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FOREWORD.

CextrAL BoARD OF IrmrIGaTION,
SimrLa, Inpia.

This Report, Whiqh r_ecoyds the technieal portion of the work done by the
Centrad Board of Irrigation in the year 1934-35, is the first of its kind issued by
the Board.

The Board consists of the Chief Tngineers (Irrigation) of all the Pro-
vinces in India, and the functions of the Board are to provide liaison hetween
{he various Provinces in regard to irrigation, and to eco-ordinate irvigation
research work which is carried out in India. The Board also provides “Com-
mittees, when called upon, to investigate problems conneeted with irvigation,
with which the Government of India, or any Provincial Government mav he

~ ecoufronted. In addition, the Board issues Technical Publications. In order

to deal with the research side of the work there is a Research Committee which
comprises the Exccutive Committee (President, Vice-President and one Member),
an’l the Rescarch Officers of the Provinces. This Committee meets annually,
generally in July, and discusses amongst other things, the annual reports of the
Rosearch Officers, which contain an account of the research carried out by them
during the previous year. Special subjects such as Waterlogging and Land
Reclamation are also taken up for discussion, and the findings of the Committce
are recorded in the form of resolutions.

The Board itself also meets annually, generally in November, and the tech-
nical side of the business transacted covers discussions on many problems which
are engaging the minds of irrigation engineers in India, and the findings of the
Research Committee at their annual meeting are also discussed.

A record of the proccedings of the Board are contained in the minutes of the
meeting, and the conclusions of the Board are embodied in resolutions.

Hitherto it has been the practice to issue separately the minutes of the
Research Committee and Board meetings, and the agenda for the Board meeting
contained summaries of the Research Officers’ annual reports.

At the meeting of the Central Board of Irrigation, held at Delhi on the 23rd
and 24th November 1934, it was resolved that the Rescarch Officers be requested
to prepare their reports in future on the lines of the summary hitherto prepared
by the Seeretary, and that those reports together with the minutes of the
Research Committee meeting, be printed and issued annually as a Board
Publication.

Tn amplification of that resolution, the Executive Committee of the Board
decided, on the 20th July, 1935, that the Publication should issue after the annual
meeting of the Board, in order that the findings of the Board on the resolutions
uf the Research Committee, might be incorporated in the Publication.

\\ " The Publication contains, therefore, the summarized annual reports for
"N\1934

.35, of the Irrigation Research Officers in India, the minutes of the Research
Committee meeting held on the 18th and 19th July, 1935, and the technical
portion of the agenda and minutes of the annual meeting of the Central Board
of Irrigation, held at Delhi on the 4th and 5th November, 1935.

 Further details on the subjects dealt with in the Research Officers’ Reports
are obtainahle through the Board’s Secretary, who will also welcome, on behalf
of the Board, any information relating to those subjects, or any other branch

of irrigation engineering.

M. T. GIBLING,
Secretary,
Central Board of Irrigatiom.

Dated 15th February, 1936.
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PROVINCIAL REPORTS (SUMMARIES) ON RESEARCH WORK IN CON.
NECTION WITH IRRIGATION, DRAINAGE, RECLAMATION, ETC.
- IN INDIA, FOR THE YEAR 1934-1935.

PUNJAB.

In considering the v&_'ork done dux_‘ing the past year, the summary relates
to the work done by sections, except in the case of silt investigations where
practically every section of the Research Institute was involved.

. 2. Chemical Section.—In the Chemical Section, investigation on the nature
of soils has been continued. It has proved undesirable to work only with the pH
value of soils, as this has proved an insufficiently sensitive test. Much work
has been done on the degree of alkalization and dispersion co-efficient.

3. The study of soil deterioration led to a series of observations on ' the
movement of salts in the soils, and also to the conclusion that a water was fit
for irrigation which contained more than the conventionally accepted 60 parts
per hundred thousand, provided that there was a certain quantity of caleium in
the water. Studies were also continued on the reclamation of the highly alkaline
soils found at Chakanwali.

4. Physics Section—In the Physics Section, a series of studies were made
on seepage losses from canals by dividing a distributary into sections, thus
forming tanks and observing the rate at which the water emptied itself out of
these tanks. Allied with this investigation, the transmission constant of water
through different silts was determined, and also the effect of variations in
temperature on the sub-soil pressures under works. At the same time ag the
transmission constant was under investigation, the relation of the floatation
gradient to the stability of works on sand was also investigated.

5. A comparison was also made between the observations made in the
pressure tanks in the Hydraulic Laboratory and the potential gradients obtained
by an electric method for similar models. This method is giving satisfaction
when due precautions are taken, and endeavours are being made to speed up
the observations.

6. Statistical Section—The Statistical Section has to carry out calculations
for all the other sections in the Institute and has no time for any actual research
work on statistics. Among the main investigations carried out were those on
the rise in the water-table in the Shahpur branch area and in the fork between
the Jhang and Rakh branches. The calculations relating to the desiceation of
the Bist Doab were also carried out. The arithmetical analysis of the errors
involved in various experiments in the laboratory formed a considerable pro-
portion of the work of this section, while the numerous ealculations for the silt
curves also formed a very large proportion of their work. Various other
tables required for investigations in the different sections were prepared, and
this section prepared a layout for experimental plots on a randomized basis.

7. Hydraulic Section.—Owing to the lack of room in the Hydraulic Labora-
tory, the experiments are at present confined to investigations of pressures under
models of works or on such investigations of wave position and form as can be
done in a flume. A large number of investigations of similar type have been
done. The uplift pressure investigations under standard forms of floor with
sheet piles as well as under Khanki, Merala and Balloki Weirs have been carried
out. The question of decreasing scour has been investigated for two Bays of
Khanki Weir and for Merala Weir. The problem of fixing the standing wave in
a desired spot and generally decreasing scour downstream, was carried out for
the Jaba level-crossing and for the rapids on the Upper Bari Doab Canal
The importance of this latter investigation may be gauged from the fact that
it hag been customary to spend about Rs. 30,000 a year on these works, while the
results at present show that the scour holes beneath the rapids are filling up.
Several outdoor experiments have been carried out in continuation of those

which led to the construction of the silt ejector at Madhopur which was put in
last year. :

8. In addition to these activities in the laboratory, a certain number of -
observers are taking daily observations on various chamnnels including the
sampling of bed-silt. These results have been used in the laboratory for

studving certain variations in silt size, and are the basis on which the Physical,
LI4CBI :
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Chemical and Mathematical Sections are carrying out investigations on silt
~ behaviour.

9. Reclamation Section—In the Land Recelamation Section, works on the
reclamation of Thur and Rakkar are proceeding. At the same time it has been
found possible to reclaim certain types of land on Kharif water only. Studies
have also been made of the yield and general behaviour of rice plants in salty
and alkaline lands. In a few places land reclamation is being carried out at
the request of local zamindars, and the results of these experiments are being
carefully watched. Ior the purpose of investigating soil deterioration, a few
small soil surveys have been made.

10. General Section—The work of the General Section has been mainly
confined to analysis of soil samples, aud to the determination of the salt content
of certain drainage waters.

11. Mathematical Section.—In the Mathematical Section certain investiga-
tions on the best design for a glacis of falls and the derivation of five-thirds
Discharge Formula were carried out at the request of the Central Board of
Irrigation. For the most of the time, investigations have been carried out
‘based on the observations on pressures made in the Hydraulic Laboratory, and
on certain preliminary investigations connecting various hydraulic data of
.channels with the bed-silt that they carry.

