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Page 55 : omsit “ thus * from beginning of 13th line from bottom.
Page 63, 5 lines from bottom : omit * which .
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Parr 1 Sheet 2,

1203, Showing the demonstration models on the Right Bank
of the Mutha Right Bank Canal.

71283 A small scale fall experiment in the 18 ft. Left Bank channel
: and a large scale twin fall model discharging 240 cs. in an
adjoining channel, .




Parr 1. Sheet 3.

328, Full scale siphon spillway model discharging 520 cs.

< . iR
884. The samE,liphon‘l i_ﬂhd!o_'m& Tunning with the outlet
LT Hated 3t @' 3 3 doivnstream.

»

850. Shows } scale replica of the 520 cusecs siphon with glass
sides. o .




Sheet 4.
Part L.

842. Showing the Sukkur Barrage model looking downsircam
with Bukkur island standing out in the middle foreground.

521, Showing a * part’ width model of the Sukkur Barrage show-
ing deep scour at the verticel nose of the Divide wall.

841, Amodel ofthe Jomrao Canalat mile 17 wiﬂ;q}arped, conver- -
ging, silt-excluding head for Dim and Khadro minors,




PartT 1. Sheet .

662. Showing heavy scour which would have occurred
downstream of the Tando Mastikhan Fall
(Rohri Canal, Sind) with 1 in 10 divergences
without remodelling.

826. The same design in photo 662 after baflle and
deflector had been added.



Sheet 6.
Parr 1.

' 1256, A part-width model of Sukkur Barrage before downstream protection
! was added.

1263. The same as 1256, after a baffle had been added downstream of the
sluice gate causing a standing wave to form and a deflector at the
end of the pavement which created a bed roller.



Parr 1. Sheet 7.

1167, Showing a falling apron experiment using different coloured pehbles
to trace how ** launching ”* takes pluce.,

1012, Showing profile of flow in a pier experiment.



Pupr T. Sheet 8.

1183. A large scale model of the Right Guide Bank of the Hardinge Bridge,
looking upstream, showing condition of flow before slip of 26th
September 1933 occurred.

1187. Same as 1183, showing how the slip oceurred.



Pane L Sheet 9.

Head of
G.B.

Toc of
Bank.

1192, Experiments with Falling Aprons. Model of Guide Bank at
Hardinge Bridge showing formation. of breach (looking
downstream towards bridge).

643, A porlion of the 550 ft. long model of the Gunges River above the
Hardinge Bridge.



= - Sheet 10,
arT 11

DISTRIBUTARY 5 MODEL OF THE EASTERN NARA RIVER AT MAKHI

Makhi Regulator

Khipro Canal

Mithrao Canal

838. Experiment No. 2: (Looking downstream.) A spur projecting to
midstream was built at the downstream end of the Mithrao to
create curved flow to exclude bed silt.

Malkhi Regulator o 3
Khipro Canal

Mithrao Canal

855. Experiment No. 3: 1 in 5 convergence upstream and 4 spur projecting
to midstream downstream of the Mithrao. (Looking downstream.)

Khipro Canal
Makhi Regulator

Mithrao Canal

Long raised sill with
1 in 5 convergence
upstream.

865. Experiment 4: 1in 5 convergence u

raised sill in front of the Mithrao and Khipro
downstream, )

pstream of the Mithrao and a long
Canals.  (Looking



Part II. Sheet 11.

MODEL OF THE EASTERN NARA AT MAKHIL

ExPERIMENT 7 (a) : KING’S VANES OPPOSITE MrrarA0 AND Kuirro CANALS.

Makhi Regulator Khipro Canal

Mithrao Canal

King’s vanes

Nara River

890, Looking downstream.

ExPERIMENT 8(@) : DIVIDE WALL OPPOSITE MITHRAO AND A LARGE RADIUS SINGLE
VANE IN CONTINUATION OF THE DIVIDE WALL AT THE DOWNSTREAM END TO
EXCLUDE BED SILT FROM KHIPRO CANAL.

Khipro Canal]Head

Divide wall with a
large radius single
vane dfs

Mithrao Canal

Nara River

888, Looking downstream,



KH/PRO M1THRAO

1409. Showing the Enstern Nara on the left and the approach chamnel to the Mithrao on the right, shortly after
construction. (Looking downstream:.)
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Parr 1II1. Sheet 13.

MODEL OF MULA RIVER AND CAUSEWAY AT RAHURI ( DISTRICT AHMEDNAGAR),

1534. Looking downstream (1936 conditions) with maximum flood of the
2nd season, showing the high velocity jet impinging on left hank
(marked I in photo) upstream of landing stage.

«—Forry
Line.

1539. Experiment 17 (1936 conditions). Looking downstream. Showing
heavy scour of left bank upstream of ferry after 3 flood scasons.



Sheet 14

Part III.

DNAGAR) HORIZONTAL SCALE RATIO = L,

MopEL oF MULA RIVER AND CAUSEWAY AT RaHURI (DIsT. AUME
1

VERTICAL SCALE RATIO =

1538. Looking downstream. showing the proposed Burma type spur on the
convex bank with two trapezoidal notches in the stem of the spur.

1517 Looking downstrcam. The spur in actiony
cusees (= 32,500 es., wi

; Discharge in model=6-28
ith 4 ft. depth over causeway),




Parr III. Sheet 15.

1/10 SCALE GEOMETRICALLY SIMILAR PART-WIDTH MODEL 0F MuLa River CAUSEWAY.

22

1390. Present design with faces of slabs at right angles to flow,
Looking upstream,

TOP OF -
CAUSEWAY

1389. With curved bellmouth added to slabs upstream and downstream.
Radius of bottom arc=16x depth of slab and of top arc=depth
of slab, Looking upstream.

Tor, oF
-vo a‘-<—— CAUSEWAY

R

t'fép oF

OPENING

1394. With semi-circular bell hs up and d e Looking
upstream.




Sheet 16.

Part 111,
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73,
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Parr III. Sheel 17,

1/5TE SCALE MODEL OF 700 crSECS (6-63 FT.) PROPORTIONAL STANDING WAVE FLUME METER FALL WITH DAFFLE

CISTERN AND DEFLECTORS.

1685. Looking downstream, showing the condition of flow with F. 8. Q.=12-5
cusees ( = 700 cusces), H=1-33’ ( = 6-63’) and d,=1-02 ft. { =

2.
= 51 ft.);
with baffle = 1-96 ft. high without sloping ends. The height of waves
near banks=0-10 ft. ( =0-50 ft.)—Experiment 2.

&

1686, Same as 1685, except that b

Standing Wave downstrea

affle height increased to = 2.6 ft.

m of the baffle was clear and
height of waves near banks=0-07 ft. { =035 ft.)



Sheet 18.
Parr III.

GEOMETRICALLY SIMILAR MODEL.

OTH SCALE) OF THE BELLMOUTH SLUICE THE V., iH NK CAN EAD REGULATOR.
Gopavarr Rigur Baxk Cavan H
MOUTH SLUICE OF THE
{1/ SCALE) 'HE BE!

i 34 ¢ s Tpstred W. L. =530-10 and
5 ok lownstream.  ( 4 cusecs.  Upstream W. = (
B L eam W, L. = Conditions of flow with baffle, cistern

and 1 in 10 divergence.

Side slope
pitching of
stones.

Side slope
pitching of
stones.

1550. Looking upstream : Sides div

of sluice with a cistern 3 ft. deep anc

il scour after 12 hours’ flow with Q

0-1 and downstream W. L. 28-
and there was no scour near banks.

a baffle =13}” high at end
= 11 ft. long downstream.
84 cusecs.  Upstream

Scour was negligible




Parr I11. Sheet 19.
A MODEL OF THE GANGES AND THREE OF ITS TRIBUTARIES.

(ScALE RaTIO=1 FoOT =10 MILES.)

1595. Showing conditions after 47 hours’ flow ( =23 years).



Parr IIL. Sheet 20,

BRAHMAPUTRA AND THE PROPOSED EASTERN BENGAL RAILWAY BRIDGE
AT AMINGAON.

MODEL OF THE RIVER

1680. Looking downstream ; with piers and guide banks. Conditions
of flow with Q = 935,000 cusecs.

1681. Same, looking upstream.



Parr II1. Sheet 21.

PART-WIDTH GEOMETRICALLY SIMILAR MODEL OF THE WASTE WEIR OF SPIN-KAREZ RESERVOIR.

LONGITUDINAL AND VERTICAL SCALE RATIO=1/20. LATITUDINAL SCALE RaTIO=130.

1575. Condition of flow in the waste weir tail channcl—as designed, looking
downstream, with Q = 12,500 cusecs.

1576. Showing scour nfter 2 hours’ flow (=96 hours in prototype ).
I.ooking downstream.



Parr III.

1579. Showing condition of flow in the tail channel, with bed protected by a
series of wire crates = 3-33’ high spaced = 250’ apart in experi-
ment 2. Q = 12,500 cusecs. Looking downstream.

1580. Showing scour after 2 hours’ ( = 9-5 hours) flow of Q = 12,500 cusces
in experiment 2 above. -

Sheet 22.



Part 111,

Sheet 23.
Rapid.
13ed 8 badle fall,
, |8 ft. Plain vertieal fall,
|
Vv
Rapid>
2nd 8’
bafile fall,
&1st 8 fall,

&Waste weir,

1587. Showing conditions of flow with Q = 12,500_cysecs;- with two =8’
bafile falls - spaced at =250’ intervals.downstream of waste weir;
followed by a continuous rapid having superelevation and & =8’ baffle
fall and a piain vertical fall still further downstream.



Parr II1. Sheet 24.

Flow —

1628, Model of Watrak River at Kaira (Ev=Vertical exaggeration=>5).
Esperiment 1 showing conditions after floods of 1937. The
corner of the Fort which subsided into the river may be seen on
the right.

1634. Vertically Exaggerated Model. Experiment 4 with Burma type
spur, showing siiting induced along Fort wall.



Parr III. Sheet 25.

1669. Part-width, geometrically similar, model. Experiment 4. Sloping
spur with mobile protection as laid before flood. Looking downstream.

1670. Part-width model. Experiment 6. Burma type spur, showing very
deep scour at nose. Looking downstream.



Annual Report of work done during the year 1937-38.

PART 1.

1. INTRODUCTORY.

In June 1916, the Special Irrigation Division was created to carry out rve-
search into problems of land drainage, reclamation, and hydrodynamics. In
1920, a Hydrodynamic Research Station was opened at Distributary 5 of the
Mutha Right Bank Canal with a maximum discharge of 8 cusecs. Early experi-
ments carried out there, have been dealt with in Technical Paper No. 28 of the
- Bombay P. W. D.: “ Research work done by the Special Irrigation Division

since its formation in June 1916 .

In 1925, it was decided to construct a full scale model of a syphon spillway
(5'x 4’ and 29’ high) for comparison with a 3th scale model. This was construct-
ed at Khadakvasla, downstream of the Dam of Lake Fife. Experiments were
continued for about 3 years with discharges up to 520 cusecs. About the same
time it was found that the supply at Distributary 5 was insufficient, and Khadak-
vasla Hydrodynamic Research Station was started. During the past 9 years
this Station has been gradually expanding, until now there are 13 experimental
channels and the aggregate length of channels and models exceeds 2,400 ft.

Figures 1 and 2 show a plan of the area and figs. 3 and 4 show cross sections
running from the Right Bank to the river bed on the left.

The maximum discharge of experiments in progress at one time exceeded
110 cusecs, and in general up to 6 model experiments have been in progress simul-
taneously. The water, after passing through the models, is discharged into the
Mutha Right Bank Canal during the fair season ; but during the flood season a
large part of the water, being in excess, is returned to the river.

Some 20 photos of work done at Khadakvasla in previous year have been
selected from over 3,000 and are shown on Photo Sheets 1 to 9.

Photo 1690 is a composite photo taken from the top of the hill above Khadakvasla

Dam and shows the Lake Fife Research Station just downstream.

Photo 1203 shows 22 demonstration models on the Right Bank.
Photo 1205 shows a Canal Fall model in the 18 ft. Left Ba.nk Channgl. This
channel is now used for silt experiments and has been increased in length

o 200 1t
Photo 1232 shows a small scale fall experiment in the 18 ft. Left Bank Channel

and a large scale twin—fall model, discharging 240 cusecs in an adjoining

channel. )
Photo 328 shows the full scale syphon spillway model discharging 520 cusecs ; and
Photo 884 the same syphon running with the outlet flared at 1 in 5 downstream.
- . . o 1
850 shows a 3th replica with glass sides. Pressures and velocities at a
PhOtI?oints in the s‘crliam were observed and compared and it was found that the
model gave closely similar results ezcept as regards priming depf,hs.
Photo 842 shows the Sukkur Barrage Model, looking downstream, with Bukkur
island standing out in the middle foreground. '
Photo 521 shows a part width model of the Sukkur Barrage, showing deep scour
at the vertical nose of the Divide Wall. ' n . .
41 shows a model of the Jamrao Canal at Mile 17 with warped, converging,
PhOt:il%—excluding, bead for Dim and Khadro Minors. . i
i : tream of the
62 shows heavy scour which would have occurred downs 0
PhOt;aSemeit of TanZlo Mastikhan fall with 1 in 10 divergences, Without
remodelling, and
Photo 826 the same design after baffle and deflector had been added.



2 ANNUAL REPORT OF WORK DONE DURING THE YEAR 1937-38.

Photo 1256 shows a part width model of Sukkur Barrage before downstream
protection was added.

Photo 1263 the same, after a baffle had been added d/s of the sluice gate (causing
a standing wave to form) and a deflector at the end of the pavement, which
created a bed roller.

Photo 1167 shows a ‘ falling apron’ experiment, using different coloured pebbles
to trace how ‘ launching ’ takes place. It will be seen that stones launch
almost at right angles to the axis of flow.

Photo 1012 shows profile of flow in a pier experiment at the pier.

Photos 1183 and 1187 show large scale model of the Right Guide Bank of the
Hardinge Bridge, showing how the slip of 26th September 1933 occurred.

Photo 1192 Experiments with Falling Aprons. Model of Guide Bank at Hardinge
Bridge showing formation of breach (looking downstream towards bridge).

Photo 943 shows a portion of the 600 ft. long model of the Ganges River above
the Hardinge Bridge.

Khadakvasla has several exceptional natural facilities :—

(1) Water is crystal clear for 7 months of the year ; almost clear (visibi-
lity 2 ft.) for 3 months of the year and contains only very fine col-
loidal silt in the remaining 2 months.

(2) Owing to water being drawn from a deep lake, the temperature of the
water varies little throughout the year and scarcely at all during
the day and from day to day.

(3) The climate is equable.

(4) The Station is only 11 miles from Poona.

(5) No pumping is required.

(6) No charge is made for water as it is discharged without waste into the
Mutha Right Bank Canal.

(7) The slope of the country is steep and the  head ’ available up to 60 ft.
which makes the Station eminently suitable for full-scale model
experiments with sluices, etc.

(8) Ample head being available, conditions are suitable for deep “ measur-
ing chambers’, small in area, which give high accuracy and quick
stilling.

(9) 8 low-level sluices with sills at Canal bed level draw water from Lake
Fife. Each of these is regulated independently and as water is
drawn off under considerable head from a large body of still water,
the discharge of each sluice is almost absolutely constant, the varia-
tion being but a small fraction of what experience in Sind and the
Deccan shows occurs when water is drawn from a Canal. In some
experiments, small fluctuations in discharge are unimportant ; but
where the object is the determination of discharge formule or small
variations from straight line formule, it is essential to have a supply
in which fluctuations are so extremely small as to be negligible.

The Station at present comprises 6 acres; but further extension will be
necessary if important large scale work, which the Station has recently been
asked to take in hand, is accepted.
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PART IL

2. TEcENICAL PAPERS,

Three Technical Papers have been issued during the year:

Bombay P. W. D. Technical Paper.

No. 56 “ Land Drainage in the Deccan Canal Areas” by W. A. Evershed, B.Sc.,
gl.EInst. C. E., Ex. Eng., with C. C. Inglis C.1I.E, B.A, B.A. I, M. Inst.,

No. 57 “ Disposal of Poona Sewage Effiuent ” Part I, Note on effluent distribu-
tion by C. C. Inglis, CLE., B.A,, BAL (Dub), M. Inst. C.E., LS.E.,
Superintending Engineer, and D. V. Joglekar, B.E., BB.E., Assistant
Engineer.

No. 58 * Summary of the Annual Note on Experiments carried out by the Irriga-
tion Research Division during 1936-37 at Lake Fife Hydrodynamic Re-
search Station near Poona.”

and three Papers have been written :

(1) Paper on “ The use of models for elucidating flow problems ” written
for the Jubilee meeting of the Indian Science Congress, by C. C. Ing-
lis, C.I.LE., B.A,, B.AIL, M. Inst. C.E.

(2) Paper on “ The exclusion of silt from heads of Canals and Distributaries
by C. C. Inglis, C.I.LE., B.A., B.A.L,, M. Inst, C.E,, and Rao Shaheb
D. V. Joglekar.

(3) Paper on “ The eradication of water weeds from Deccan Canals ” by
C. C. Inglis, C.LE,, B.A,, BAL, M, Inst, C.E,, and V. K. Gokhale,
M, Ag.

3. ExTrACTS OF PAPERS WRITTEN DURING THE YEAR.

The use of models for elucidating flow problems.

Of recent years, so many claims have been made regarding the successful
application of model research to the solution of hydraulic problems that the public
are now under the impression that any engineering problem can be simply solved
by the use of models. A corrective to this view was provided when Herbert D,
Vogel, Director of the U. S. Waterways Experiment Station at Vicksburg, in
replying to the discussion on his paper entitled ** Hydraulic Laboratory results
and their application in nature ” published in the December 1985 issue of the pro-
ceedings of the American Society of Civil Engineers, wrote :—

“TIn an effort to find proof—or disproof—of the reliability of open-channel
experimentation, this paper was tossed out as a challenge. The results, while
disappointing, were nevertheless illuminating in their paucity, and the ques-
tion could now be asked, ¢ Are current studies being undertaken : (1) Because
of the proved validity of the method ; (2) because models are a che‘a‘p' means
of approximation ; or (3) simply because it is fashionable to carry on “Scientific
research 2°  To run down the answer to this query, circular letters were sent
out from the U. 8. Waterways Experiment Station during August, 1934, to
more than fifty laboratories or individuals engaged in hydraulic research.
It was tequested in each case that information be furnished regarding the

erformance of any model tests, the results of which had been substantiated
subsequently by results obtained in the field. Twenty of these letters were
directed to addresses within the United States and the remainder werc sent
to foreign countries,

“ Replies were received from twenty-eight of those addressed, twelve of
these being from laboratories within the United States. With a few notable
exceptions, the replies contributed scarcely any information directly pertinent
to the subject,”
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Nearly all the cases cited were of models with rigid boundaries, several of
which gave only approximate correlation, and “ little or no information was
received in justification of movable bed models.”

The object of this Paper is to show :—

(i) that there are eight markedly different types of models, only one of
which presents little difficulty and gives results suitable for immediate
application ; whereas other types, especially those relating to flow
in rivers, present great practical difficulties ;

(i) that much larger models than have generally been used in hydraulic
laboratories in the past are required to give accurate results, especial-
ly in the case of erodible models;

(iii) that most flow problems—even investigations into the movement of
silt—which have hitherto generally been investigated in labora-
tories in parallel sided flumes, as though they were 2-dimensional
questions, are essentially 3-dimensional problems ; and

(iv) that model experiments are a very valuable aid in the solution of
practical engineering problems, but that success with them depends
mainly on engineering skill which they cannot replace.

Summary and conclusions.

The Author’s original intention was to group over 100 successful model in-
vestigations carried out at Poona ; touching on the salient features of each group.
Enumeration of the experiments had, however, to be omitted to cut down the
length of the Paper.

8 main types of models are described with examples showing why some types
present little difficulty and give results suitable for immediate application ; where-
as other types, especially those relating to alluvial rivers, present very great prac-
tical difficulties.

Geometrically similar models in which paralle] flow or free vortex flow are
established give geometrically similar results, provided they are not too small to
make it possible to reproduce the boundary conditions of the prototype. In
other cases full similarity is not attained and the divergence may be very great
a8 shown in paragraph 8.

It is only in some models of types I, IT and V that paralle] sided flumes give
reliable results ; all other types should be treated as 8-dimensional probelms.

Channels may be divided into two classes :—
(@) Channels flowing within rigid boundaries.
(b) Channels flowing in incoherent alluvium,

In the former, flow is under flumed conditions and a heavy super-charge of silt
can be carried provided the slope is sufficiently steep. In the other type, flow
is ‘ natural,’ adjustments to changing conditions being brought about by scouring
and silting. Lindley, in 1919, put forward the original theory that ‘ the dimen-
sions, width, depth and gradient of a channel to carry a given supply loaded with
a given silt charge were all fixed by nature > and some ten years later Gerald Lacey
produced a series of formule which fixed gradient and shape of regime channels.

According to Lacey, P=267 v/, from which it follows that PR=712 V,
where P=wetted perimeter ; Q=discharge ; R=hydraulic mean depth and V=
velocity. This is the Lacey shape formula’. ~According to Lacey’s ¢initial
regime formula’ V=1-17v iR, where f is the silt factor, which=-73 V*/R, and
hence is proportional to V*/gR, the Froude number. 8o on the assumption that
a regime channel approximates to a semi-ellipse, with the semij-circle as the limit-
ing shape, the limiting discharge in cubic ft. per second=Qlim=1-82/f*, Actually
however, for reasons explained in the paper, Q=3-2/f* is the minimum digchargé
with which it is safe to work. i

From the Lacey formula and from Nikuradze’s work ipes i
follows that the finer the silt, the larger the discharge requﬁzdrﬁ%ziinfn%)(ﬂl?es *

There is a natural regime silt charge, which varies with the discharge and silt
grade, and there is a minimum velocity for each silt, below which the regime silt
charge cannot be carried.
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For the same grade of silt, the lower the discharge the more sensitive is the
model to a super-charge of silt.

. The regime conception must form the basis of all accurate model work dealing
with movement of silt, and its division between offtakes,

. Experiments with combined erodible channels and rigid models present difficul-
i_:legs ; bgcause the flow formula is different in the 2 parts, and hence a model which
1s identical in plan in model and prototype cannot give similar results. In many
cases this can be overcome by °fitting’.” Part of the difficulty is due to the fact
that though vertical exaggeration has been adopted as common practice in model
work, lateral exaggeration, which is also natural, has, so far as the author can
determine, been overlooked.

One of the best known types of models is the ¢ tidal model ’, which falls under
the semi-rigid model type. In this, conditions are imposed, the sides, and in many
cases a considerable part of the bed, being held against scour. Such models give
valuable results provided they are correctly designed ; but as conditions are im-
posed, either complete data must be available—which is practically never the
case in river work—or else results depend to a marked extent on the field experi-
ence of the experimenter. Rigid models are used in America for determining the
effect of ‘ cut-offs* on upstream water levels and they give valuable information
as to the immediate effect on water levels upstream ; but that is all.

Models with mobile protection, e.g., falling aprons, pier protection, ete., give
geometrically similar results of great value,

In almost all experiments except Type I, scale effect is important ; and in
practice, where conditions are normally complex, this can best be determined by
constructing 8 or more models of different sizes and analysing the data, which,
if found suitable, can be extrapolated to prototype scale.

Combined rigid, mobile and meandering river models present many difficul-
ties, because the laws governing each of the 3 types, here combined, are different.
To solve such problems, experiments to determine the scale effect of various fac-
tors have to be carried out in sets of separate models and the results of these com-
bined and applied in the large, full length model, changes being made by hand
when conditions arise which the other experiments indicate would lead to changes
occurring. Though accurate results can be obtained in a model for one particular
discharge, where discharges vary widely, the degree of accuracy varies at different
discharges and with low supplies, difficulties arise in reproducing scour in the
model.  This can only be partially overcome by selecting a suitable silt and having
a varying discharge scale ; but where the determination of scour with small dis-
charges is important, separate large scale part models are required.

The main fact which follows from this Paper is the importance of large 3-
dimensional models ; and at Poona the discharges now preferred range between
6 cusecs and 20 cusecs in each model, but may be as much as 30 ¢s. in a single
model, and up to 520 cusecs have been used in a model investigation of type II.

Although in general the larger the model the better the results, it must be
remembered that doubling the size of a model, quadruples the area, the discharge
and the labour involved ; and increases the time factor to approximately 1-6
times.

The general conclusion is that in competent hands, a very wide range of ex-
periments with large models gives results of high qualitative accuracy and may
also give quantitative accuracy ; but, in the case of river models, the data avail-
able is generally meagre, and though the gaps in data can be filled to a large extent
by an officer with wide field experience, so that a model can be made to reproduce
what has previously occurred in the prototype under known conditions of dis-
charge and silt charge, the problems which generally have to be tackled are of
immediate urgency, the discharge data being madequate and the silt charge data
nil and we are asked ‘ what will happen if nothing is done %’ *or what should be
done to prevent further damage 2.’

Satisfactory answers depend to a marked extent on an intimate knowledge
of the engineering side of the problems under consideration combined with &

flair for diagnosis,”
i B
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2. The exclusion of silé from the heads of Canals and Dz'strilruta'/rjies.

The experiments described were carried out during the years 1932-34,
but were not written up until last year. The scheme recommended was
adopted and has proved entirely successful, The following are extracts from that
Paper : :

“ An earlier Paper of this series—Technical Paper 52 ‘ Factors affecting
exclusion of bed silt from Canals’ may be read, with advantage, as an introduc-~
tion. .

Tn this Paper, the control of silt entering the Mithrao Canal is the particular
question dealt with ; but the results are of wide application.

The Mithrao Canal derives its supply from the Eastern Nara above the Makhi
Regulator ; and the Eastern Nara—which also supplies water to the Jamrao
Canal, some miles upstream, and the Hiral and other Canals downstream—was
previously a river which drew its supplies from the River Indus above Sukkur ;
but it is now fed from the Bastern Nara Canal, the most upsteram of the 4 Canals
taking off from the left bank of the River Indus at the Sukkur Barrage.

Coarser silt than previously drawn began to enter the Mithrao in 1932 ; and,
as the slope required to pass silt varies as (diameter)*”* ® the previous drop into
the Canal of 2 ft. 6 inches at Full Supply discharge gradually disappeared, i.e.,
command was lost. Now, this is a very serious matter ; because the slope req;llregi

. 3 (1
(for the same silt) increases inversely as the }th power of the discharge : 8 o Q" 5

so once command is lost, deterioration is rapid.

Several different methods were tested :—

See Photos.
(i) Spur downstream of Mithrao Canal Head . . . . Sheet (10), 838
(i) Same, with 1 in 5 converging approach upstream of Mithrao . Sheet (10), 855
(i) 1 in 5 converging approach combined with high sill . . Sheet (10), 865
(iv) Same, but allowing for scour of opposite bank
(v) Single, large-radius, vane upstream of Mithrao Canal
(v1) King’s vanes . . . . . . . . . Sheet (11), 890
(vil) Divide wall . . . . . . . . . Shest (11), 888
(viii) Oll (River) conditions before the Nara was canalised
(ix) Approach channel from concave bend upstream . . . Sheet (12), 1409
and Fig. 5.

In the first 7 methods, curvature of flow was induced in order to sweep away
bed silt from the face of the Canal Regulator ; in (viii) some natural curvature
existed, and in (ix) the old river bed was partly re-opened—to carry water to
the Makhi Regulator and Khipro Canal—the existing straight channel, after
reduction in width, being used as an approach channel to the Mithrao Canal.
This lay-out, figure 5, was such that the approach channel took off where the benefi-
cial eflect of curvature was a maximum,” '

The original conditions are shown in figure 6, the bed lines of flow explaining
why bed silt was drawn by the Mithrao. Photos 838, 855, 865, 890 and 888 (sheets
10 and 11) show five of the different methods of silt exclusion tried ; and the
final solution adopted is shown in figure 5 and Photo 1409 (sheet 12) shows the
remodelling as actually carried out mn the prototype. Before remodelling, the
ratio of silt Tecovered per cusec in the Mithrao canal compared to that recovered
from the Nara river (according to the model result) was 2:15, whereas after re-
modelling the ratio fell to 0-1; and when the design was adopted, ¢ command’
was quickly re-established, with a drop into the Mithrao Canal of 1}’. The
reason for the success of this solution is clear from figure 7, which shows the effect
of curvature of flow at the bend.

(1) Gerald Lacey, Paper No. 4736, Instt. of Civil E ¢ Stable cha: i ium
on < Unitorm e, Paper No. 473 an(rian,u:la ,n,vh gsr;g);fs. on “ Stable channelsin alluvium ” (1930) and No. 4893
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(3) Water weeds and their eradication from Canals.

