedpur water Supply : S ' _
Scheme = Remodeling of the
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Discharge ~ Accuracy of diffe-
rent methods of taking dis-
charges.

Discharge measurement — co-
efficient of discharge in
Notch type and weir type
falls on the Mahanandi Main
Canal (C.P,)

Discharge Table
Flumes and Falls.

of S. W.

Dispersers—to prevent scour
below volute Siphons by
fanning out the siphon jets.

Disposal of Poona Sewage by
irrigation.

Dissipation of energy below
falls.

Dissipation of the energy below
the proposed Vaitarna dam
pillway (Bombay) — Experi-
ments for

Dissipation of energy d/s of
Lower Sind Barrage (2400 ft.
u/s of site B near Hajipur)—
Experiments in connection
with—

Dissipation of energy of flow
of the jets issuing from
“Ganesh Iyer” Volute siphon
by mutual impact of jets.

Divergence from regime in
stable channels in alluvium
~Note on, by the Director.

34

29

9-11 |

86

123 -

139

91

135

23

165

167

104
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design adopted in flumes and ! |
falls. . { A !
Drainage channels of 1he 13 ; |
Damodar River. !
Dunbar Cotton Mill = Training 11-18

the Hooghly River at-—with
a bypass channel.

Dunbar Mill = Longitudinal | 7
and cross row of piles at the
- to enable accretion and silt-
ing to take place.

Dunbar Milt on the Hooghly— 7
Erosion of bank mnear the,
how to prevent, by a tidal
model.

eve [LL)

E

Eastern and Western Jumna 91
Canals— Headworks at Taje-
wala.

Effect of constructing a barrage 99
across a river on bed levels
and water levels u/s and d/s
with particular reference to
the Indus (Sind).

Effect of constructing a trench | 61
d/s of a soil dam on the satu- BT
ration line, o .

Effect of high level bridge pave- 23
ment on scour d/s of the
Railway bridge on the N. W, . |
canal at Ruk, Sind. ! )
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Effect of shape of catchment on
the run-off.

Effect of staunching due to
silting upstream of the Solani
dam.

Effect of storages in Tons and
Giri catchments on supplies
in the Jumma during flood
season and regeneration in
the fair season.

Effect of variation of u/s and
d/s water levels of the Solani
Khadir dam model on Hyd-
raulic gradients or saturation
lines.

Effect of shortening Barrage on
accretion in the Indus d/s of
Sukkur Barrage.

Effluent Experimental Farm—
disposal of Poona sewagce by
“irrigation.

Embankment mnear Nanpara
(U.P.)to divert the whole
of the Saraju river into the
Gograi, thus preventing spill
flowing into the Saraju Tirhi
channels.

Embankment—-pitched, to
attract flow at the Delhi Gate
Pump House on the Jumna
River.

Emergent measures for preve-
nting serious damage to the
central sluices of the Maha-
nadi Anicut at Cuttack
Orissa. -

68

.63

94

61

2?‘%

123

60

2

34
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Energy—dissipation below 29
Gtanding Wave Flume Falls.

Energy —dissipation of energy 91
of jets issuing from Ganesh
Iyer Volute Siphon by mutual
impact of jets.

Engineering Congress (Punjab) 97
Paper 275 (1945) “River
Trainingand Control by
Piched ( ‘Attracting’ )
islands .

Equivalent“ size and specific 115-
gravity of stones and blocks 116
in a model.

Eradication of water weeds 124
from Canals. |

Erinpura Irrigation and Hydro- 9%
electric Project Siphon spill-
ways in Jodhpur State. o

Erosion -bank, on Auranga at 51
Bhadeli & Bhagda villages
( Bombay Presidency ) — Mea-
sures arresting the

Erosion at Neamati in Assam-- 3*
Prevention of - '

Erosion at Vizagapatam fore- 3*
shore - prevention of -

Erosioninthe Narbada at 51
Borbhata downstream of |
Railway Bridge near Broach !
-~ Prevention of ' j -
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1947
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Erosion just u/s of the B.N.Rly.
Bridge over the Rupnarain
River -How to check dan-
gerous -

Erosion of Spur 2 in the Indus
River near Umerkhel —action
te be taken regarding

Erosion=Prevention of-—
on Bombay Foreshore and
reclamation of land bearing
S. No. 71, part of Jubu and
Creek--land.

Estimated depth of scour at
bends.,

Estimation of the maximum
flood discharge during 1944
by various methods and com-
parison with the fan catch-
ment formulae.

Excluders and Ejectors —Effec-
tive exclusion of sand from
canals at the proposed Lower
Sind Barrage on Indus River
at Kotri.

Exclusion of sand from entering
canals by construction of
submerged vane at the pro-
posed Lower Sind Barrage on
Indus River at Kotri.

Exclusion of sand by Central
Island at the proposed Lower
Sind Barrage on the Indus at
Kotri.

2%,
5

3*

5

89

1084 | 1045 | 1046

98

101

105
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Exclusion of sand-factors
affecting the exclusion at the
proposed Lower Sind Barrage
on Indus at Kotri.

Exclusion of sand from canals
taking off the Son river in
Bihar.

Experimentsin connection
with dissipation of energy
downstream of Lower Sind
Barrage ( 2400 ft. upstream of
gite B near Hajipur).

Experiments to “determine a
suitable profile of the Lower
Sind Barrage to cause mini-
mum afflux with gates fully
open.

Experiments with a veritcally
exaggerated model ( 1/400 :

. 1/66) of the Mahanadi and
its branches at Cuttack
( Orissa ).