BOMBAY (DECCAN),

12. Canal Falls.—Fixperiments were carried out, in accordance with resolu-
tion No. 2’{), passed by the OentralhBoard of Irrigation at the 4th Annual meetinz
-of November 1933, to compare the dissipation of energy below standing wave
flume falls and parallel sided weir falls. y mg wave

The experiments showed that :—

(1) the standing wave flume fall with baffle cistern and deflectors and 1 in 3
apron slope gave very satisfactory results. On the other hand, the
weir fall gave unsatisfactory results, the dissipation of energy bein
incomplete, the flow downstream unbalanced, and the isotachs
distorted, while the wave wash was considerable,

(2) the weir fall design can be improved provided the fall is greater than
D/3 by making the apron down-stream of the curtain wall slope

at 1in 3, and adopting the standard design of baffle, cistern and
deflectors,

(3) if discharges are to be measured or proportionately maintained and
H > D/3, the standing wave flume fall with bafle is the most satis-
factory solution, :

(4) in the case of weirs where the flow is not axial, and also where the
drop in water levels is less than D/3, a design consisting of arrows
and discontinuous walls as recently used in the Punjab with arrows

ds/6 in height and apron to 1 in 3 slope is suitable.
Nore :—

D = upstream depth over crest,
H = difference in W. L. upstream and downstream,
dy = Downstream 'depth in channel, :

13. Tt is frequently desired during the eourse of model experi
cqlarly expenments with falls, to compare the distribution of ve oclz.ilg:sn t)sl;tgiarf:tii'
with that in a normal channel. Tsotachs were therefore observed for this pur.
pose in a 10 cusec model of a canal, the depth to bed-with ratio being 1/ ‘ZOP&;
hanks being of concrete and at 1 to 1 slope. The isotachs were plotted to form
a_basis of comparison in futqre experiments. When compared with mean results
obtained from observations in the Jamrao system, Sind, they showed that in the

gl:(;}gl tStrgz.falhng off of velocity near the‘ banks was less marked than in the

14. Further investigation of the data of fall e i - wi ‘
showed that the best results are obtained when the hgil;i?lﬁgn:sbagleﬂi)elgf e:

5

fall is equal to the eritical depth less the free flow depth downstream of the
fall—i.e.

h, = D,—d,

3 qzo
v
Where . .. Dy =  critical depth

dy =  depth of water at toe of fall assuming
that no standing wave has formed

h, =  height of baffle
Qo ==  discharge per foot width at the throat

-and distance of baffle from toe of fall == 5 X height of baffle.

15. At the Fall on the Hardoi branch, U. P., there has been a retrogression
of 2.45 ft. in water levels followed by a genecral bed scour of about the same

- amount. Due mainly to this heavy retrogression, scour occurred below the

fall to a maximum depth of 25 ft. helow the puvement which was badly under-
mined. Experiments were carried out with a model of this fall to see how best
to prevent scour. The standard baffle design with a cistern downstream, bed-
and side-slope deflectors and 1 in 3 apron slope downstream gave the best results.

16. The case of the 10 ft. tail fall on Sarda Deoha Feeder (United Provinces)
was very similar. This Feeder, which was designed for 1,250 cusecs, but some-
times carries 1,600 cusecs, discharges into the Perwain Nadi and thus feeds the
Deoha river. The Nadi had been retrogressing since the construction of the
feeder, causing the bed and banks of the latter to scour heavily below the fall.
The standard baffle design was recommended in this case, because the baffle
not only eff cctively dissipates emergy but also holds the standing wave near the
toe of the fall irrespective of any subsequent retrogression in water levels down-
stream of the fall. The advantage of the baffle design increases with the height
of the fall. :

17. Experiments in connection with falls, with (i) the standard baffle having
a scemi-circular concave upstream face and (#4) a rising floor, sloping up at 1 in

" 5 to the same level as a standard baffle, showed that the standard baffle was

more effective than the rising floor in throwing the high velocity jet upwards
and so dissipating energy. Similarly, a standard deflector, having a vertical or
concave upstream face, produced less scour than a pavement sloping up at either
1in 5 or 1in 10. The better results with a deflector were due to the horizontal
bed roller which formed downstream. This was smaller in eross section and
extended over a shorter length, than with the tilted pavement.

~18. Skimming Baffle in Standing Wave Flume.—Last year’s experiments
with the skimming baffle in the throat of a standing wave flume were continued.
The object of this skimming baffle is to cause maximum possible afflux when
excess water is passed down a channel. The primary object of the experiments
was in connection with cansing rapid afflux to cause overflow from escapes of
the siphon spillway or free overflow type ; but it can also be, used to prevent
excess water being passed down a channel. The best design of baffle was found
to be a vertical slab without any curvature and its optimum position was at the
downstream end of the throat, with its bottom edge just clear of the water at
F.8. L. TUnder these conditions, when the water level increased, due to excess
discharge, the baffle caused maximum afflux.

19. Bed silt exclusion ‘from Canals.—FExperiments were carried out to see
the effect on bed silt exclusion from canals taking off from alluvial rivers of :—

) | curvature of flow induced by the regulation of barrage g‘#tes, and

(¢8) discharge per foot width of the canal, total discharre remainine the
- ! ma. N .t B
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Tn connection with (1), experiments were done with the part m del ;
Barrage, including the four canals taking off from thepleft be?nl?. of the Sukdur

(1) Favourable curvature of flow was obtained with the barra e gates
furthest from the canals opened, when less bed water and 1%101‘% to N
water was drawn by the canals. The curvature of flow ']
reversed when the barrage gates near the canals were ope “?g
when the canals drew excess bed silt. pened 3

(2) The canals drew maximum silt when the disch

: arge of the riv .
maximui, “ls € T1Iver was a

(3) The two upstream canals took more than their share of silt

The above experiments were d i - . ) ]
in suspension. P e done with a bed consisting of silt and with silt

As regards (ii), the effect on silt exclusion w
width of the canal was reduced, the {otal discharrgle‘;'Lle
less bed silt was drawn by the canal.

n the discharge per foot
maining the same, was that

20. Improvements to increase Dischar
; ¢ Creq: scharge through R —
were carried out with a model of the Hoagd Regula’rorgof gzgltlfliitof. f EB
to ascertain whether hy constructing a b 1o ok Canal

C bell : . : . !
cide and roof downstream of the gat S nouth upstream, with 1 in 10 diverging

es, the di ; f
455 to 720 cusees without additional loss o?’ (]illes:(}ll.arge could be increased from

than expected, as it was found that with thi
passed with only a 2” loss of head ; olr althel;nz{f rely, Tor the o ousecs could be

than double the discharge could he passed. It waze%‘y’ for. the same head, more

.,
e

otherwise the co-efficient of discharg

21. Silt sample from Turbulence b ;
were carried out to ascertain whether ; lgiqi,t fgfﬁp‘{g tizzui-ii‘;;'ﬁlaipel;memﬂ
helow an undershot regulator or glacis fall gave a true indicati If }ll‘t}lillen_ce
moving down the channel. It was found that in the turbulence d(z)wr(l)str o
a fall or an undershot regulator, a true representative sample of silt s 01;
(()at}?ﬁ:d Dfrom dthef 1‘clurlf)ulence unless the difference of head wag greatser t}‘;v:: I]1)(/)3
{wher epth of water upstream over the sill or crest) and there was a

22. Range of GQibb type Module—F, i i
range of a spiral Gibb module in which tflzep S;‘:tré? 1l‘fzswere rally, and ther moune

round a spiral eddy chamber of increas; : rose centrally, and then flowed
circles. The results were compared wi%ﬁlggstlz‘%g::d()f jength equal to 3

eddy chamber. The main difference hetwee
lay in the manner in which vortex flow
eddy chamber. In the spiral modules,
with guides to create the vortex flow,
flow is created in a curved rising pi
stream water levels within which th

module varied within less than —3

¢ 3 semi-
module with g semi-circular

n the spiral and the standar ‘
was created before water engl{:gd%ﬁ:
there was a semi-circular vortex chamber
Wh‘er_eas in the standard module, the vortex
pe of varying section. The range of up-
e discharge of the 3 semi-circulyr spiral

. per cent. was found to be 1.39 ;
times the range of the standard single semi-c} :32 ft, ie., 143
semi-circles were removed the r s ombircle module,  When two outer

module. That is to say, central entry did not inerease rangé at of the standard

that with central entry the design had to be much more exact. and it was found

23. SQilt Abrasion—Last voar’s experiment wi i ‘
ascertain whether.silt becomes finer uﬁder contglutgus tr};leovesr;}t tabrader, to
abrasmr}, was continued. I't was found that the abrasion of t oad mutual
was taking .place more rapidly than the abrasion of fine particles : i
words that silt is chiefly abraded when it is lying on the bed and not hen i
In motion. Last year’s argument that silt would reach t}; ;10 when it ig
was appreciably ahraded is therefore beside ¢ sea lon

After 3775 the point.
er ours of working, the percentace fracti

sand (fl.O t(} 0.2 mm.) was reduced frgm 90 pz: chlst 13: ’?lf ;Z?rsg Stan_d to total
{1er2c5en age fraction of fine sand (0.2 to 0.02 mm.) was increased f om’ 9 ong  the
0 2o per cent. when compared with the ori Irom 9 per cent.