Although this Paper deals with conditions in the Bombay Deccan, similar
conditions are found over a large part of India and in other countries.
The rapid growth of water weeds in the Canals has 1 recognised
a serious obstacle to efficient Imanagement. ¢ long been »
) Irl;a;?ffl tltle Se:li'for Autho}f st;ted in a Paper on this subject, entitled ** Some
impo actors affec the design and i f D ”
LXVIIT. Bonhay tg:,ing ¢ SIgn) nd working of Deccan Canals” (Paper
“ In the case of the Pravara Left, the canal when first opened in 1919 was
capable of giving a discharge of 500 cusecs with only 6 ft. of water, whereas
by 1922 only 272 cusecs could be obtained with that depth, and only 73 cusecs
or 15 per cent. of the 1919 figure after the weeds had grown, which occurred
within 2} months of a full weeds clearance.”

The conclusion drawn in that Paper, after sifting a large amount of data,
was that silt in suspension was the dominant factor in the control of weed growth.

_ No farther action would have been taken had not Mr. D. V. Narayanayya
written a Paper in 1928 on “ Aquatic weeds in Deccan Lrrigation Canals” (in
Volame XVI, No. 1, Feb. of the Journal of Ecology).

In his summary he stated :—

“ The presence or absence of weeds is determined by the deposition of
silt. The effect of silt in suspension is not proved. The three canals differ
in amount of suspended silt, but the comparative poverty of aquatic flora
in canals with more suspended silt can be better correlated with greater velo-
city and less deposition of silt.”

In order to solve this question finally, further research was carried out to
ascertain the relative importance of various factors and to work out methods
for eradicating water weeds.

ing the monsoon, Deccan Canals obtain most of their supply from river
flow ; but for the rest of the year they are dependent on supplies from large artifi-
cial lakes, formed by the construction of masonry dams across river valleys in
the foot-hills on the eastern side of the Western Ghats. These dams are about
a mile long, and vary in height from 100 to 270 ft. The Canals, except the Mutha
Canals, take off from above Pick-up Weirs constructed across the Rivers some
20 to 53 miles downstream of the storages. These Weirs vary from 10 ft. to 40 ft.
in height ; and from 890 ft. in length in the case of the Pravara Pick-up weir at
Ojhar, to 3,618 ft. in the case of the Godavari Pick-up weir at Nandur Madhmesh-
var.

The Mutha Canals, however, take off direct from Lake Fife. Like all Deccan
storages, Lake Fife is free from water weeds—due to the wide fluctuations in water
level at different times of year inhibiting growth.

Weed growth is not uniform throughout the year, and except in the case of
the Mutha Right Bank Canal gives little trouble during the monsoon.

Weed growth generally starts in October, and by December is heavy ; and
under the old method of running canals, another clearance was required early in
March and another about the end of April.

Closures for weeds clearances lead to delayed waterings, which tend to reduce
the yield of cane ; and, as closures dislocate normal distribution of water, they
put a heavy strain on staff and lead to unavoidable mistakes and friction between
irrigators and staffi—not merely immediately after a closure but for some weeks,
until normal conditions can be re-established. It is very desirable, therefore, to
eliminate them, and with that object in view several types of saws have been
tried, but without success, hand weeding during closures having been found to
be the most successful method of removing weeds.

The following water weeds are found in the Deccan :(—

(1) Vallisneria spiralis,
{2) Potamogeton pectinatus,

(3) Potamogeton perfoliatus, 52
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(4) Potamogeton. indicus,
(5) Ceratophyllum demersum,
(6) Hydrilla verticillata, .

but for simplicity, water weeds may be divided into only 2 g!,."Ol}pS — )
(1) Vallisneria spiralis—a grass-like weed, up to 14 in length, which

grows in tufts ;

and

(2) Potamogeton varieties and associates—the worst of which is Potamo-
geton perfoliatus which grows to a length of 12 ft. or even more.

(1) is the first weed to appear, and is comparatively unimportant except in small
channels. (2) indicates a much more serious condition of weed growth.
y, the ive ch istics of each type of weed

8

Nore :—In the Paper, of which this is merely a S
are described.

Characteristics of water weeds.

They are perennial in nature and where channels go dry they survive by
developing special organs. Growth is profuse between November and May, but
is markedly less in the rest of the year. The roots of water weeds are firmly
rooted in the soil ; but it appears that they also absorb soluble salts and carbon
dioxide. Aquatic plants, like land plants, require oxygen for respiration and
tissue building. The amount of O, and CO, required varies in different weeds ;
those which require large quantities can persist where the velocity is fairly high,
e.g., Vallisneria spiralis ; but other varieties, like Potamogeton Indicus, can only
live where the velocity of water is low, and to avoid asphyxiation, this weed has
developed large spongy leaves. Type of weed is therefore an indication of canal
conditions—Vallisneria. spiralis being dominant where velocity is high and the
Potamogeton group growing only where the velocity is sufficiently low for it
to become established. AIl the varieties overlap to a certain extent and once a weed
has become established under favourable conditions, 4t tends to persist in unfavoura-
ble conditions.

Factors which may be expected, to affect the growth of water weeds :—

(i) infection.
(ii) temperature of water.
(iii) chemical composition of water.
(iv) velocity—effect on weeds due to silting velocity and mechanical,
or drag, effect.
(v) depth of water.
(vi) deposition of silt.
(vii) reduction of light due to turbidity and depth.

- Several inherent difficulties make the proof of relative effects very difficult.
us i—

(6) it has been found impracticable to reproduce natural conditions on a
large enough scale under controlled conditions ;

(b) in canals, conditions vary throughout the year, so that although con-
ditions may be unfavourable for the greater part of the year, yeb
they may be favourable for long enough to allow weeds o become
established ; when they will tend to persist ;

(c) under canal conditions, several factors are linked ; thus a reduction
of discharge leads to a reduction of velocity and depth ; which,
In turn, tends to cause deposition of silt and a reduction of silt in
suspension.

1) Infection.—_Under Deccan conditions, water weeds grow profusely in all
nalas and ponds—i.e., infection is universal—and this enquiry showed there is no
relation between weed growth in Canals and intensity of infection.

(ii) Temperature of water.—In the Decean water temperature varies betwe
20° and 30° C, and hence is highly favourable for weed gr%wth. .
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_ (iii) Chemical composition of water.—There 1s no traceable relation between
intensity of growth in various canals and composition of water; but alkalinity,
by causing dispersion of clay, has a secondary efiect ; because it increases turbi-
dity and reduces the amount of light at the bed.

{iv) Velocity, qua velocity, has little effect except where it exceeds 2 ft. per
secpnd; but it has an indirect effect, in that when the velocity is in excess of
regime velocity, deposition of seeds and cuttings does not oceur,

(v) Depth of water.—Water weeds can grow in clear water at depths down
b0 18 ft. and there is no evidence that depth, qui deptl, has any inhibiting effect
on weed growth.

(vi) Deposition of silt is undoubtedly favourable to weed growth ; but deposi-
tion only occurs where the velocity is considerably below regime velocity and such
low velocities do not oceur in properly designed channels. When Canals are newly
opened, they are generally run with low discharges and water has to be headed
up at regulators. This reduces the velocity and causes deposition of silt, especial-
ly along the banks, rendering the water clear; so that all conditions are then
favourable for weed growth, “Thereafter the weeds tend to persist.

(vii) Reduction of light due to turbidity.—There is an a priori reason to anti-
cipate that exclusion of light will reduce weed growth, in that light is required
for carbon assimilation and tissue building (photo-synthesis) and there are no
cases in which weeds grow where the water is turbid throughout the year, where-
as weeds grow profusely where water is clear. Under the latter condition silt is
normally depositing. There are two important questions, therefore, for consi-
deration :—

(A) Are there any cases in which silt is depositing, yet weeds do not grow ?

(B) Are there any cases in which light exclusion appears to be the only
possible explanation ?

As regards (4):
There are such cases :—

"(a) When the Nandur Madhmeshwar pick-up weir basin at the head of
the Godavari Canals fixst filled with water, weeds grew profusely
even where the depth of water was 18ft. deep. At that time the
water was clear from the end of the monsoon until the following
monsoon. In 1935 although silt was still depositing, water weeds
were limited to the zone between R. L. 529 to 531, the upper limit
being due to water being kept below that level in the fair season,
and the lower limit being, so it appears, a depth limit at 4 ft. below
the top of the weir at R. L. 533.

(b Silt is depositing at places in all Canals yet water weeds do not grow in
Canpals like the Nira Left.

(c) The discharge of the Nira Right Bank Canal was, until recently, less
than Lth the designed full supply discharge and the silt was deposit-
ing, especially above ‘ stop-gates’, where water was being headed
up ; but whereas there was a heavy growth of weeds elsewhere,
there were no weeds for about 4 miles above each  stop-gate ’ though
the velocity was a minimum and silt deposition a maximum,

(d) Dim minor was weed-infested so long as it was fed with clear water
from the Makhi Dhand; but when it was transferred to Jamrao
Canal, which carried silty water, weeds died out, in spite of the fact
that silt deposition was occurring.

The conclusion to be drawn from the above cases is that though water weeds
generally ‘grow luxuriantly where silt is depositing, several factors then being
favourable, the above cases show that weeds do not grow where silt is depositing
unless the water is also relatively clear.

As regards (B) :
Cases in which exclusion of light is the only explanation.
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Cases (a), (¢) and (d) of the previous paragraph (4) are 3 examples.” The

following are other examples — egining of the monsoon, the dis-
(¢) Whellll silty f“f}f:,inzgl}ff Slte g;ile ggauge feading does not at first in-
- g ¢ after some time, weed growth decreases and the discharge
iclizzri:;’sesu aSimilarly the discharge of channels begins to decrease
about 20 days after turbidity decrease;. . ot clear. he

i -as opened in 1912, water was ab nrst clear,
! thl'l zhreeffiavﬂgf; Iaiilo‘tlti E; At that time there was weed growi}h
alllsdown thﬁeg canal, By 16th April 1924 weeds had died out, except in
laces, down to mile 17—even where all conditions, except turbidity
aere l;ighly favourable to weed growth. Bub by 1934 Potamogeton
Perfoliatus had died, down to _mile 28, with only a moderate growth
of Vallisneria spiralis from mile 23-28. Further down the Canal
there was still a heavy growth of all kinds of weeds including
Ceratophyllum demersum. This gradual dying of weeds was
steadily extending down the canal as silty water penetrated the

weeds. Turbidity
Mile Depth of water. (disc reading).
1 60"tod2 . . . . . . . .}1'5,

96 5'2"tod 6" . .

39 4'3"t0d9 . . . . . B . . 35

(g) A raft was moored in Vir Basin and another in a pond connected to Vir
Basin by a narrow channel. Rails were laid across the rafts and
tubs suspended from the ends of the rails—clear of the shadow of
the rafts— at depth of 67, 1, 2’ and 8'. The chemical composition
of the water of the pond and Vir Basin was similar, viz. :

Vir Basin.  Pond.
PH . - - .+ . . . R 82 82
Conductivity . . . . . . . 18 130
In this experiment, velocity was negligible; and ‘conditions
except light exclusion, were practically uniform. The experiment
was started on 20th March 1928.

The weed growth was examined 6 weeks later: It was found
that in the silty water of Vir Basin—(disc reading=0-8")}—Vallisne-
ria decreased with depth down to 2% ft. (and had almost disappeared
at 3'); and Potamogeton perfoliatus was stunted, even at 6", and
was dying off where the depth was 1’ or more ; whereas in the pond,
(disc reading=2-8"), both weeds. were growing strongly at all depths
down to 3 ft.

The conclusion that exclusion of light is the dominant factor cbntrolling
weed growth was also borne out by the data in figure 8§ which shows turbidities

at the heads of the larger canals between 1927-31, when white disc readings were
observed daily.

It will be seen that turbidity was greatest at the head of the Nira Left Bank
Canal (except in the fair season of 1928-29), when there was a marked drop—
{due to the discharge let out from Bhatghar being more constant than in other
years). This Canal has always been more free from weeds than any other. The
Godavari Right Bank was the only other Canal in which weeds were, at thi;; time
decreasing ; and the disc reading was also small. In 1930 there “’ras a markeé

increase of disc reading in the Pravara Left Bank Canal, and thereafter weed

growth became serious. The worst Canal of all for weed growth was the Mutha

Right B i i i ;
C;%z ;lus;:.k_Canal, in which the dise reading generally exceeded 4 ft.

(1) In every case examined idi i
v oo, » Weed growth and turbidity bore a close in-

ii) No other si inhibi
(i) cogdi:if) nzuzgle factor inhibited weed growth under normal canal
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PART I 11

(iif) Where d >3D, no weeds grew ; Where D=disc reading and d==depth,

(iv) Where d >D?2, only Vallisneria grew ;

(v) Turbidity, which leads to exclusion of light was the dominant factor
controlling weed growth in Deccan Canals,

Application of conclusions,

The questions for consideration at this stage of the inquiry were :—
(1) How to create and maintain turbidity in pick-up-weirs.
(2) How to create or increase turbidity in Canals.

(1) Where a pick-up-weir is very large, e.y. Lake Fife, water issuing there-
from is clear and hence conditions are unsuitable for preventing weed growth.
Where the pick-up-weir is very small, as at Ojhar, water is clear almost through-
out the fair season. In between these two conditions there is an optimum condi-
tion (as in Vir Basin at the head of the Nira Left Bank Canal). At one time the
turbidity in Vir Basin was attributed to intermittent filow causing a rush of water,
which stirred up deposited silt on its way down the River. We now know that
the increase was mainly due to fluctuating the water level in Vir Basin, leaving
fresh levels of the side slopes exposed to wavewash (caused by the wind, which
springs up each evening) which attacked the newiy exposed silt face. This re-
lationship is shown in figure 9. :

In 1934 hot weather, the wind velocity and turbidity were observed every
38 hours and it was found (see figure 10) that turbidity in Vir Basin increased rapid-
ly with wind for depth less than 10-5 ft. ; but for higher gauge readings the efiect
of increased wind velocity was small. The explanation was that there was a
dense growth of polygonum, which grows  between wind and water’ along the
banks of the Basin ; so that when water rises above 10 ft., the waves have their
energy dissipated by the weed growth, which is partially submerged at that level.
When the water is fluctuated between 8 ft. and 9-5 ft. turbidity is considerable ;
because a large face of silt is then exposed ; and the proportion of silty bank-water,
to clear, midstream, water ; and the velocities of flow down the Basin, are then
maxima.

Conclusion.—

A pick-up-weir, in which about 3 days supply can be stored, with a range of
fluctuation of about 2 to 5 ft., makes it possible to maintain sufficient turbidity
to eradicate weeds. ’

(2) How to maintain or increase turbidity in Canals : The Statement, below,
shows the weight of silt per 100 c.c., of various sizes, found in suspension, deter-
mined at miles 1, 9, 25 and 42 of the Nira Left Bank Canal :

. . Total parta
N Disodepth | Silt002te | “metelt | oy 0003 | by weight in
Site with mileages. in ft. 0-008 mm. 0-003 mm and less mm. | grams per
: 100 c.ce,
Average results grams in 100 c.c.

i d ks . . . 1-56 0016 0-004 0-012 0-031
g;rmg:Mg: Ii\I:. 9 . . . 1-46 0-011 0-003 0014 0026
Vadgaon Mile No. 25 . . 1-36 0-008 0-003 0-016 0-0:_’7
Baramati Mile No. 42 . . 125 0-01§ 0-004 0-015 0-029
Difference Head and Mile 42 . 0-31 —0-005 —0-003 0-002

This showed that though the total weight of silb per 100 c.cs. decreased by
about 6 per cent. between the Head and Mile 42, yet the clay increased by about
25 per cent. ; and the white disc disappeared at 1-25 ft., compared to 1-50 ft. at the
head. This increase in dispersion, and hence in light absorption, tended to vary
directly as the increase in alkalinity—though other factors, which could not be
eliminated, affected the relationship.
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Conclusion.—

There appears to be no practical way of increasing turbidity in a Canal.

Eradication of weeds by the  rush rotation’ system of irrigation.

This system was first introduced to facilitate remodelling the Nira Left Bank
Canal, to increase the discharge of the canal by 50 per cent.

When first introduced, this system of closing the canal for 5 days in ten gave
rise to strong opposition, which it would have been difficult to withstand, had it
not been essential for remodelling. That the system had to be introduced was
most fortunate ; because it has proved to have several important merits :—

(i) it generally, though not invariably, eradicates weed growth ;

(i) it makes it possible to run channels with full supply—thereby prevent-
ing waste and increasing efficiency of distribution ;

(iii) it leads to a canal being run under the conditions for which designed
and with maximum velocity, and hence optimum conditions for
rapid control of flow ;

(iv) it gives ample time and facilities for maintenance and improvements
at the Headworks and in the canal.

The effect of the ¢ rush rotation ’ system on weed growth can be plainly seen by
comparing the upper and lower charts (before and after introduction) of figures
11 and 12.

The reasons why this system has been so remarkably successful in eradicating
weeds are that it brings into operation a variety of factors, all of which tend to
check weed growth.

(1) The depth is greater and so more light is excluded.

(2) The sides are completely dry during closures, and, where central drains
have been excavated, the bed dries, and the weeds are exposed to
the Sun’s rays.

(3) Although weeds can withstand a single long dry period, by producing
special organs; alternate wet and dry periods—by alternately en-
couraging growth and then drying off the growth—has a markedly
adverse effect ; as shown by the fact that closures once in 20 days
killed off weeds even more rapidly than closures at intervals of 10
days : From which it would appear that the effect is greater when
the closures takes place just when new growth is beginning.

Tt is generally asserted that the ‘ rush rotation ’ system reduces percolation.
This, however, is only true as a secondary result of eradication of weeds, which
Jeads to the same discharge being passed with a smaller depth, whereas losses from
Deccan Canals o« (depth)'” to (depth)>. Where only partial closures are
possible, weed growth generally increases and higher depths are then required for
the same discharge, which leads to greater percolation.

Conclusions.—

The growth of water weeds in Deccan Canals has hitherto interfered to a
serious extent with canal administration, due to the fact that closures for weeds
clearance were necessary in the hot weather at intervals of 40 to 50 days. These
closures, which took place when the discharge had fallen to minimum supply,
necessitated an increase in the period between waterings and considerable dis-
location of normal supplies, with the danger of mistakes and the certainty of water
being taken out of turn by some irrigators. The consequent dislocation of normal
conditions did not end when the Canal was reopened, but persisted for about 2
rotations after each closure. These closures inevitably led to serious loss to irriga-
tors, & severe strain on staff, and a considerable amount of unavoidable friction,

Temporary labour had to be collected—often a difficult matter—and work
had to be carried out against time : because no mechanical method of weeds
clearance has been found which is as satisfactory as doing the work by hand,
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The * rush rotation * system has been so successful (on most of the Deccan
Canals) that there is a danger of it being looked on as a panacea. Where, how-
ever, the slope of a canal is very small, it may be very difficult to drain off the
stagnant water completely, and, where this occurs, the weeds will not die off and
may even increase. There is also a danger that some of the weeds will accom-
modate themselves to changed closure conditions, and persist ; because they have
a marked capacity for adaptation, and are descended from land plants.

In certain cases it may not be desirable or even possible, to adopt the * rush
rotation’ system. Weeds will, however, be inhibited where there is adequate
turbidity.

Under Deccan conditions no weeds grow where the depth exceeds three times
the depth at which a 3" white disc just disappears from view ; and where the depth
exceeds D?%2(D=disc reading) the Potamogeton group does not persist.

Where natural turbidity in the parent River 1s inadequate, turbidity can be
created by providing a pick-up-weir designed to hold about three days supply,
for a range of 2 fo 5 feet in water level.

Water can then be let out from the storage intermittently, flow being run for
say 1 day in 8. Wavewash will then erode the exposed face of silt, deposited
during the flood season, and will keep this silt in suspension until it reaches the
head of the Canal. Where, however, the pick-up-weir basin is too large (Lake
Tife), or silted berms with fairly steep faces have not had time to form (Nandur
Madhmeshwar) ; or where the pick-up-weir basin is too small (Ojhar weir at head
of Pravara Canals) turbidity will be in defect. In such cases, weed growth can
be reduced by running velocities considerably in excess of regime velocities through-
out the year,
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PART IIL

4. TRATNING THE RIvEr MuLA ABOVE THE RAHURI CAUSEWAY—DIST. AHMED-
NACGAR—SUPPLEMENTARY EXPERIMENTS,

(1) Introduction.

Tn 1922 a causeway was built on the Ahmednagar-Manmad Road on the line
of the then existing Ferry ; and the Ferry crossing was moved upstream towards
the River bend. At that time, the Mula River followed the concave bank round the
bend ; but when the ratio of ¢ length of river course at midstream to chord length ’
exceeded 1+5, the river began to short-cut across the convex, projecting, right bank
nose, impinging on the left bank at the Ferry landing stage—rendering it unsafe—,
while a back-water formed along the right bank on the ferry line, so that the ferry
would not work, The unsatisfactory conditions in 1936 can be seen in photo
1534 (sheet No, 13) and figure 13, downstream of a 100° curve on the Mula River,
near Rahuri.

A model with erodible banks was run for the equivalent of 2 years, and scour
took place, as shown in photo 1539—sheet No. 13. Figure 14 shows the lines of flow
at the surface and bed during the maximum flood of the first season, from which
it will be seen that there was a large area of return flow near the concave bank
and return flow near the right bank at the ferry. The high velocity flow impinged
against the left bank upstream of the ferry and the left bank was eroded by the
equivalent of 140 feet at cross section 4. Af cross section 2, on the line of the
ferry, the bed was scoured near the left bank and was silted near the right bank,
i.¢. the conditions became increasingly bad. Figure 15 shows isotaches at the
cross section, on the ferry line.

1936
FIG:15, MULA RIVER EXPT. AS AT PRESENTAWITHOUT

ANY TRAINING DEVICE EXCEFRTING THE EXIST/NG-

GROYNE - [SOTACHS AT C.S.2 (FERRY)IN 2ND:SEASON

Q=628Cusecs. SCALE I=/

L.B. 35 3 ) 2 / (o] { RB2
5.54- 2:44 2/4 179 |I~4.9 .99 |

\,

PETURN FLOW

(2) Object.

a The object of the experim'ents was to determine how to make the surface
ow normal to the ferry crossing and how to prevent jetting and return flow,
maintaining comparatively natural uniform’ velocities all across the section.

(3) Experiments.

An In1 tié)ntinuation of experiments carried out last year—described in 1936-37
1nual Report, and Summary—8 series of experiments have been carried out
this year ; but only 2 will be mentioned.
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The scale ratios were as before viz.:—

Horizontal scale ratio =1/80
Vertical scale ratio=1/13-75
Discharge scale ratio=8-8/45500=1/5170

(i) Last year’s experiment, with perforated groynes pointing 30° upstream
of cross sections 6 to 10, which had been run for only one flood
season, was continued for the equivalent of 4 seasons’; but as it
was found that conditions deteriorated, it was abandoned.

(i) A design was then tried consisting of a Burma type spur, shaped like
a hockey stick pointing upstream—see photo 1538—sheet No. 14
—and red line of figure 13. The detailed design is shown in figure
16, In this design, the nose of the spur was above H. F. L., whereas
the stem of the spur consisted of a compound trapezoidal notch,

- the higher part having its sill at R. L. 104 and the lower part at
R. L. 100-0, the object being to deflect the whole of the cold weather
flow round the spur and along the concave bank ; but when Q >
3400 cusecs, the low level notch would begin to overflow and when
Q > 11300 cs., the high level part of the notch would begin to over-
flow as well.

The existing groyne upstream of the landing stage of the ferry could, with
advantage, be raised from R. L. 100-65 to 105-86, to dissipate energy downstream
of the groyne in a standing wave, so as to reduce velocity at the landing stage.

This design was tested for the equivalent of 9 seasons with high floods. Each
season was represented by a rising flood and a falling flood in the model :—

Q =366 cs. (=18900 cs. with 2’ depth over causeway) for 1 hour ( =15 hours)

Rising flood =490 cs. (=25400 cs. with 3’ depth over causeway) for 1 hour (=15 hours)

. =628 cs. (= 32500 cs. with 4’ depth over causeway) for 1 hour (=15 hours)
Fa.llmg =4-90 cs. ( =25400 cs. with 3’ depth over causeway) for 1 hour (= 16 hours)
floo =366 cs. (=18900 cs. with 2’ depth over causeway) for 1 hour (= 15 hours)-

During the first season, the sand bank downstream of the nose of the spur
tended to broaden, but when the flood rose to 4 feet over the causeway, the top
of the island began to scour and the tendency was for the island to move down-
stream. Approximately stable conditions were attained after the 6th year—see
figure 17. With this design, conditions steadily improved, so there is every reason
to believe that if properly maintained, this design would give satisfactory results
for a long period of years. Photo 1517—sheet No. 14—and figure 17 show condi-
tions of flow with 6-28 cusecs (z.e. the maximum flood of the first season).

With the highest flood tested the surface water was deflected efficiently by
the curved nose ; and the main surface flow, after swinging round the nose, passed
towards the left bank between C. S. 6 and 7, and then followed the left bank until
it was deflected towards midstream by the groyne; and there was satisfactory
normal forward flow across the full width of the River at all stages,

It was also found that surface velocities observed on the ferry cross section
at the end of the 9th season—shown in figure 19—were better than during the
first season—see figure 18.

(4) The proposed foundation levels of the spur are based on scour after ¢
years of heavy floods—wide longitudinal section along the spur shown in figure
20. It is essential that the foundation of the spur must cut into the lime kankar
ridge to a minimum depth of 3 feet and the trench round the spur should be filled
with concrete ; and if the lime kankar ridge should, in the course of time, become
scoured, the toe of the spur may have to be protected.

1f this design be adopted, scour at the nose must bp watched and after some
years the nose may have to be under-pinned. This will present no difficulties,

(5) An alternative to the Burma spur design would be to raise the existing
causeway to such a height that it would only be topped in maximum floods, which
occur at long intervals and only continue for a short time. The ferry could then
be dispensed with altogether. 2t
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(6) Conclustons.

There are two alternatives:—

(i) A Burma spur projecting from the convex bank to deflect the main
flow round the bend, so as to create satisfactory flow conditions
at the Ferry.

or (i) Building a slab bridge on the causeway which would be open for trallic
during normal floods; but would be overtopped for a few hours
during very severe floods.

5. AYFLUX EXPERIMENTS TO DETERMINE THE EFFECT OF BELLMOUTHS ADDED
UPSTREAM AND DOWNSTREAM AT THE TOP OF THE OPENINGS oF THE MuLa
River cAusEwAaY AT RAHURI—DISTRICT AHMEDNAGAR.

(1) Model.

A part width model of the Mula River causeway was constructed, with two
openings, a central pier and half piers at sides. The model was made geometri-
cally similar to a scale ratio of . The piers had cut-waters with equiluteral ares
of circles and semi-circular ease-waters. The upstream and downstream fuces
of the top slab of the openings were vertical,

Bach opening in the prototype was=20 feet wide and 3-5 {eet high, with the
top slab 2-75 feet thick. TFigure 21 shows the plan and section of the model—
see also photo 1390 (sheet No. 15).

(2) Experiments.
Upstream water levels were observed for various discharges :

(i) with the present design,—see figure 21.
(ii) with bellmouths (consisting of arcs of circles) added upstream and
downstream.

The dividing line of the nose was at §rd the depth of the slab from top,
the radius of bottom arc being equal to 1-5 depth of slab and that
of top arc=depth of slab—see photo 1389 (sheet No. 15) and sketch
opposite.

(iii) with semi-circular bellmouths added upstream and downstrewm—
see photo 1394 and sketch opposite.
As the downstream water level is nearly always below modular limit for low and
medium discharges and the relationships between discharges and the downstreamn
water; levels in the prototype were not known, the downstream water levels were
maintained in each case at the modular limit.
Table I shows the upstream and downstream water levels for various dis-
charges and Figure 22 shows the relationship between discharge per foot run and
upstream depth over sill of causeway.



Tasre I: showing D, (=upstremm depth over top of causeway) in model.
’ d, (=upstream depth over sill of opening) wn model. o
D, (=downstream depth over top of causeway at modular limit.)