F

Factors affecting the coefficient
ofidischarge of Ganesh Iyer's
volute siphon. ’

Factors affecting slope in all-
uvial channels.

Factors favourable for open-)
ing a new cut-off channel. |
(i) Carvature of flow u/s !
(ii) Relative slope d/s of -

the bifurcation. I
(iii} Relative discharges. }

1

69

9-11

22-29

19-22

- 72-Tx

105

134
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Fair weather and freshet spring 17
tides in the Rupnarain River
at Kolaghat Rly. Bridge on
the B. N. Railway in 1944
and in its mobile bed model.

Falli ng aprons-characterstics of - 129

Falls on Mahanadi Main Canal e e | 3
(C. P.)—coefficient of dis- B ,
charge of Notch Type and
Weir Type Falls—.

Falls - dissipation of energy R .139 | 167
below :
Falls, Flumed —scour d/s of 97
Field results of measures adop- o
ted after model experiments.
Flood control. 131
; 133 ~..
Flood control-Floods in
Damodar River.
Flood control on Tapti Riverat - | 9%
Suraf.
Flood discharge ~maximum, of 13
Ramganga River for proposed
C. K. Railway.
Flood protection measures for 3% -
Nuna-Pothi Rivers in Orissa. | |
19 | 44 35

Flood protection--Redistribution
of sand load between the
Mahanadi and XKatjuri sys-
tems at Cuttack —Qrissa,
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Floods, river-Sunspot inten-
sity cycles as a medium of
predicting the probable dates
of occurrence of -

Flumes - Dissipation of energy
below.

Flume Meter Baffle Falls~
Design of downstream
portion of -

Flume—Standing Wave Flume
Design for the Jawai River
Project ( Jodhpur ).

Flume—Water surface profile
in a 5 ft. wide S. W, F, with
paralle] sides, at various stages

. of flow.

Fluming of Aqueduct 23 of the
Nira Right Bank Canal.

Flumed Falls = Scour downs-
tream of -

Form dragof cylinders in
connection with bridge in-
vestigation for Central
Provinces.

Forty cusecs Standing Wave
Flumein the masonry conduit,
taking off from the Haleji
Reservoir — Karachi Water
Supply scheme,

Freshet spring and fair weather
tide in the Rupnarian River
at Kolaghat Railway Bridg»
on the B. N, Railway in 1944
and in its mobile bed model.
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88-57 | ... |
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R

Gandak River at Bagaha on the
Oudh and Tirhut Railway
which has outflanked the
Bridge— How to divert the~to
its original course through the
Bridge.

(Gandak at Bagaha on the Oudh
and Tirhut Railway-
conditions leading to the out-
flanking of the Railway
Bridge.

~DOo - ~Do~  Chhitauni

groyne acting as an

‘attracting’ spur in pulling the
river round its nose.

-Do~- ~  Prediction of
the future movement of.

=Do=- Do sand on the
bed of the.

~Do- —=Do-  use of the
Missisippi formula for estima-
ting the maximum flood
discharge in the—in 1924,

Janesh Iyer's volute siphon-
Factors effecting the
coefficient of discharge of—

Ganga River at Garhmukteswar-
Training of.

anga at Patna ond Mokameh —
Bestalignment for-Submarine
Cables across the,

Janga River -~ Safeguarding the
Harding Bridge across-against
the danger of outflanking,

35
10,
13

10

10

13
11

12

72-78

128

29

148
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Ganga River—-Proposal for a
combined Bridge at Patna or
Mokameh Ghat over the

Ganga River—Training the
river at Kanpur,

Garang River on Assam access
Road - Prevention of scour in-

Geometrically —similar models
which give geometrically--
similar results.

Geométrically—similar models
which do not give geometri-
cally —similar results.

Gibb module—Theory, design

& construction of —

Giri and Tons catchments-effect
of storages in--on supplies in-
the Jumna during flood
season & regeneration in the
fair season.

Glacis slopes downstream of
S. W. Flumes.

Glacis slopes of Flume Falls.

Godavari Right & Left Bank
canal Head Reégulators
(Bombay Presidency)-
Experiments with

Godavari River at Rajahmun-
dry — Protection of Railway
Bridge Piers on the.

3%

94

92.95 |

95-101

122

293

46
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|

1947

1948

Groyne, deflecting —Measures
taken to control erosion of
the left bank of the Rupnarain
upstream of the Bengal
Nagpur Railway Bridge at
Kolaghat by means of a—

Groyne repelling — Proposal
for protecting the left bank
of the Rupnarain River u/s
of the Railway Bridge at
Kolaghat on the B. N. Rail-
way. \

Groyne & islands - control of
flow, through bridges by
means of

Groynes, attracting and repell-
ing.

Groynes, Brushwood, effective
in eliminating ‘Dbellies’ and
return flow due fo * jetting ’,
prevented by lowering pave-
ment.

Groynes — Semi-permiable —
construction and launching of

Groynes — Timber pile groynes.

Groynes—to train the Sutlej
River at Samasata Railway
Station, N. w. Railway.

Groynes — permeable tree
groynes to reduce attack on
right bank upstream of B. N.
Railway Bridge at Kolaghat.

15

97

104

1945 i 1946

547
66

67

72

78
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Groynes — permeable tree oo 81
groynes to train the Indus
river at mile 21 of the Sukkur
Begari Bund - Sind.