. o ginal sand.
: glass sided model to 1/8 :
showed that most of the a(l))r/ th scale was constructed for observation. This

stationary sand of the bed, asion was due to the wovement of sand over the

xperiments -

The result was even better

X

24, Soil and Subsoil Research—The work done in the Baramati Soil
Laboratory during the year concerned the removal of alkalinity and reclamation

«of -damaged land.

(1) Treatment with CO, water.

The result of the previous year that carbonated water improves the soil was’
fully confirmed.

(2) Treatment with Farmyard Manure and Rice Crop.

This combination gave the best results as in the previous vear. F. Y. M.
facilitates the growth of the riee and is thus indirectly as well as directly res-
ponsible for improving the soil. :

(3) Application of alum under conditions of continuous and intermittent
(rotational) irrigation.

- There was similar and considerable improvement under both conditions.
Alum removed a very much greater quantity of bicarbonate of soda than did
irrigation alone. N .

(4) Flooding compared with rotational {intermittent) irrigation in the
presence of F. Y, M.

The results were in favour of intermittent irrigation as it removed a larger
quantity of salts, particularly the bicarbonates of sodium.

(5) Treatment with gypsum and calcium carbonate in presence of F. Y. M.

Results were decidedly in favour of gypsum, 3 tons per acre being an
adequate dose. F. Y. M. was found to have little additional effect on the
physical condition of the soil. Calcium carbonate, though inferior to gypsum,
is more. easily obtainable in many districts, and does effect appreciable soil
improvement.

’

(6) The effect of varying doses of gypsum on stiff soil, judged by trial
sugarcane crops.

Both soil tests and size of crops indicated 3 tons of gypsum per acre to be
the optimum dose for the particular soil treated.

95. Efluent Farm Research.—The following problems were investigated
during the year. _

(1) Transpiration ratios for cane.

This year the ratio was determined for the variety P. O, J. 2878. The ratio
obtained was lower than the ratios previously obtained for Pundia cane, and the
cane was a heavier crop, thus supporting the general conclusion from the previous
results that good cane crops transpire less water.

(2) Observations on the growth and maturity of sugarcane under effluent
manurial treatment. -

At the present time the dose of nifrogen is far in excess of what was
anticipated and the area of land suitable for effluent irrigation is insufficient.
Our object is to increase the dose so long as this does not reduce profits or
damage the land. It has already been shown that the land is not damaged
even by 500 1bs. of N per acre per vear. 'This year we have been examining
the effect of heavier doscs on the crops.

(i) Varying doses of effluent.

Both the pot and field experiments showed a better growth of cane with
inereasing doses of effluent. hut higher doses than the normal dose giving 300 Ibs.
N per acre, lowered the brix and purity of the juice.

(ii) Period of efftuent treatment.

Efflnent applied fto cane was in one case discontinued after 10 months and
in the other was continued for 13 months, i.e., up to harvesting.

In the latter case the total dose of effuent was corresvondingly greater.
The former gave juice of better brix and purity, but the latter produced a
heavier crop. L o ' ) . y
L14CBI
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UNITED PROVINCES,

26. During the year the Irrigation Research Section of the United Provinces
has contined its enquiries, in the main, to the following heads :—

1. The Lining of Channels and Guls.*

2. Losses from Small Channels and Guls.
3. Losses from Large Channels.

4. Silt Theory Observations.

5. Silt Selective Heads.

The year’s work is described in full detail in Technical .
2 and 3.~ (Issued by P. W. D,, I. B, U. P.) chnical Memoranda Nos. 1,

Operations were generally restricted to the Sarda Canal System.,

27. The Liming of Channels and Guls—A bibliography (Appendix I) on

this subject has been prepared, and includes the 1t : .
by the Research Section. ’ resulis obtained during the year

In addition to the type of lining mentioned in the bibk imen
were made with the following materials. ' , ography, experiments

Bitumuls XRM.
Bitumatti.

V. . . xt f e . . )
» anou;rggucilsl:es of Kankar Lime, Molasses and Sugar factory by-

28. Regarding Bitumuls XRM and Bitumatti high hopes were entertained,

Bgt;glt% :nal sections are already softening and disintegrating under the action

The linings constructed with kankar lime, mol
products are under observation. » molasses and sugar factory by-

29. Losses from Small Channels and Guls—Th N .
made during the year brings the total up toT52§ . e number of observations

In conjunction with loss observations, samples of ‘the soil i
analysed mechanically in the Research Laboratoxr')y at Luckn:;)vl alllrtllv&:ege:é?ntgoz
of clay in each case determined. This, it ig felt, is an advance on the old method
of describing soils as loam, sandy loam, dumat, ete., terms capable of wide

interpretation.
anal?giséf-pended are the results of the few experiments based on the new soil’
Percentage of Clay in Gul Soil, Gul Loss Observed per million square feet
(Cusecs).
815 2-2
32-20 92.4
46-40 14.8
52-00 49
53-40 116
69-50 1.84
72-50 9-80
86-00 8-65
8950 o5

*Gul : Cultivator’s frrigation channel diseharging op to approximately 2 cusecs,

9
These are the sum total of results based on the mechanical soil ahalysis to
date, but it is the intention to collect all results in future on this basis.

31. The problem of lining guls, and the rate of loss from them are obviously
interconnected. Investigations are showing that gul losses are of a higher
order than channel losses, and that if lining is to be profitable anywhere, it
should be profitable on guls.

32. The financial aspect has been investigated to some extent. Bach system
presents its own peculiar case. It has been shown that on the Upper Ganges
Canal, if the loss in a main gul is 8 cusees per million sq. ft., lining shows no
loss (lining at 2.26 annas per sq. ft. with anticipated life of 30 years). 8 cusecs
qe: million square feet is below the average of losses investigated to-
date.

The decision is, that further investigations of this rather involved actnarial
problem should be deferred until more data on losses has been accumulated.

. 83. Losses from Large Channels—The results so far obtained, have been
based on the discharges of calibrated falls.

It has been decided that the ideal would be calibrated falls fitted with
antomatic gauge recorders. On the Sarda Main Canal, observations are based
almost entirely on falls so equipped, and in this reach, therefore, the calculated
losses are probably the relatively most accurate of loss calculations on Tlarge
channels. (The designed full supply of the Sarda Canal is 9,500 cusecs).

34. Hereunder are given the losses so determined by months on the Sarda
Main Canal.

Losses per Million square Feet
Year. Month, of Wetted Perimeter.

" (Cusecs).
1933 .. . .. | December . . 2-64
193¢ .. . .. | January . . 1-88
| » . . .. | February . . 5-35
» - . .. | March .. . . -4
” e o .. | April .. o . 4-57
" .- o May .. . .. 4-62
” June .. . . 8-47
" . .. | October . . 10-54
» November v .- 4-42
" . . +. | December . . 373
1936 .. .. .. |Jenuary o 443
' .. February . .. 5-47

In calculating the losses, due allowance was made for evaporation and rain
effects. The observation of evaporation losses from canals, it may be added,
is a regular routine of the Research Section. _

35. The limits of accuracy of the large calibrated falls is an unknown
factor, and it is for this reason that efforts have been made to arrive at -the
fosses by other means. T

Attempts were made on a smaller canal (Designed Head Discharge 158
cusecs) to arrive at losses :— : ' S .

(a) by observing the rate of rise and ultimate slope of the ground
- water, S . .
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(b) by chemieal means.