D D, in ft. Afflux (ft.) D, at M. I.. D“Iiﬁﬁi’ of head
d, . L.
g=dis- '
s charge
- No. :_:;?u Difference of Desi Desi Desi Desi Pe
. . Desi Desi Desian Design esign esign esign esign Design sign
cusecs | Rl | Nogh | R | Reimn | Design | Desien No.l. | No.2. | No.3. | No.l. | Moz | No'a.
1&2. 1&3. .
Design No, 1 :~ 1 085 0 042 0225 0 0185 0115 01185 0-115 0:200 0-282 0-233 0200 0097 o118
Present design with square
faces.
Design No, 2 :— 2 1.45 0-205 0144 0194 0225 0103 0150 0120 0075 003 0-187 0-083 0255 0292 0-233
With curved bellmouth U/S
& D/S (radius of top are
=depth of slab & 15
depth of slab for bottom .
arc), [} 3 2:46 0444 0421 0-416 0500 0457 0447 0043 0033 0130 0143 0220 0370 0314 0-227
Design No. 3 :—
With semi-circular  bell-
mouth U/S and D/S, 4 316 0-520 0-502 0-500 0675 0-629 0-625 0-046 0-030 0-305 0-315 0-312 0-370 0-314 0-313
5 404 0-598 0-572 0-568 0925 0-838 0-823 0-087 0-160 0-603 0503 0-506 0-320 0-333 0319

Model was geometricall
Height of opening=0-35
Top of slab from sill of op

ft. (=85 ft.)
ening=0-625 ft. { = 6-25 ft.)

v similar to a scale ratio of 1/10.
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Fig:2r— Part width model of Mula
River Causeway. -

Present design with feces of slabs al_right
angles _fo _flow.

Scale rafio of model = i/,
Scale - = fY. = 1 inch.

l—

[ N -—"

Plan

: 0275’

0.35"

Section
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PART IN. 19

Of t.;he. two designs, the curved bellmouth was best for low discharges ; but the
semi-circular bellmouth gave better results for high discharges and hence is slightly
better—see figure 23. ° N

02,3

o/5

005

FIGURE = 23
. RPEDUCTION IN US. WATER LEVELS WITH
CURVED BELLMOUTH (ARCS OF CIRCLES)
COMPARED TO WATER LEVELS W/TH
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/
\
N\
\ - Do — po - WITH
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6., SUPPLEMENTARY EXPERIMENTS WITH A MODEL OF THE SINA RIVER AND CAUSE-

WAY AT MILE 5 OF THE AEMEDNAGAR-MANMAD Roab,

Experiments 1 to 9 have been described in the 1936-37 Annual Note and the
Summary ; and the conclusions and recommendations were : .
The experiments have clearly shown that the erosive action on the right

bank is mainly due to the Shendi Nala flood flowing across with high
velocities to the right bank upstream of the causeway. The two
masonry groynes—which were meant to deflect the high velocity flow
towards the middle of the causeway—were not effective. The inten-
sity of attack on the right bank of the causeway was very effectively
checked by drawing the high velocity top water from the outside of
the left concave bank of the Shendi Nala by a cut leading towards
the left bank of the causeway. The entrance to the cut should be
widened so as to form a convergence, mainly on the right (island) side.
The cut would be 755 feet long, 70 feet wide at bottom and 7-5 feet
deep.

It is not necessary to remove the island, but the whole of the land will have

to be acquired as the island will eventually be scoured away and cx-
perience shows that it is wise to acquire the whole area in the first
mstance. The convex protrusion on the left bank downstream of
the cut should be removed. The masonry groynes in the Shendi Nala
should also be removed because they tend to draw the current across
to the right.

No lengthening of the causeway is necessary ; but if desired, when the

cut has been made, the wing wall on the right bank near the causeway
may be joined up to the right bank at its upstream end, by a fence
of stakes and brushwood to induce silting behind.
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The experiments were continued this year to see the effect of:
(i) extending the flank wall upstream to the right bank ;
or (i) removing the flank wall. :

The scale ratios of the model, based on Lacey’s formulae, were as before :—
Horizontal scale ratio=1/70
Vertical scale ratio=1/12'6
Discharge scale ratio=1/3896
Vertical scale exaggeration=555

Discharges through the Sina river and the Shendi Nala were equivalent to 6,350

cusecs in each, with water level at causeway=105-6.

In experiment 10, the flank wall was extended as shown in figure 24 in plan.

SINA RIVER.

The high velocity flow was deflected from the right bank above the causeway
towards the left bank below the causeway and the isotachs were distorted as shown
in figure 25 on a cross section =35 feet upstream of the causeway and further out-
flanking was probable.

I experiment 11, the flank wall was removed and the velocities in the wider
gection were correspondingly reduced, resulting in less scour and better distribu-
tion of velocities as compared to those in experiment 10—see figure 26.

In experiment 12, the roadway on the right bank was raised above flood level
and a bank'constructed along the right bank of the River downstream of the
causeway, with top above H. F. L., so that the land downstream of the road was
not su_bmerged—mdg photo 1524 and figure 29 on sheet 16. Figures 27 and 28
show isotachs and lines of flow respectively.

The distribution of velocities was much more normal than in experiment 11.

The surface flow through the cut, after passing over the causeway, flowed
towards the right bank ; but the bed flow was even and normal to the causeway.

Recommendations.

In addition to the construction of the cut and removal of the groynes in the
8hendi Nala, the flank wall should be removed and the roadway on %fxeyrl;ght bank
should be raised above H. I. L. Though the cut in the model had an equivalent
be:d width of 70 feet, in actual practice, the cut may be say 30 feet wide, but the
River should, from time to time, be assisted to widen the cut.



FIGURES:25 TO27 SHOWING ISOTACHS FOR A

C.5.6 U OF THE CAUSEWAY (=35 FEET)

DISCHARGE THROUGH SHENDI NALA =163 Cs.(= 6350 cs)
DISCHARGE THROUGH SINA RIVER =1-65Cs. (s 6350 Cs.)

Fig:25, Exer.10. With cut on LEFT Bankd® FLank waLw RAISED ABOVE
HEL & EXTENDED TO MEET RigHr Bank

, ) ——  CAUSEWAY —
= s 1o o8 o o5 o rs’ 2 28 3 55
T
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B | =& 2'86
™ | 210 . l J___.j
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Cacutareo Y = 6O,
OBSERVED V=I626.

Fi1G:26.EXPT:Il. (WITH CUT ON LEFT BANK AND
FLANK WALL REMOVED.)

& CAUSEWAY —
] A} 1 v 1 .
L.B. 2 -5 i O'SW L. 9 105"£.5 ]
202 2958 193 1"38
rE et 1v2_ii90”| 188
L . <«ZEV81_

_ N
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FiG:27, EXPT:12. WITH CUT ON LEFT BANK. FLANK WALL
REMOVED. ROADWAY OM RIGHT BANK AND RIGHT BANK QF
THE RIVER DL OF CAUSEWAY RAISED ABOVE H.F.L.
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CALCULATED V= [-421. 777 77717
OBSERVED V = -470.

SCALE: | =2FEET
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FiG:28,SHOWING LINES OF FLOW IN _EXPT N8 /2.

WITH CUT ON LEFT BANK_ Y4 OF CAUSEWAY; _FLANK WALL REMOVED;

ROADWAY ON RIGHT BANK & _RIGHT BANK _OF THE RIVER Y% OF
CAUSEWAY RA/SED ABOVE H. F L.

DISCHARGE THROUGH SHEND] NALA =163 CS. (* 6350 €S.)
”n n

SINA_RIVER = 163 ¢S, (s 6350CS.)
W.L. AT CAUSEWAY }
= 1056,

SCALE =~ I INCH = 4FT
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-
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RETURN FLO
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]
7. SILT EXCLUSION EXPERIMENTS WITH A MODEL oF Famzwan Hgap Regura-
ToR—EX WesT FEEDER (KHAIRPUR StATE, SiND),

Introduction.

The designed discharge of the Faizwah which tak Chai
Vi S ff from the Khair PUur
Feeder W est at R. D. 217,70 (see figure 30, is 31 ‘n - 0 is !
the rent channel is 183,6 cO socs, g ) 0 cusecs 5 and the (haclmrge of

FIG: 50, PBLAN SHOWING HEAD REGULATOR
[0/

FAIZW/ £, HAIRP
FEEDER,

ScALe
T © 500 1000 2000 3000 F1

] l l

The head regulator of the Faizwah was constructed at H, taking off at right
angles from downstream of a curve, and consequently the head reach silted rapidly.

On 22nd August 1936 a new head was opened at B at R. D. 26,200, using an
old abandoned channel on the Left Bank. This was closed at the end of the season
and silt clearance done in the silted Faizwah channel below its Head Regulator.

In 1936 the discharge of the Khairpur Feeder West varied between 600
cusecs and 1700 cusecs,

In May and June 1937 the discharge was about 800 cusecs rising to 1450
cusecs in July. From 20th August it ran with full discharge.

The silting of the Faizwah Head Regulator started again in 1937 and the new
mouth “ B had to be re-opened on 22nd July 1937. Early in August the new
head also began to silt slightly, due to a supercharge of silt in the parent channel,
and water had to be headed up at Rameja Regulator, 2 miles downstream, by
04 to 0-5 feet, but the silting only amounted to a couple of inches and ceased in
the 8rd week of August, after which the discharge slightly improved.

Table 2 shows the designed and Lacey dimensions for Q—=1836 cusecs and
actual and Lacey dimensions for various discharges, and table 3 shows similar
information for Faizwah.

Discharges up to 1980 cusecs were observed in 1937 and for the period from
21st August to 2nd September, the average observed discharge was about 1875
cusecs. There is evidence, however, to show that, except as a result of purely
temporary fluctuations, the actual discharge did not exceed the designed discharge,
and that, as a result of running low discharges, the natural ¢ discharge ’ of the
channel was little in excess of 1450 cusecs, the hydraulic depth (R) being greater
than Lacey and width (P) less, due to fluctuating discharges.

Three alternatives were suggested by the State Engineer to set matters right :—

(1) A new head at R. D. 84,200, downstream of H. This may be ruled
out at once.

(2) A new Head Regulator at B—1500 feet upstream of the original Head
Regulator, which would be effective, since it would take off just
downstream of a concave bend. This would cost Rs. 4,000.

or (3) To remodel the present head regulator which originally cost Rs. 3,642.
.




Showing designed dimensions,

TABLE 2.

Lacey dimensions and actual dimensions with various discharges on Khairpur West Feeder.

f . . . - .

Q (cusecs) . . . . .

bt
A(Sqft) « o . . e e

R (ft.) . . . . . .
8 . . . . . . .

V (fls} .. . . . .
N. - . . . . . .

d (depth) ft. . - - - .
b (bed width in ft.) . B . .

of & semi-elliptical
channel.

{ =surface width .

=maximum depth

f, (from V=117 "£R) AN

10 % 545,
X
1, (from §= pe 1)

Actual. Lacey. Actual, Lacey. Actual. Lacey. Actual. Lacey. Designed. finoc?s{) Remarks.
Q=1,350 cs. | Q=1,350 cs. Q=1,400 cs. | Q=1,400 cs. Q=1,450 cs. Q=1,450 cs. | Q=1,600 cs. Q=1,500 cs. 7
069 0-69 069 069 069 ;
1350 cs. | 1,350¢cs | 1,400 1,400 1,450 1,450 1,500 1,500 . 1,836 1,836 .
95 8 95 100 95 101-8 95 103 102 114 .
505 574 505 504 505 608 595 627, 678 734 i
625 585 6-25 59 6-25 508 6-25 6-05 666 645
1 1 1 1 1 1 1 ‘1 1 1
10260 11040 10260 10800 10260 11170 10260 11230 10000 11600
227 235 235 2:36 244 2:38 252 2:39 2.71 2.48
0-0232 00207 | ~ oo0224 0-0207 0-0216 0-0207 0-0209 0-0207 0-0208 0-0205
715 715 . 715 716 79
78 78 8 78 . 78
96 96:8 98 100 . 111-0
7-85 7-87 7-88 8-04 . 84
060 0-69 0-646 0-69 0-695 0-69 0-744 0-69 081 0-69
!
072 0-69 074 0-69 074 0-69 075 0-69 077 0-69
|
!

(44
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TaABLE 3.

Showing particulars of F atzwah—designed and actual.

! Acllllll on Ist [ Aotunl on 3nd
Lacey August 1937 | October 1937
_ As designed, dimensions [ at R, D, 3u00’ | at B, 1. 3000
with f=0-69. | downstream downstream
of ‘B TR
F.8. L. . 190-50 . .
Q (cusces) . . . . . . . 310 310 204 324
F(ft) . . . . . . . . 472 169 13 50
LA ft) L L L L L, 155 1681 150-5 18175
[ S8 358 314 364
S 1 1 1 1
! oo 5000 8630 12 w671
L2070 T 20 1-84 175 178
d(depthinft) . . . . . . 50 . 41 46
b (bed width in ft.) . . - . . 20 . 33 35
£ (=0-7305 V3/R) . - . . . . -4 .. 072 0651
32 12
f,(f;, =10°R §/370-68) . . . . . v 0-765 0712
(T
f e = gomsss 0818 0833
£.2/3 sq" 0703 0698
fgg Ugy° =11808Q ) . . . . . . )
. 34 12
N, =i\475_8 R S ). . .. . 00214 00215

It was pointed out that if the present Regulator could be so modified as to exclude
silt, alternative (3) would be cheaper than spending Rs. 4,000 on a new regulator
at B—though the latter would be a safer solution.
The object of these experiments, therefore, was to determine how to modify
the present Head Regulator at H to exclude silt effectively.
Three conditions were considered :
(@) normal conditions
(b) when there was an excess silt charge in the West Feeder
and (¢) when the proportion of the total discharge in the West Feeder decreased
and water levels were maintained by heading up the water level
at Rameja Regulator.
Design of model.
3-8 cusecs in the model corresponded to 1836 cusecs in the prototype and the
horizontal and vertical scale ratios worked out to 1/25-4 and 1/8-00, as shown in
table 4.

TaBLE 4.
K.W.F.as K. W. F. model

Channel di i lesigned (Lacoy). (Lacey). Remarks,

Q 1,836 cs. 38 cs. Qin K. I'. W, ufs of I'aizwah head =
- 3-8 cusccs.
£ 0-69 1:25 Q in Faizwah=0-64 cs,
P 1140 . 520 tt.
v L. 248 1076 f)s ‘ .
R : . . . . 643 0678 ft. The model was built finally to & seale
* . of 1/25 horizontal and § vertical.

A . . . . 734 6. ft. 3563 8. ft.
Beo . . e e 111 ft. 4397 ft.
Do - . e .- 84 it. 1.05
Reynold’s number . 7]7;)"_?2
H. scalo . . . . . . 1 /t;UO
V. scale . . . . . .

D2
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Model allowed to modify itself under natural flow.

1In the model built to the scales shown in table 4, a n_atural section was allowed
to establish itself for a discharge of 3-80 by running the model for 40 hours.
Figure 31 shows this section and the velo_city-distnbutlon init at a distance 2 f{t.
upstream of the Faizwah head (=50 ft. in the prototype).

Fisure. No.31, _
CroSS SECTION AT 2 VY/s OF FAIZWAH.

, . ] .

6] ) EF T 4 ‘5

LEFT BANK ,, W. L. | RIGHT BANk,
1 F11Q IEE) TNeo 5
r1e L3TI vz ]

100 s 1~

51 G0 &

‘in (catcuLaren)=17/; Norma.  SecTion  oF Kwr.

Vm(ossznvan) =1%/s CHANMEL 1IN THE MODEL |

e e Scace-fyo t”

TaBLE 5.
R Model (Lacey). | Mudel actual. Difference.
=125 Per ¢ont.
Q 3-8 38
L 52 65 +25
R. . . . . v . . b o 0585 —1e
1076 1-000 —8
AL L L. . 353 38 +7
Bee - . e e e 437 524 +20
- 000649 0-000671 +34
S 13 0-585 —20
“CinV=CVES . . . . . . . . 160 1631 +2
CinP=Cw/Q. . . - . . ... 267 333 +25
Cy in PJR=C,V e e e 712 1141 +56
e P=Lm808QY8y . . . . L, 1275
(=043 . . . . . ... 0917
f,= 0;7305 }—I:) . . . B 1.249
f, (€, P Rsmroesy . . . .. 1244
Il = _}(?.:T’ e e e e 1252 1-20
N (= L‘“;'r’s rY4 sli2y 0238 0-0233
fa (= /m . . . . . . . . . 1-246
cL(=—-—va—”§) . . . . . . . . 1-002
1602 R%3§

The P and R values diverged widely from Tacey figures indicating that either
these formulae did not hold for such small channels or else the divergence was due
to natural berms not having had time to form. What was very marked was the closest
agreement with the regime test formula V=16\"/}W showing that the channel
bad adjusted its slope; and fy, fi, fi and £, all agreed closely; but fy
(=9-4,/d) gave a value 26 per cent lower than f, and f,. .
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(31

Experiment with the existing design.

E:I:]‘Je;nwwnt L.—The first experiment was carried out with the head regulator
of the Faizwah as originally constructed, a discharge of 3:80 cusees, corresponding
to 1836 cusecs in the prototype, and the water level maintained at R. L. 10006
(F.8.L.) opposite Faizwah head in the Khairpur Feeder,  Silt was injected.  Lines
of flow and velocity observations were taken after 25 hours flow, and the amount
of silt collected from the Khairpur Feeder and Faizwah measured,

TFigure 32 shows lines of flow.

The silt ratio of Faizwah to Khairpur West Feeder was 10 to 1,

This explains the heavy silting of the Faizwah, due to faulty location of the
Regulator below a bend.

Velocity observations at chainage 05 2 ft. and 4 ft. upstream of the Regulator
and 2 ft. downstream showed high velocities at the surface and low velocitios
at the bed of Khairpur Feeder, which is highly favourable to silting in the ofitaking
Faizwah channel.

In ezperiment No. 2 the design was modified, as shown in figure 33, the left
bank being warped to vertical just upstrcam of the Faizwal—{rom chainage 85
in the model,—the channel at F. 8, L. being made to converge at 1in 5. The down-
stream diverged at 1 in 10 at the surface and was warped back to natural side slope,

R. L. of raised sill is kept at R. L. 187-90, so that depth of water over this is
nearly 60 per cent of that at I, 8. L. inthe Klairpur Feeder, and the glacis slope
of the raised sill in the Faizwah is 1 in 5. Disclarges in K. F. W. and Faizwah
and the silt charge were as in experiment 1.

Tigure 33 shows lines of flow at surface and bed.

Figure 34 shows the contour plan of the bed after 36 hours flow. The normal
B. L.=R. L. 0-70.  The deepest portion was just upstream of the upstream side
of Regulator, which showed that curved flow had become established, as at the
outside of a curve. This prevented excess silt entering the Faizwah,

Velocities near the sill were high. Silt at an off-take has a tendency to pile
up ab the entrance, but with this design silt was washed past the face of the regulu-
tor, due to high velocity.

. ‘ TFaizwah o
Silt ratio of m_o 7

Ezperiment No. 3.—To see the eflect of a supercharge of silt, silt was injected
at 1-35 times the previous natural silt charge. At the end of a 42 hours run, lines
of flow, velocities, and bed contours were observed. ) )

This experiment showed that the percentage of bed water entering the Faizwah
was slightly more than with a normal silt charge, due to a tendency for silt to
form a slope upstream to sill level ; but downstream of this, there was a deep por-
tion, so that immediately the excess silt charge ceased, the silt rTamp was washed
away—uvide figure 36. Table 6 shows the divides at surface, mid-depth and bed
in experiments 1, 2 and 3. :

TaBLE 6.

Divides from left bank at C. 8. 12 {t. u/s
e of Faizwah head.

Experiment 1.

Experiment 2.

Experiment 3.

Presont design.

Modified design with
1 in b convergence
ufs and raised

Samo a8 experimont
2 but with silt chargo

sill, =1-35 natural silt
chargo.
Nutural silt charge
Surface Nil 0-75 (l)g;’;’
- ; .91 1,01 of
?:[elg-dePth (l)~8’ 07 075"

- : Faizwah
Silt ratio of Khairpur Feeder™

1-02

This experimant showed that with a supercharge of silt, the silt ratio of silt

charge in the Faizwah Regulator increased relative to the West Ieeder irom 0-7
to 1:02. Bearing in mind that the ratio was 10 in 1937, thq murkegl silt exlchmg
properties of the design are obvious. The channel bed in this experiment consisted
of a series of waves, which is a typical indication of an excess silt charge.



26 ANNUAL REPORT OF WORK DONE DURING THE YEAR 1937-38.

Experiment to determine silt ratio when Faizwah was drawing F. 8. Q.; but Khairpur
Feeder was runwing with § F. S. ©.=2-38 cusecs=1,147 cs.

Tor F. 8. L. at Rameja, W. L. at Faizwah head is=R. L. 190-52. 'This was
maintained in the model opposite Faizwah entrance. A normal silt charge was
maintained.

The bed contours were much more uniform, the effect of upstream convergence
being relatively small.

Silt ratio of frml—=1-132

As was to be expected, owing to the increased proportion of discharge entering the
Faizwah channel—wiz., 27 per cent against 17 per cent—a higher proportion of
silt entered the Faizwah than in experiment 2 ; but as the silt charge in the Feeder
would be low when the parent channel would be carrying only §ths discharge,
this would not cause silting in the Faizwah.

Table 7 shows the silt charge ratios of all the experiments.

TaBLE 7.
Silt charge ratio
Design. Faizwah
K. K. W
(1) Existing design . . . . . . . L. 10
(2) New design with normal silt charge . . . . . . 0-705
(3) New design with super silt charge . . . . . . 1-02
(=1-35 normal silt charge).
(4) New design with § F. 8. Q. in K. ¥. W. and water headed up ¥1-132
at Rameja to F. 8. L. and W. L. opposite Faizwah=190-52. .

* [ NoTE— As silt charge in West Feeder would be subnormel under such conditions, Faizwah could carry the
silt charge.]

Conclusion.

Although this design of silt excluding head would be successful provided
conditions in the West Feeder did not deteriorate ; building a new regulator at
B, 9,900 {t. upstream of Rameja regulator, would exclude more silt. As to whether
this is desirable or not depends on local conditions. .

8. EXPERIMENTS WITH A MODEL OF THE INDUS AND THE LLoYD BARRAGE AT
SURKUR. ’

As a result of model experiments carried out 8 years ago to ascertain whether
“ still pond ”” or “ open flow ” regulation would be preferable for excluding silt
from the Sukkur Barrage Canals®, it was found that either method was successful
for excluding coarse silt from the Left Bank Canals ; but that * still pond ’ regula-
tion gave markedly better silt exclusion in the case of the Right Bank Canals.
This was fully confirmed when the Canals were opened in 1931.

It was also predicted that a silt bank would form along the Right Bank ; and,
to prevent this, it was proposed that a long, submerged, curved vane—height
=1rd depth of water—should be constructed upstream of the Canals on the right
bank starting from the outfall section. This, alone, would have tended to pull
the main flow of the River across to the right bank, so a similar vane was proposed
for the left bank, and model experiments showed that with these, channels would
persist along both banks, bed silt being deflected towards mid-stream. This
reco;nmenda.twn was_not, however, acted on. In the floods of 1936, the River
carried an exceptionally heavy charge of bed silt, and the predicted sand bank
formed along the right bank from Bunder Station across to the nose of the Divide

(*) Bombay P. W. D., Technical Paper 45  Note of May 1931 on Silt exclusion from Canals © still ond ’
«Open Flow’ ? by C, C. Inglis and Technical Paper 46 “ Noto on i i idth of the
S Boreago " by C. C. I:glis DT Joglhlgi'. experiments with the full width model of the
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PART III. o7

Wall olf’ the Left Bank Canals—see figure 36 ; and silting occurred in the North
West Perennial Canal. The original solution—a long vane—being no longer
possible, experiments to find a new solution have been started. )

F1G: 36,

The model is 170 ft. long representing 7 miles above and 3 miles below the Sukkur
Barrage. Scale ratios, based on Lacey’s formulae,!" are :—

Longitudinal and Latitudinal scale ratio = %
Depth scale ratio . . . . . . . . . = 1
36

Tigure 37 shows 1930 and 1932 plans of the portion of the River Indus comprised
in the model. These show the wide swing of the river above the gorge. In
the gorge portion, between the towns of Sukkur and Rhori rock is exposed during
floods, and rigid, flume, conditions exist. Figure 38 shows rock contours in the
gorge. Between the gorge and the Barrage, both banks of the River have becn
pitched with stone ; and silt has since deposited along the banks.
This model presents the following difficulties :—
(1) The swing of the River above the gorge aflects results below the gorge.
(2) In this model, conditions change from mobile conditions to rigid ; and
back again to mobile. For the mobile portions vertical exaggeration
is natural ; for the rigid portion different laws hold ; but the greatest
difficulty is due to the junctions between rigid and non-rigid portions,
Preliminary experiments are being done to see how far the model laid according
t0 1936 cold weather bed, reproduces 1937 conditions. It will later he decided what
modifications can be made to improve results,

9. EXPERIMENTS WITH A MODEL OF PROPORTIONAL STANDING WAVE FLUME METER
Faru at R. D. 40280 MoNTGOMERY—DPAKPATTAN LNk (Punias).

Notation.

B, and B, =Bed width of channel upstream and downstream.
B, =Bed width of flume at contracted section (excluding piers).
B, =DBed width of flume at contracted section (including piers),
d, and dy =depth of water in channel upstream and downstream of fall.
d= 3 ¢ =critical depth.
d, ¢ =depth of water at toe of fall (assuming that no standing

wave has formed).
d, =depth of water in the cistern.
H =Tall in water level 7.c., difference of water levels upstream

and downstream of fall (below standing wave).

h, =Height of baffle.
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Q =Total discharge in cusecs.

q =Discharge per foot width.

R =Discharge per foot run of overall width of flume in the throat,
v =Mean velocity.

F.S. Q. =Full supply discharge.

Design.

In accordance with the resolution passed in the Research Officers’ meeting of
the Central Board of Irrigation held at Lahore in February 1938, different designs
of falls are to be tested on the Montgomery—Pakpattan Link.

A design for a proportional, Standing Wave, Flume, Meter (P. S. W. F. M)
Fall with baffle, cistern and deflector was supplied to the Director, Central Designs,

Lahore—vide figure 39.

Data.
F.S.Q. =700 cusecs.
H =663 ft.

d, and d; =51 ft.

B, and B; =60 ft.
Side slope of channel=%: 1

V,and V, =219 ifs.
Full supply level upstream=527-69

. downstream=521-06

Bed level upstream==522-59

’ downstream==521-06 -
As the ratio of By/d;=11-76, the standard side divergence® =1 in 9-2; but

side divergence adopted was 1 in 8.

Delails of the design of the baffie platform, baffle, cistern and deflectors.

Throat width=24 ft.
Two piers each 2-5 ft. thick are provided ; so overall width at end of throat
=29 ft. .
Qe =%099= 24:14 cusecs
From graphs®, the R. L. of the baffle platform was 516-19.
h, =height of the baffle
=C (d:—4dy)

2
~o[/4]
=C (2-63—1)
Various values of C were tried and the value of 1-6 was adopted.
So h,=2-6 ft.
Distance of the baffle from toe=>5-25 X height,

Design of the cistern.

The pavement extended up to 0-9 ti 1
flow Waspcalculated at sectioan F(zvghgglle;;s],] ?)-lﬁef %itxltlleosfti’;plir;sz?}rll'()f g; e:;glg’i;f
:io(ﬁlhth:tend gf thﬁ)aig) and section I J—the end of expzmsion—seeg figure 39P.( Bed
width. Waze(é ;l(();ltlllated_f;t)sm 8 ft. and q=14'35 cs. The depth of water on this
V=q/d,=0-84 ¢d %
As f; (Lacey silt factor)=0-81
c=0-9 and d,=6-02 ft.

(*) Appendix V of the Central Bonrd of Irrigation Publication No. 10 ** Design of Canal Falls
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EXPERIMENTS WITH A 700 cUSECS PROPORTIONAL Sranpive WAVE FLume Merer Fari MopErL.

TAB_LE 8.

Showing height of bafle, deflector, wavewash, ele., @ various experiments with Model scale ratio =1/5; Q=

12-5 cusecs (=700 cusecs).