Groynes — maximum depth of ‘oe 140
scour at the head of

Groynes - for silting a bye. | .. 83
river at its off--take—Indus
River opposite mile 5/3 of
Kasimpur Nababshah Bund,

Guide Bank —Maximum depth 140
of scour at the heads of

Guide Bank—design of the left 89
guide bank of the Luni River
Bridge on the Samdari~Rani-
wara branch of the Jodhpur
Railway.

Guide Bank—Maximum scour 13
at Ramganga River — pro-
posed bridge on C. K. Rail-
way.

Guide Bank-— Length of, nece- 15
ssary measures to prevent
probable erosion of Railway
Embankments.

Guide Bank design of —at the 122
proposed Lower Sind Barrage '
at Kotri — Sind.

H

Hajipur, Sind, Design of Lower 55 e T e
Sind Barrage at '
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Haleji Reservoir — Karachi
water Supply Scheme—Forty
cusecs S. W, F. in the
masonry conduit taking off
from the

Harbour—Preliminary note on

model of Cochin—

Hardinge Bridge - over the
Ganges ( Bengal Assam Rail-
way ); protection against the
danger of being outflanked.

Head Regulator - Godavari
Right Bank Canal and Left
Bank Canal-Increasing the
capacity of

Head Regulator —— Nira Left
Bank Canal—Increasing the
dlscharging capacity of

Headwork—Punjab practice of
constructing

High Coefficient Weirs.

High level stone pitching
maintained at Hope Bridge
near Surat distorted curva-
ture of flow & caused damage
upstream and downstream in
19 44.

Historical Account of the
Indian Waterways Experi-
ment Station, Poona (1916-
46).

History of the water supply
of Bombay.

2’)’6

98

88

70

9%-101

128

122

122

141

121
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Hooghly Estuary—Tidal Model S 58
of the . '

Hooghly Model - Tide generat- 73
ing apparatus in the | '

Hooghly River above Calcutta 3
—How to improve the -

Ho-oghly River — Erosion at o7

Birla Jute Mill on the

Hooghly River from Bansbaria 63
down to reefs i. e. 15 miles
below Saugor = Preliminary .

1ctc (n tle design of ecale T |

ratios of the model of the

Hoéoghly river — Tidal model to 3,7
prevent bank erosion near ! o
Dunbar and Titaghar mills. - )

Hooghly River — Measures 38 83
adopted to reduce turbulence
in the river downstream of
the knuckle at the Titaghar
Jute Mill (Bengal).

Hooghly River — Experiments e ] 39
with submerged row of piles
at the knuckle at the Tita-
ghar Jute Mill (Bengal).

Hooghly rigid tidal models 105-107
Hooghly River at Dunbar 1318 ST e
Cotton Mill — Training the D
- with a by-pass channel.

Hooghly semi-rigid tidal model 105 -
(long).
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Hooghly River — Experiments -

with  *“‘attracting’” artificial
Islands.

Hooghly River —protection of
the foreshore of the Anglo-
India Jute Mill on the

Hosghly River — Preventing
erosion along the foreshore
above Calcutta.

Hooghly semi-rigid tidal model
(short).

Hope Bridge near Surat -clos-
ing of spills on right bank u/s
of =led to heavy erosion of
the Rander Road.

Hur Hura khal.
Hurdling over Baffle wall.

Hydraulic elements and con-
stants—Nomograms for deter-
mining the

Hydraulic gradient or satura-
tion lines—effect of u/s and
d/s Water levels of the Solani
Khadir dam model on -

I

Increasing the discharging
capacity of Regulators, Out-
lets & Aqueducts by fluming
& remodelling. '

Indian Waterways Experiment
Station, Historical Account
of —1916—1646.

88

13

61

106

78-80

40

42

130

122
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Indus River, training of —above
Sukkur Barrage to prevent
glips of the right bank below
the nose of the Approach
channel.

Indus and the Llyod Barrage at
Sukkur — Experiments with
a model of the, for sand con-
trol of the right bank canals.

Indus, Sukkur -~ accretion in—

Indus, Bukkur island, in the-—
acts as an ‘attracting’ island.

Indus River—Experiments to
improve conditions in the
Approach Channel.

Indus River— Stability of the
proposed truncated nose for a.

super- flood of 9,001,000 cusecs
in the 1/80 G. S. Model.

Indus River—Maximum depth
of scour for apron protection
at truncated nose of Approach
Channel.

Indus River—Afflux due to the
proposed extension of the
outer bank of Approach
Channel.

Indus River — Training of - the
River at mile 21 of Sukkur
Begari Bund by means of per-
meable tree groynes.

6,99

97

17

26

19

22

24

23

¢1

61,177,
179
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Indus River—Design of Lower
Sind Barrage at Kotri, so as
to exclude sand from entering
canals.

Indus River—Experiments with
model, with & without
proposed Lower Sind Barrage
at Kotri,

Indus River =~ Factors affecting
the exclusion of sand from
the canals, at the proposed
Lower Sind Barrage at Kotri,

Irdus River—Scale ratios of
the Lower Sind Barrage
model at Kotri,

Indus near TUmerkhel —action
to be taken regarding erosion
of spur 2 in the —

Indus—rate of rise of water
levels in the —

Indus ( Sind ) — effect of con
structing a barrage across a
river on bed levels and water
levels u/s and d/s with parti-
cular reference to the —

Indus (Sind) - Specific discharge
gauges at Bachalshah on
the -

Information regarding rainfall,
run-off Formulas and rate of
silting of reservoirs required
in connecticn with a schemae
in Transval, South Africa.
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Irrigation — Controlled. in the
Bombay (Deccan).