The experiments could not be brought to a
actual loss in the observed reach as determined b
(reaches of the chanmel formed into reservoirs by dykes, and filled with water),
showed losses at full supply level of 7.84 cusees per M. S. ft. of wetfed perimeter.
(Clay content of subsoil 97.5 per cent. and voids 44.58 per cent.).

successful conclusion. The
y the compartment method

The experiments affirmed that losses vary rou

[ ghly as the square root of the
water depth. In the particular case above, 1 °

the formula arrived at wag :—
L — 4.1 D 0.418

36. A new method of determining losses was initiated on the Main Sarda
Canal. The phenomenon is well known to Irrigation Engineers that after a
canal is closed, a stage is soon reached when the residual water forms a series of
isolated pools. During the March 1935 closure of the Sarda Main Canal, gauges
were fixed in such pools at well distributed points in the 27 mile reach, and the
rates of loss observed. The intention was to obtain the mean depths of the pools
and determine the losses at full supply level by applying a formmula of the form
shown above. Owing to lack of time the observations could not be completed,

but they furnished some interesting data on the location of those reaches where
the losses were greatest,

37. What might be termed a byv-product of observations

2 A for channel losses,
is the following collection of a set of empirical formule for dis eirs

char ir
which obviously have considerable value. ges over weirs,
fall The drawing on the opposite page gives the necessary dimensions of the
alls.

Bite. Formula,
3.0’ Fall at M. 6-0-0 Sarda Deoha Feeder .. .. | Q=23-03 LD%3.
4-0' Fallat M. 14-7-165" Nigohi Branch .. .. | Q=2-83 LD L 3 xn,
3-0’ Fallat M. 1-2-0 Nigohi Branch .. -+ 1 Q=23-04 LD*-% 4.2-5 x n,
3-0’ Fallat M. 1-0-1} Hardoi Branch .. .. | Q=3-17 LD?n,
5:0’ Fallat M. 16-4-0 Hardoi Branch Q=3-16 LD*-7 1 10 x .
3-13’ Fallat M. 1-0-337’ Kheri Branch Q=3-26 LD5/5.

Note—In the above formulie Q represents discharge passing over the fall, L the length

of crest (as shown in drawing), D the depth of water
n the number of draining pipes. orer the erest, and

38. Silt Theory Observations—Work has been concentrat i
on thie tQetel:crfhliinz}.tion of the silt factor by the mechanical a.ni?vg}lsngtg ;ﬁ: y::g
correlati i iti : ;
g(i)me. aling this factor with hydraulic conditions on channels held to be in re-

Observations have been carried out at three selected si i
Sarda Canal.‘: {&t these gites the I;ed of the canal when iie\;ggsirf IIIVIZI;& L{gég
a}rl)peared to indicate regime conditions. The tahular slatement hereunder
shows the silt factors obtamed by observation of slope and hydraulic mean depth

Designed bed width 350 ft.
Water depth 8.1 ft.
Discharge 9,500 cuseca.

*Sarda Main Canal :

~
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and the corresponding silt factors obtained by mechanical analysis of the bed
silt.

Value of
Date of Slope per | Slope Mean Value ‘f’
Observa- Site. mile expressed | value of of obtained Remarks,
tion. (feet). as a R. ‘f’. |by Puri
fraction. Siltometer.
8-4.35 | M. 6-0 573 gl— 6-626 .0-811 0-945 | Samples for Siltometer
' - 209 taken 6th, 7th, and
8th June 1935, when
1 canal water carried
8:4-35 | M. 140 573 3305 6-297 0-797 0-878 considefable ailt.
1 Samples taken by
8-4-35 | M. 20-6 -613 609 5-512 0-797 0-758 scooping silt from
. : centre of bed - with
bucket ; canal run-
‘ nng.

The water surface slopes and wetted perimeters were observed with great
accuracy, the hydraulic mean depth in each case being based on five cross sections
(taken during canal closure) in the observation reach of one furlong.

39. In response to enquiries from Divisions on other Canal Systems within
the United Provinces, many silt samples have been mechanically analysed with
the Puri Siltometer, and the silt factors determined from the median size of the
constituent part1cles

These samples were all taken from non-stable channels with a view to their
remodelling, and it is.interesting to note that in all cases the distribution curves
exhibit the peculiar peak which Dr. McKenzie Taylor asserts, is the sign of a
channel in unstable equilibrium.,

40. One further important point. The silt factors are of channels construct-
ed in one case (Hathras Branch) 22 years ago, and in the other (Mat Branch)
80 years ago. The silt factors diminish as the distance from the head increases,
with one exception, i.e.,, M. 35 of the Mat Branch.

The silt tested was, of course, bed silt. Observations on suspended silt tend
to substantiate Mr. C. Gr Hawes’ assertion that the composition of suspended,
as opposed to bed silt, is nearly constant throughout a canal system.®

41, Silt Selective Heads—Various forms of silt selective heads, all depend-
ing for their action on reversed curvature, have been kept under observatlon by
the Research Section during the year. No conclusive evidence of their having
functmned satlsfactorlly has yet been obtained.

BOMBAY (SI.ND)

42, During the year the work of the Research Division in Sind has been
carried on under the following heads :—

1. Model Experiments.

Hydraulie Data.

. 8ilt Survey of Channels.

Results of Silt Analysis.

Velocity distribution below Fallg and Regnldtors
River Surveys and Discharge observations.

. Soil Physics, ‘Waterlogging and Drainage.

. Laboratory Work. Voo

43. Model Experiments—The important expenments carried out at M
during the Pear are givén below.

(1) Eaglpenmen;s gn models of R. C.C. Bund Stmces ex-Sarfoo md drdin
oopa.

® NSO

“Bombay Tockmical Faper No, &8 - CERS
L14CBI
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Experiments to obtain suitable forms of downstream expansion, baffle wall,
cistern, deflector, etc., for seven R.C.C. sluices through the river bunds, to supply
water to irrigation karias, were successfully carried out.

(ii) Ewxperiments to suggest modifications to pass high flood discharge
through the bridges over the Durani and Habib Nallas near Quetta
in Baluchistan. . , 4

These experiments were taken in hand on the recommendations of a Com-
mittee of the Central Board of Irrigation on behalf of the Baluchistan P. W. D.

' As a result of numerdus experiments, the modifications proposed are of the
following nature to suit each case as necessary :—

(a) Providing winding approaches and pier noses at 11i .
shock at entry.b p ses at 1in 5 to avoid sudden

(b) Shifting the position of maximum afflux b - .
and abutments on the upstream of the bri(}irgg)_ rovldl?lg longer piers

(¢) Increasing waterway by removing piers or adding new spans.

(d) Raising of the road-way.

(iii) Model experiments to obtain experiment ;
sand coring in river bunds. b al evidence of the value of

The sand coring in river bunds in treacherous soils, lik i
sidered to be of doubtful utility. Model experiments were ’fh::g'olizla;‘&;:ego :;l(;
obtain experimental evidence whether sand coring in treacherous soils is useful
for the prevention of leaks and consequent breaches nr whether sand can lll):erg-

placed by a mixture of sand and clay or sand i
obtained at the sites where bunds arstla to be coﬁ&iiﬁg “otl s could be cheaply

Some experiments have been carri i
C ] rried out and a prelimi
same is under preparation. preliminary note on the

44. Hydraulic Data.—A report on the non-silting channel observations for

25 sites on the Jamrao Canal system for t i
Government of Bombay. ystem for the period 1930-33 has been sent to the

A< a result of those investigations it was found 14
not be separated out from the stable ones by an];rnoftltlﬁtta ::ellt;zli%rlcs}ila{nﬁe%)ztwuld
various hydraulic factors including the relationships established b}rr) Ken:gﬁ;

and Lacey. Further investigation £ i 133
thorefore necessary. ga or the solution of the silting problem is

45. The following formule which it is 6onsidered ﬁll

stable channels in Sind, have been recommended. - help to design nearly
A= a Q.ON
“ V= cyE

1  14p8m’
V&  oN

where A, V. R, Q, S & N are the area, veloci rauli
hydraulie gradient and Kutter’s co-e’ﬁ;:;e(:ftl tgé'%g;zuhc o5t depth,adischarge,

¢ are constants. The valnes of a, ¢ & N for differmﬁyﬁgf:ﬁg;;elz; and a and

e t— \
Q a fe. N
Below 50 .. .. 1-28 l;l -ﬁ 02
50—200 . 18 1.0 0225
sbove'200 .. .. 1.80 09 02 '

Observations at the 73 site )
'T“m o Canal were continued duiig!gl ttll;: vg:;rage‘ Canals and 25 sites on the

13

‘ 46. Silt Survey of Channels.—Important modifications based on the results
of model experiments at Poona were carried out to the approach channels of the
Mithrao and the Khipro Canals with a view to. reducing the- silting trouble in
the Mithrao Canal. As a result of these modifications, it was found that whereas
the silting trouble had decreased in the Mithrao, it had considerably increased in
the Khipro Canal. To investigate the possibilities of reducing thé silting trouble
in the Khipro Canal, therefore, a silt survey to determine the grade and quantity
of gilt entering in each channel, taking off above the Makhi Regulator across the
Eastern Nara, was carried out.