Maximum N
depth of
. bt Height of Height of scour below Height of Choppiness i
Exp(l-\;:)mcnt de (ft.). d, (ft.). h"'l:n];legz‘f: '))‘ bed deflec- | side deflec- H (it.) d, ft. H/d,. pavement waves near Length of helglg‘.pol waves S(l)lft;;g]:gtﬂs
. " tor (ft.) tors (ft.) level at end of banks. waves. = Tongth of wavar,| in midstrenm
cistern in mid- waves. .
stream (ft.) {ft.) (ft.)
(1) 2) (3) 1) (5) (6) (7 (8) 9 10) (n (12) (13) (14)
2-63 1-0 1-96 0-50 1-0 663 31 0-55 0-50
! 3 3 o B 5 3 5 s 3 5 0803 012 1 vertical to
4 horizontal, &
[=1-2(d.—d,)] q, d, o=
Baffle with ends | [ = o [=% 1 =
sloping down at 12 ] 2
1in 25, E
263 1-0 : N d, d 68-63 5-1 065 0-50
2 — Baffle of uniform = 4 =& e K 075x5 . i
5 5 . o6 | [ izl [=351] 3 3 13 5 3 013 1in3
beight =——
5
) 263 1-0 28 a a <
3 § 10 26 _d _ 663 51 060 035 .
3 3 5 [ 12 [ 6 ] -5 5 13 3 -5 0-80 x5 0-09 lin3
[=16 (de—d,)]
25% retrogression in d’s W. I..
2.63 10 24 d, 4 —03 51 155 -
4 3 = = [-5] [=% 795 5 156 3 ‘:’0 08345 012 1in 46
(=16 (d.—q,)] -
»
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t according to Mr. Monta-
-tudinal bed profile was then worked ou
s ral:tahg:i!}‘g’l (tlg(vi::llgtlrea; (§ C D ; but was flat upstream up to the baffle plz.z,tform,
gu The cross section of the bed of the cistern was bowed by afcﬂteﬁa{,y‘cur:}f’
the amgunt of bowing in midstream being equal to 25 per cent. of R, eing the
hydraulic mean depth at each section. ot
bowing at sections A B and C D =1 3
The amount of bowing . Tt
” GH =111 ft.

Though the amount of bowing was different at various sections in this parti-

» ”

dz —
“cular design, in standard designs the amount of bowing may be 5—‘(=1-20 it.)
. dz ”
at all sections. A bed deflector of height= 1e —6" was fixed at the end of the

dl .
cistern and the side deflector=-gor 1 ft. high.

The central straight portion of the bed deflector at right anégle to the flow=3th
the bed width ; the bed deflector near the banks diverged at 14°.

Ezperiments.

Experiments were carried out with a geometrically similar model with a scale
ratio of . .

For determining bed scour, sand of 00096 inch mean diameter was used.
At the beginning of each experiment, silt was relaid on the bed and contours were
observed at the end of 30 hours flow after bed scour had completely ceased. Velo-
cities were observed 6 ft. (=30 ft.) dowstream of the end of divergence, where the
canal section was normal. T L

4 experiments were done, the results of which are shown in table 8.

In experiment 1, the height of baffle =196 ft. =1-2 (d.—dy) with ends sloping
down at 1 in 25, which gave good results in a previous experiment with 1 in 6
divergences.

The standing wave downstream of the baffle was not clear and the flow was
slightly disturbed. When the baffle was made of uniform height (=1-96 ft.)—

K - . wavewash
experiment 2—, the wavewash and the choppiness ratio =g ot were

the same as in experiment 1, viz., 0-10 ft. (=6") and 0-13 respectively—see photo
1,685 (sheet 17) showing conditions of flow downstream of the baffle. But isotachs
and bed contours were more normal.

In experiment 3, the height of baffle was increased to the equivalent of 2-6 ft.
[=1:6 (d.—d,)). The standing wave downstream of the baffle was then clear
and the flow was sweeter than in experiment 2 —see photo 1,686 (sheet 17). The
flow in the channel downstream was also more steady, as indicated by less fluctua-

tions of the float of the Bentzel velocity meter, observed 6 ft. downstream of end
of divergence —see table 9 below :—

TaBLE 9.

Range of fluetuations of the float in Bentzel tube.

¥” below surface. Mid-depth. 1" above bed.
Experiment 2,
Batle=1-96' high 019 014 010
Ezxperiment 3.
Bafle=2+6’ high 004 005 0-02

(*) Central Board of Irrigation Publication No. 6 * Fluming .
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The range of fluctuations near the banks was very nearly the same in experi-
ments 2 and 3, v12., 0-05 near surface and near the bed and 0-03 at mid-depth, Wave-
wasl’L and choppiness factor were less with a higher baffle viz., 0-07* (=0-35 {t.) and
0-09" respectively in experiment 3, against 0-10 (=0-50") and 013’ in experiment 2,

The bed scour was more normal than in experiments 1 and 2—pide figures
40 and 41. The maximum depth of scour below the pavement level in midstream
==0-60 ft. ; the isotachs were normal—see figure 42,

Egxperiment 4 was carried out with =1-3 ft. (23 per cent) retrogression in
downstream water level, d, being the same as before (=51 ft.). H was thus
Increased from =663 ft. to =7-93 ft. The flow became slightly unstable. The
wavewash slightly increased to 0-10’ (=0-50 ft.), and though the bed scour natur-
ally increased, the increase was appreciably less than the retrogression and the
silt slope downstream of the defloctor was actually flatter, viz., 1 in 4-6 aguinst 1 in
3 in experiments 2 and 3; the isotachs were still satisfactory—see figures 43, 44,
and 45. If retrogression occurs in actual practice, or is anticipated, * Tarungars’
or crates of stones should be laid along the toe of the banks for 25 ft.

Conclusions.
(1) With the standard divergence, the height of bafile for a 700 cusees full
should be 1-6 (d.-d,).
(2) Flow became slightly unstable with 25 per cent. retrogression down-
stream.
Experiments are being continued to improve the design further.

10. EXPERIMENTS TO FIND THE OPTIMUM POSITION AND HEIGHT OF A BAFFLE BELOW
THE TOE OF A TALL IN A PARALLEL SIDED CHANNEL,

Object.
Energy is dissipated in a Standing Wave Flume fall in four ways, viz.—
1. Boundary resistance on glacis slope.
2. Standing wave (above baffle).

3. Secondary wave (below baffle).
4. Boundary resistance on platform and in cistern.

In low falls there is not sufficient head to form both the primary and secon-
dary waves. In high falls, both a standing wave and a secondary wave are pos-
sible and desirable. A baffle is used to create a standing wave upstream and a
secondary wave downstream of it.

The object of these experiments was to find, for 2-dimensional flow, the opti-
mum height and position of the baffle for a given discharge and height of full, to
produce smooth flow downstream. :

Description of Channel and weir.
Figure 46 shows the section of the fall which was constructed in a 2 ft. parallel
sided channel,

FiG, 46,
LONGITUDINAL SECTION QF MODEL
Fog
TESTING BAFFLES

CHANNEL WIDTH=2 FEET. PARALLEL SIDES
ScaLe 1"z2°,

ADJUSTABLE WER l 4
D %)

&3

X
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H ’
am depth of water over the weir=-453',
th 1 uI1) 5 rising bed. Baffles of heights
y at 10", 12” and 15" from

The height of fall was 83" an,c'ilupstre.
The cistern was 4” deep and 1’ 10" long Wi
1-.',}'? ;”j 2)” and 3" were used, each being tested separatel
toe of the fall. '

A discharge of 1 cusec per f5. width wa
by means of heading up gates.

s run and the downstream depth varied

Ezperiments.

For every set of conditions, fluctuations of the_ ﬂoai} of a Bentzel tube were
observed downstream as a measure of the fluctuations m the turbulence of the
water. Conditions were taken to be optimum when the fluctuations were mini-
mum. These fluctuations were observed at -1’ above bed, mid-depth and -1’
below surface at a section 12" downstream of the bafile.

Figure 47 shows the fluctuations of the Bentzel meter float (mean of beq,
mid-depth and surface readings) for the various baffles, positions of baffle and
downstream depths.

It will be seen that minimum fluctuations of the float were obtained when
the 21" bafile was used. The formula adopted in 1934 for calculating the height
of a baffle based on complete (3-dimensional flow) fall models—wvide Annual Note
for 1934-35—is C (d.-d,)

where d.=critical depth of flow
d,=actual depth of flow (without baffle)

and C is a coefficient depending on the divergence of the sides and the discharge.
The calculated critical depth for a discharge q==1 cusec is -315 ft. and the observed
depth d,=-13 ft. so that the coefficient for the optimum height of baffle obtained
was 1-13.

It will also be seen that, considering all the results, downstream velocity
fluctuations were least when the baffle was placed at a distance of 5Xheight of
baffle from the toe of the glacis,-which corroborated the correctness of this figure,
first adopted in 1928—wvide Bombay P. W. D. Technical Paper 44.)

11. ExpEriMENTS wiTH (Gopavarl RicaT Bank AND Lerr Bank Heap Recu-
LATORS.

Introduction.

At the request of the Superintending Engineer, Deccan Irrigation Circle,
experiments were carried out with geometrically similar models of the Head regu-
lators of the Godavari Right and Left Bank Canals, respectively, to determine
what steps should be taken to restrict scour downstream. When first constructed,
each Head Regulator consisted of three 10 ft. spans, regulated by means of hori-
zontal baulks. Baulk regulation was, however, unsatisfactory; because when
the Godavari River was in flood, the upstream water level rose and fell so rapidly
that accurate regulation was impossible. A single bellmouth sluice was, there-
fore, constructed in the central span, 5 ft. high and 6 ft. wide in the case of the
Godavari Right Bank Canal ; and 4 ft. high and 5 ft. wide in the case of the Goda-
vari Left Bank Canal.

The R. L. of the top of the wall on the weir is 533 and th i
flood level up to which Canals are run is R. L. 539. aud fhe maxinum

Godavari Right Bank Canal,

Tigure 48 shows a plan of the head portion of the God i Righ
| : h t Ba ;
and figure 49 shows details of the bellmouth sluice in thz :e‘;laérllal élg)an.Bmk Canal

R. L. of sluice bed=522-0.

T. S.Q P;:)l‘x;‘i(}c(;(.iavari R. B. C. downstream of regulator=528-45 for T. S.

When the river level exceeds R. L. 534-0, th i i
1 [ . L. -0, the canal dischar
cusecs and the Canal is closed when the Rjver level exé:Zd:Iig{e. E. r;:g;fg?d fo 280

() Bowbuy P, W. D. Technical Paper 44  Dissi

o{ energy below falls by C. C. Inglis and D. V, Joglckar.
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With F. S. Q. of 384 cusecs, the downstream water leve

t 1in the canal is 52845,
and the upstream water level with gate fully open is R. L. 530-1 thus ni\'iu"‘jl
loss of head=1-65 ft. This loss of head consists of T

+58 ft. loss at entrance
+03 ft. friction in barrel
+31 f£, loss at exit.

-92 ft.

and the 1'emaix,1ivng energy (165 {t.—92 ft.)=-73 it. is lost in a standing wave
downstrea-n}. Tluas loss wn the wave would nol, of course, occur, were the downstream
water level in the canal -73 ft. higher. Alternatively the sluice would pass F. 8. Q.

with an upstream W. L. -73 ft. lower if the level of the sluice were lowered by that
amount,

When the upstream water level is higher than R. L. 530-1, the additional
head has also to be dissipated. This extra head is partly absorbed by shock
losses, due to the gate being partly closed, to reduce discharge ; but a large part
of the excess energy, due to the high velocity through the gate opening, remains ;
causing scour in the Canal downstream. This trouble will always arise where

_ there is only a single gate, unless it is built at a low level ; but where there are
three or more bellmouth sluices,—as at the head of the Nira Left Bank Canal,
where this method of regulation was first introduced—there is little difficulty
in regulating in such a way that excess energy can be dissipated satisfactorily.

) Experiments.
Scale ratio of geometrically similar model=1/9. Several different designs
were tried to determine the best way to dissipate this excess energy.
The best design was found to be :—

(@) to construct side walls in extension of the side walls of the existing
sluice, diverging at 1 in 10 for a length of 35 ft.

(b) to construct a baffle 13%” high at the end of the sluice and

(¢) to excavate a cistern 3-3 ft. deep and 11 ft. long—as shown in figure
50.

‘With this design satisfactory results were obtained—vide photos 1548 and
1550 (sheet 18)—, when the level in the Lake was between R. L. 530-1 and R, L.
532 and also when the W. L. exceeded R. L. 535; but less satisfactory results
were obtained between these two levels.

While the experiments were in progress, it was decided to construct an ordi-
nary gate in the right span of the regulator, of the same size as the bellmouth
gate, namely 5 ft. high by 6 ft. wide. Figure 51 shows all possible gate openings
of the 2 gates, the combined discharge of which=T. 8. Q. of 384 cusecs for various
depths upstream ; and the full black line shows the optimum values,

The method of regulating gates should be such that it should not be ncces-
sary to open one gate and close another simultaneously, which would be difficult
to control when river levels were fluctuating rapidly.

Figure 52 shows a suitable method of regulation, the only objection being
that wavewash would be considerable when the water level was between R. L.
533 and R. L. 534. It is probable, however, that this amount of \yavewuuh does
not matter in practice, and the canal will rarely, if ever, bé run with full supply
at this level.

Godavari Left Bunk Canal,

R. L. of sluice bed=523-0.
T. 8. L. in Godavari L. B. C. d/s of regulator=529-0 for F. 8. Q.=245 cusecs.

When the River level exceeds R. L. 534-0, the Canal discharge is reduced to
191 cusecs. The canal is closed when the River level exceeds R. L. 539-0.



OPENING OF NEW GATE WITHOUT BELLMOUTH.

5 937-38.
34 ANNUAL REPORT OF WORK DONE DURING THE YEAR 1

! i y simi S dbl gave
i ] \V.th "e()lll(}tl'lc‘ I b].mlla:]. I/Qbh scale mode &

EX )el'llll(’,llts Car}'led out wil a g - 'J.l” g !

httle scour alld maxmmum \VaVeWaSh was e(]llltdlenll to OIlly -5 5 S0 (Zl)]l(l]tlons

/ . [

WHICH GIVE F£5.8= 284 Cs. FOR VARIOUS %
WATER LEVELS [N THE WEIR.

R L. 53/—¥—x—x—0 R.L. BB 4o mte—R.L. 537 —_——)
R.L 532l R.L.. 535—0~~0—0—A
P'.L 5353 ————8 R L.536-—t——+—0

! N

~

N D\ \_\,\
AYINVAN N L
L IN Ny S ,
\ r\’\ NN \% %-OPT/MUM GATEa
a :\& \x‘ \6\4 -;\w?\ap ING'S aFG:/_;i_ ;rw
W = N

’) N“

\\
E .\:é AN x\

N

/:?’

7 s
=g

& 1

aoe N e \
/ ‘io\bié;\\??“ ‘Q\.&x ‘s\ \

3

x
N “x \
\_\x\\\\":‘ \ Y
0 NN NT |

' [

1 2 5 4 5
QPENING OF BELLMOUTH GATE.

s
P&
./ |
|
—_—— F%A/ s
-
L~

do not appear to be sufficiently bad to necessitate any change in the design.
However if it is still considered necessary to improve conditions, this can be done

by extending the expansion of the sluice by 25 ft. and constructing a cistern
2:5 ft. deep and 10 ft. long,

12, TraINING THE RivER SARDA ABOVE THE BARRAGE AT BaNNBASSA—UNITED
PROVINCES.

Introduction.

Prior to the construction of the Sarda Barrage in 1923-25, the main channel
flowed in what is known as the “ Solani Got ” channel, about three quarters of
a mile to the west of the present channel—see figure 53 ; but when the canal Head-
works were under construction in 1924-25, a crate bund was built 3 miles upstream
of the Barrage site in order to reduce the flow of the Solani Got channel whi'ch was
interfering with the progress of work. This caused a shoal to form, which de-

flected the main River from the western, right, flank to the eastern, left, flank
and the River began to attack the eastern, Nepal, bank,

To reduce the attack on the left flank, the Nepal spur was constructed in

1928 one mile upstream of the Barrage ; and in 1929, the Burma spur was con-
structed half way between the Nepal spur and the Barrage.
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Though the Nepal spur has successfull
V e y checked the attack on t]
Bund, the_ﬂow still follows the outside of the bend from the nnlle (l)ef Ifhf: %I{:l:l‘l
i)?m'(,i pasﬁmg outside the Burma spur, to the nose of the Left Upstream Boﬁl";
fa‘(l;g , :vheenBr;e it sme,gf1 a‘cré)s? towGards the Sarda Canal head, flowing along the
ITage, e ““ Solani Got ” cl rever, carried )
exeept dusig a8 i, for sovemtl o channel has, however, carried hittle water,
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1936-37 experiments.

Experiments described in the 1936-37 Annual Report and Summary, were
carried oub to test various alternative suggestions, which, it was considered, would
reduce flow across the face of the Barrage during floods and yet maintain an open
channel, throughout the fair season, from the main channel at the left flank to
the canal at the right bank-—preferably through the western channel—see figure
54—which takes off from the eastern, left flank, channel opposite the Nepal spur
and flows along the cast and south margin of the Kala Jala island towards the
head of the canal, :



30 ANNUAL REPORT OF WORK DONE DURING THE YEAR 1937-38.
hat extending the Nepal spur would not give satisfactory
tricted channel between it and the Kala Jala island and
1d be diverted more easily towards midstream by ex-

It was considered t
results owing to the res
that the main stream cou
tending the Burma spur.

The scale ratios of the model were :—

Longitudinal and latitudinal scale ratio . . . . . 1/300
Depth scale ratio . . . . . 1215
10-9

Vertical exaggeration

Figures 54 and 55 show several alternative metﬁpds of training t}_le river by ex-
tending the Burma spur. These were tested with a constant discharge of 2-4
cusecs, maintaining gauge levels corresponding to 240,000 cusecs at the Barrage.

Conclusions of 1936-37 experiments.

With 2-4 cusecs, the worst results were obtained with the extended spur facing
10° upstream of the present alignment of the Burma spur and the best results
when the spur was aligned 20° downstream. When the discharge was increased
to 4 cusecs, particularly when the extension was long, the advantage of a 20°
downstream alignment was still greater ; because in the other designs, high velo-
city flow scoured & straight channel along the east edge of the Kala Jala island
and this high velocity jet tended to persist towards the L. U. S, Bund. When
this jetting occurred, flow through the western channel was slack and there was
a tendency for it and the other channels between the Kala Jala island and the
Barrage to silt, and for shoals D, G and H to extend—which would accentuate
cross flow above the Barrage towards the canal—see figures 54 and 55.

The best results were obtained with the Burma spur extended 1,020 ft. at an
angle of 20° downstream of the present alignment (experiment 4).

The next best result was in experiment 5, with a straight spur 1,000 ft. (20°
d/s) and a low level extension 600 ft. long on the same alignment ; but the ex-
periments indicated that it was doubtful whether the western channel could be
revived satisfactorily ; and under unsatisfactory river conditions it might tend
to silt—even though the Burma Spur were extended. In 1937 a model 160 ft.
long was built to a larger scale :—

Latitudinal and longitudinal scale ratios . . . . . 1150
Depth scale ratio . . - . . e . . . 150
Vertical exaggeration . . . . . . . . 30

The discharge scale ratio was worked out from the formulae :—
& _ (L oy ()
Qu N, L d,..) h.
N, f, \}
and an— = (W) . . . . . . (Lacey).

In the prototype, the bed consists of boulders varying in size from 6" to 18" ; which
were represented in the model by sand grains varying from }” to 1”. The model
comprised a 3} mile stretch of river above the Barrage—shown in figures 56 and
67.

. The first experiments were run with a view to reproduce 1937 river condi-
tions (figure 57) starting from 1936-37 river survey (figure 56).

. As there was no detailed survey of the distribution of boulders of various
sizes, this had to be worked out in the model by considering river movements
during the past 15 years; by judgment and by observation ; but the most im-
portant point demonstrated was that the results obtained depended primarily on
enlry conditions ; and it was found that in this, as in other experiments, correct
entry conditions could only he achived by modifying the plan at entry—in other
words., success depends on the experience and practical skill of those carrying out the
experiments, ’ )
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Conclusions drawn from the enquiry up to date.

_ It has been stated in Part IT of the History of the Headworks of the Sarda
main Canal from 1928 to June 1935 that ““ the Sarda River provides a striking
example of the vagaries of Indian Rivers ” and during the 1937 flood season, the
sinuosity of the river above the Nepal spur increased to a marked extent,

As a result, a new channel started to cut across the Kala Jala island into the
Solani Got channel above the Nepal spur—compare figure 53 showing 1923-24

:}u'vey of the River and figures 56 and 57 showing 1936-37 and 1937-38 condi-
ions—,

. These rapid changes show that it is necessary to consider the question not
as ‘a local problem for the next few years’; but as a question which calls for a
comprehensive solution, taking all possibilities into account.

The main factors which affect this question are :—

(i) A River always tends to hug one bank or the other, and is unstable
In any intermediate position ; and though rivers often tend to flow
in two or more channels, one channel is always tending to enlarge
while the other channels are tending to silt. This continues, until
a limit is reached, when one of the silted channels begins to scour
and the main channel to silt.

(ii) In general, a channel taking off from the upper end of the outside of
a concave curve will scour, while a channel taking oft from the in-
side of a curve will silt.

(iil) When a river is controlled, as at Headworks, the river adheres very
tenaciously to one or other bank. This is because a channel Is
strongly attracted by, and tends to flow along, the face of a masonry
work or pitched bank; and a deep channel forms along its face.
If the masonry work juts out into the stream, a deep hole is scoured
outside its nose, and the stream is permanently held in this posi-
tion.

In the case of the Sarda River, the Nepal spur and the L. U. 8. Bund have
held the river along the left bank ; and during 1987—see figure 57—flow was held
more rigidly to the left flank than ever before and so it is very doubtful whether
the proposal to reopen the Western channel by extending the Burma Spur would
be successful unless a considerable part of the east and south-east bank of the
Kala Jala island could be eroded by extending the head of the Nepal spur from
year to year. Indeed there is reason to believe that there is a considerable danger
of the Western channel dying.

A second alternative would be to induce the existing small channel through
the Kala Jala island, which takes off the main river a little above the Nepal spur,
to open out to become the main stream.

A third alternative, which may occur naturally, is for the river to cut across
the Kala Jala island into the Solani Got channel upstream of the Nepal Spur—
as it started to do last flood season.

Only some of these alternatives are capable of demonstration by mode} ex-
periments ; the rest depend on judgment, based on practical experience. These
will be dealt with in a later report. :

13. PRELIMINARY EXPERIMENTS WITH A MODEL OF THE GANGES AND THREE OF
ITS TRIBUTARIES TO DEMONSTRATE THE MEANDERING TENDENCY OF RIVERS
CARRYING SILT IN AN ALLUVIAL PLAIN.

A very small model of three tributary rivers was made, as shown in the plun
figure 58, to see whether conditions such as occur in Bihar could be reproduced
qualitatively, to determine whether the wide variations in the positions of rivers
Z_over a width of as much as 60 miles—can be mainly ascribed to the construc-
tion of flood embankments or is natural. ‘

The model was to a scale of approximately 1 foot equal to 10 miles. Photo

1588 (sheet 19) shows the model as laid. .
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Discharges and silt charges in the Tributaries and in the Ganges were accord-
ing to table 10. The cycle of operations was for 2 hours, corresponding to one

flood seasop in the prototype. The low water stage—for the remaining 8 months
—was omitted, because no scour would occur in such a small model.

TABLE 10 FOR WORKING THE (GANGES TRIBUTARY MODEL.

Period 2 hours =4 months in prototype.

i . Tributery. i
—_ Time. Ganges. 'I‘rlbuAtury . o Em—y T"‘cb“‘“"y' .
15 Minutes Low Flood Low Flood High Flood Low Flood
8ilt charge N
s { 3 Cfe. § Cfs. 3 O,
15 Minutes Rising Flood | High Flood Low Flood Low Flood
Silt charge . . . 1-5
5 Cft. } Cit. 3 Cft.
15 Minutes High Flood Low Flood High Flood High Flood
Silt charge . . 15
. .. 3} Cit. 4 Cft. TCft.
15 Minutes | TFalling ¥lood Low Flood High Flood High Flood
8ilt charge 1-5
. . } Cft. 4 Cft. - Cft.
15 Minutes Low Tlood High Flood Low Flood Low Flood
Silt charge . B
1 Cft. } Oft. 1 Cft.
15 Minutes Rising Flood | High Flood Low Flood Low Flood
Bilt charge . .
. . } Cft. } Cft. 3 Cft.
16 Minutes High Flood High Flood High Flood Low Flood
Silt charge . . 15
3 Cft. 3 Cft. < Cft.
. 15 Minutes | Falling Flood | Low Flood High Flood Low Flood
Silt charge . .
3 Cit. 1 Cft. } Cit.

The ground across which the rivers were to flow was made level before the
experiment was started. After 47 hours flow, with silt injection, it had attained
a slope of 1 in 25.

It will be seen, from photo_ 1592, that for the first 30 hours each river was
flowing through one channel—either its own or that of its neighbour— ; but as

?;) 5beds. became higher, each river divided into a number of branches—wvide photo

__ The central river (B) carried more water and more silt. It, therefore, raised
its banks and bed quicker than the other two ; and when its bed had risen higher
than that of either A or C, it tended to flow into one or other of them.

1i[‘h'is model was merely run to indicate general conditions; and being very
small, its results were only very roughly qualitative. There is Teason to believe,
however, that the wide movement of Bihar rivers is natural ; and though embank-

ments must intensify the severity of changes, th i
though more gradually and contimylously. gen theso would oceur i any ca%e
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14. Rasiveg THE Waste WEIR AT LAKE ARTHUR HiLL, BHANDARDARA (BoMBAY
PrESIDENCY).

Introduction.

Lake Arthur Hill, in the Western Ghats, stores water for the Pravara Canals.
When the dam was completed in 1926, the capacity of the lake was in excess of
the demand for Wwater, so automatic waste weir gates were not constructed. Tho
waste weir consisted simply of a cut, 750 ft. wide, through the rocky saddle of

. the hill which forms the right flank of the gorge in which the dam is constructed ;
and so water was stored only up to the sill level of the cut, which is 10 ft. below
the maximum safe level for the dam ; the intention being to construct automatio
gates later, when justified by the demand for water.

. Two years ago, owing to the demand for water having overtaken the supply,
this Station suggested that, instead of constructing automatic gates or their modern
counterpart — automatic siphon spillways — a wall be constructed across the
waste Weir cut, the sectional profile being so shaped as to give a high coefficient
of discharge, i.c., induce a high discharge for a small head over the crest. The
higher the coefficient, the higher the wall could be built for the same measure
of safety, and the more water stored. With the coefficient actually obtained,
this wall could store 6 feet more water compared with 9 feet by siphon spillways,
while the cost of construction would be only a small fraction of siphons.

This solution was suitable not only on account of cheapness but also because
this Lake does not fill in famine years; and so, if greater storage is desired, it,
would be better to provide it near Sangamner, as already accepted by Govern-
ment, :

The investigation can be conveniently divided into four parts, viz. :—

I, Calibration of the existing weir cut and estimation of the maximum
flood since the dam was built,
II. Design of a high coefficient weir profile.
II1. Determination of the best alignment for the new weir wall, and cali-
bration.
1V. Calibration of a temporary weir wall constructed, pending the final
design of the permanent one.

1.—Calibration of the existing weir, efc.

The calibration of the existing weir, by means of models, was described in
last year’s Annual Note on the work done by the Irrigation Research Division®
during 1936-37 in which it was shown that the discharge formula was

q=0-77 D%
or Q=608 D } . . . . . 1)

where g=discharge in cusecs per foot width
Q=total discharge in cusecs.
D=Depth of water in lake above weir sill level.

Tt was also mentioned in the note that the maximum flood discharge of the catch-
ment of the lake, which is 47 square miles in area, would, accordmg to the Ing]m
multiple fan catchment formula, be 44,400 cusecs, but that pendmg further in-
vestigations the figure given by Beale’s curve, which contains some allowance
for flood absorption, was adopted, viz., 28,000 cusecs. Using formula (1), it was
found that the greatest discharge over the waste weir in the 10 years since th?
dam was completed occurred on 24th July 1937 with a gauge reading of 4-25
and amounted to 10,270 cusecs. '
It was later proposed that, taking into account the great flood absorptive
capacity of the lake, the figure for design purposes should be 20,000 cusecs, which
allows a large margin of safety. As will be seen from 1V, a flood of very excep-
* tional size was experienced in 1937, when the discharge over the waste weir, with
temporary wall constructed, was estimated to be 16,400 cusecs.

{*) Bombay Technical Paper No. 68,
‘ 73
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11.—Design of High Coefficient Weir Profile.

The shape of the weir profile is shown in figure 59. The principle is that
owing to the sharp curvature of flow, a region of low pressure is induced along
the lower nappe which creates a steep pressure gradient in the filaments in the
direction of flow, thus producing a high discharge for a given head of flow.

As the discharge is gradually raised, the pressure on the upper part of the
curved face of the weir, which with low head is positive, reduces, particularly
at the crest, where the curvature is greatest. The higher the discharge the lower
these pressures, until a stage is reached when the boundary layer separates from
the face of the weir and a back roller forms. From this point, the coefficient of

discharge C, in the formula
q=CD' . . . . . . (2

{(where D is the effective upstream depth over the crest, allowing for velocity of
approach) decreases.

The object, in design, is to so shape the profile that the stage of separation
with increasing discharge is delayed as far as possible.