Island at Suleimanki._

Island for tho Lower Siud
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 ** Attracting ” islands to
train the Hooghly River at
Titaghar Jute Mill ( Bengal ).

Islands — Experiments with
artificial ““*Attracting’’ islands
at Luni River Railway Bridge
No. 3, of the Samdari Rani-
wara Branch of the Jodh jur
Railway. '

Islands — Effect of central island
on exclusion of sand from
canals, at the proposed Lower
Sing Barrage on the Indus at
Kotri.

Islands—Optimum shape of the
nose of central Island at Kotri
for the proposed Lower Sind
Barrage on Indus.

J

Jamshedpyur Water Supply
Scheme Remodeling of the
Dimna Nala overflow
gpillway
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“Jetting” below Canal Falls &
Bridges.

*‘Jetting” prevented by Lowering
pavement level at Railway
Bridges.

Jodhpur Railway line-Truining
of Luni River to prevent it
damaging the —

Jodhpur Railway —How to con-
trol Luni River where it is
crossed by the Samdari-
Raniwara Branch Line on-—

Jodhpur Railway--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 d/s of the over-
flow section of the m al n
Erinpura Dam in~

Jodhpur State—Construction of
a 500 cusecs Standing Wave
Flume in—

Jodhpur State —Erinpura Irri-
gation and Hydro-electrical
Project siphon spillways in~

Jodhpur State — Runoff from
Erinpura Reservoir.

Jumna at New Delhi- Present
and futurer water require-
ment3 and supplies in tho-

25,30

|
|

20

3*

o

2#

36-42

138
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' T - Fages of Annual Report (Tecl;nical)
o ' for the year
J&K :
1944 | 1045 l 1945 | 1947 I 1948
- !

of the, near Delhi Gate Pum- 8 |
ping Station.

i
i

a' ?

Jumna at New Delhi — Training 4, J : €0 ,
| |
| i

Jumna River at Delhi Gate | .. | 43-48
Pumping Station — Training
of - with pitched embankment

on the right bank.

Jumna River-Relation between 93 |
floods in the monsoon and . >’ ; I
regeneration in the hot i ‘
weather in the —

K
Kalabagh Barrage —Islands u/s 98 | v -
of the B ,
Karchi water supply scheme - o*

40 cusecs Standing Wave
Flume in the masonry con-
duit taking of from the
Haleji Reservoir. |

e

Katjuri and Mahanadi at oo .|9 | 44 35 ;
Cuttack ( Orissa ) - Distribut-

ion of flood waters between —

Katjuri River — protection of - 43 -
the left bank of —at Khanna- 4 |

gar upstream of the Railway -
Bridge —Orissa. ‘

. '

Khairpur State (Sinii )= Danger 3~ S R R
of waterlogging in the l o L '
Eastern Nara tract in— S '

Khari River ~ Minimum water- I Y
way required for Jodhpur | -' : | j
Railway Bridge on . ‘ P ‘ '
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Pages of Annual Report ( Technical )

for the year

|
1944 |

1945 \ 1946 | 1947

1948 .

Khari river at Rajpur, near
Ahmedabad (Bombay)-How

to prevent outflanking of

Barrage on -

Khipro Canal (Sind) - Re-
modeling the, for sand ex-
clusion.

Knuckle at DPunbar Cotton
Mills — Longitudinal and
cross row of piles at the—to
enable accretion and silting
to take place.

Koilsagar Dam Project,
Hyderabad {Deccan)-Siphon
Spillway proposed for the

Kosai River.

Kosi River —Factors affecting
rapid westerly movement
of - :

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) Training of
the

Kuakhai River at the proposed
Road Bridge site near Bali-
anta (Orissa) - Training of the

|
2* ...

|

1

7,8

13

"9

9% 5

a0

(X2 ]

|

a7

e

-
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K’

Pages of Annual Roport ( Technical )
for the year

1944

1945 | 1947 1947

!

1948

Kuakhz{i River ;protecting the
right bank of, above the B. N.

Railway Bridge near Cuttack
(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 slips 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 Sind Barrage
- at Kotri, |

63

. ’
.

"

-

t
’!

|

)

\
l
l
|
|
\

e e — —— e

121

123

17

25

19

“

i91 .
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~ Pages of annual Report ( Technical ) -

1944

for the year

1945 l

1946

1947

| 1018

Low level Weir downstream
of Delhi Gate Pumping
Station.-effect of constructing
a—on the low water channel
at the Pumping Station.

Lower Sind Barrage (2400ft. up-
stream of site B near .Haji-
pur) — Experiments in con-
nection with dissipasion 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 S8ind 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
Landsdowne Bridge during

]928--1944V

8,9

98

103

f

-~

|
|

T

98

105

107

[
TR
. . .

i

.+ ' .

. .
B .

..

101
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Pages of Annual Report ( Technical )
I:& M - 4 for the year

: |
1944 i 1945 ‘ 1946 | 1947 | 1948

AE——

—where it is crossed by the - L ,
Samadari - Raniwara Branch L i _ ‘ -
line on Jodhpur Railway. 1. . _

: !
Luni River — How to control -3 ‘ §‘>_53,52

Luni River Floods — Steps nece- 3,5
gssary to protect main line

* from Hyderabad to Luni
Junction on Jodhpur Railway
from—

Luni Rivier = Training of the 35-12 ..
--{0 prevent it damaging ;
Jodhpur Railway line.

M

Mahanadi and Katjuriat
Cuttack (Orissa )~ Distribu- |
tion of flood waters between— T o 1

w 1192 .