~ As a result of this survey it was found that the quantity of harmful silt
(larger than 0.075 mm. dia.) entering the Khipro was larger than that entering
the Mithrao. This excessive entry of harmful silt appears to be the main cause
of silting in the Khipro. - :

. 47. Results of Silt Analysis—A comparison of the results of silt analysis
for samples collected from the berms of the Jamrao Canadl system and 73 sites
on the Barrage Canals show that both the silts are very similar in character.

48. The silt samples obtained from turbulence below the Regulators on the
Jamrao system -and the River water at Kotri during the abkalani season (hot
weather) are very similar to those obtained from the bed at Sukkur .above
the Barrage in the cold weather. ‘

49. Velocity distribution below Falls and Regulators—Considerable scour
was noticed below the Pirsher Regulator at R. D. 2.50,000 of the Dadu Canal
after it had run without any trouble for two years. The bed material at this
place is 1 ft. of clay with sand underneath.

The wearing away of the clay layer and consequent exposure of sand appears
to be the cause of this deep scour.

50. River Surveys and Discharge observations—The usual survey, gauge
and discharge observations on the river Indus have been made and will be pub-
lished in the Indus River Commission Records. '

Specific discharge gauge graphs for eight sites above Sukkur in order to
ascertain whether there is any indication of accretion of levels in the river bed
caused by the working of the Barrage, have been maintained.

51. Alberta meters specially obtained for measurements of low velocities
have not given satisfactory results so far, as the ball races get very easily
clogged even with a very small quantity of silt in the water.

52. Graphs for the 5 day average discharges to study the effect of the Bakhra
Dam on the inundation canals in Sind have been maintained.

53. Soil Physics, Waterlogging and Drainage—Detailed in§estigation of
about 1,025 sq. miles of kalar lands in Sind was carried out during the year.

The subsoil water table in the Begari Canal area during 1934-35 shows &
£all over the levels obtained during 1933-34, probably due to the early failure of
the Begari Canal. ‘

54, Shikarpur Canal Division.—The chief causes of the relatively high water
table appears to be the floods of 1930-32, heavy rain-fall of 1929 and 1933, and
large areas of rice ,cnltiyationvwith very low duty. :

Investigations cgrried out with a view to determining the effect. of the
Barrage Canals on the flow of the sub-soil water showed that the irrigation
channels do not obstruct the flow of the sub-soil water in any way. During these
investigations it was'further observed that, owing to the Sind soil being more or
leslsl peﬁvious, the sub-soil water appeared to flow both towards and along the
valley lines.

55. Khairpur Waterlogging—The water table in this tract shows a téndeﬁéy
to rise. Tt has, however, been kept under check hy means of pumps installed ¢
the Rohri Canal. The total discharging capacity of these. pumps is 'abOnf‘%
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__ 56. The recording of water levels in about 2,000 observation pipes and about
625 wells in the Barrage command and preparation of plans to study the beha-
‘viour of the water table in different areas is continued.

57. Laboratory work.—The usual physical, chemical and analytical work for
water, soil and silt samples has been continued.

58. The full report is accompanied by tw

: o photographs, five statements,
28 plates and the following appendices.
AppendDig; I—A Note by the Executive Engineer, Right Bank Drainage,
ivis

ion, dealing mainly with experiments carried out to find a
p and effective water-proofing material for lining of canals.

Appendiz 11.—A note on recuperation tests on unlined bores and pits.

From the preliminary observations ecarried out th 1
pits it was found that the formula on the nnlined bores and

chea

1 H
= = log = vo.
K/A T og 5 X2°303

given in Bombay P. W. D. Hand Book, Volume IT, page 673, was suitable for lined
bores or wells but not for unlined ones,

15
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MINUTES OF THE FIFTH MEETING OF THE RESEARCH COMMITTEE
OF THE CENTRAL BOARD OF IRRIGATION, HELD IN SIMLA ON

THE 18TH AND 19TH JULY, 1935. :

The fifth meeting of the Research Committee was held at the Cecil Hotel,
Simla, on the 18th and 19th July, 1935, comnmencing at 10 s.m. on the 18th.

The following officers were present on the first day —
Mr. W. L. C. Trench, President.
Mr. C. C. Inglis, Superintending Engineer, Bombay (Deccan). ,
Mr. V. Ayyadurai Ayyar, Deputy Chief Engineer for Irrigation, Madras.
Mr. J. P. Gunn, Director, Punjab Research Institute.
Mr. @. Lacey, Superintending Engineer, United Provinces.
Mr. A. R. B. Edgecombe, Executive Engineer and Research Officer, United
‘ Provinces.
Mr. H. S. Kahai, Research Officer, Bombay (Sind).

Mr. M. T. Gibling, Secretary, Central Board of Irrigation. P

2. Mr. Trench occupied the chair, and in his opening remarks, stated that it
had been decided to change slightly the procedure of the Research Committee
. meetings. In the past it had been the practice for the Research Officers only
to meet informally on the first day to discuss their reports for the year, and on
the second day the full Committee, comprising the Executive Committee and the
Research Officers, met and dealt with the agenda for the meeting. As that meant
- going over some of the ground covered on the first day, it had been decided that
the Committee as a whole should meet on both days and that the agenda, which
always included discussion of the Research Officers’ reports, should be gone

through item by item.
3. This procedure was then adopted.

. 4. Jtem 1.—The minutes of the proceedings of the fourth meeting of the
Research Committee held in Simla on the 19th and 20th July 1934, were con-

firmed.

5. Item II.—Discussion of Research Officers’ Annual Reports—Mr. Gunn
in introducing the Report of the research activities in the Punjab during the pre-
ceding year, stated that owing to pressure of work he had been unable to study
the Report closely before its cirenlation, and there were several portions which
would have to be amended before the Report was circulated in its final form.
Proof copies of the Report had been circulated hut they did not contain the
diagrams, etc. " -

6. The following subjects were under investigation during the year :—

(1) Soil deterioration . ... Methods of measurement and prevems
v tion. Salt movements in soil.

(2) Soil reclamation N .. On Kharif water ony. Rice yields

Reclamation by zemindars. Soil

. . . | surveys, oo

(3) Analysis of water for irrigation .. Metlgoltli of test and formula for suit-

(4) 8ilt testing and grading .. .. Instruments. “ Goldstein” dismeters.

. ~ Distribution curves.
(5) Bilt movement and regime of “ Schocklitsch’s ” - numbers.  Tabula-
channels. 3 o tion and analysis of data. o
(6] Weirs on ssnd foundations .. Floatation Gradients. Temperature
: ‘ ‘ variations.  Electrical Analogy
~ method 'of " measuring pressures.

_ ) Seasonal  fluctuations. ‘Model
(7) Design of falls .. .. .. Shape of glacis. Protection.
(8) Silting of canals .. .. Design of silt ejector. .. .. .7
(0) Seepage losses from canals .. Model and field ~experiments. Trans-

" ‘mission constants:
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7. Mr. Gunn passed round copies of the diagrams and photographs, and '

proceeded to explain them.