As the design of the best form of profile on a purely theoretical basis is not
feasible, it was developed by model experiments carried out in parallel sided chan-
nels. As a starting point, a curve was obtained by tracing the profile of the under-
surface of 2 nappe springing clear from a sharp crested weir, see figure 60, and

FIG.60,

UNOERSURFACE
OF NAPPE

["~SHARP CRESTED IRON
PLATE

N
N
N

shaping the weir to that. Better results were later obtained by tracing th

file of a nappe springing clear from a sharp-crested weir witgya lip 0%1 the;, Iilr;-
stream face,—see figure 61—the lip being then incorporated in the weir as shown
in figure 61. When the discharge over the solid weir, so shaped, is equal to the
dlscharge: over the sharp weir for which the profile was traced. the pressure along
the face is very nearly atmospheric. As the discharge is raise’d further, the pres-
sure drops and the coefficient increases, for the reasons stated above ’

This is & case in which models do not re 1
) ; e n w s dc produce the flow in th tot;
with dbynamlqal similarity as gravity is a dominant factor ix(i prlgduc?ngr:h(; %g:;
:galixstta §e§1sta.nce due appreciably to both inertia and viscosity, the effect of
e latter lying in the development of a boundary layer and in the transmission
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of momentum from the region of high velocit i
: g 1ty near the face of the weir to that
of l'o]vlver vlelzllomty at the upper surface, the flow being streamline. The t‘m\l(livi(]‘lllkt
which would be developed in the prototype had, therefore, to be estimated by
extrapolation from the results of models of increasing scale ratios, Rieure g2
. Fig 2

. F/G: 6/,

UNDERSURFACE
OF NAFPPE.

O

e s D LI

LiP OF BELLMOUTH
SHAPE AT TACHED
UPSTREAM.

SHARP CRESTED
/IRON PLATE,

|

shows the ise of the coefficient to a maximum and subsequent fall with increasing
discharge in models of different scale ratios, and figure 63 shows the maximum
coefficients plotted against scale ratios and extrapolated to prototype scale. It
will be noticed that the 1/4-5 scale curve does not conform to the others. This
is due to a recently introduced improved method of constructing and calibrating
the model which eliminates the efiects of the sides of the channel. When a final
design has been obtained models to other scales will be calibrated in the same way,
and fresh values for the prototype extrapolated.

Figure 59 shows the pressures on the face of the weir as estimated for the proto-
type ; the weir has to be designed structurally to resist these. It is also necessary
to verify in such-cases that cavitation will not occur owing to the reduced pres-
sure, In practice this has been found to occur when the pressure reaches about
7 ft. of water (absolute) or, say 25 ft. below atmospheric pressure. It will he
seen that the lowest pressure in the present case is equal to 10-2 feet of water below
atmospheric pressure which is well on the safe side, but had the weir been more
than twice the size there would have been danger of cavitation occurring and it
would have been necessary to ease the curvature.

Another point which must be watched is whether there is a tendency for the
flowing sheet of water to spring clear of the face of the weir, should air be given
access ; but the design shown in fig. 59 is found not to be subject to this occurrence
owing to the rapid removal of air by the flowing sheet of water.

It is believed that the coefficient of about 5-0 anticipated for the prototype
is considerably higher than that of any weir hitherto constructed in practice.

The modular limit, <.e., the point at which a rising downstream water level
begins to affect the discharge, is a factor of importance in this weir; because
parts of the weir were some distance from the downstream edge of the cut so that
the depth of water downstream of the weir was considerable. Tigure 64 shows
the modular limits obtained in the scale models with a range of upstream depths,
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With the plan-alignmant eventually selected (see ITI) there was free flow
over the whole length of weir.
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II1.—Determination of the best alignment and calibration.

The waste weir, shown in figure 65, is irregular in plan and has a very rough
surface, the rock protrusions var ing from 1 to 2 ft. on the left (North) side to
} to 1 ft. on the right side. Apart from the roughness, the bed is about level.

The object being to pass a given maximum discharge with minimum upstream
depth over the weir crest, curves are introduced to increase the length ; but if
the alignment is too serpentine, the overall coefficient is lowered, as the concen-
tration of discharge at certain points, if upstream of the raised weir causes loss
of head and may cause partial drowning of the weir, if downstream. The align-
ment which will give a maximum discharge lies between the two extremes.

10 different alignments were tested in a 1 /30 scale model of the whole waste
weir, Owing to the variety of roughness and the irregular shape, the flow wag
far from being parallel, and due to the small scale, which was unavoidable ag
the whole weir had to be included in the model, the wéir wall differed from the
prototype in respect of both coefficient and modular limit. The experiments
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were therefore' only qualitative, but in comparison with each other provided suffi-
cient data to indicate the best alignment. The quality of the rock on the align-
ment, and particularly at the toe of the wall, also had to be considered ; because

in some places the rock in the bed of the cut was fissured and showed a tendency
to disintegrate.

Alignment X was chosen as the most suitable. This has free flow over its
whole length, which is 750 ft., compared with 660 ft. of the straight alignment
IX (see figure 65). The following are the approximate comparative figures, hased
on designs for a flood discharge of 20,000 cusecs, which show that the additional
annual return in years of full demand would cover the cost of construction 6 times
over, and that the extra cost of the serpentine weir would be reimbursed in ono
year.

TanLE 11.
. IX X Increase of X
Alignment, straight. Serpentine. over 1X,
Longth . . . , . . . . . Ft 060 750 +00
Maximum depth of water in lake over erest . . Ft. 3-56 3-34 —0-2t
H’eight of weir . . . . . . . . Fe 0-45 6-00 +-21
M. Cft. . . . . . . . 1,256 1,200 +43
Storago . ' {Cusecs for 8 months . . . . . 805 626 421
Additional annual revenue at Ra. 1,600 per cuseco . . . | Rs. 90,760 93,900 +3,150
Approximate cost of construction . . . . . 1w 12,600 15,500 43,000

The waste weir with wall of curved high coefficient profile has not yet been
accurately calibrated, pending the adoption of a final design of profile.

1V.—Calibration of Waste Weir with temporary masonry wall.

i uction of a high coefficient weir with curved profile, a
templtj)igg;lélats}:)‘ilr?l\fgl 2’ 6" high, 65gO ft. long, and of section shown in hg(l;.r(;
66 and alignment in figure 65, was built straight across the wqisltfe weu‘bputf: u:; 193
to provide immediate increase in storage, amounting to 471 million cu ic feet.

On the 24th July 1937 the water level in the lake rose to 266:5, z.e., 4 ft.
above the crest of the temporary weir.

fe——32-0— gp.z625

. BATTER VINA

Fic66.

1 1 i temporary weir
ments have been carried out to calibrate the temporary
and ggieltlfexfgllﬂts a calibration curve for the waste weir has .been .computed,
The model experiments were done in 3 different scale ratios, viz., L 1and
1 that the prototype results could be extrapolated. ”l‘hg models were geo-
?ﬂeitr)ically similar to the prototype and wef;ie .teiteéi in ::hQ ?or$$2n8;01 ge 5?.5
in figure 67 where the coefficient C in the =(
?:1 ;fot?ff:ds:}:gggstlsn D,%;he upstream head including velocity of approach, V*/50,



44 ANNUAL REPORT OF WORK DONE DURING THE YEAR 1937-38.

h bed upstream and downstream of

i were also done with a roug :
the v]?;g etr;nizgiiciuce more correctly the rocky bed of thedcut in the prototype,
but no appreciable effect on the weir coefficient was obs'erve .

The value of C obtained for D=4 ft. by extrapolation from the model results,

viz., 3375 compares with 3-03 obtained by jnterpolation from Cornell’s experi-

d nappes.” In
esults for rectangular flat crested weirs with fully aerate pp
:ilinZiII)Zriments now desgribed, the space behind the nappe was ﬁﬂed “élth a b:ﬁk
roller which remained unchanged when a.drx_nsslon (_)f air was allowed, <.e., the

nappe was not depressed through non-admlsglon of air. ‘

The discharge over the whole waste weir for a given water 1level mhthe lake
is dependent not only on the coefficient of the masonry weir but a si;) on the rough- .
ness and length of the cut upstream. For calculation purposes the cut was con-
sidered in two halves, the left being 175 ft. long with rugosity coefficient
N.—-040, in the Lacey formula V=220 R* $, and the right 250 ft. long with

N,=-035. Allowing for the drop in surf;ce level at the upstream end of the cut,

ss in the flow through the cut, the ve}ocity of apprqach to the weir
;1111?1 et%?g\ZL:gble coefficient of di%charge of the weir, the calibration curve of the
whole weir was drawn, shown in figure 68. 1t will be observed that the maximum
discharge recorded on the 24th July, was estimated to be 16,400 cusecs. The
catchment area is 47 square miles and the area of water surface at crest level

184 million square feet.

15.—EXPERIMENTS WITH A MODEL OF THE BRAHMAPUTRA AND THE PROPOSED
EasTeRN BENGAL RATLWAY BRIDGE AT AMINGAON.

Figure 69 is a plan of the Brahmaputra River at Amingaon for 6-2 miles
above the proposed bridge site to 6-7 miles downstream. Upstream of the bridge,
the Tiver passes through a narrow section with rock exposed at places on both
banks — shown in blue wash —,

The river is about half a mile wide, 2,400 ft. upstream of the bridge site —
DD —. Below the gorge, the river banks diverge at 1 in 10 down to about 2}
miles downstream of the bridge site, where it splits into two channels.

The Railway company originally selected an alignment 1,000 ft. upstream
of the site D D, now proposed ; but the steamer companies stated that they re-
quired more room “ to enable steamers with two or three flats or bargesin tow
to manceuvre and turn, at the height of the flood season, without being swept
down by the current to the piers ”,

Table 12 shows Lacey silt factors based on sand samples collected at different
depths below the bed.

TaBLE 12,
1:=94/d
. X {Lacey)
Mean diameter Mean diameter = diameter
Depth below bed where sample in m, (ineluding in mm. excluding d nil:ainnche:e
collected. adl sizes of particles less than excluding particles
particles). 0-08 mm, < 0-08 mm.
(determined by
Puri siltometer).
) ) ® @
S
Ot 6588 . . . . . 0385 0390 117
eto W . . L L, 0397 0-408 118
T5t0 80 ft. e 0545 0-545 131
80t %0f6 . . ., ., 0438 0438 124
0t M. ., 0-640 0640 ' 146
Wols . . . L 0623 0623 147

(") Gibson’s Hydraulics, 3rd Edition, page 172.
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Sand ut lower‘giepths was coarser than at river bed. For working out scale
ratios, the lowest Value of f,=1-17 has been adopted; because fine silt gives
maximum scour. :

Figure 70 shows cross sections observed at the Bridge site DD on various
.dates. .. From this it will be seen that the lowest bed Ri only varied between
R. L. 99 and 1025, 4.e., scarcely at all. From the same data, C in the formula
A=CB,d,
—where B,=surface width :
d,=mean depth
& A=sectional area,

shows no tiend, and the average value of C works out to 0-575, as against 0-79,
had-the channel been semi-elliptical.

TFigure 71 shows Q and V plotted against gauge R. L. From this curve, ex-
extrapolated, Q.. With gauge R. L. 178 — maximum W, L. — works out to
1,800,000 cusecs '

Q=CB,d,V
Q=1,800,000 cs. ; C=0-575 ; B,—3,880 ft.
and V=10-3 f/s.
*. d,=178-3 ft., which indicates that R. L. of bed at maximum
flood )
=178 — 78-3=99-7 or say R. L. 100-0.
Figure 72 shows Q against (G—100) for the data at Pandu ; and the formula
works out to . :
Q=0-0209 d* and the discharge for G. R. L. 178

=1,720,000 cusecs, or slightly less than the figure calculated
above.

Figures 73 and 74 show contour plans of the bed from 7,800 ft. upstream
of the bridge alignment (D D) to 5,600 ft. downstream for
(i) W. L.=R. L. 154-50 and Q=397,800 cusecs (=22 per cent. of maxi-
mum Q), and

(i) W. L.=167-50 and Q=935,237 (=52 per cent. of maximum Q).
The plan shows deepest scour 7,800 ft. upstream of the bridge site at R. L.
52 ; and there is no danget of scour moving downstream ; because scour is local
and is due to concave curvature of the river and exposed rock — see figure 69.
Figure 75 shows the proposed bridge on alignment DD with 9 river spans
of 374 %:.Ieach, and 4 land spans on each bank. :

Piers.

It is proposed to construct piers 30 ft. wide from bed to L. W. L. (R. L. 142),
and 24 ft. wide from L. W. L. to H. F. Level, and to sink the piers 120 ft. below
L. W. L., allowing for 20 ft. possible scour due to piers and guide banks. This
means that

L. W. L.=R. L. 142 ; s0 bottom of piers=142—120=R. L. 22
Depth of pier bottom below H. F. L. R. L. 178—22=156 {t.
Present lowest bed level is at R. L. 99 and 20 feet scour allowed for, or say R. L.
79 ; then depth of water at maximum flood=178—79=say 100 ft. and depth
of pier below B. L.=79—22=57 or more than half the depth of water, and hence
considered to be safe.

Figure 76 shows the proposed guide banks extending 1,000 ft. upstream
and 400 ft. downstream of the bridge. It has been recommended that the pitch-
ing should conform as nearly as practicable with the existing banks, so as to in-
terfere as little as possible with present conditions of flow ; and to this end it has
been proposed that instead of stone being laid as an apron and allowed to launch ;
silt should be removed and the stone laid, so far as practicable, where finally
desired.

@
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Ezperiments.

The aim of the model experiments was— )
(i) to reproduce similar conditions to those in the prototype when the
same discharge was flowing, .

(ii) to determine scour caused by a maximum flood,

(iii) to determine the effect of adding piers and guide banks on scour.
Brahmaputra sand was used in the model.
Scale ratios were worked out from Lacey formule :—
138 1

Discharge scale ratio= T/000,000 EoyTT

. . 1
Velocity scale ratio= N

e g . 1
Longitudinal and latitudinal scale ratio= 360"

. 1
Depth tio = ——
epth scale ratio %

Slope scale ratio =632
Preliminary experiments showed that the vertical exaggeration was less than
estimated and that the depth scale ratio should be 1/50 instead of 1/40. The
discharge scale ratio was altered to suit the new depth scale, keeping velocity
scale ratio the same.

de 4V
R A
1 1 1
=300 % 50 X &3
-t
T 94800°

The following discharges were run successively :—
Q=4-22 cusecs (=400,000 cusecs)
=9-88 cusecs (=935,000 cusecs)
=1478 ¢s.  (=1,400,000 cs. )
=190 cs. (=1,800,000 cs. )
To start with, sand was laid on the bed according to April 1937 contours. Expe-
riments were done (i) without and (ii) with piers and guide banks. Cross sections
upstream and downstream of the bridge site DD were observed at the end of
each experiment. Photos 1680 and 1681 (sheet 20) show conditions of flow at
the bridge with a discharge=935,000 cusecs.

Figure 77 shows the cross section at the bridge before piers were added, and
figure 78 after piers had been added.

Table 13 shows the equivalent bed R. Ls. in the model with and without
piers, and ‘ actual bed R. Ls. without piers’ in the prototype.

These experiments showed that the lowest bed R. L. at the bridge site in the
model was unaffected not merely up to 935,000 cusecs, as in the prototype, but
also up to a maximum discharge of 1,800,000 cusecs. ’

Experiments to determine scour round piers—geometrically similar — are in
progress. '

16.—NOTE ON EXPERIMENTS WITH A MODEL OF THE WASTE WEIR CHANNEL OF
THE SPIN-KAREZ RESERVOIR—BALUCHISTAN.

(1) Introduction.
There were hitherto two sources of water supply for Quetta—
(i) at Urak, and
(d) Nar Nullah dam,

It is now proposed to supplement the existing supply by constructing an earthen
dam across the Spin Karez River, 7 miles upstream of Quetta, the catchment
area of which is 28 square miles,



TasLe 13.—Bed R. Ls. at Bridge site DD.

zo

Left side, Right side.
C.L.
0
2,100 ’ 1,800 | 1,500 l 1,200 ‘ 900 600 300 300 | GO0 I 900 ’ 1,200 ] 1,500 ] 1,800 2,100
C. 8. ar Bripog site DD.

- Model—without piers.
=04 million cs‘. 141 132 126 19 112 107 102 102 112 120 134 142
=093 , 139 132 126 117 112 106 102 102 112 127 135 141
=t4 RN 144 134 127 124 17 107 104 104 112 129 137 142 .
=138 » . 147 134 128 122 117 108 104 100 112 129 135 142 164

Model—with piers.
=04 “w 151 132 123 13 108 103 101 103 114 128 141 152
=0935 , . 150 130 123 114 110 104 101 102 107 128 145 167 .
=14 o o 160 139 131 119 112 112 91 104 111 114 129 142 152 .
=18 w . 152 128 127 121 112 107 102 107 17 117 142 165 . .r
Prololype—uithou! piers.
=04  » w . 140 137 124 us j 11 105 100 99 108 127 140 151 . "
—09035 . w 145 137 1B3 | 182 130 110 115 105 115 128 144 157 .. .
:

‘OI 319va

Ly
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The dam is to be 2,375 ft. long with a maximum height of 83 it., to store
water up to R. L. 6510-0, with a maximum flood level of R. L. 6516:5. Contents
of the Lake — 162 million Cft. and the equivalent inch-depth over the catchment
=2-5 inches. '

The waste weir has been designed for a discharge of 12,500 cusecs. This
discharge has been based on the North West Frontier Province formula
Q=1220A%%, where A is the catchment area in square miles.

So Q=1220 A**
=12,146 cusecs.

The questions to be investigated were :— N
(1) the discharging capacity of the Waste Weir channel as designed,

(2) the extent to which scour would occur in the waste weir channel up-
stream of the weir and whether measures were required to prevent such scour, and

(3) how best to prevent scour in the long escape channel downstream of
the Waste Weir crest.

I

(2) Experiments with the approach channel of the Waste Weir.
(@) Approach channel to Waste Weir.

Figure 79 shows the plan of the Waste Weir channel which was intended to
pass 12,500 cusecs ; and figure 80, the longitudinal section of the channel as de-
signed. It will be noted that the bed of the Waste Weir channel was designed
sloping up from the Reservoir for 1,300 ft. at 1 in 1,000 ; and that the curvature
in the bend had an inner radius of 265 ft. and an outer radius of 515 ft.

The first point to decide was the rugosity of the channel : The Spin Karez
River has a slope of about 100 ft. per mile and according to the Lacey formula
8=0-00053 £°/Q"%, with a flood discharge of 12,500 cusecs — a figure roughly
borne out by the width of the River — f=22:0 ; which, according to the Lacey
regime formula would indicate a channel bed consisting of pebbles of a mean
effective diameter approximating to 5}”; but under non-regime conditions, it
probably indicates a very heavy supercharge of silt, consisting largely of finer
material. Nearly the whole of this material will be trapped by the Reservoir
and only fine silt in suspension will pass through the waste weir channel.

Assuming a Lacey ‘£’ value of 1-0, which would be approximately correct
for clear water before scour exposes coarse materials ; and comparing these figures
with the proposed dimensions :—

TaBLE 14.
Ag designed
—_— Lacey f=1.

at entrance, at Weir crest.
P (ft.) 298 2656 263
R (ft.) 109 7-56 6-18
A (sq. ft.) 3,248 1,950 1,625
V (ffs) 385 641 7
Bed width (ft.) . 270 250 250

It will be seen that the designed depth is quite unnatural and the velocity

would be excessive. . This was borne out by the model experiments, in whi
! : \ h the.
outside of the curve and the channel bed scoured rapidlI})f, with :h;nr:;ull(é thaz

pebbles embedded in the soil became exposed and the rugosity i i

as the scour progressed. In the origingl design, it wasgassu};nl:(fr:ﬁ:idtizplddils)j
charge formula, based on F. 8. level in the Lake (=R. I.. 6516-5), was 3-02 D'®
where D=depth of sill below flood level in the Lake. This is the standard broad:
crested weir formula tin other words, the design assumed no loss of energy betwee:

the Lake and the weir crest. & "
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With'f=1:0; and a regi £, i
Wi 505 gime channel 11 ft. deep and 270 ft. wide, t}
. :alx:glgy th ghe length of 1,300 ft. would be 2" ; but wigh the desi led“t:h:r’mellesl?:r:é
ed with pebbles, the loss of energy head in the moxgel was found to be

equivalent to 1-14 ft. in the prototype — see fi i
e : e figure 81 (L. 8.); or alternatively,
,-gﬁ sigc(;. level,oi 6,616-52wvould be reached with a flood of approximately 10,000 ,
ALY v
SRR Conclusions of 1. )
(i) Owing to the very sharp curvature in the Waste Weir channe], the outer

bank must be lined with large stones from where the curve begins down to the

weir crest. This outer pitched bank will scour at its toe in flood of 12
,000 cusecs
%0 a total depth of 16 ££. or more — according to the material left as a residue,

. (i) The rising bed design (of Strange) was intended f; te weirs i
or inerodible material and has no merits %ol Baluchistan co:Eit?:;s. eirs in. rock

(iii) Either the channel must be designed large enough to take the F, S, Q

Withoqt scour or else the head lost in the Waste Weir channel will be considerable
" necessitating either— ’

. (a) an increase of High Flood Level in the reservoir from R. L. 8,516:5 to

R. L. 6,6175,

(b) lowering of sill level from R. L. 6,510 to R. L. 6,508:9, thus reducing
maximum storage by approximately 7-5 million c.ft., or

(c) continuous removal of boulders exposed by scour from the bed (when
the rugosity can perhaps be kept down to N,=0-025), combined
with a waste weir with C=3-5;

{c) is the best solution. i

II

(8) Escape channel downstream of Waste Weir crest. ..

A model of the whole Waste Weir channel down to its junction with the Spin
Karez River was constructed with a longitudinal scale of 1/20 and a letitiditial

- scale of 1/30. S . A
It will be seen (from the L. §. in figure 80) that the ground slopes steeply

" downstream of the Weir at— ) the & P g y

*.+ (i) 1 in 14 for 200’ downstream of weir crest,
© (i) 1 in 28 from 200 ft. to 1,000 of weir crest, and ..
2 (i) 17n 33 from 1,000 to the junction with the River 3,300 ft. downstream, « ,

b " The channel in its first 500 £, length below the weir consists of shingly material *
. {clayey silt; sand and boulders) ; and the remainder-consists of black argillaceous
' shale, very hard when dry ; but very soft when wet. There are no boulders in
. ’4his material: The material of the first 500 feet has one virtue — that the boul-
ders and shingle will tend to pitch the channel as scour ocours and will also provide
boulders for filling up scour holes where they occur ; but even this material cannot *
stand up to'a slope of 1 in 28 ; while the material in the remaining 2,800 ft, 6f
channel, down to the junction with the Spin Karez, has no merits at all, and will
scour rapidly. P

(4) E:épeﬂmnts.

Experiment 1 without any devices fo prevent scour*—Photo 1,675 (sheet 21)
shows conditions of flow after 2 hours flow (=9-5 hours in the prototype) ; photo
1576 and figures 83 and 84 show the scoured bed. As was to be expected — seeing

- that the fall of the nala was about 100 times the natural regime slope — scour
was extremely rapid, starting at the lower end and working upstream rapidly,
-showing how essential it is to provide adequate protection..

The original proposal was to give a bed slope of 1 in 100 for the first 100 ft.
‘downstream of the Waste: Weir crest and to pitch the bed and side slopes with
.stones — see figure 80 —; and in the remaining length — wheye the slope is 1 in
28 to 1'in 33, to construct-crated boulder curtain walls at 500 ft. intervals, the
-number of these walls to.be increased if found necessary.

This was tried in experiment 2, » -
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pIN
iyl 5 2 : i riment 2 supported by, battens down-
Figure 85 shows the crates in experimen y ‘ :
st1‘0:1mi—repl‘(‘senth)g a pukka wall in the prototype. These we¥g spaced 125 ft.
apart (=250 ft.)

N
s

F1G: 85 y )
PLAN & L.SECTION OF WIRE CRATES

SUPPORTED BY WALLS D/é- .
SCALE: {=5. Y

WIRE BQULDER CRATE.

] ‘—_——(=

B ‘
WIRE BOULDER CR'ATE. g\ ! g
. BATTEN WHICH CAN BE RAISED AS REQUIRED

(REPRESENTING A PUKKA WALL IN FROTOTYPE)

L. sections and cross sections of this experiment are shown in figures 83 and
84. It was found that deep scour holes developed—vide hole marked ¢ A’ in
figure 83—which showed a tendency to work upstream-—see photos 1579 and -
1580 (sheet 22). The experiment was therefore discontinued, as results were
definitely unsatisfactory. :

Experiment 3,

Alternative methods of preventing scour were then considered :—
(i) A series of baflle falls with cisterns and deflectors—
{@) without a glacis,
() with a glacis added downstream of the weir,
(ii) A continuous rapid.
{1ii) A plain vertical fall.

ously.
Two baffle falls at R. D. 250 ft. and 500 ft. were constructed at the upper
end-—sce figures 86, 87 and 88. The depth downstream of the fall was accordin
to Kennedy’s formula V=0-84 go®, The falls were designed for H=8 ft. The
height of the Laffle=d.—d, where de=" (g and d,=free flow depth at toe, -
A deflector was constructed downstream of the baffle, with height=4 depth
of water. Downstream of these two falls, 2 continuous rapid was constructed

These were all constructed in the Waste Weir channel and tested simultane-
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in the curved length of the channel, and in this length the width .

was gradually reduced from 8 ft. to 6 ft.—as shown %ltl dotted linesoifntf}il;ucrta;;il
to reduce cost—and the ‘rapid’ was given superelevation. The ‘ rapid’ was
followed by another 8 ft. baffle fall—see figure 89— ; but in this baffle fall, o
glacis slope of 2 horizontal : 1 vertical was provided downstream of the weir :
below this, a plain 8 ft. vertical fall was provided—see figure 80, ’

~(a) The baffle fall with a sloping glacis gave better results than the baffle
fall without a glacis, in that dissipation of energy was more effective ; but all the
bafle falls were effective in preventing scour—uvide photo 1587 (sheet 23) showing
conditions of flow.

(b) The lined rapid was very satisfactory ; but () h -
stron) o poumed 1 05 Ay ry isfactory ; bu (f;) eavy scour occurred down

(5) Conclusions of II.
. The solution recommended to pass 12,500 cusecs is to construct—

(1) a 3 ft. baffle fall with glacis, baffle, cistern and deflector to serve as weir
" ‘crest—to maintain the F. 8. D. upstream, without danger of scour
downstream ;

" (2) an 8 ft. baffle fall at R. D. 200 of ‘the Nala (or 300 ft. downstream of
the weir crest) ; :

_ (3) an 8 6. baffle fall at R. D. 500 of the Nala ;
(4) a rapid from R. D. 700 to R. D. 2,600,
" (5) an 8 ff. baffle fall at R. D. 2,900 ; and .

" (8) a baffle fall at the junction of the Nala with the River to prevent retro-

gression.

' Co (6) Recommendations,

It is extremely difficult to put up definite recommendations in connection
with this scheme ; because if the waste weir had to stand up to annual floods of
5,000 cs. or more, it would be necessary to protect the channel throughout its
length as described in para. (5).. o :

If such floods actually occurred annually, the reservoir would become silted
up to waste weir level in a short time, and judged by the standards of Peninsular
India this scheme would be condemned. It is obvious, however (both from letters
received from local officers and from the fact that during the period April 1921
t0 December 1934, the, maximum rainfall in any one month was 5-03” (in February
1931) ; that rain exceeded 3" in only 5 months in that period and exceeded 2”
in only 20 months), that the framers of this scheme have assumed that the waste
weir will seldom flow with more than a few hundred cusecs, and are ‘ banking
on ’ large floods being of such rare occurrence, and short duration, that the damage
done can be repaired before another large flood occurs. This would be cheaper
than, providing for the maximum flood at the start; but it is for very serious
consideration whether the risk is justified. .

17. EXPERIMENTS WITH SILT ABRADER.

Despite the fact that silt becomes progressively finer from the hills to the
sea, there has been a widespread opinion that this phenomenon could not be
explained by abrasion (i.e;, by particles colliding with each other and thus becom-
ing finer by mechanical action) ; because the time taken for silt, carried by water,
to reach the sea was too short to explain the facts.

« Experiments were therefore carried- out with a silt abrader—starting i
November 1932—to determine the rate of abrasion. > o

* The silt abrader consists of a circular tank of 2 ft. radius, 4 ft. high, with a
central shaft to which three tiers of blades are fixed, each tier being set at 40° to
the other two. The shaft was revolved 30 times per minute, so tl}e velocity of the
blades at the outer edge was 89 f/s. Sukkur sand was placed in the tank to a
depth of 6” and water maintained at a constant level; 3'-6” over the bed of the
tank. The abrader has worked for 930 hours (=39 days) since last year’s report,
the total working hours to date being 7,150 hours (=298 days).
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At the end of 7,150 hours, the sand on the bottom was thoroughly mixed
and 6 random samples were analysed. The method of analyses was the same as
for samples of the preceding years, viz., particles < 0-2 mm. were measured by the
sedimentation method and coarser particles by sieves. Table 15 shows the results.