Mahanadi River - preventing 527 34 i
scour below the central o | i
sluices of ~at the Mahanadi - |

Anicut at Cuttack ( Orissa ).

Mahanadi River— Test of mea- - 31 ..
sures to dissipate energy to '
prevent serious damage to the o
central sluices of —at Cuttack
(Orissa ),

}

$

_ |
Mahanadi River — Calculations i 36

for the Standing Wave, Baffle ‘

pavement, etc,~proposed desi- |
gn to prevent damage to the
central sluices of —at Cuttack a
( Orissa ).

Mahanadi River—Redistribution .
of sand load between the Ma- g 1o |
hanadi & Katjuri river system | C !
gt Cuttack (Qrissa), . :

.
o
-
-
et




INDEX

191

Pages of Annual Report ( Technical )

for the year

1944 I 1945

{
i
{

|
L1947 | 1948

Mahanadi River -~ Experiments
with reduced and unreduced
Naraj weir lergth to find the
distribution of sand load bet-
ween Mahanadi and Katjuri
System.

Mahanadi Main canal Falls
(C.P.) ~ coefflcient 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—Alur
on the Hotgi ~ Gadag line.

Manas, Beki and Balkadoba
rivers ( Assam ) — How to
train and control —

Mandeswari River.

Maps--Rain Gauge Station maps
of India, Burma and Ceylon.

Maximum depth of scour at
heads of gttide banks and
groynes, pier noses and d/s of
Bridges.

Maximum depth of scour at
noses of guide banks, groynes
and at sharp bends.

Maximum depth of scour related
to 2/d which is related to
turbulence.

Maximum depth of scour round
piers of Bridges in-

1946
! b
i“ T
| .8 } 5
% |
|
3,69, | ..
70
13
162
74
7&83‘
74 o

(2 X4
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INDEX

M

for the year

Pages of Annual Report ( Technical )

|

1644 | 1945 ‘ 1946 | 1947

1918

(a) the Brahmaputra at Amin-
gaon;

(b) the Ganges near the Har-
dinge Bridge (B.A. Rly.);

(¢) the Karnaphuli Railway
Bridge.

(d) the Ra\;fi near Rly. Bridge
at Dera Baba Nanak
(N. W. Rly.);

Maximum depth of scour at
noses of guide banks, groynes
and at sharp bends in—

(a) Ganga at Sara Guide bank,
3 milesu/s of the Hardinge
Bridge;

(b) Ganga near the nose of
the Right Guide Bank of
the Hardinge Bridge ;

(¢) Narbada River. old Rail-
way Bridge at Broach.
B. B. & C. 1 Rly.;

(d) Right Bank approach
channel at Sukkur ;

(e) Ravi u/s of Balloki
Weir-—
(i) at nose of spur 5
on the Right Bank;
{ii )at nose of spur 6
on the Right Bank,

{i} Sutlejat u/s of the Rly.
Bridge, Ferozepore
(N. W. Rly. )
(i) at nose of spur 4;
"ii ) at nose of the old
Right Guide Bank;

75,82
75,18, |
82

75,77, |
82

75,83

5,77

75,71, |

76.7%,
79,80,
83

76,77,

75,82 ‘
|
|

79,83 |- ..

79.83 f

3|

19,83 - .

|
|
?
i | !
' |
.. _: N 1 C ses
|
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Pages of Annual Report ( Technical )
for the year
1 L
1944 | 1945 | 1945 1947 | 1948

i
o

faximum depth scour d/s of

bridges in -

(a) the Ganga d/s of pier 3 } 7597,
of the Hardinge Bridge ; 83

(b) the Rohri Canal d/s' of | 76,77, |

Rohri Multan  Road 81,83
Bridge at R. D. 52,000 ;

(c) the Rohri Canal &/s of | g 7, | ‘
the Head Regulator at | 80,83 '
Sukkur ;

(d) scour d/s of the Road | 76,17, L
Bridges on the Eastern 83
Jumna Canal. .

faximum depth of scour d/s ! y5 976, ,

of Bridges. . 77,50,
- 81,83 _
faximum freshet ebb dis- @ 14 .. | .. |

charge in the Rupnarian | i ‘; ,
River at Kolaghat Railway ‘
Bridge on the B. N. Rly. in - |
1944 estimation of o o

feander length of the Rup- 14
narain River — Increase in ‘
the —due to increase in fre-
shet discharge.

foander Belt-probable maxi-
mum development to be
allowed for, to prevent
erosion of Railway embark- R |
ment at the proposed C. K. - | {
Railway Bridge over Ram- g i '
gangza River,

- - ) V . . ‘ R
feandering of Rivers factors 131 U
determining the size and ' i ‘

shape of

+ ——
3
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Pages of Annual Report ( Technical )
for the year

1944 ‘ 1945 ' 1946 l 1947 l 1948
v s 1 i
Measures to prevent bank-] 3,13 | .. e e !
erosion at the Rupnarain 3
Bridge near Kolaghat on the
B. N. Railway in Bengsl.

Measures taken to control o T L
erosion of the left bank of : j .
the Rupnarain upstream of E :
the Bengal Nagpur Railway f |
Bridge at Kolaghat by means
deflecting groyne.

Meshwa Canal Project (Bom- T T o 1143
bay). |
Methods followed in fixing | .. 88=116 | w | . ..

model] scale ratios and over-
coming model limitations,
based on experienced gained
at the Indian Waterways Ex-
periment Station, Poona.