8. In response to Mr. Inglis, Mr. Gunn stated that the angle between the two
arms of the arrows construeted on the downstream floor of some of the Punjab
weirs was 60°. Mr. Inglis stated that in his experiments he had started with an
angle of 45° but had now decreased it.

9. During the discussion on the Silt Ejector on the Salampur Feeder,
Mr. Inglis asked if the discharge in the Upper Bari Doab Canal had been in.
creased in order to work the ejector. Mr. Gunn stated that the discharge had
been increased by 500 cusees. Mr. Inglis said this would result in a heavier silt
charge and the fact that the ejector was passing off a certain quantity of silt of
various grades did not necessarily prove that conditions had heen improved.

10. Mr. Gunn explained how they had introduced the Schocklitsch Number
(K) as a characteristic of bed silt samples in their investigations, and although
he had not investigated the dimensions of this Number, they had been able {0
establish relationship indicating that K was a useful characteristic of gilt. They
had established one relationship hetween ¢ Water surface slope of the channel *°
and the ratio of the ¢ average depth ”’ to the “ water surface width ’’ by the use
of K, and Mr. Gunn preferred that ratio to ome involving ¢¢ hydraulic mean
radius *’ and ‘“ wetted perimeter ”’, as it was simpler for observations,

11. On enquiry, Mr. Gunn explained the Punjab method of taking silt
samples, and as it was evident that a full discussion on the question of standard-

izingdmethods was necessary, it was decided to add it ag an extra item to the
agenda.

12. Mr. Inglis then introduced the Bombay (Deccan) Report, and stated

that certain portions of it would have to be revised, as, unfortunately, he had
been unable to study the Report before it was issued.

The following

o subjects had been under investization during the year :—
f1) Canal falls

- -+ Experiments with models to ascertain
dissipation of energy below flumed
and parallel sided falls. Design of
baffles,

- .. Exclusion by regulation of barrage
: gates. Decrease when discharge per

foot run decreased b increaging width
of canal head regulator.

(2) Silting of canals

(3) Discharge

-+ Increase with bellmouth upstream and
J | ‘ | gradual expansion downstream
(@) Silt sawpling .. .. From turbulence below regulator or
y ' ' fall. ;
(5) Modules _ »« .. Range of Gibb type.
(6) Silt abrasion . -« .. Measurement.  Observations with
glass - sided mrodel.
(7) Soil reclamation . .. Treatment with CO; water. Farm
: Yard_ Manure angd - Rice. Alum,
Frilo;géng coxéxpared with rotations]
i ion. i
. . Coiaon, ypsum  and  Caleimp
8) Sugar-cane . .. -+ Lranspiration ratios, Efiy manerigl
. ' . treatment, ont
qwe r;lj]s Mr. Inglis explained the diagram and photographs and replied to severa]

14. He had found that the friction blocks evolveq b Mr, A M
(described in Central Board of Irrigat; Publicntion No. oy - R._,Monta.\g\;
energy below a fall were not so sa.ti%??ac(;n “bliention No. 10), for dissipdting

0 . :
cently used in the Punjab, 77 as the arrangement of arrows re.

15. In reply to g question, Mr. Ingli ‘
fhey should be extended up th nglis stated that

flector.

: when déﬂeetors wer;a u'sed‘
_ , e sid ir. height
slopes should be double the heig;xteog‘hflﬁgsbzg tél: (éhannel " their helght on fhe.
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tioned that slightly decreasing the discharge through
the gd% g)%gh?e:l e(I:f 02 fall had tghe effect in some cases of reducing wave

lap below a fall.

In Mr. Inglis’ opinion the best test for canal fall designs is the disposition
of the isotachs at the downstream end of the structure.

i iscussion of the best method of measuring discharges in
oa:na%g. l\lzgnélgni ‘sitlated that in the Punjab where they used current meters,
their errors were generally within 4 per cent. in canals and 2 per cent. in nver:i
Mr. Lacey stated that in the United Provinces telescopic rods were in genera
use and were found satisfactory. Current meters were gmplqud for the cali-
bration of metered falls. Both Messrs. Inglis and ”Lacey pointed out t%l}?t
¢ errors were generally within } per cent. in canals ”’ merely meant jchat he
variation was only } per cent., but that the divergence from the trne discharge
due to .6 depth being adopted might be far in excess of § per cent., and they
held that where the section was good and the depth 6 ft. or less, rods gave more
eorrect results. Mr. Gunn stated that he considered it necessary in measuring
absorption to adopt one method only, either by meters or by reds.

. Mr. Inglis stated that Gibb modules had already been constructed on
all oﬂle%grof Izlgoast of the distributions of the Nira Left Bank Canal and that

they had proved highly successful.

an interval for lunch, Mr. Edgecombe, in presenting the United
Provli?l.ceAsﬁIggport, stated that they had no Whol.e time Research Oﬂ‘icex_' in the
United Provinces, but that be performed the duties of Research Officer in addi-
tion to his ordinary duties as an Executive Engineer. During the year the
Irrigation Research Section of the United Provinces had confined its enquiries.

in the main fo :—

(1) Thelining of channels’and guls, Exf%:c'n?&el:vtist hmv::?re cf:;;eﬁ!ﬂ;g plaster rein- |

Experiments with earth stabilized with
bituminous  products, and with
sugar factory by-products,

Actuarial investigations of - the
problem.

1 from Canals .. Losses from small channels and “ guls ™.
(%) Beopago loses Soil analysis. Losses from largs
channels.. Methods of measuring’

losses. '

| The ocalibration of falls, and the
) determination of empirical discharge
. formulae for the same.

3) Silt Observations .. Determmation of the silt factor by
(3) Sitt Theory ‘ the mechanical analysis of silt.

Correlation of this silt factor with the
hydraulic conditions on channels held
to be in regime,

The shape of silt  distribution curves
derived from silting, stable and scour-

- - ing channels. o o

; ive Heads .. Observation of various forms of sil

o “) Sﬂt Belective . selective heads depending on reversed

fwr e ...~ |urvaturé for therr action. . .

" 86, Mr. Bdgecombe- stated that Bitumals and Bitumatii had not proved

saﬁégh\% goﬂgg c:ﬁ i Bitumatti was the same ag Bitnmals excopt that.

it contained chopped hemp. - For lining small channels up to 1} casecs.oapacity,

fed from tube wells, they were usiug a brick in cement lining, 3 in. thick, st a
cost of Ra. 1,500 per mile. - S Qo s .

L14CBI - :
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21. Mr. Kahai then presented the Bombay (Sind) Report containing an

account of their investigations of the following subjects :—
22. (1) Design of R. C. C. Bund Sluices .. Experiments with models.

(2) Bridge redesign . .. Experiments with models, to pass
; flood discharges.
(3) Sand coring in river bunds .+ Model experiments.
(4) Silt movement and regime of Evolution of formuls.
channels.

(5) Silting of canals . .. Modifications based on model ex-
periments. Silt survey.

(6) Silt analysis .. o .. Samples from the Indus, and Sind
canals.

(7) Scour below a fall-regulator .. Treatment.

(8) Indus survey and discharge ob-
servations.

(9) Soil reclamation and drainage .. Investigation of “kalar” land.

Rise in sub-soil water levels.
Obstruction to flow by new
canals. Recuperation tests.

(10) Laboratory work .. .., Tests of water, soil and silt samples,
(11) Seepage from canals .. .. Experiments with materials for lin-
' ' ing.

23. During the discussion on data relating to silt movement and regime of
channels Mr. Kahai tabled a copy of the report* on the subject which had been
submitted to the Bombay Government. After examination of the accompanying
graphs Mr. Lacey pointed out that there was much closer correlation betwpen
the points for regime channels than there was for the regime and non-regime
channels when taken together, and he thought they should be considered sepa-

rately. The Pw relationship, however, appeared to apply to both regime and
non-regime channels alike.

Mr. Lacey considered that the miscellaneous data for the inundation canals
on Plate XVII of the report should be dealt with separately as there appeared
to be a different curve for them. Mr. Inglis pointed out that the curves on Plate
XTIII of the report took into account ‘¢ £ '’ whereas the others did not, and that
it was very important to take silt into account. Mr, Kahai explained at len
the waterlogging problems in Shikarpur, and Khairpur State, and stated that
in the former case the rise of sub-soil water level was attributed to rice cultiva-
tion, heavy rain and other causes, and not to the new canals constructed in the
vicinity, as had been alleged.