TaBLE 15.—Showing various grades and percentage fraction of sand to total sand of
G samples in the silt abrader after 7,150 hours working.

Diameter of Mean of
—_ particles Sample Sample Sample Sample Sample Sample 6
in mm. 1. 2. 3. 4. 5. 6. samples.

[ 10 —0-5 0-072  0-042 0122 0078 0065 0079 0-076

(1) Coarse sand 10 to 0-2) 05 —0-33 1202 0-502 0777 0:637 0-760 0-827 0-784
mm. 0-33—0-25 0-930  0-200 0-352 0409 0-011  0-494 0-549
0-25—0-20  43-187 33510 35:820 43-515 45330 37506  39-811

45391 34254 37071 44-639 47066 38908  41-220

02 —0-1 45375 43759 50-164 44-482 46-667 46433  46-143

(2) Fine sand 02 to 0:02) 01 —0075 4952 7-262 4-823 5581 3622 5679 5319
mm, { 0-075—0-04  2-484 9520 4757 3564 1760  5-587 4612

{ 0-04—0-02 0900 2470 2041 0824 049¢ 1804 1-422

53711 63-011 61785 54-451 52:343 59-503 57-496

(3) Very fine sand 002 and 002 and less 0-305 0-306 0-165 0043 0062 0-259 0-190
less.

Toran . . 99407 97-571 99021 99-133 99671 98668  98-906
Mean diameter in mm. . .. 0-1806 0-1604 0-1702 0-1777 0-1830 0170  0-1738
o—atandard deviation . 0-0586 0-0628 0-0561 00562 0-0532 0-0612 0-05802

Table 16 below shows the weighted mean size in mm. of each of the six sample
and the standard deviation ‘ ¢ °.

TaBLE 16,
‘g’
— Weighted mean size in mm. (or standard deviation).
(0] (2) 3)
Sample 1 e 01806 00586
2 - . . . . . 0-1604 0-0628
3. . . . . . . 01702 0-0561
4., « . . . . . 0-1777 0-0562
5. . . . . . . 0-1803 0-0532
6 . . . . 0-1760 00612
Mean 0-17384-0-0073 0-05802-1-0-00325

The weighted mean size is 0-1738 ram. and the variation of -+0-0073 is small
and the value of P (Probability) is far below 0-01 inst the limiti
005 Joid down by Fichaots y : against the limiting value of

Standard deviation or .

As it is possible that samples with the same mean size may differ, one having
a large percentage of particles with diameters near the mean size and the other
with diameters varying more widely, the standard deviation (6)="the root mean
square of the squares of divergences’ is calculated as a measure of the disper-
sion.

In this case the mean standard deviation=0-05 iation=
=0-00325, which is very small, so the method of sampSI?nzg 211;1 iel?:}xlgle Val%zil}(:lﬁ
shows the grades and the percentage fraction of grades of sand to toéal sand by

weight—the average of 6 samples—in the orig]
b e 150 hge P original sand and sand after 5,382 s

(") ' Statistical methods for Research workers * by Fisher—Table of

) P““j“!’ Trrigation Research Institute Publieation, Vol, II, No. 1% inChapter 5.

15 * Punjab Practice in Silt Observations ”,
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TaBLE 17.—Showing various grades and percentage fractions of sand to the total sand in the silt abrader at d

a

sedvimentation and sieve method).

ifferent intervals of time (inechanical analyses by

=

Sample after

Sample after

" Sample after

Diameter Original silt N Differcnce Col. 5 A Difference Col. 8 7,150 Difference N Ll
— of particles (average of hours in columns ol 3 ¥ 100. hours in columns o3 X 100. hours in columns C__o 1 % 100.
in mm. 6 samples). {average of 3 and 4. Col. 3 (average of 3and 7. -3 (averagé of 3 and 10. Col3
6 samples). 6 samples). 6 samples), . .
m @ 3) ) &) ® m ®) ® a1 ay )
. I3 - ‘ . X . N .
. Per cent. Per cent. PUEE Percent! -
10—0-5 018 016 —0-02 —11 014 —04 —22 08 .—010 lb'g.
. . . -
0-5—0-33 419 130 —2.89 89 094 —3325 —78 078 =341, —81 :
{1) Coarse sand 1-0 to 0-2 mm. .
0-33—0-25 1-49 0-50 —0-99 —66 0-52 —0-97 —65 0-55 -—0-04 —63
0-25—0-20 8404 62:17 —21.87 —26 5414 —29-90 —36 39-81 —4423 53
. T
89-90 6413 —25-77 —329 5574 —3417 —38 41-22 —48-08 —h4 ;
¥ S =3
0201 742 2056 +2214 +208 +21-80 +290 1614 +3872 +520 5
=
0-1—0-075 0-38 2.59 +2:21 +582 755 +717 +1900 532 +494 +1300 S
{2) Fine sund 0-2 to 0-02 mm. .
0-075—0-04 043 2.22 +1-79 +416 432 -+3-80 +- 000 4-81 +418 + 970
0-04—0-02 048 0-41 —0:07 —15 1-08 +0-60 +125 142 +0-04 4206
871 3478 —+26-07 4300 4217 43346 +380 5749 + 4878 +727
{3 Very fine sand 0-02 and less | 0-02 and less 176 0-50 —1-26 .. 172 - . 019 . S,
ToTaL . . 100-37 99-41 . . 99-63 . . 98-91 - -
{4) Mean dia. (in mm.) excluding . 0-2289 0-2021 . . 0-1932 . .. 1814 . -
particles <008 mm.
{5) fa=Lacey silt factor of parli- .. 0-804 0-834 .. . CRID . . 0-766 - -

cles >0075 mm.=9-4./d,
d being dia. in inches.
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Figure 91 shows the size distribution curves of original silt, and silt obtained
after 6,220 and 7,150 hours, based on analyses of particles <0-2 mm. by sedi-
mentation and >-0-2 mm. by sieves.

Figure 92 shows the size distribution curves of silt after 6,220 and 7,150 hours,
based on analyses by Puri’s siltometer.

[The original sample could not be analysed by Puri’s siltometer, as this meter ‘
was evolved only lately. The future samples will be tested by the new method, ]

Figure 93 shows the percentage of 01 to 0-2 mm. sand increased with time
(shown as abscissa) and the percentage of 0-2 to 0-25 mm, sand decreased.

P

. «

Fl6. 83 SHOWING THE ° .

111

PERCENTAGE _INCREASE AN, «’Q

DECREASE OF SAND OF - ,,}”

GRADES Q-1 _ 70 02 mM.M1. \é"

AND Q-2 TO 0-25 m. 7, &

&
7S
o
g 2
AY
& % &
]
2
8
b
E 5
100
—e 02 TO
‘ll fl . O-25 m. 7, (C‘DA
Eﬂ e s‘l/va 3]
3
28 *
X9 0p , ;
4000 S000 6000 7000 v
HOURS '

LTS v A

Consideration of results.
(1) The percentage fraction of coarse sand (02 ¢ btai
i "2 to 1:0 mm.) obtained
decreased from 90 per cent. at the commencement of the experiment)to 41 1pneer celllfits
after 7,150 hours and the percentage of fine sand (0-2 to 0-02 mm.) has i d
from 9 per cent. to 57 per cent. ’ noease

(2) The rate of per centage decrease of coarse sand

of per centage increase of fine sand per hour (<0-2 mm ) per hour (>0-2 mm.) and

increases as the materia)

+
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D

becomes finer, unti 51 i :
beoomes finer, u tlltthel silt reaches a certain fineness below which abrasion de-
Tapldly due to the sand then being in suspension—see figure 94
o .
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[Analysis of sand in suspension in the abrader after it worked for 7,150 hours
gave the following results. The sample was taken at mid-depth at a point jrd
radius from the centre at the moment the abrader stopped working.

% fraction to

Diameter in mm.
totul by weight.

%o %
016002 . . . ... . 148Y) g
00Tt 01 . . . . . ..o .ozsef ”
0:04 to 0-07T . . . . . . . . . 14-64
0-02 to 0-04 . . . . . . . 21-74 % 12
below 0-02 13558
100-0

Thus the maximum diameter of the silt in suspension was 0-2 mm.] b
(3) The Lacey silbt factor (f;=9-4v/d) based on particles greater than 0-075
mm. in diameter changed from— )
0-894 (original sand) to

0-871 after 3,775 hours (or 157 days),

0-834 after 5,382 hours (or 224 days),

0-819 after 6,220 hours (or 259 days), and

0-796 after 7,150 hours (or 298 days). .

It is clear that abrasion in the boulder and pebble reaches of rivers occurs
mainly while the stones are at rest—due to finer material passing over the stones.
This is also true to a large extent in the case of coarse silt. With finer silt, abra-
sion takes place as the sand waves move along the bed forming ripples, which

progress downstream. .
. 2
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18. DIVERGENCE EXPERIMENTS.

It is frequently desirable and economical to con'strucb masonry works which
are narrower than the downstream channels: This necessitates the construc-
tion of expansions, which, in the past, have_been a frequent cause of trouble due
to flow not ‘ fanning out ’ to fill the expansion, with the result that a jet of high
velocity has flowed towards one bank with return flow along the other. Very
little appears to be known about the theory underlying the flow in a divergence
beyond Prandtl’s proposition that separation at the boundary, followed.by return
flow, occurs when the layer of finid adjacent to the boundary loses its kinetic
energy and comes to rest, owing to the rate of energy dissipation at the boundary
exceeding the rate of replenishment from the interior of the fluid.

The factors affecting this question are :—
(i) the degree of divergence,
(1) velocity,
(1ii) width,
(iv) Mratio, and
depth
(v) degree of turbulence. L

Little experimental work appears to have been done on this important
problem.

Experiments.

Experiments were therefore commenced to enable the distribution of flow
in a divergence to be examined ; the loss of energy to be measured ; and, in the
light of this information, to test the efiect of various practical devices intended
to make the flow ‘ fan out ’ satisfactorily.

Series 1. .

In the first series, various discharges were passed from a channel 2 ft. wide
to one 4-8 ft. wide through an expansion, the sides of which diverged at from 1
in 3 to 1 in 10 in different experiments, the depth of flow also being varied. The
intention was to correlate the loss of energy due to expansion with other factors,
but the loss of energy was so small and the experimental error in measuring energy
was relatively so large—owing to the distribution of velocities downstream being
very uneven—that useful results were not obtained.

Series 11.—Sudden divergence.

In this series the enlargement from 2 ft. channel to 4-8 ft. channel was sudden,
see figure 95. A constant discharge of 8 cusecs was run and the loss of energy was
observed for various depths of flow. :

F/G.95.

[ SIDES VERTICAL

#SSIDES YERTICAL

SUDDEN DIvERSENCE .

1f there was no conversion from velocity energy to pressure energy the loss
st__vz:i

would be \L;gﬁ" or taking account of the velocity distribution say, 50

where V,=mean velocity in 2 ft. channe)
. Vy=mean velocity in 4'8 ft. channel. N ,
From Newton’s momentum law, however, as applied to pipes,(’) the loss would be

V—V}* . . _
(TO) , while another formula(*) given is V, (‘%)

() Hydraulics and its applications by Gibson, 3rd edition, 1025, page 89 -
(1) Hydraulics with working tables by E. 8. Bellasis, 4th editiol}), %924:, page 32. -
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. 'ghe losses.observe'd in these.experiments, after deducting the approximate
08s due to ordinary frictional resistance by Manning’s formuls

[mz'? hl:é:N]\{"
where hy=loss of head due to friction,
L=length,
V=mean velocity,
O 1-346

—-N\and N=¢-012,

R=hydraulic mean depth]
are plotted in figure 96.
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It will be seen that Vi Vs gave results which were nearly correct where the

i i hough other factors enter, it
d width was more than 4 times the depth and t )
:;pears that in normal channels this formula gives approximately correct results,

There was in this case, apparently, little recovery of velocity head at the

expansion, . ) '
It is intended to do further experiments with other expansion ratios.

Sertes I11.—Tests of practical devices.

The-chﬁnnel used was one of transition from a sect.ion 2 ft. wide vyith vertical
sides to one having a bed 3 ft. wide with 1 : 1 sloping sides, as shown in figure 97,

DIVERGENCE EXFERIMENTS FiG:- 97
WITHOUT7 S74ABILISER.
LINES OF FL.OW AT SURFACE WITH Q=5CUSECS

Aanp_ds= 145,

WATER SURFACE. JTOR OF CHAnNeL
[INIO DIVERGENCE AT BED. /rsive stoee 101 / )
71 —
VERTICAL SIIES. 7
—————————————— =
| )
) 0w
55 3-0'8s0 OF
T’° \ _l_ CHANNEL. # .
| .\\ {
| 7 |
| ] Yrom oF crammver .\

y Z v
« 5,’0 i WATER SURFAC

SCALE

z %5 4 5 10 15 Fx
Fro t 2 3 4 = ; s Fx

The side divergence at the bed was 1 in 10 and at the surface considerably
sharper and the bed was level. This is the type of divergence which is frequently
adopted at the downstream ends of aqueducts and falls in the Deccan.

A constant discharge of 5 cusecs was run and a downstream depth of about
1 ft. was maintained., Where there was no stabiliser, the flow followed one side
only, a large eddy forming on the other side, as shown in figure 97 (The lines of
flow shown are for surface only whereas the flow was 3 dimensional).

Various devices were then tested, these being of two main types (a) “ bafle
type stabilisers ” which force flow from the bed upwards thus making the water
spread out to follow the expansion, see figure 98.

The other type (b) consists of stabilisers designed to create turbulence so
facilitating the transference of energy and equalising the velocity across the channel,
see figure 99,

The most satisfactory design of type (a) consisted of a 0-3125 ft. high ‘ baffle-
stabiliser > 2} ft. downstream in the divergence, ¢.c., midway along the divergence.
The ends of the stabiliser at the sides of the channel sloped up at I in 5 to a maxi-
mum of 2", as shown in figure 98.

In type (B) a grid of 3 verticals ; the central one } inch thick and the other
two 1} inches thick, placed 6} inches on either side of the central one, was found

to be most satisfactory. This grid was placed 1} ft. downstream along the diver-
gence, as shown in figure 99.

... Under laboratory conditions the latter was very satisfactory, but would be
liable—like all grids—to catch brushwood, and would then be liable to cause con-
siderable damage. The former has given satisfactory results in Sind and will be
successful where the silt charge is normal ; bus it remains to be determined whether
a supercharge of silt may not render it less efiective. If this is found to be the
case, modification may be necessary.
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RICALLY SIMILAR MODELS OF VARIOUS DESIGNS

19, EXPERIMENTS WITH GEOMET
OF SPURS.

geries of experiments has been planned to test the relative merits

Object.—This f spurs by means of geometrically similar models,

of various types o
Model.—In this experiment, a model of a Burma type spur was tested. This
a nose shaped like a hockey stick, pointing upstream (see figure 100),
In shape, the model spur was a & th scale replica of the Burma spur constructed
half a mile upstream of the Sarda Barrage at Banbassa. The spur was composed
of 1”7 diameter stones and the bed of the channel was laid with stenes of §” to 17
diameter. The spur was 1 ft. high, having 2 to 1 and 3 to 1 slopes upstrea.m and
downstream respectively. The radius of the curved head was 4-8 ft., equivalent
to 268 ft. and the curved length was 675 ft. (=405 ft.).” Concrete blocks 2”x
1:2"x1:2” (10’ x 6’ X 6") were laid round the toe of the nose—see figure 100.

spur has

Experiments,

In practice, spurs are only attacked when they project into, and sharply
divert, the main flow of a river.

In order to reproduce the resultant severe attack, conditions had to be im-
posed in the model by means of a vane which directed flow towards the nose of
the spur—see figure 101. This caused curved, diving flow.

The water level downstream of the spur was kept 6" below the top of spur,
and the discharge was gradually increased to 12 cusecs. Movement first took
place in the 1” stones above and below the concrete blocks around the nose of
the spur at C. 8. 2-B ; after which the blocks, thus exposed, were washed down-
stream. Scour then spread, and eventually extended from C. 8. 6A (upstream)
to C. 8. 4B (downstream) (see figure 102). :

TFigure 101 shows lines of flow, and figure 103 isotachs. Surface water flowed
with high velocity, across the nose of the spur ; while the bed water twisted sharply
round the vane, well away from the nose, with mid-depth water diving towards
the bed, across the toe of the spur at its nose. Scour took place where the direc-
tion and velocity of flow between mid-depth and bed water varied abruptly {from
point to point with periodic fluctuations due to instability of flows.

Concrete blocks between cross sections 4A and 6A were undisturbed ; but
the remaining blocks, between 6A and 4B, were washed away and deposited down-

stream. Reynold’s number VR at cross sections 1B, 2B and 3B was about 200,000.
v

The experiment was repeated after numbering each block and painting stones
in the various zones in different colours, the object being to locate where stones
and blocks from different parts of the spur came to rest (figure 104).

It will be noted that where the mid-depth water dived and turned sharply
in plan, near the nose, blocks and stones were carried a longer distance towards
the left bank than where the stones were carried by the bed water flowing across
the nose,

Concluston.

The main object of'this investigation is to compare various designs of spurs
in other words to obtain qualitative results.

The Burma type of spur, dealt with here, has the marked advantage that the
attack, though severe, 1s.conﬁned to the nose; and, provided the nose can be
made strong enough to withstand attack, the spur will remain intact.

20. EXPERIMENTS IN CONNECTION WITH SEEPAGE FROM Canaws.

Mr. Crump, of t.he Punjab, concluded, on theoretical grounds, that losses from
Canals vary according to the level of the subsoil water table, increasing as the
water table falls below the water level in the canal until a maximum is reached
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when the subsoil water table is a little below the canal bed level ; below which,
the loss rapidly decreases as saturated flow changes to unsaturated flow, after

which resistance to flow is balanced by gravity and a further drop in subsoil water
level has no effect.

At the suggestion of Mr. Crump a series of experiments was started to verify
the accuracy of this theory, by measuring, under controlled laboratory condi-
tions, the seepage through columns of silt when water was maintained on top of
the column at a uniform depth, representing a canal : Each column was also kept
submerged in water at the bottom, to represent the water table, which could be
varied 1n different experiments. Experiments with the same object, but on a

field scale, have been carried out in the Punjab, the results of which have been
described elsewhere. ™

In the experiments at Poona, silt was packed uniformly in steel cylinders 1} ft.
in diameter, and of various lengths, fixed vertically as shown in figure 105. The
water in the ““ canal ” at the top was kept constant by an automatic feed and that
in the chamber at the bottom by an overflow pipe. After passing through this,

FIGURE 105
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asured. The silt used in the earlier experiments was
%az?ﬁjfsaﬁt?rsﬂ?i l;‘ll?ghtly cohesive silt having an average particle dlfmmeter
of 0-31 mm. ; but experiments are also in progress using silt from the river Ganges,
which is a typical incoherent sand of 0-27 mm. mean dlam('etfer.

These experiments do not exactly reproduce the conditions ({lf sf'e’opatgei from
canals, where the stream lines may be curved, the flow having af dmuon udcf(;(r)n‘;
poneni’:; but are intended to provide data on the basic laws of downwar W
above a water table.

i epth of water table was kept constant and the sce-

Inw:: (;]lll(;e;gsrfcr:e;f;’tﬁilfug 1Entil stability had been reached. The rate of see-
L9 initially several times as great as the final stable rate, the decrease at
E;sgte &?ﬁg very S;apid; and a considerable period, months in some cases, was

(11) Gopal and Sharma : Punjab Engineering Congress, Paper No. 209, 1938.
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required before stability was reached. Figure 106 shows a typical curve of see-
page : time. This reduction in seepage rate is thought to be due to the gradual
rearrangement of the air contained in the silt, a view supported by the fact that
if, when stability was reached, a layer from the bed of th.e canal was removed
or the bed slightly disturbed with the fingers, bubbles of air arose from the bed
and the rate of seepage jumped considerably, subsequently continuing and stabilis-
ing at a higher figure.

Nore.—Air was contained initially in the silt which was filled into the cylinders in a dry state; but a certain
smount of the air was presumably expelled through the pipes fixed at 1 ft. intervals in the sides of the eylinders
when the water from the * canal * permeated the silt column, yet it appears that even then a considerable amount
of air waa trapped ; and in the shorter cylinders the whole of the air was frapped, because the side tubes had to
be kept closed to prevent egress of water.

F/G: 106
2055 IN CFT PER HOUR FROM
SOIL COLUNY BFT LONG &
012 HEAD OF B3FT. USING
KHALAKWASLA REL SIL.T.

o/

-

00

0-09

008

007

[ tmt
-

0-08

————
-

005

o004 \t A

=

003

LOSS IIf CFT OF WATER PER HOUR.
P

002

o-or

00

7 V4 Z =7 4r
NY OF DAY'S .
—_——

The seepage rate was very sensitive to disturbance : for example, on one

occasion seepage jumped to a very hi i
rat which had fallen Ii)nto the lgsv};r cg}f;igbl;r: fu o the disturbance cased by a
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The final, stable, results, corrected for temperature (viscosity) to 25°C, and
for evaporation, are shown in figure 107. It will be seen that where the water
table was more than 3-0 ft, below the canal bed the rate of see
constant, because the resistance to flow th
of gravity had attained a balance,

‘When, however, the water table lay within 25 ft. of the canal bed, continu-
ous streams of water existed in the silt and the rate of seepage was dependent on
the head of water. This rate was therefore a maximum when the water table
Was just above the position at which the condition of flow changed,

In cases where the height of silt column was constant, the rate of flow de-
creased as the water table rose. These results corroborated those obtained in the
Punjab by Messrs. Gopal and Sharma.

Considering the results of columns of various heights with various heads,
within the saturated range, the following are the values obtained for the trans-

mission constant A in the equation
Q= AA glp h
®
where Q=rate of seepage.
A=cross sectional area of column.
g=gravity acceleration.
p=density of water.
p=viscosity of water.
h=difference in head.
I=height of soil column.

Height of column, ‘ Head ft. g;te.p;g: 1:2?:. Ax 1o
10 - T . . . . . 10 0171 80
15 . . . . . . . 15 0357 1:87
15 B . . . . . B 10 0285 2:24
2:0 . . B . f . . 20 0310 162
30 . - . . . . . 2-0 0251 197
30 . . . . . . . 2:5 0207 1-86
30 . . . . . . . 3-0 0364 160

No explanation has yet been found for the low value of A in the first case.

The differences between the others may be due to differences in packing and
air content. .
ere observed by inserting manometer tubes into the centre of
the slz)aescs(?lruﬁnv: ghrough apertu};es in thegwalls of the pipes. In the \:?S:e of un-
saturated flow the inside pressure was shown to be atmosll))hlenc. N ta rfn;ha.
horizontal tube 0-18” in diameter inserted into ghe soil 1 ft. below t ilel op ot' e
column was sucked in at a constant rate of 0-28” per da)_r, due to capillary a‘c ion,
In thecase of a 3 ft. soil column with saturated flow, instead of a propi)rtlt;natlel-,
loss of pressure head from canal to Iow_;ver chamber, 4 tub.es at d]i?erent eve; fs a
registered the canal water level, showing direct communication of péegasuir;iz1 ro:i:]n
the canal—due presumably to the arrangement of the air contained in the so
allowing pressure to be transmitted. ' e . " dameter o
On the other hand a similar experiment, carried out in a ?u .hlzllrlle e_litg ass
tube packed with Sukkur sand, mean t.ilameber 0-22 mm.,, in w lc % fei1 Sld was
carefully and completely saturated, which showed proportionate loss of head i.e.,
loss of head  depth from canal bed'
. N ; 1 t that it
M in a 1} ft. cylinder, similar to the original ones except that it con-
é,iieg oggﬁlgles sandjz; has );ecently been prepared by laying the silt in wa;tezr to
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i i oportionate loss of head

¢ no free air can be entrapped. In this case, pr ead

(::1:;1 f)%:ilfveﬁ initially, but this was followed bylatgrzltliutaL ;i%ieggr};afoa ﬁglvlzlﬁﬁt
i , whi is ti t equal to tha 1

tion of pressures, which this time were 111)0 el o ate of seopage. e

to the lower water level, accompanied by a d f}; B e O thetnaer. In

to have been dué to the release of air from s )

:ll:ilz)se:;i)eriment the silt was incoherent and apparently free from colloidal matter.

Some subsidiary experiments were done in th'e same connectu??o.wnoilr geges
was carried out using a glass container, 14 cm. In diameter, as sh gure

108 filled with Sukkur sand (mean diameter of partif:le 0-22 mm.), and prpvided
with manometer tubes. .

F1G:108.

L .
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.*___
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W/RE EALZ,

Figure 109 shows graphically the pressures observed for various rates of
seepage, when the apparent water table was kept just visible at the top of the
column, The real water table was of course lower by an amount equal to the
head required to produce the flow. The points lie fairly well on straight lines ;
which, however, seem to meet the zero discharge ordinate at a negative pressure
loss, showing that there was a positive pressure at the top surface of about 2 cms.

There is considerably more loss of pressure between the surface and the top
tube than between the other tubes, the losses being in the ratios 16 : 7 : 6 approxi-
mately. This feature has been noticed in other cases, and is probably due to the
collection of a greater proportion of air near the top than below.

The transmission constant A computed from the lowest tube readings is
about 1110, compared with 83X 10® obtained in the experiment with the
2" tube previously mentioned, using the same sand.

Another series of experiments was carried out with 2 model of a canal in
section in a glass-sided tank, 45” longx18” high, filled with Sukkur sand and
provided with numerous pressure tubes. The position and slope of the water
table was controlled by the water levels in two tanks, one at each end, and the
object of the experiments was to observe the shape of water table under various
conditions with seepage from a channel.

Owing to the small size of the tank the whole of the sand was saturated, so
that only qualitative results with saturated flow were obtainable, but the shape

of the water table is indicated in figure 110 which shows the results obtained with
one set of conditions,
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The subsoil water level in the silt was abou

) t 10 cms, lower than the water
-level in the left chamber when there was no percolation from the channel. This

. igpc;miﬁl ;1;:81.) was independelnt of the rate of flow and has been observed in other

. These experiments are being continued.

. 21, THE TRAINING OF THE River Jumna at New Devur, -

. Introduction.

Prior o 1913, there was only one pumping station for Delhi—on the right
bank of the River, at Chandrawal, two fnileé) ugstream of the Railway Bridgeo—.
In 1913, & new Pumping station was constructéd at Wazirabad 3% miles upstreamn
of the Bridge. In 1922, the Delhi Gate Pumping Station was built 2 miles down-
stream of the Railway Bridge on the right Ii)mnk. The River was then flowing
along the right bank near the Pumping Station. Figure 111 shows a plan of the
River from the Railway Bridge to Okhla Weir in 1924 ; figure 112 shows condi-
tions at the end of 1936 (from 4 miles upstream of the Bridge to Okhla Weir) and
figure 113 conditions at end of 1937 below the Bridge.

Spurs 1, 2 and 3 were 3 of a series constructed in 1870 along the left flank
- embankment down to Okhla Weir. Spur No. 5 was constructed before the floods
* of 1935 and spurs 4 and 6 were extended after the 1935 floods—with the intentio
of pushing the River towards the Pumping Station on the right bank. :

The reason why the River has been progressively movin% across towards the
left bank from the Pumping Station is because as a result of the right bank up-
stream of the Railway Bridge having been pitched with stone in 1915-16, the River
now hugs that bank and is held against it, so that the water now flows through the
Bridge at an acute angle from the right bank towards the left bank, and the
distance between the Bridge and the Pumping Station is insufficient to allow the
River to complete a whole meander under natural conditions. This could be
changed by building a * Bell bund* guide bank projecting upstream from the
Delhi end of the Railway Bridge ; but this would change flow eondition so radical-
ly that there would be a danger of the River shifting its course abruptly within a
few years ; which would be liable to cause serious trouble ; because though changes
in a River course due to natural causes are accepted in a philosophical spirit,
any change brought about by Government would be resented by all those who
suffered thereby.

The first alternative considered was ;—

" “To remove the greater part of spurs 4 and 6, which have prevented embay-
* ment above spur 5 ; which, in turn, would tend to throw the River across
© . . towards the Pumping Station ; but, it is anticipated that the transla-
S tion.due to spur: 5 as at present constructed would be‘ insufficient and
that in order to bring deep water near the Pumping Station, the spur

" would have to be extended. .

Description of model.