Method of calculating scale 107--

ratios in vertically ex- - 110 S ;
aggerated mobile  river ’ ,_ ‘
models. | ; :
Military Board set up in 1850 | 14 . .. e

to study Damodar River
flood and realingment of em-
bankments.

Mississippi formula —use of - 120 0 e
for estimating the maxi- ; | E
mum flood discharge in the .
(3andak River at Bagaha on :
the Qudh and Tirhut Rail- ' |
way in 1924.

| |
Mithapur, Okhamandal-Kathia- | .. | .. . e 68
wad-Silting of salt water =

intake channel at
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Pages of Annual Report ( Technical)

for the year

1946 {'1947

i 1948

Mithrao and Khipro Canals -
control of sand entering, Ex-
Nara at Makhi (Sind).

Mobile River models, vertical-
ly exaggerated— Method of
calculating scale ratios in—

Model  Experiments — Field
results of measures adopted
after,

Model — Equivalent size and
specific gravity of stones and
blocks in a -

Viodel limitations ~ Methods
followed in overcoming —and
model scale ratios —methods
followed in fixing —based on
experience gained at the
Indian Waterway§ Experi-
ment Station, Poona.

Model limitations — action of
tree groyncs as regards bank
erosion and accretion up-
stream and downstream of
the groynes.

Vodel - Pilot & mobile bed
- Experimgmts with

Vlodel scale ratios = methods
followed in fixing - and
model limitations = methods
followed in overcoming -
based on experience gained
at the Indian Waterways Ex-
periment Station, Poona.

1944 ' 1945

15

107--

110

115--
116

86--
116

|

127 |

.

(1)

~0e

‘e
'.

—
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| Pages of Annual Report( Technical )

for the ycar

1944

© 1945 | 1946 - 1947 . 1948

Model-Scale Ratios of the
Sutlej River model at Sama-
sata Station - N. W. Railwoy.

Model —Scale Ratios of the
Lower Sind Barrage model on
Indus River at Kotri.

Model Scale ratios — Time scale,
based on tractive force for-
mula used in Kotri Island
nose experimenis-Lower Sind
Barrage.

Model ( 1/400, 1/66 ), vertically-
exaggerated--of the Mahanadi
and its Branches at Cuttack
( Orissa ) —Experiments with
the

Modei Scale ratios of model of *

Kshipra River at Ujjain.

Model scale ratios of Tapti
River at Surat ~design of

Model scale ratios of Cochfn
Harbour - design of

Models, geometrically —similar
which giv e geometrically —
similar results.

Models, geometrically —similar
which do. not give geometri-
cally —similar results.

Models, rigid and vertically —
exaggeratad.

Models, semi-rigid and vertically
exaggerated.

A o

" .i
.76

RY

110

35

1

.c.
Lo

92
99-101

13

19
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pr—

for the year

Pages of Annual Report ( Technical )

1945 1946 . 1947

1

1948

Model Experiments — Technique
of

Models, tidal - scale ratios of —

Models, vertically — exaggerated
of rivers (tidal and non-tidal).

Models vertically —exaggerated
and mobile — Methods of ealcu-
lating scale ratios in —

Moja — Damodar river.

Mokameh — Best alignment for
submarine cablas across the
Ganga at Patna and

Motaguri Bund ou tfie Manas
River —Reaching the —

Mud Banks —Report of the
Speciai Committee 1938, on
formation of Mud Bank at
Cochin Harbour.

Mud Banks-at Cochin Harbour -
movement of —

N

Narbada at Borbhata down-
stream of Railway Bridge
near Broach--Prevention - of
erosion in the

Narbada River— Water levels
of maximum floods in the-—
during 1886 to 1944.

Narbada, Tapti and Sabarmati
Rivers--Prevention of erosion
of agricultural lands along
tho -

- 1944

31

2,3,5,
85

I !
.' . . i . 14 :..

1101105
|
102

107-
110

112

148 -
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" Pages of Annual Report (Technical)
« for the year

I 1944 ’ 1945 ‘ 1944 l 1947 | 1948

Neamatiin Assam — Prevention * . P f }
of erosion at~— N L
‘ i ! |
Nira L.B. Canal Head Regula- 95 | 128 | |
tor —Coefficient of discharge ! |
of the -
Nira Right Bank Canal Aque- 122

duct No. 23 —Fluming of

Nomograms for determining .. | 78-80 e
commonly required hydraulic ; _ ;
elements and constants. | | |

Nomograms--Punjab Irrigation- 6 e
by Mr. E. S. Lindley. ;

North Western Canal —Sukkur e |85 |
Barrageon Indus River-— |
Flattening the slope of 1 |

Number of dry days during 73 -
which Tansa storage '
{ Bombay.) was depleted—
years 1896 — 1944.

Number of wet days before 73 . i s
depletion started in Tansa
(Bombay) — years 1896 to 1944.

Nuna — Pothi rivers in Orissa — * L
Flood protection measures ‘
for -

N. W. Canal in Sind—Preven- 3
tion of scour below a bridge |
on the — !

s

>0

N. W. Railway Bridge over the 23
N. W. canal near Ruk, Sind — .
Deep scour d/s of the —experi-
ments carried out to evolve a }
suitable design of pavement |
and side expansion to induce j ; C
accretion. _ | ! | :
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Pages of Annual Report ( Technical )
for the year

1944

1945

1946

1947

1948

o

Offtake — Design of — at the
entrance to the right pocket
from the approach channel at

Sukkur.

Orissa, experiments with a
vertically exaggerated model
(1/400, 1/66 ) of the Mahanadi
and its branches at Cuttack.