The meeting was then adjourned.

24. The Committee met the next day, the 19th J"uly',. and in the absence of

Mr. Trench who was indisposed, Mr. Waller took the chair,
25. Item III of the Agenda was taken up.

26. (1) Means of comserving irrigation water.—Under instructions from

the Chairman, the Secretary read the resolutions on this subject passed at
Research Committee Meeting of July 1934 Ject passed at the

. 27. Mr. Edgecombe stated that experiments had been carried out in the
United Provinces with Bitumals, and had not proved svrcessful Theynwere
still experimenting with linings for channels, and the most suitable form so far

obtained, having regard to cost, was cement plaster re-inforced with wire netti
;lnch could be construeted on an experimental scalg at prices varying fll'gg;
."s. 11-10-0 to Rs. 16 per 100 8q. ft. Thicknesses of 4 in. and 1 in. were used.

*Copy on reeord in the Central Board of Irrigation Offics.

21

. Mr. Lacey said that on small watercourses up to 13 cusecs capacity, for
tubezv%'elfgrthey h);d adopted a brick in cement lining 3 in. thick at Rs. 1,500 per
mile. Théy had considered kankar lime concrete with kankar aggregate, and
experiments would be made.

. hairman stated that a suggestion had been made in the Punjab to
line t21?e }‘ hh:ng ]fxfanch with a lining of two layers of 2 in. brick tiles with a cement
‘“ gandwich ’’ in between. He thought the suggestion was a good one, but they,
had not been able to carry it out owing to financial reasons.

. Inglis stated that No-Frango had been tried but was not satisfactory
in thio.fcﬁgl olflgzi1 slab. It was useful, however, for buildings where it could be
used on frames, but it was essential to use an open mesh hessian so that there
was intermingling of the concrete on both sides of it.

—This Committee are of the opinion that although some of the
typezlt;fﬁzi;s‘i;gzliready experimented with have proved satisfactory in particular
cases, there is still need for further research in an endeavour to evolv_e an efficient
and c’heap lining for small channels, and it is hoped that the investigations will
continue.

32. (2) Testing and grading - of silt—The Secretary read the resolution
passed at the previous Research Committee meeting.

33. Mr. Gunn stated that the memoir on the Puri Siltometer had been pub-
lished by the Punjab Research Institute and was under circulation.

. Mr. Inglis considered that it was essential to standardize methods of silt
samgiiing ;or I;'{gc‘anera,l adoption and thought that the matter could best be dealt
with by a sub-committee. | ¢ of instructions £

5. Mr. Gunn stated that he had recently prepared a set of instructions for
the g?uidance of his staff in the field and he thought they might be printed up as a
memoir of the Institute and circulated. -

. Mr. Lacey agreed that standard methods of taking silt samples and
grad?i)gg thl;am wer}; ngsl;sssary, and suggested that each Province shoul_d forwg,rd
to Mr. Gunn a note explaining' the local methods at present in use, with a view
to subsequent standardizing by the Research Committee.

37. Mr. Inglis stated that the method he used for taking silt samples in
model experiments, which had proved very satisfactory, was to draw off water
through a tube facing upstream, into which water was sucked at the same
velocity as the flowing water ; so that a true sample was obtained. The correct
velocity was obtained by regulating the outfall level. This was easy to arrange

| was some fall, or into the bottom of a boat. This method had yet.
; z‘;h‘g:et:?ee; e0111: in the ﬁeldl.’ Mr. Kahai promised to test the method in Sind on

o largo ol learned that the Puri Siltomet
: iry from the chair, it was learned that the Puri Siltometer was

being8 xisgil ignt‘ 1;1%yni{ed Provinces and Sind, and recently in the Deccan, and was
proving satisfactory.. ‘ _

39. Resolution—This Committee consider it necessary to establish standard
methods of taking samples of both bed silt and suspended silt, and recommend
that Provinces making such investigations should be asked to forward to
Mr. J. P. Gunn, Director, Punjab Research Institute, Lahore, a note describing
the method and apparatus at present used for taking samples.

The Committee consider the Puri Siltometer to be the most guitable ¢ field **
instrument for grading silt samples and recommend its adoption as a standard.

40. (3) Lacey Silt and fiow theories—The Secretary read the Resolution
passed at the Fourth Meeting of the Research Committee in July 1934 .

41, Mr, Gunn explained that the Schocklitsch number (K) which he had
adopted was obtained by dividing the area on the left hand side of the silt"
sample summation curve into the area on the right hand side of the curve, and
he had found it a very useful number to deal with and it gave very good results.
It was a characteristic number and although he had not investigated its dimen-
sions, he felt certain that its use would prove to be of considerable practical
valve, He proposed to deal with it more fully in the memoir he was preparing.

42. Mr. Inglis stated that temperature variations in canal water were respon-

-gible for greater changes in viscosity than were varying changes in gilt content,

and it was agreed that when silt samples were being taken, the temperature of
the water should invariably be recorded. »
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43. Mr. Kahai stated that from the Jamrao Canal data for 1933, the follow-
ing formulz had been evolved which were very close to Lacey’s formule :—

From Jamrao data. Lacey’s formula.
P = 2-63 Q0% P=2-67 Qo8
V=-893 Ro-# V=92 R0-$
V= 9-49 (R? )0 27 V=16-11 (R'S)}
1 1
Vg =182-4 RV-12 VE=17318R'®
\4 : . v
V8 =1T3-35 RO¢ vVE =64R" N =021

44. Mr. Lacey stated that if manifestly discordant data such as for the
Jamrao head were eliminated, he thought the Jamrao data would give results
closer to his own formul®, than those evolved in Sind, and recommended that the
data should be re-examined. .

45. Resolution.—This Committee consider it essential for the temperature
of the water to be recorded at the time silt samples are taken, as temperature
changes affect the viscosity more than changes in silt content. They find that

the data relating to the Jamrao Canal stable channels appear to confirm the
Liacey relationships.

46. (4) Land reclamation and prevemtion of soil deterioration—The Seo-
retary read the Regolutions passed at the Research Committes meeting of July
1934, and the Board meeting held in November 1934, :

47. Mr. Gunn drew attention to the work done in the Chemical Section of
the Punjab Research Institute, which is deseribed in the annnal report. It had
been found that the presence of caleium salts in the water prevented -the base-
exchange action taking place between the sodium and calcium in the clay com-
plex, and it would therefore not be harmful to apply irrigation water having a

salt content of more than 60 parts per 100,000 of water, provided there was suff-
cient calcium in the water.,

. _48. Mr. Gunn referred to the new formula quoted in his report which would
indicate whether a water was snitable for irrigation or not. .

49. The Chairman then asked Mr. Gunn to state what had been done on the
practical side, whether any tests had been carried out in the fisld. Mr. Gunn
stated that they had commenced investigations with applications of gypsum
on deteriorated land, but he was unable to give any resulge. They were using
itina powdered form which cost five or six rupees per ton al the quarry. In
Teply to a question by Mr, Lacey as to how often gypsum need be applied,
Mr. Gunn stated that normally it should be applied once in five years. -

90. Mr., Inglis stated that gypsum had been used in the Deccan ang
found snitable. He considered it to be a local problem as some soils re:pong:('i
better than others, and it was impossible to make a gemeral ruling.

b1. Resolution.—This Committee find that irrigation water with
tent of more than 60 parts per 100,000 of water, may be used withoutad:ggz:ggt

t i i i : . . \ :
f,‘; igebi)%ﬁi provided there is sufficient calcium present in the water, or in the soil,

. 52, (8) Model experiments in hydraulic laboratories.—Th
the Resolution passed by the Reseurch Committee at their meeteiniege };g 11’993!21
53. Mr. Gunn stated that his experiments on the Khanki wes o
had been printed up and the report was now under cf’mulai‘:?cﬁ, wm:: protection

54. Mr. Inglis reported that his model exper: i
complete as he had been awaiting My, Gunn’gprf;?r?tslfs sﬁgs :03;Stlllt§n£
it was clear that for eanals with fally of more than 1/8rd the dep"th ﬂumzr(:l’ faﬁ
gave the best resuits, and if the falle were to be nsed a8 meters bi-idges or re?
gutliaﬁrs’kthe advantage was very marked ; bat for low falls and :weirs the arrow
and block design appeared to be suitable, e stated that he was usin; moé‘els
%;rggigz ﬁi?ggr;q?ts, a}gl dﬁ.siri}l;edv briefly the model of the Gangei at the

_ 1'6. With which he was carrying ont certaj '
the Railway Department. In the case of the 1 . 61 (up 105y oments for
3 I . ; arge model 3
had followed Lacey’s rules ; but with the small %xeodel { abggg inc?seigaio:)h:;
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encountered several difficulties as regards vertical exaggeration and time factors.
Ha weould like Mr. Lacey to visit Poona to see the model and diseuss the various
problems.