The flood ‘discharge in most years is less than 100,000 cusecs. Scale ratina
of the model—worked out from the Lacey formule—were as follows :—

. Latitudinal & longitudinal scale ratic ¢ . PR . . 1/200
Depthscalerstio . .. . . . . . . . 12T

o - Vertical exaggeration . , ' ’ ’ 7-41
" Timeseale . . . 1/40

¢ () in model=3-6 cusecs (=100,000 cusecs). ;The length of the model was
yﬁva?exﬁ %0 14 miles upstream of the Railway Bridge and 2-7 miles downstream.
The right bank upstream of the Railway Bridge was built in concrete—to re-
present_ pitched banks and pulka ‘ ghats” in the prototype. .
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Experiments.

Two series of experiments were done with this model : Series I with 1937
conditions and Series II after removing spurs 4 and 6. At the beginning of each
series, the bed was laid according to the survey done after 1936 floods; and
experiments reproduced a rising and falling flood as shown below :—

Series 1 (1937 conditions). Experiment 1.

(=3 flood seasons).

Ist year—
(i) Discharge rising from 10,000 to 50,000 cs. in 1 week.
(ii) Discharge 50,000 cusecs for 1 day.

(iii) Discharge falling from 50,000 to 10,000 cusecs in 1 weelk,

2nd year—
(iv) Q rising from 16,000 to 100,000 cs. in 1 week.
v) Q 100,000 cusecs for 1 day.

(vi) Q falling from 100,000 to 10,000 cs. in one week.

3rd year—
(vii) Q rising from 10,000 to 50,000 cs. in 1 week.
(vili) Q 50,000 cusecs for 1 day.

(ix) Q falling from 50,000 to 10,000 cs. in 1 week.

As Series I showed that the major changes took place in the 2nd year; in
Series II, only the 2nd was run.

Series 11. (Spurs 4 and 6 removed).

(i) Q rising from 10,000 to 100,000 cs. in 1 week.
(i) Q 100,000 cusecs for one day.
(i) Q falling from 100,000 to 10,000 cs. in 1 week.

Tigure 114 shows the lines of flow at surface in Series I with Q=100,000 cusecs
and figure 115 shows the lines of flow in Series II with Q=100,000 cusecs.

In Series 1—1937 conditions—the main flow was along the left bank between
the Railway Bridge and the nose of spur No. 4 ; where flow concentrated and ac-
tion was severe. Downstream of this spur, the flow spread out, brushing past

the noses of spurs 5 and 6 and flow was far away from the Delhi Gate Pumping
Station.

In Series I1-—with spurs 4 and 6 removed—, the throw off caused by spur

. No. 5 was markedly increased but flow was not deflected towards the Pumping

Station to any marked extent downstream of the spur, but instead spread out into
a wide channel with a flat bed.

This result showed that merely removing spurs 4 and 6 would not induce

the main stream to flow close to the Pumping Station and that spur No. 5 would
have to be increased in length.

At this stage it was decided to extend the model downstream by the equi-
valent of 3-3 miles ; because it was realised that a better solution would probably
result if, in addition to the extension of spur 5 on the left bank, some short spurs
were constructed on the right bank below the pumping station—to ““ pull ’ the

river across to that bank. These later experiments are yielding satisfactor
results. Work is still in progress. n g 4

22. ExPERIMENTS WITH A LareE ScaLe MoDEL oF THE GANGES ABOVE THE
HARDINGE BRrIDGE (EASTERN BENGAL RatLway).

The experiments carried out previously in connection with the protecti
D ; 1 3 tlon
gftbhe H:f{rd_]tnge I;nt%ge 1§S_<:,lr1es 1 to XTII)"® were concerned with flow Eonditions
etween Raita an e Bridge ; and the model extended i
and 8 miles downstream of the Bridge. ouly 19 miles upstream

. Subsequently it was considered desirable to ascertain what changes were
likely to occur in the river course during the next few years; and in order to

{1%) Described in Bombay Technical Paper No. 66 and Annual Reports for the yeara 1935.36 and 1936-37,
R

vy 0y —
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determine whether this was possible,
see if the changes which had occurred
could be reproduced in a model.

It was pointed out, from the first, that the difficulties to be overcome wore
enormous and that no one had hitherto grappled with, much less solved, a model
problem of such difficulty and complexity, which raised not merely the ordinary

questions of scales, vertical exaggeration, and slope exaggeration, as affected by

- oy . . . .b . .
silt conditions ; but also modified vertical exaggeration of rigid portions ; the length
and swing of meanders ; the effect of silt charge on slopes, chanuel changes and

meanders ; and the effect of all these on the time scale.

References to other Stations and to the work of others, indicated that most.
of thes‘e problems were untouched, and even where some work had been done at
them, it had not been reduced to any theoretical basis, which could be applied.
Had it not been for the background supplied by the Lacey theory and formuke,
little progress could have been made in the experiments now described.

Model.—The first essential in a model is correct entry conditions. It was
assumed that this would be available where there was a length of channel which
had remained stable in position for a long period-of years. Such conditions existed
at Sardah, 38 miles upstream of the Bridge, where the river had not changed
its position for over 100 years; so the new, extended, model was constructed
starting at the top of this reach and extended down to the mouth of the Gorai
River, an effluent channel, 16 miles downstream of the Bridge (see figure 116).
The total length of the model was 550 ft. (=40 miles upstream and 12 miles down-
stream of the Bridge). The horizontal and vertical scale ratios were the same
as those of the previous shorter model, viz., 1/500 and 1/65 respectively, (based
on the Lacey regime formul for 2,000,000 cusecs), and the material of the model
was Khadakvasla red silt, as before. This silt, being slightly coherent, was
found to be suitable for the banks and edges formed by the river where it was
tending to scour ifs banks, but was rather sticky in its original state to reproduce
scour in the bed. It was therefore replaced in the latter places by *“ washed ” silt,
- collected from the downstream silé pits, which was relatively free from the fine
grades of silt.

During the experiments it has been found that despite the Sardah reach being
stable in plan, flow conditions are not invariable—that is to say, conditions upstream
of this reach have an effect on curvature of flow in the Sardah reach—, and hence
it is not sufficient merely to construct the Sardah reach correctly in plan, but
entry conditions must be so imposed that the distribution of isotachs at the lower
end "of the Sardah reach is correct. This was done by constructing the stable
length, forming the lower portion of the bend, in rigid material (cement mortar)
and of a shape which imposed correct curvature conditions.

Above this, at the entrance to the model, a device was constructed to faci-
litate control of silt injection and silt in suspension. At the place where the silt
was dropped into the water the latter was passed through a gnd of fine wire mesh
and a shallow rapid in order to throw the silt into suspension. Below the rapid,
was a chamber in which the depth of water was controlled by rising gates, the
purpose of which was to adjust the velocity of flow and hence the grade of silt
entering the model. By this means, although silt of the same grade was injected
throughout the flood cycle, only the finer grades were allowed into the model at
the lower stages—so as to reproduce what occurs in Nature. The rate of sils
injection was, of course, adjusted according to the discharge.

increased length of the model, made slope an important factor. As
it warfllxlicl;‘;;iy that thget depths of water over the whole length should be accord-
ing to the prototype, the water level at the Bridge was maintained correct while
the discharge was gradually iricreased, mel the water level at Markoti, near the

e model, was also correct. .

uPPeIrnelél(lieoz;:}iy experiments it was assumed that the slope exaggeration should
equal the vertical scale exaggeration, which according to Lacey holds when the
silt in the model is the same as that in the prototype. ‘With this slope, howe\ﬁ:r,
the flow appeared sluggish and as there was little scouring action, except locally,
and most of the silt injected at the upper end was deposited before it had been
carried far, leaving the water lower down nearly clear, changes in the river courﬁe
were very slow. To observe the effect of greater discharges and velocities, the

1t was decided to carry out experiments to
in the river during the past few years
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slope was then increased by 50 per cent., keeping the vertical scale as before ;
when it was found that not only was more silt carried in suspension and scour-
ing action greater, but the discharges which gave the correct -water levels with
this increased slope were proportionately higher at the lower. stages. This was
an additional advantage ; because scour in the model, which was particularly
in defect with small discharges, was thus made to approximate more closely to
the prototype.

This investization, though started with a specific object, soon took on the
character of basic research for determining the effect of specific factors and their
relative importance. The horizontal and vertical scale ratios -were the same in
all the experiments, but the slope (and therefore discharge) scales, rate of silb
injection, grade of silt admitted into the model at various stages, and time scales
were varied in difierent experiments. In each experiment, the flood cycles of
1935 and 1936 in the Ganges were run through in the model and the results com-
pared with the changes in the prototype (as shown by the surveys and the weekly
reports). Figure 116 shows the change in low water course in the prototype in
1934-35 and figure 117 the low water course in.the model (in Series XX, experi-
ment 11) compared with that of the prototype after the 1936 flood. The course
is not identical in model and prototype but the general conditions of flow were
veproduced correctly. These experiments aye still in their early stages.

23. ExruRIMENTS WITH FALLING APRONS.

Introduction.

A falling apron is a covering of stones laid on a river embankment to protect
it from the erosive action of the current. Its design and form of construction
are described in detail in Sir Francis Spring’s * River Training and Control on
the Guide Bank System"®” Chapter 1X, from which figure 118 is an extract.

Briefly, the protective covering consists of stones, usually ““ one man " stone
weighing 60-120 Ibs., laid during low water on the slope of the bank and in a hori-
zontal " apron” on sand or silt deposited by the river, see figure 118. The stone
on the slope is intended to remain in position but the ““ apron ” is intended to
*“launch ”* or subside, when attacked by the river current, to form a continua-
tion, below water level, of the upper slope and so provide a, complete protec-
tion against erosive action from top to toe. :

The experiments to be described were carried out at the request of the Rail-
way Board, in connection with the protection of the Hardinge Bridge. The ex-
periments were concerned firstly with the launching of an apron ; secondly the
cause of failure of apron protection ; thirdly with the best design of aprons laid
on sund and on alternating strata of sand and clay ; and fourthly with the best
method of reinforcing aprons already launched.

Launching of an Apron.

A study of the action of an apron in launching, though simple, is an essential
to the understanding of the behaviour of an apron protection under attack. The
following is a description of the launching observed in 2 model consisting of an
apron of {"-1” stones laid horizontally on the berm of a channel formed of Ganges
sand. The launching took place gradually, simultaneously with the gradual

raising of dizcharge in the channel and consequent enlargement of the latter.
Figure 119 shows the apron as laid.

PITCHING STONES -

FiG. 12

(*%) Technical Paper No. 153, Railway Board, India,
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As the river rises, the channel begins to deepen and wid
is undermined by scour at A—vide figure 120P aiden.  The loyer of stones

SECTION.

EDGE OF PITCHH’;G-
AS LAID.

PLAN FlG. 120

and the undermined stones settle on the slopes. These are not sufficient, how-
ever, to prevent scour of the sand at A ; so further scour takes place at A causing
the horizontal layer of stone to be again undermined and more stones are set in
motion, some remaining with the previously fallen stones at A and others rolling
down to B,—see figure 121. Scour now occurs at B

FiG. 121

but not at A, as this is fully covered with stones. . .
The scour at B has undermined the stones at A, some of which will now fall
and toll to B,— figure 122

FIc. 122

FIG.123
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: i at A, which therefore scours, undermin-
e e to be again exposeC 801 and again the cand at A is covered
ng e orlzoven‘cedp Meanwhile scour occurs at C, uptﬂ stones 1“011 down from
and scouf Ir)irrf sand.there and so allowing scour, \Vhlgh }mdermmes A.  Thus
%eunfgc;:;s g%es on, the sfoping bank, cover.ed with pltd}mg stones, exten(ﬁng
dee Iér a.u& deeper as scour OCCUIS, the pitched slope simultaneously receding
tSWI;rds the bank. It is clear that the fallen apron will slope at the angf}f aﬁ;
which rolling or sliding stops, since if the slope were steeper the stones wofu mIf
down furthe? and if it were flatter no stones would have rolled d%wn as far.

the flow is axial the velocity will, in the early stages, ]oe almost the same \\(r)lver
the whole slope. The inclination is therefore approximately constan}tl. 3 d1ein
more apron has fallen and the bank has deepened, the velocity at the be };s
likely to be higher than the velocity near the berm, so there 1s a tendgn(iy t‘otht e
apron to be at a flatter slope near the bed because the angle of repose is ess.v}& e'lJ;e
the velocity is greater. The apron finally settles as shown in figure 124 with its

toe resting on the bed in its position of final scour.

POSITION OF

FIG. 124 FINAL SCOUR

Photo 1167 (Sheet 7 of Part I) shows the apron in process of launching. Tt
will be noticed that settlement of the stones was uniform and straight under steady
axial flow conditions. Some of the stones were coloured in bands so that it could
be seen where they finished up. The results (as may be seen in the photo) showed
that the stones subside down the slope without any appreciable motion along the
channel, except a few stones at the toe of the slope which were drawn along in
small “ gulleys ”” formed in the sand bed of the channel.

Characteristics of falling apron protection.

The outstanding feature of this form of protection is its flexibility inadjusting
itself to resist attack, both in position and thickness of stone. In practice, attack
starts at the toe, of the slope ; partly because the slope is protected, whereas sand
is exposed at the toe, and partly because with a sloping bank the flow conditions,
tending to cause scour, are almost always most severe between mid-depth and
the bed. But wherever attack takes effect it invariably causes the protected
bank to recede. which usually spreads the attack and reduces its intensity, and
causes more stone to slide down automatically from above on account of the re-
cession, the layer of stone becoming more compact or greater in thickness until
no more sand 1s scoured from beneath it.

This action is, of course, dependent on there being a sufficient reserve of apron
stone above to replace what subsides or is carried away, and on the material of
the bank having a flatter angle of repose than that of the stones, as otherwise
the stones would not remain on the slope, as occurs in the case of clay. With
this proviso, the inclination of the slope depends only on the stones, not on the
sand, though the depth of slope and its lateral position will depend on the depth
of channel and thus on the sand ; because the finer the sand the greater the depth
of scour. The inclination of the slope is the natural angle of repose of the stolr)les
under the flow conditions, %.e., velocity, turbulence, ete., obtaining.
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Effect of dispositionTof stone.

position assumed by a slope pitched with launched stone depends
one is laid and on the quantity of stone laid per foot width of hori-
o Jarge coon Iffthere Is a thick apron, recession is relatively small; because
2 laigd quantity of stone falls per foot width of scour ; but if only a shallow apron
. recession will be relatively much greater. In theory the slope recedes
exisltisufﬁment stone is brought down for protection against the river current then

o ng, and no more ; so that the quantity of stone required would be the same
whether a narrow deep apron or a shallow wide apron were laid.

_ This point was tested in Series VIII of the experiments, in which the launch-
Ing of an apron in one experiment was compared with that of an apron twice
as wide and half as thick in another experiment ; see figure 125. The discharge

The lateral
on where the st;
zontal apron.

FlG:-125 — EXPTS WITH FALLING APRON

SERIES VIII.
SCALE | INCH = 2 FEET.

'
|R.B
L L.
&' 10 3/
ROUNDED STONES
IN SECOND EXPT. (THICK) APRON LAID HALF “—BEFORE EXPT,
THICKNESS OF APRON IN FORMER (THI ) AFTER EXPT.

in both experiments was raised by similar stagesto the same maximum. The
quantity of stone which launched should have been the same in both cases but
was actually a little less with the wide apron, and the slope was less steep (see
fig. 125), which difference was at least partly due to the velocity being higher
in the wide shallow apron (1-86 : 1-72 ft./sec.) on account of the restricted water-
way during launching of the wide apron experiment, which effect would, of course,
not be so marked in an actual river. Taking this into account, the proposition
stated may be said to have received approximate confirmation.

Inclination of slope.

A study of the action of an apron in launching, as already described, showed
that the angle of slope assumed by the fallen apron depended on the shape of the
stones and was in fact likely to be the steepest slope at which stones rolling or
sliding on sand would come to rest.

For comparison with the actual angles of slope obtained in the experiment,
a series (IX) was done with a “ tilting board,” which could be set at any angle,
and on which stones were laid, to find the natural angles of repose of the stones
in water with various velocities of flow. The stones were rolled down from the
top and as it was found that at a relatively flat slope most of the stones came to
rest but a few rolled to the bottom, while at a greater slope a few came to rest
and the majority rolled to the bottom, an arbitrary criterion for the angle of
repose was adopted, viz., the angle at which 50 per cent. of the stones came to rest
and 50 per cent. rolled to the bottom.

E2
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The angle for stationary stone was also observgd, i.e._, the angle of slope at
which stones lying stationary on the slope would begin to slide down. The follow-
ing results (Table 18) were obtained with still water :—

TaBLE 18.
Angle for stationary  Angle for rolling
stones. stones,
Rounded stones laid on similar stones . . . . . 38°=13tol 31°=17tol
Angular stones Iaid on similar stones . . . e 40°=12to1 34°=15t01
Rounded stones lnid on Ganges sand . . . . . . 31°=17to 1l 25°=21tol

With flowing water the angles were less. Figure 126 shows the curve obtained
by plotting the sine of the angle against the velocity §” above the stones and,
for comparison, the points plotted from data of aprons actually launched. These
show considerable scatter, but in general they lie about the curve.

It will be seen that the angle of repose is dependent to a small extent on the
velocity ; the slopes of launched aprons tending to be flatter where the velocity
of flow is high and attack severe. If the stones are flat and angular, the slope is
steeper. ’

Conditions under which Apron Protection may fail.

Owing to the flexibility of an apron protection in adjusting itself to resist
an attack, the failure of an apron can occur only in the following ways :(—
(1) the carrying away of stones by the current,
(2) launching beyond the capacity of stone reserve, i.e., the utilisation
of all avallable stone in the horizontally laid apron and in the ori-

ginal slope above, leaving the bank material exposed to the current
and wave action, ’

(3) slips and “blow outs” in the bank, due to a steep subsoil water
gradient, )

(4) irregular disposition of stone on the slope due to the presence of a coherent
material such as clay.

In connection with (1), several experiments (Series VII) were done to correlate
the local conditions under which stones are carried away by the current (viz.,
velocity, slope of apron), with the properties of the stone (viz., size and shape).

Sufficient data was not obtained to indicate this correlation but it was found
that when the point velocity at which stones were carried away was plotted against
size, the results lay on curves representing velocity to a power between 1-3 and
1-5, thus suggesting that with the small sizes of stones used (up to 4" grade)
viscosity had appreciable effect, which precluded extrapolation to larger grades
with any degree of accuracy.

The effect of slope (z.e., side slope) was interesting: It was found that stones
on a slope were carried away at a slightly lower velocity than stones in a hori-
zontal layer, but the results for various angles of slope were practically the same.

Reproduction of breach in Guide Bunk, Hardinge Bridge (Seﬁes X).

The conditions leading to the breach in the Right Guide Bank of the Hardinge
Bridge in 1933 had been reproduced in the 1/500 scale model of the Bridge and
River,"® but it was desired to reproduce the actual breach and examine the process
in detail.

TFigure 127 shows, in plan, the Bridge and guide banks and the place where
the breach occurred. A large scale model was necessary to reproduce the detail
and permit geometrical similarity, which was necessary for the correct behaviour

(%) Bombay P. W, D. Technical Paper No. 55: ** Report on ex;

with the protection of the Hardinge Bridge, on the Eastern Bengal B periments carried with models in connection

ailway,” and Annual Report, 1935-36.
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of the stones. The scale chosen was 1 /200, and in consequence only a part width
of the river could be included. Moreover, to fit the Cllu.n(lllel, the mzdclphad yto be
reversed, the guide bank used being a left guide bank. At first 4”-1" grade stone
was used for the apron, this being approximately “ one-man * stone to scale, but
this was found to be too small to give correct results and was replaced with §”
itone. A high discharge was required, which deepened the channel considerably

1el:yond the depth corresponding to the prototype depth to scale, indicating either
that the stone protection laid in the horizontal apron was relatively thicker than
1t was in the prototype, or that vertical distortion is necessary in silt models of
this type.

Photo 1183 (Sheet 8 of Part I) shows the experiment in progress and photo
1187 (Sheet 8 of Part I) after the slip had occurred. The wall on the left in the
Photo was so aligned as to reproduce the lines of flow observed in the 1 /500 model
and was perforated by holes below the surface to draw off bed water sideways,
50 as to create curved flow, which set up the conditions which caused the breach.

. The following extracts from the reports of the Hardinge Bridge staff at the
time of the breach describe briefly the events as observed by them i—

*“ Early in September a definite change in the direction of the main current
was observed after it had left the Damukdia Guide Bank and....
the current impinged on the head of the Right Guide Bank at about
chainage 27.”

“ Dangerous eddies were observed in front of ch. 14 to 17...... and on the
26th September at about 4-00 hours this guide bank was breached be-
tween ch. 19 and 22 on a rapidly rising river. During the course of
the day the breach extended from ch. 14 to ch. 25 by erosion from
inside the embayment,”

_The breach extended rapidly and by 12-30 hours was 1,200 ft. long and the
embayment behind was 500 ft. across. The river continued to rise and on the
2nd October eroded the narrow neck connecting the head of the guide bank with
the main land, thus isolating the head and allowing a clear flow from the embay-
ment behind the head into the new embayment behind the breach and out again
into the river. Reserve stone was rushed up and a retired bund was formed to
prevent further extension of the breach and the river later subsided.

An observer might have thought that the breach, which started at a high level
was due to severe eddy action and strong currents near the surface. The model
however showed that the surface eddies were practically harmless, while the severe
attack was at the toe of the bank, whence stone was carried away and swept down-
stream. Stone from above then slid down to replace it, only to be in turn carried
away, and this process continued until a patch of bank was denuded of stone and
the sand core exposed just below the water surface. This exposed patch was
then eroded very rapidly under the combined action of wavewash and breathing
in the river. This breathing first filled the breach with water which subsequently
discharged back into the river with high velocity, sucking out sand.

The breach in the model can be clearly seen in photo 1192 (Sheet9 of Part I)
taken after the top of the bank had been denuded and scoured, but before appreci-
able flow had occurred from the embayment on the left. The wooden frame shows
the original line of the top of the bank. Figure 128 shows the isotachs observed
at ch. 10 and 18 of the guide bank.

In order to observe more closely what was happening at the toe to cause the
stones to be carried away, the portion of the bank where the breach occurred was
replaced by a glass window through which movements of the bed material and
stones could be seen. This was Series XI1i. - The glass panel was made flush with
the bank at each end and extended from surface to bed. The discharge was then
raised to the value at which the breach had occurred, keeping other conditions
the same. Cross wires and battens were fixed on the glass to hold one or two
rows of stones in place when desired.

An excellent picture was obtained of what was happening. Near the bank,
at the surfuce, there was slow return flow. At the toe was vigorous forward
flow. In between was slight fluctuating motion, evidently forming the base of
the large slow eddy visible from above. The fact that sand deposited at mid-
depth showed that the action here was not severe ; in fact it was obviously severe
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only near the toe, where sand and occasional stones could be seen rushing past

at high velocity.

It was not however a steady velocity but came in surges (about 2 to 5 per
second) with a surge of greater velocity every few seconds. The mean flow appeared
to be horizontal, not diving, but the direction fluctuated up and down with’ the
surges, perhaps within + 10°. The stones on the battens were not carried away
by the small surges but were sometimes rocked and sometimes carried away by
the bigger surges.

It was noted that sand would remain on the glass under a group of stones,
being sheltered by them. >

It was clear that the severity of attack was due not only to high velocity but
to surges of high velocity accompanied by a fluctuating direction of flow which
removed stones and carried them away.

In order to obtain a measure of the severity of attack, cement cubes from }”
up, were lowered on a string to the toe and it was noted what was the smallest
cube which would stay in position, resisting the current. Pitot tube readings were
also taken and recordings made with the hot wire instrument, all for various condi-
tions of flow, viz., with and without cross-holes open, flow directed by vanes at
the head of the guide bank, at the bank just upstream of the breach and into the -
embayment and straight axial flow down the channel. All these conditions were
hypothetical except the first mentioned ; which actually caused the breach.

The size of cube remaining in position was 2” in the case of the flow directed
into the embayment, 34" when the current was directed at the bank (i.e., worst
case) and 24"-24" in other cases. The velocities recorded gave the same indications.
The maximum velocity recorded at the toe was about 8 ft./sec., which was when
the flow was directed at the bank.

The hot wire instrument showed the most violent fluctuation (measured 3”
away from the toe) when the flow was directed at the head of the guide bank,
and nearly as much under the conditions which caused the breach ; for other condi-
tions they were relatively small.

Observation of action on larger scale.

All the previous experiments had been done using small stones. To compare
the action of larger stones, 3” stones were laid on Ganges sand in a bank at 1-6 to 1
slope and subjected to an increasing current. On the curve at the head, where
velocity was higher than in the straight, sand was sucked out from between the
stones, which then closed up, giving more protection to the sand below. The
sand sucked out was deposited on the apron lower down. As the discharge was
increased the bed scoured and the stones at the toe moved down followed by those
above. There was no rolling as had happened when the aprons of smaller rounded
stones launched, the movement was sliding and so slow as to be almost impercepti-
ble.

In order to be able to see the stones carried away by the current, the Ganges
sand was replaced by red silt, which would not be sucked out so easily. The dis-
charge was raised until the attack at the toe just downstream of the curve at ch. 22
caused the stones there to fall into the scoured bed. The discharge was raised
to the maximum (22 cusecs) and the cross holes opened, but no stones were carried
away although they slipped down generally and silt was scoured from the area
left bare at the top.

The bank was then relaid with 1" stones and the experiment repeated but
only with discharges up to 12 cusees. General slipping or launching of the apron
occurred as before.

9” stones were .genbly pushegl over the berm, to represent large blocks pub
in for extra protection. These did not reach the toe but remained half way and
the turbulence generated by these stones displaced some of the 1% stones.

As a further experiment a model was constructed having a mixture of 11"
3” and 5” stone laid in a horizontal apron, the idea being that the larger stozne;
would form the main protection while the smaller would fill the intersticgs to pro-
tect the bank from turbulence caused by the larger stones. The apron launch.ed
in the usual way. When the discharge was raised, silt was sucked out from between
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the stones as in other experiments but later the bigger stones appeared to lie more
on top of the smaller stones, which then protected the silt below.

. Where large boulders or blocks are used, it appears advisable to have also
stones of several smaller grades, each grade protecting the next smaller grade
from the turbulence caused by the larger stones.

Conditions under which a failure.due to slips in sand or to * blow-outs > would occur
(Series XV).

Tt was considered at the Hardinge Bridge that slips sometimes occurred
due to the water level behind the bank being some feet higher than in the river;
50 a model of the Right Guide Bank was constructed with Ganges sand and a
gradually increasing hydraulic gradient imposed. There was no failure until
the mean hydraulic gradient became 3-6 to 1, when water oozed from the toe,
and by removing sand, caused a slip from above. This gradient is far steeper
than any which could occur in the prototype ; and the explanation of slips (im-
puted to high water level behind the bank) was that these slips occurred on a
rapidly falling river due to saturation of the bank causing a steep gradient just
at the face of the bank and these slips were only local.

It was also considered whether a slip could occur due to heavy superimposed
loading on the berm, such as that due to stacking stones, with or without a hy-

draulic gradient. Though loading up to 700 lbs. per square foot was imposed
near the edge of the bank no slip took place.

Behaviour of an Apron laid on alternate layers of sand and clay.

Borings taken at the Sara Guide Bank showed that that bank consisted of
alternate layers of sand and clay.

In order to test the behaviour of an apron laid on such a bank, a 1/40 scale
model was constructed (Series XVI) consisting of alternating layers of red silt
and clay, 3" and 6" thick respectively. The top layer was of silt, on which an
apron of }”-3” rounded stones was laid.

No scour took place with axial flow, so a concentrated discharge was directed
at the bank with the aid of a vane, the mean velocity past the bank being equi-
valent to 17 ft./sec. in prototype.

In the case of the sand layers, the stones slid down as scour occurred, but
the clay layers scoured unevenly, the clay scouring into steep cliffs, so that the
apron could not rest on it uniformly but fell to the bottom. (See figure 129).

FIGURE /29.
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It may be said that an apron does not launch satisfactorily unless—
(1)Ithe angle of repose of the underlying material is flatter than that of the
stones
and
(i) the material scours easily and evenly.
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“Summary of Conclusions.

incoherent sand launches to a slope which

i. An apron of loose stones on 1t .
i lling or sliding on sand under the flow condi-

is the angle of repose of the stones ro
tions prevailing.

9. The concentration of stone on the slope is. such that adequate protection
is given to the sand beneath. If the scouring action becomes more severe, stone
falls and the slope recedes, bringing down more stone from above, thus strengthen-
ing the protection and automatically adjusting itself to the attack.