Orissa, Cuttack — Katjuri and
Mahanadi group of rivers
n e ar—Experiments with a
model of the

Orissa, Cuttack — Mahanadi and
Katjuriat=Distribution of
flood waters between—

Orissa, Cuttack = Naraj weirat—
Standing wave and drowned
condition of the—and their
effect on the sand drawn by
the Katjuri.

Orissa~-Flood protection mea-
sures for Nuna Pothi Rivers
in-

Orissa, Prevention of silt going
into the Surada’ Reservoir at
its Padma Intake in —

Oudh and Tirhut Railway -
Gandak River at Bagaha on
the —which has outflanked the
bridge —how to divert the —to
its original course through the
oridge, | '

I*

10

96

19-22

14

19

19

44

.o

L 2 2%
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Pages of Annual Report ( Technical )
: for the year
P .
: o ' ' 1944 1945 | 1946 ' 1947 | 1948
P . .
Patna and Mokameh — Best ali- . | 148
gnment for Submarine Ca-
bles acroes the Ganga at
Periyar River — Dominant dis- 105
~ charge of '
Permissibiliiy or otherwise of 2* U

reducing spillway capacity,
Berar ( Akola Municipality ).

Piers —depth of foundation of 14
—for the proposed C. K. Rail-

way Bridge over Ramaganga
River.

Piers — maxiiuum depth of scour | e . | 140
at the nose of !

Piers — scour round the 129 o

Piles — Longitudinal and cross 1 39
rowof—~atthe knuckle at
Dunbar cotton Mills to enable

accretion and silting to take
place.

Pilot Model and mobile bed 15
model - Experiment with -

Port of Rangoon Tidal Model, 107
Positioning of *attracting * is- 97

lands as related to meander

Iength.
Prediction of the future move- 13 .

~ment of the Gandak River at
Bagaha,
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for the year

1944

1945

1946

1947

1948

Preliminary note on the design
of scale ratios of the model of
the Hooghly River from Ban-
sbaria down to reefs i. e.
15 miles below Saugar

Preliminary note on the Purna
River ( Bombay ).

Present and future water requir-
ments and supplies in the
Jumna at Delhi.

Prevention of collapse of Rohri

Multan Road Bridge over

Rohri Canal at R. D. 52,000
in Sind.

Prevention of damage to the
Surat — Rander Road and the
city wall of Surat d/s of
the Hope Bridge from floods
in the Tapati River in Guja-
rat

Prevention of erosion in the
Narbada at Borbhata down-
stream of Railway Bridge near
Broach.

Preventing serious damage to
the central sluices of Maha-
nadi Anicut at Cuttack
(Orissa).

Prevention of erosion at Nea-
mati in Assam.

Prevention of erosion of agri-
cultural lands along the Tapti,

Narbada and Sabarmati
rivers, _

91

3%?.

3,6,87

3%

3,5,84

Cewe

1138 |

27

63

1 49
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INDEX

Pages of Annual Report(Technical)

Prevention of erosion of Bom-
bay foreshore ani reclama-
tion of land bearing S. No.71,

part of Juhu and Greek-land.

Prevention of foreshore erosion
at Vizagapattam.

Prevention of further erosion on
the left bank ot the Rupnarain
river above Kolaghat Rail-
way Bridge of the B. N, Rail-
way. '

Prevention further erosion of

the bank of Sutlej River at

Samasata Station, N W. Rly.

Prevention of erosion along the
foreshore of the Hooghly
River ahove Calcutta.

Prevention of further erosion
of the-left bank of Watrak
River upstream of Kaira
Town (Bombay).

Prevention of scour below a

bridge on the N. W. Canal
in Sind.

Prevention scour ' in Garang
river on Assam access Road.

. Prevention of scour below the
central siuices of the Jobra

Anicut on the Mahanadi at
Cuttack (Orissa).

Prevention of sea wall erosion
at Bombay,

for the year
1944 1945 1946 | 1947 1948
l*
a%
13 130
68
130
64
3,23
3*
e 5
1* .
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Pages of Annual Report ( Technical )
for the year

1944

1945

1946

1947

1948

Prevention of silt going into the
Surada Reservoir at its
Padma Intake in Orissa.

Prevention of slips of the right
bank of Indus below the nose
approach channel - upstream
of Sukkur Barrage.

Proposal to construct a Barrage
on Tank Zam in N. W. F.
Province to split up water
between several areas.

2roposal to prevent a recurr-
ance of damage resulting
from breaches in the Damo-
dar river, Bengal.

Proposed bridge and reclama-
tion between Ernakulam
Thanthoni and Mulavukad

islands (Cochin).

Proposed diversion of 40,000 cs.
to relieve flooding at Gorakh-
pur on O. 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 Hooghly ( Bengal ).

2’)’5

2%*

KES

pE

43

17

128

42

66

52
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Pages of Annual Report ( Technical )
for the year

I 1944 | 1945 1946 l 1947 l 1948

Protection of retaining walls 8
from scour by means of re-
pelling spurs ( Baluchistan ).

. Protecting the toe of a retain- 1
ing wall from scour, particu-
larly on a curve, in south .
Quetta, Baluchistan,

Protection to the piers of the 1*
Elgin ‘' Bridge over the Gogra
River on O. & T. Railway.

Protective measures below the 21 . -
new udersluices of Son at
Dehri — Bihar officers’ pro-
posals tested in Model.

Protecti\%e measures — Dehri 21
( Bihar )= Optimum design of
contrq] blocks and deflectors.

Pump House —supply of sand " .- 187
free water to Jamshedpur
Pump House.

Pump House at Jamshedpur — 188
design of intake tower.

Punjab Engineering Congress— 97

Written discussion by Direc-
tor on Paper No. 275 “‘River-
training and control by pitch-
ed ‘attracting’ island ”.

Punjab Irrigation Nomograms 6
by Mr. E. S. Lindley.

Punjab practice of constructing 98
Headworks,
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Pages of Annual Report ( Technical )

for the year

1944 I 1945 l 1946 l 1947 I 1948 -

R

Radhanagari Hydro-Electric
Works -- Kolhapur

Investigations in connection

with

Kail-cum Road 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
Upper 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

C. K. Railway Bridge,

68 -

68

68

- 162

131

~2

10

13

124,

- 52

19

.93,

18
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Pages of Annual Report ( Technical)
R for the year

1944 | 1945 | 1946 | 1947 | 1948

Ramganga River — Length of w | 15
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 piers
over .

Rander Road - closing of spills 83
on right bank u/s ‘of Hope
bridge near Surat led to heavy
erosion of the—

Rangoon Port Tidal Model. o 107

Rate of sand attrition in cha- 115
nnels.

Recommoandations of the Solani 63
dam sestion based on model
experiments.

Recovery of head. modular 37
limit; and range in S. W,
Flumies,

Regeneration in the Jumna 93
river,

Regime—divergence from—in 135
stable channels in alluvium.

Relation between bulk propor- 4}
tionality and height of hump.

Relation between floods in the 93 .
Monsoon and ‘regeneration
in the Hot-weather in the
Jumna River.. '
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Pages of Annual Report ( Technical )

for the year

1544

1945

1946 ( 1947 , 1918

Relation between the mean rain-
fall at Wada and Bhivandi
and Bombay water supply —
1895 to 1944.

Relation between proportiona-
lity of dischargein S. W. F. s
and height of hump.

Relation between the size of air
pipe, size of the discharge pipe
& the drum with leakage from
chamber.

Remodelling of Canals.

Remodelling of Son Anicut at
Dehri.

Remodelling Railway Bridge
over the N, W. Canal at R.D.
75,000 on the N, W. Railway.

Remodelling the Rice canal in
Head portion.

Repelling groyne upstream of
the Railway Bridge on the
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and in the river.
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Rupnarian River above Kolaghat 14
Railway Bridge on the B. N,
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cient of discharge of

Siphon Spillways—preventing
scour below Ganesh Iyer
Volute Siphon by mutual
impact of jets

Siphon Spillwey proposed for
Koilsagar Dam Project
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Annual Report (Technical) of work
done during the year 1944,

ByO C. Inglis, Rao Bahadur D. V. Jogle-
- kar and Staff at Khadakwasla.

Annual Report (Technical) of work
~ done during the year 1945.

' By Rao Bahadur D.V Joglekar and

Staff at Khadakwasla.

Annual Report (Technical) of work
done duting the year 1946.

B?/K K. Framji, Rao Bahadur D. V. Jogle- |

kar and Staﬂ’ at Khadakwaslu

Annual _Report ( Technical ) of work
done durmg the year 1947,

B_/K K. Framji, Rao Bahadur D. V.J ogle- |

_ kar and Staff at Khadakwasla..

‘* “The behakur and control of Rlvers

and Canals” (with the aid of Models)
| (in two parts)

By C.C. Inglis.

1945

1948

1947

1948

1949

Rs. '7—8-0
Rs.‘ 25—0-0
Rs. 7—8-0
Rs. 25—0—0

RS. 16—8 —0



Page No. Line No. Incorrect Correct
8 18 1486 1.486 '
10 9 13850 cusecs=7460 m.g,p.d 13850 cusecs=7460 mg,p.d
25 23 August August 1948
29 23 upt up-
29 24 experimen experiment
29 30 Traiding Training
33 17 Qmax= 136 Qmax=1..36~
33 24 R.L. 15675 R.L, 15675
33 29 photo 2227 photo 5227
36 14 But, is ~ But, it is
A5 3 hoe hole
A6 10 L, L,
A6 16 Lz L2
37 32 experiences experienced
38 23 currcent current
38 38 comprise compromise
39 3 groyene groyne
39 34 top of at , top at
41 Marginal note photo 4249 photo 5249 & photo 5244
A7 28 abopted adopted
50 11 090 ft. 0,90 ft
57 6 Erosion 17, Erosion,
58 7 Tidal Model 18. Tidal Model
31 effecti s effect is
64 Table 1, Col 4 5,196 5.250
Line 5 _
65 - Table . = L _ 3/2
Sub~heading of QScale q3/2 QSca.le = L.d /
Col. 24,

69

71
4
78

ERRATA

(... x 0.2094 x 0.822)...

Marginal Note
of sub-para 3,3
12
19
Marginal note
of sub-para 3,1
Last marginal

Fig 55

041
Menthod

photo 5400

note of sub-para 3.3

(.. 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
88 16

88 Margiﬂal note of
,» sub-para 62.1
A12 Last line

95 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 bank...

070 et séq

afflax
R.L, 520
Fig 6
R = ( )
in 1941
par million
Prtuberances
2700 . 595

27.00  6.33
tovery

qa=2Cy72g(D-dy)

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'mal for whole column
afflux
R.L, 52,0
Fig 76

in 1941 (see fig. 83),
per million
Protuberances
270.0 595
270,0 63.3
to very

-q=0d;72(D~d1)