3. The lateral position of the slope is determined by the initial disposition,
the quantity of stone in the horizontal layer per ft. width, and the depth of scour ;
and the slope recedes until sufficient stone is brought down to protect the toe and
gace of the bank.

4. Normally the reinforcement of an apron is automatic and all that is required
is to lay sufficient stone in the horizontal layer, but in order to avoid recession of
slope or to provide protection consisting of larger stones at the toe, it may be ad-
vantageous to drop stone from barges. )

5. An apron does not launch satisfactorily unless— .

(i) the angle of repose of the underlying material is flatter than that of
the stones, : .
and
(ii) the material scours easily and evenly.
A loose apron protection is not suitable for a bank of alternating layers of sand
and clay.

6. The danger of slips due to a steep hydraulic gradient or to a heavy super-
imposed loading is negligible with Ganges sand ; but when the river is falling
quickly a slip may occur due to the bank being saturated.

7. An apron protection over incoherent sand may fail on account of—
(@) insufficient stone being provided for the protection of the slope,
or

(D) the stone at the toe being carried away by the current resulting in stone
sl%ding down until all the available stone is launched, when a further
slip exposes part of the bank face; after which though attack is
most severe near the toe of the bank, the failure occurs through the
exposed upper portion of the slope being scoured by the current ;
wave action and river breathing.

(a) can be prevented by providing sufficient stone and (b) by providing stone
of sufficiently large size. A graded mixture is more resistant than stones of a
single grade and when large stones are used it is advisable to provide smaller stones
to protect the sand beneath. Turbulence is a major cause of the removal of stone
by the current and this was intensified in the case of the Hardinge Bridge by the
manner of approach of the main current, 7.e., directed at the head of the guide
bank. ’

8. In general it appears that stone of the size normally used would not be
washed away, when laid on incoherent sand, unless— ’

(1) the rise of the river, or increase of velocity, were rapid, as otherwise
the apron would have time to adjust itself by launching more stone,
or

(i) the turbulence is present to a high degree, as this results in rapid fluc-
tuations in velocity and direction of flow,

. or
(iii) the river were opposed by restriction in such a way that it could not
develop a natural channel so that velocities were unnaturally high,
or

(iv) the guide bank were incorrectly designed, as £
signed too short or with too sharp ag cur:/e.s o example a head de

Apart from these, the falling apron would appear to be i i i
with sufficient stone, and self-adjusting to reI;Ii)st all possigip;igsslgle’ i supplied
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24. TRAINING THE WaTRAK RIVER To PROTECT 'KAIRA TownN, GUIERAT (BoMBAY
PrEsIDENCY).

Experiments carried out with models.

(1) Introduction. .

In 1937 exceptionally high floods in the river Watrak caused erosion of the
left bank of the river above Kaira town, where a portion of provincial road was
washed away, and the N. W. corner of the town wall was undermined and collapsed
together with a few houses near the edge. Figure 130 shows the river course and
the area eroded by the flood (in red). .

This river flows in an alluvial bed of fine sand (mean diameter=about 0-25
mm.), It is remarkable for two sharp right angle bends: one (shown on Figure
130) a quarter of a mile and the other, one and quarter miles above the town and
for the fact that until 1927, when in a high flood the erosion shown in the figure
began, there was apparently little change in the river course from year to year.

After the 1927 flood four groynes (made of teal piles filled between with sand
bags and brushwood) were constructed on the concave bank above the town. Two
were washed away in 1930 and the remaining two in 1937. Two similar groynes
Whl(ih had been constructed in the year 1923-24 along the city wall have remained
in place.

A high level causeway was proposed at site C (figure 130) and later a bridge
at site B. Neither has, however, yet been constructed. )

No flood discharges have been observed ; but there are indications that the
maximum flood discharge at R. L. 87-00 is about 100,000 cusecs with mean velo-
city of 6 ft. per second, while the normal annual flood discharge at R. L. 78-00 is
about 40,000 cusecs. The normal cold weather water level is at R. L. 64-00.

(2) Experiments.

After the 1937 flood it was clear that unless protective measures were taken,
further erosion would be caused below the bend by large floods and the town
would be gradually washed away. Experiments were started at Khadakvasla,
to enable the existing condition of flow to be studied and to test remedies.

Two models were used, one of horizontal scale 1/125 and vertical scale 1/25
to reproduce the flow of the whole river from above the second bend to below the
town and to test the effect on the river course of spurs of various designs, and the
other of scale 1/30, geometrically similar to the prototype to show the flow ~and
local scour around certain spurs of selected design. The latter was a part width
model. Both models were constructed of Khadakvasla red silt. '

.

(8) 1/125 Scale model. Details of Model.
The following scale ratios were adopted for this model :—

Horizontal . . . . . . . . . 1/125
Vertical . . . . . . . . . . 1725
Vertical exaggeration . . . . . . . . 5

Max. Discharge . . . . . . . . . 1/16,650
Time . 1/30

Reynolds No. (at 100,000 cusecs) L 91,000.

The water levels in the prototype were known for two estimated discharges,
wiz., 40,000 and 100,000 cusecs. Level for other discharges were inter= or extra-
polated from these figures. ] ] )

As practically no data was available regarding the floods and flood periods,
it was assumed that the normal monsoon discharge was 10,000 cusecs and that
when a flood of 100,000 cusecs occurred the rise occupied 2 days, the duration
of maximum flood being 1 day and the fall to 10,000 cusecs occupied 2 days.

Silt was injected at the upper end at rates varying from 144 grains per cubic
ft. of water for=10,000 cusecs to 315 grains per cubic ft. for =100,000 cusecs.

The model was laid according to the survey done after the 1937 floods and
similarly relayed before each subsequent experiment.

(4) Experiments with vertically exaggerated model.

In experiment 1, the river in its present condition was modelled and run with
the flood described in paragraph 3, in order to observe the flow and to provide a
basis for comparison for results obtained in other experiments. The corner of the

L
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wall, which was constructed of clay, was severely attacked by the current
it:lré? subsided into the river, as oceurred in the prototype. Downstream of the
corner the miain current hugged the left bank as shown in figure 131, causing
scour along the left bank and town wall. Photo 1628 (sheet No. 24) shows this
experiment, . . ¢ brotect

The subsequent experiments dealt with alternative measures of pro ection.
It was necessary both to protect the corner of the fort wall and to throw the river
away from the wall further downstream.

In experiment 2 a rigid, Burma (hocky stick) type of spur, (see photos 1634
and 1670 sheets Nos. 24 and 25) 187 feet long was tested, with curved head. It
was found, however, that this did not throw the current sufficiently away from
the wall and in experiment 3 a longer Burma type spur was tried. The throw-
off was then more satisfactory but there was still some attack at the fort wall
upstream of the spur, and to avoid this, the radius of curvature of the head of the
spur was increased from 60’ to 102-5’ (experiment 4)—see figure 132, which also
shows the lines of flow obtained with this design. A satisfactory feature was the
deposition of silt near the fort wall just downstream of the spur (see photo 1634.
in sheet No. 24).

A Burma spur, similar to the previous one, except that the nose was extended
by 40 feet in the upstream direction, was tested in experiment 5. Flow was very
similar to that in experiment 4 but was slightly more spread out downstream.
The design tested in experiment 4 was considered to be the best of this type. The
depth of scour at the nose was less, and the cost of construction less, than the
design tested in experiment 5 and the results were as good. Figure 133 showing -
limits of main surface flow indicates how the current was diverted from the town
wall in experiments 2 and 4 compared with 1. Figure 134, cross section 7 (down-
stream of the spur) in various experiments shows how scour along the town wall
in experiment 1 was prevented by construction of the spur, the river being diver-
ted away from the fort wall, this effect being most marked in experiment 4.

(5) 1/30 Scale, part width model. Details of model.

It was then decided to test a spur sloping down into the bed at 1.in 5. As
the vertical exaggeration of the 1/125 model was 5, this spur would have been at 1 to
1 in this model and hence the throw-off of the current would be different to that
in the prototype. A geometrically similar, large scale, part width, model was
therefore constructed. This model did not include the full width of the river
(see figure 135) and so movements of the river as a whole could not be exactly
reproduced but local flow and scour around the spur—which was the important
factor—could be studied in greater detail than in the vertically exaggerated model
and the spurs used in the latter could be tested here also and compared with the
sloping spur.

(6) The linear scale ratio of the model was 1/30. The discharge scale was
fixed by running up the discharge until the velocities on a line upstream of cross
section 6 were similar to those observed in the first model for 100,000 cusecs
(taking into account difference in vertical scale). This occured with 20 cusecs
=1/5000 the prototype discharge, which was practically the same as given by
1/(lmear scale) 2. The time scale; given by 1/(linear scale) 2 would have been
1/5-5, but 1/4 was adopted to allow for the silt used being slightly more coherent
than the bed material in the prototype. Actually it was found that the scour
reached finality in the flood period allowed, viz., 2 days rising from 10,000 to
100,000, 2 days at 100,000 and 2 days falling again to 10,000, and the results
were, probably, well on the safe side as regards depth of scour, because floods of
such magnitude are so infrequent that the material of the river would become
consolidated to a degree far in excess of that in the model.

The rate of consolidation is, in fact, the same in the prototype as in the model
and as we are dealing with annual floods in the prototype we cannot reproduce
the aging effect of time in the model, nor have we been able, as yet, to prepare
any model material which simulates the toughness of naturally consolidated silt.

(7) Ezperiments with geometrically similar, part-width model.
. In experiment 1, with this model, a sloping spur extending into the river in
line with the fort wall facing the Vehela was tested, but the lines of flow showed
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PART III, 79

that the main current approached too close to the fort wall b ingi
2 efore swinging
::gunddthe spur, and there wag deep scour at this point, so the experiment h‘:'ng
I)P?i1 A %;!ilz(i gll;edspur. t1'_eﬁxe(fl tpﬁ)_mtmg upstr(;am at an angle of 35°,

Il position of this spur are shown in fisure 136 which also show
the lines of flow,  With this design the main current was away from the w‘z:lsl
Upstream, the bed waj;er was thrown across more than the surface ﬂow, but crossed
nz‘;ic]llOWnsltireagl which was a satisfactory feature, as thereby silt was deposited
fot & ewall and the main current kept away. The deepest scour occurred 210

eet. from the corner of the wall and was 75 feet below water level, i.e.,at R. L. 8
compared to the water level at R. L. 83,

As, however,. the spur wo'uld have to be constructed on wells sunk into the bed,
there were practical difficulties in the way of continuing the slope beyond where
* 1t would meet present bed level. In experiment 3, the spur was thercfore cut

short with a vertical nose at 180 feet from the wall, where the slope met the
- present bed. . ¢
: _ With this spur the lines of flow were satisfactory but the maximum scour,
which was at the vertical nose, was greater than with the full lenoth spur, being
85 feet below water level as compared to 75 feet. N ’ °

With the idea of combining the good points of both designs, the spur used in
the last experiment was extended by a level portion at R. L. 60, 60 feet long, in
experiment 4. Due however to greater restriction of waterway, the maximum
depth of scour with this was slightly greater being 89 feet below water level.

In experiment 5, mobile protection was laid using the design of spur of experi-
ment 2 and laying loose brick blocks upstream and downstream as shown in figure
136 and photo 1669 on sheet 25. Brick was used as this could be made locally
at low cost, whereas stone was expensive. The blocks corresponded in size to
12"x12°X 8" in the -prototype and were laid at the present bed level one block
thick, 45 feet wide, along the upstream face of the spur and over a small area
downstream where deep scour had occurred.

The discharge was gradually raised from 60,000 cusecs to 100,000 in one day.
The block protection remained in place until 90,000 cusecs had been reached when
scour began and the blocks gradually sank. At the end of the experiment, it was
found that the point of maximum scour was 150 feet from the corner of the fort,
compared with 210 feet in experiment 2, and that the scour hole was approximate-
ly of the same depth as before.

It thus appeared that mobile protection of this size and weight was ineffec-
tive in reducing scour.

Comparison was required with the Burma type spur which had proved most
successful in the vertically exaggerated model, so this was tested under identical
conditions in the geometrically similar model in experiment 6. This spur had
vertical sides and was given a sloping nose, as shown in photo 1670—sheet 25—
which also shows the scour pit formed by the maximum flood. This spur was
effective in its purpose of protecting the Fort wall, but the depth of scour at its
nose was greater than occurred with any of the straight sloping designs, viz., 109 ft.
below water level. A spur of the same design but with a vertical nose below
present bed level (for ease of construction) was tested in experiment 7. The flow
with this was similar to the other (experiment 6) but rather less satisfactory. °

(8) Discussion of Results of geometrically similar, part-with, model,

The object of the spur was to hold the main current away from the corner
of the Fort and to keep 1t away from the Fort wall downstream. All the designs,
except the sloping spur at right angles to the wall (experiment 1), served this
purpose. The short sloping spur tested in experiment 3 was however the best

" m this respect as was shown by cross sections 7 and 8 taken after each test (figure
137). Although the full length sloping spur (experiment 2) gave the least depth
of scour the short spur would have to be only 10 feet deeper, would avoid practi-
cal difficulties and would cost less to build than any of the others.

Even the short spur of experiment 3 would, however, be very costly to build
owing to the great depth of sconr. The possibility of combining the river train-
ing work with a high level causeway or bridge, in order to save on the combined
cost, is now being explored by means of further model experiments.

[Table No. 18 shows brief description of various experiments.]



‘UABLE NO. 18,

Model. niilt)eg;. Description of the experiment. Figure.
Series I. PIRECTION "OF FLOW. i ]
. P itions. \ FIG. 138. > FIG. 132
Vertically exaggerated model. 1 'resent conditions. Reas’ o .,'.-
Horizontal scale 1/125. o
2 Burma spur at the fort corner, 187/ long, radius of curvature of head 48°.
Vertical scale 1/25. . -
3 Longer Burma Spur, radius of curvature 48’, PLAN, )
- : } ay o
. --em8 FIG. 140 - - . FIG.141. -
4 Burma spur, radius of curvature 102:5 ft. { _EE EXPT. 4. f ,:-:-:’ ExPT &
\ —z:—,
5 Same as 4 but the nose was extended by 42’. spUR i’ FORT WALL
- PLAN.
Series I1. { FIG. 142,
Geometrically similar model. 1 Sloping spur in the line of the fort wall. =5 EXPT. L., ScALE: 1“= 3 IN MODEL.
2 Sloping spur pointing upstream at an angle of 35°. ‘\* FORT WALL . %375 N PROTO.
3 Sloping spur cut short with vertical nose at 180’ from the wall.
4 Spur in experiment 3 was extended by a level portion, 60 feet long at
present bed level.
5 Spur as in experiment 2 but with mobile protection of loose brick blocks 7 PLAN.
on upstream and downstream of the spur. FIG. 143
(] Burma spur—same as in experiment 4 in vertically exaggerated model, ExPr_=,
baut with sloping nose.
7

Burma spur as in experiment 8, but with a vertical nose below present
bed level.
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PART 1v, o

 PARTIV.
Advisory~—without experiments,

25. INTRODUCTION.

During the year, several problems were submitted for advice : cither becauso
they were urgent or because earlier model experiments had indicated their
solution, . - ‘

Some of these cases were disposed of at once; some are under correspon-
@ence ; but in most cases we were able to recommend immediate remedies ; and
1t was suggested that results of these should be observed before furthier nction was
taken.’

~ In a couple of cases, model experiments were proposed to supploment pre-
‘vious experience.

Requests for advice are increasing and one of the chicf functions of a Central

Research Station should be to aduvice promptly on urgent problems—uwhether this be
followed by experiments or not. ,

96, DEsIGN FOR STANDING WaVE FLUMES FOR THE JoDHPUR WATER SurrLy
CHANNEL.

At the request of Mr. Edgar, Public Works Minister, Go vernment of Jodhpur
two standing wave flumes were designed : one for 30 cusecs, at the head of
the channel, and one for 20 cusecs, at the tail of the channel. Figure 144 shows
the design supplied for the 20 cusecs standing wave flume.

+ =B, D, V,=B, C(D+V,/50)" . 1)
“hire B,—throat width (=275 for 20 cs. S, W. F. and
e " 30’ for 30 cs. 8. W. F)

¢ =a coefficients ;- '
D, =upstream depth over sill of throat
V,=mean velocity of approach S

and n=an expenent (approzimating 1-5).

The formuls worked out to ’ \

. Q=825 D1 for 20 cs. 8. W.F. . . AN . 23;

d Q=90 D1-#° for 30 cs. 5. W.F. . . Coe . |
wa —effective depth, taking velocity of approach into account =(D,+ V¥,%/50)

Vx’hixz;e :zated in terms of Dy—the actual depth over sill—
D=1-02 Do “
or D,;=098 Do . . . . . . .
- from which . . o
‘ ’ .W. T e e e
. Q=8408 D" for 20 cs. 8 -0

’ : S W.E .
'gnd =9270D;' 1 for 30 cs. 5. W. ¥ ‘
1f the exponent s assumed=1-5, which is convenient, o

Q=847 D/"° for 20 cs. 8. W. F. . . .(8) ,

_g.94 D¢ for 80 cs. S.W.F . L. e s hl N . B e
o or of -+1 per cent. petween F. 8. Q. and 2/3 F. 8. Q., which 1s negligible ;
an err ‘

formulee may be adopted.

and
with
and hence these

PASSING THROUGH AQUEDUCT 14 op THE Nira RricHr

o, Taamma T AR Bank CaNAL.
The fl w of the Nala upstream of Aqueduct 14 i gharply oblique, and as a
e flo

igl . B‘o L. ;
ult, during the 1937 flood, the flood Jevel rose 2 feet above the designed I
resuls,

ve W eaS‘, e]ld ()f the q 'thcr
h a ueduct was damaged. Ncl
and the protec‘r/i (] all on t/he 5 ; ” o )

- bt cut, nor training by groynes is o it 1as b, PO
%:ﬁfilgmllld (;lzlitending 160 feet upstream (equal to the leng edg
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finishing off with a 120° curved head of radius equal to 35 feet, should be construct-
ed to prevent scour of the canal bank and to turn the nala water into the aque-
duct. With this design, the scour just inside the entrance of the approach may
be as much as 2I feet if the bed material is sand—assuming the maximum dis-
charge to be 20,000 cusecs, as estimated. :

28. EXCLUSION OF EXCESS SILT FROM Karrarar HiceE LeveL CHANNEL—ez-
: Souts Bank CanaL (MADRAS PRESIDENCY).

The Kattalai High Level channel takes off from the right bank of the South
Bank Canal just above the Regulators at 0/5 (see figure 145). The sill level of
the Regulator is at R. L. 313-75. '

‘The Kattalai channel was opened on 19th July 1934. Its Head Regulator
with sill level at R. L. 315-25 was set back 270 feet from the South Bank Canal.

As was to be expected—bearing in mind that 35 per cent. of the discharge
was drawn off at an angle of 110° (see Bombay P. W. D. Tech. Paper 52 ¥,
curved flow was generated and bed silt concentrated in the Kattalai channel.

With the idea of preventing this, curved vanes were constructed in the South
Bank Channel in 1935 to divert bed silt down the main South Bank Channel and
a sill with R. L. at 315-25 was built across the entrance to the Kattalai channel
(see figure 145). These had little effect and the F. S. Q. decreased from 411 cs. to
280 cs, with F. S. D.=4 feet and a silt bank formed which was 1-8 feet high at
the head and 6” high at 1 mile downstream.

Remedi:s suggested.—Vanes being quite unsuitable for such conditions, a
divide wall projecting upstream from the 8. B. C. regulators to a distance a little
more than the still pond pocket width above the upper end of the entrance to
the H. L. channel has been recommended (see red line in figure 145).

F. 8. Q. of S. B. C. upstream of offtake=1,200 cusecs.
F. S. Q. of H. L. C,=411 cusecs.
So the F. S. Q. ratio=800 : 410.

In order that the velocity factor in the approach channel of the Kattalai
channel should equal that in 8. B. C., the divide wall should divide the channel
into #ths and $ths and as there are 7 spans, 3 spans will be for the Kattalai
channel and 4 spans for the main channel.

The 3 spans of the approach channel will normally remain closed and the
arrangement will act as a “ still-pond silt excluder ”’; but if it is found desirable
to scour silt from the approach channel, the three spans may be opened occasion-
ally. While this is being done, the Kattalai regulator must be kept closed.
During scouring, the water level on the two sides of the divide wall will be different,
and provision should be made for a difference of 2} feet when considering stability.

If the division of silt is not exactly right, the proportion of silt can be subse-
quently modified by extending the divide wall at 1 in 5 upstream, so as to increase
the entrance width of the channel in which it is desirable to reduce silt :—quite
a short extension will have a big effect.

29. MEASURES TO PREVENT SILT ENTERING THE VADAVAR CHANNEL OF THE LOWER
CoLEROON ANICUT SYSTEM (MADRAS PRESIDENCY).

. Th_e Vadgva'r Can:}l takes off from the River Coleroon at the Lower Anicut,
in Tanjore District—uvide figure 146. The Coleroon branches off from the River
Cauvery at the upper Anicut about 9 miles upstream of Trichonopoly. The Lower
Anicut is about 70 miles downstream of the upper Anicut and consists of two
regulators. The north regulator has 30 vents and the south regulator 40.

_ At the left end of the North Branch, two Canals, Vadavar and the North
Rajan Vaikal take off. There is no silt trouble in the North Rajan; but the
Vadavar has silted heavily. The Vadavar was widened in 1927 from 100 feet to
120 feet to discharge 2,200 cusecs with 8:5 feet on the rear gauge of the head sluice.
The discharge observed with this gauge was 2,030 cusecs at the end of 1927. The
discharge gradually reduced to 1,810 cusecs in 1931 and to 1,768 cusecs in 1936
The depth of silt on the Canal bed at the head of the Canal in 1937 was about 4
feet. Tigure 147 shows the site survey of the Canals.

(*) Bombay P. W. D. Technical Paper 52:

B Jl'; ;)c:lc‘):ﬂ;nnﬁectmg exclusion of bed silt from Canals taking off from alluvial Rivers ” by C. C. Inglis and
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PART IV, 83

The cause of the trouble, so far as the Vadavar is concerned, is the main
groyne running out from the left bank ; because it drives the top water outwards
which causes the bed water to be deflected inwards. This is because top water,
flowing with a high velocity, tends to flow straight on past the entrance of the
Canal ; and, as some water has to pass into the Canal, it is the slow moving, easily
deflected, bed water which does so—vide Bombay P. W. D. Technical Paper 52,

The recommendation outlined, subject to modification in the light of further
data, was to remove the left upstream groyne down to R. L. 48, and the bank
from F to the Head regulator of the Vadavar down to R. L. 45, all the intervening
soil being removed to give a slope from 48 down to 45. The top water would then
flow over this into the Vadavar. The effect of this would be to deflect silt from
the Vadavar Canal, which would tend to pass into the North Rajan Canal. To
counteract this, the first two spans of the North regulator should normally be
kept closed—between A and the North Rajan Channel—; and the adjoining
spans of the North regulator kept fully or partially open, according to the supply
available. A divide wall extending upstream to about K, on the line AB extended,

- would further improve matters. The top of this wall or groyne should be above
the water level at such times as it is desired to exclude bed silt. The groyme-
should be designed to withstand at least 6 feet difference of water level.

Assuming these recommendations are acted on, it would have to be decided
whether the silt already accumulated in the Vadavar should be removed or allowed
to scour, to be redeposited downstream. It is better to remove the silt

(i) to get full supply at once,
and- (i) to prevent the silt now accumulated at the head raising the bed level
further down the Canal, which might necessitate raising the banks.
If, however, the banks downstream are so high that silting would not matter,
only a small amount of silt need be removed.. Further data is awaited. A model
experiment is desirable, though not essential in this case. :

30. CONTROLLING EROSION OF THE RIVER ““ BUR GANDAK ” AT SIKANDARPUR
1N MuzarraRPUR DivisioN (BIHAR). ’

The Chief Engineer, P. W. D., Patna (Bihar) sent papers and a plan in con-
nection with erosion of the River Bur Gandak, for remarks on the general hydro-
" dynamic problem. Figure 148 shows the survey of the River from Daudpur to
Chanwora Muzaffarpur (1921-27). In this case, scour has hitherto been resisted
by protective works at the points of attack. It is a physical fact that spurs,
pitched banks, and walls have a very strong attraction for water and cause an
intensification of attack ; so that unless such works are enormously strong, it is
generally only a question of time till they are undermined and washed away.
Spurs and other protections are therefore liable, in the course of time, to do more
harm than good. In this case the immediate trouble could be overcome by making
cuts as shown in red lines in figure 148. It appears from the plan that cut-ofis
have already been contemplated both here and across the peninsula projecting
towards Chandawar ; but in both cases the point of off-take shown would bg
unsuitable, and locating an off-take _properly is of supreme importance. Such
cuts would be expensive and might lead to damage upstream, due to increased
slopes ; but there does not appear to be any simple way of protecting the banks
where they are now being attacked (at the outside of sharp curves) which would
not, considered over a long period of years, be prohibitively costly. It has been
thought that wave action was partly responsible for the erosion. This is not
the case. Erosion always starts at the toe of pitching, which then slides or
collapses into the hole thus formed, and wave wash has a negligible effect. What
actually happens is that water eroding a bank—especially if it is impinging at
right angles—dives down and creates curved, unstable, surging, flow at the
bed. This creates pulsating vortices, which wash away even large stones from
the toe of the slope. As regards the statement :

*“ the river bed is full of old trees fallen in past years and these are to some
extent responsible for the swinging of the channel ”.
This is undoubtedly an important factor, and some years ago a writer in the Ameri-
can News Record stated that after stumps of trees’ had been removed from the
lﬁfsouri River, it decreased in length by 100 miles over a length of about 400
es. :



84 ANNUAL REPORT OF WORK DONE DURING THE YEAR 1937-38.

“3]. EXCLUSION OF BED SILT FROM THE JAMRAO CaNarL (Smvp).

The bed silt entering the Jamrao Canal has increased and a model is to be
constiucted at the Karachi Testing Station to ascertain the changes required
to exclude excess silt. Suggestions were made as regards design of the model
and experiments, based on experience obtained in Poona.

32, DISSIPATING ENERGY BELOW THE MASONRY WASTE WEIR OF THE TmBa Tank
AT HarsoL, TaLvka ParanNTIs, DIST. AHMEDABAD.

The Timba Tank is an old tank, which was improved 'in 1923. ‘The waste
weir is 300 feet long with crest at R. L. 107-0 and a discharging capacity of 5,300
cusecs. In 1923, a water cushion, 4 feet wide, was provided downstream of the
weir, with bed R. L.=102:3. Scour was first noticed after the great flood of 1927,
when scour downstream of the water cushion was filled with soil, which was covered
with a layer of rubble. Slight scour occurred in 1931 and 1933 ; but in 1937, the
bed downstream of the cushion chamber scoured to a depth of 6 to 7 feet over

- & width of 75 feet.

The upper 6” to 2’ layer of the bed consists of black soil ; below this there
is 2 to 6’ of soft murum and below that hard murum mixed with lime kankar.
The original bed of the waste weir channel was excavated down to R. L. 104-0
with a slope of 1 in 200 for about 600 feet, to where it met the natural ground
level. At its 18th chain it tails into an adjoining nala which in turn falls into the
Luni River. The distance between the waste weir and the Luni River is4,700
feet, with a steep fall of 1 in 250. This steep fall creates a high velocity which
has Jed to about 2 feet depth of scour in the murum and kankar bed of the
channel.

Remedies suggested—Figure 149 shows the action suggested by local officers
and figure 150 shows our recommendations.

EIG. I49SHOWING NEW CUSHION CHAMBER
PROPOSED BY LOCAL OFFICERS
BELOW WASTE WEIR OF TIMBA TANK
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PART IV. ) 85

. -holds. When a dam is built, the silt is wholly trapped and so scour increases
.. downstream. The problem to be solved, therefore, is how best to counteract
.. “progressive dqwnstream scour, due to clear water,—which is an entirely different
. .problem to dissipating energy below the weir. There are two alternatives :—

(i) A continuous rapid or lined flume,
or (i) a series of falls: only the first fall required at present.
(i) would be unnecessarily expensive in first cost ;

(ii) has the advantage that it can be built by stages, as required, and the
work may be stopped, when scour stops. :

‘As a first step, it has been proposed that a single baffle fall—see figure 150—
should be constructed. When ‘scour below this baffle increases to the stage at
which undermining is threatened, a simple weir fall may be added downstream,
ete. The only essential at this stage is to see that the drop wall under the baflle
is designed as the main wall of a 4 feet weir fall to be constructed later when
required. This is provided for in the design in figure 150. :

Nore.—Figure 150 is a hydraulic dirgram and does not show details of construction of glacis—whioch will dopend on bed materinls
below the dam.
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