. 55. Mr. Kahai mentioned the use of models forbframing proposals for im-

rovements to bridges in Baluchistan to enable them to take flood discharges.

’i‘hese experiments were carried out at the request of the Central Board of Irri-
gation.

56. Resolution~The Committee consider the use of models to be of im-
mense value, and in the interests of the study of irrigation problems by means
of models in gereral, and the Hardinge Bridge model in particular, Mr. Lacey
ghould, if possible, pay a visit to Poona to see the model and discuss the Qiffi-
culties with Mr. Inglis.

57. Item IV of the Agenda was then taken up.

Protection down-stream of falls—Mr. Inglis said that he hoped to continue
Mis experiments with falls as soon as he received Mr. Gunn’s report, copies of
which were about to be distributed. Mr. Gunn stated that he had found that
arrows were very useful in shallow swift jets, but not in deep jets where the top
layers of water over-rode the jets thrown up by the arrows and thus rendered

~ them ineffective.

58. Mr. V. Ayyadurai Ayyar stated that in Madras their vertical falls had
given satisfaction, and they were cheaper than Mr. Montagu’s design. In

. response to an enquiry Mr. V. Ayyadurai Ayyar said that the banks were com-

posed of stiff clay and there was no scour. The canals were flowing continuously.

59. Resolution—This Committee consider that the reports of Messrs. Gunn
and Inglis must be awaited before the subject of fall design can be discussed
further.

60. Item V of the Agenda was then considered.

Mr. V. Ayyadurai Ayyar had previously intimated that he desired to raise
the question of eradication of weeds from canals, and the Chairman consented.

61. Mr. V. Ayyadurai Ayyar referred to the summary of the previous year’s
Research reports wherein the matter was mentioned. They had tried the
eopper plate method in an attempt to destroy weeds in the Ellore Canal but
without success. They had tried dragging them out with rakes, but that
method was found to be expensive. They had tried stirring up the silt in
the water to exclude the sun’s rays, but the silt re-deposited itself almost im-
mediately.

62. Mr. Inglis stated that they had been able to kill weeds in the Deccan—
even where there was very little silt in suspension—by closures of three days
in ten, to which Mr. V. Ayyadurai Ayyar replied that as the canal in question
was used for irrigation-cum-navigation they could not have closures.

Mr. Inglis then said that weeds do not grow if the velocity of the water is
more than 2 feet per second, and he suggested that the canal be narrowed down
by adopting a Lacey section in order to increase the velocity. .

63. Further enquiry from Mr. V. Ayyadurai Ayyar elicited the fact that
they only experienced the difficulty in 12 miles of the canal, and in the remain-
ing length there were no weeds.

Tt was then suggested that observations should be taken in the length of
eanal where they had no weed trouble, with a view to establishing the same
eonditons in the length of 12 miles where the weeds were now giving trouble.

64. Mr. Inglis proposed that the Research Officers’ Reports should be sub-
mitted one month earlier, é.e,, by the 1st June, as there was not sufficient time
to study them before the meeting.

This was accepted.

65. Mr. Edgecombe suggested that the Research meeting be held at head-
uarters where experiments were in progress, but after some discussion it was
?Iecided that it was necessary to hold the Research Committee meeting in Simla.

66. Mr. Lacey proposed that the present arrangement be adhered to, bat

. Research Officers should foregather at one of the research centres during the

eold weather at the time of the local Engineering Congress meeting.
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67. Resolution—This Committee are of the opinion that officers engaged
on research work should meet at one of the research centres at some time during
the cold weather, if possible at the time of the local Engineering Congress meet-
ing. If local Governments permit this the first meeting should be at Poona.

68. Mr. V. Ayyadurai Ayyar, then asked Members of the Committee what

formule were generally used in channel design. In Madras they used Kutter’s
formula and found it cumbersome.

Mr. Lacey stated that in the United Provinces they used Garrett’s Tables.
In Egypt they used Manning’s formula. The Punjab used Kutter’s which

was practically the same for regime channels. Mr, Inglis said that he used
Lacey’s formula, which was the only formuls which specified shape and slope—
the most important factors in design.

A vote of thanks to the Chair terminated the meeting,

W. L. C. TRENCH.

Chairmen.
F. J. WALLER. }
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TECHNICAL PORTION OF THE AGENDA OF THE ANNUAL MEETING
OF THE CENTRAL BOARD OF IRRIGATION, NOVEMBER, 1935.

PROFESSIONAL AND TECHNICAL.

Item I.—

Copy or PresmENT’s LETTER No. 2552-A. 4, patep Tee 13t May, 1935, To THE
SECRETARY, INDUSTEIFE: AND LiABOUR DEPARTMENT, GOVERNMENT OF INDIA,

T am requested by the Central Board of Irrigation to approach
you once more in connection with the question of water rights in India.

Your attention is invited to the discussion on this subject which took place
at the Board meeting of November 1934. Copies of the Proceedings were for-
warded to you with Secretary’s letter No. 841-F.41, dated the 16th February

1935.
9. The Board desire me to enquire—

Firstly : if the Government of India are yet in a position to inform the
Board as to the method of dealing with the general question of water rights
under the new constitution. ‘

The members of the Board have studied the relevant sections of the Gov-
ernment of India Act 1934 and understand that it will be possible to set up
some central authority to deal with disputes of this nature. My Board will
be grateful if the Government of India could inform them if any action is pro-
posed on these lines.

3. Secondly : the Board understands that legislative action is proposed

in the United Provinces with a view to regulate the position of the cultivator

_in respect to his rights to water and to safe-guard him from undue interference
in the enjoyments of those rights. A reference to the discussion on this point

at page 8 of the Proceedings referred to above will assist you in understanding

the uneasiness with which my Board views the present indeterminate position.

The Members of my Board represent various Provinces in India and would be

most grateful for an expression of the views of the Government of India as

to what action in this connection can be taken within the present Government

of India Act.

4. My Board fully realize the importance and complexity of the two matters
referred to above, but I am desired to emphasize once more the views they
hold. which have been placed before the Government of India on previous -
occasions. In other countries of the world the haphazard growth of legisia-
tion on the subject of water rights has led to the greatest administrative diffi-
culties. My Board is definitely of the opinion that with this abject ~lesson
before them they would be failing in their duty if they refrained from draw-
ing the attention of the Government of India to the situation which is likely to
develop. They feel most strongly that the whole question is of a - itade
and importance which justifies the most serious attention of the Central Gov-
ernment at an early date.”’ .

x-'.

Cory or LETTER No. IR53. paTED THR 27TH JUNE, 1935, FROM THE OFFG., JoOINT
SEoRETARY TO THE (GOVERNMENT oF INDIA, DEPARTMENT OF INDUSTRIES AN
T.ABOUR, SIMLA, TN REPLY TO THE ABOVE. _ -

Sussror —Waiber rights.

T am directed to refer to your letter No. 2552-A.4, dated the 13th of May
1935, on thé subject note'd‘ above. As re%ards the general question of water
rights undér the new constitution, I am to observe that provision has been made
in the revised clauses 130 to 134 of the Government of Tndia Bill (a copy of
whick- is -smelosed) for the: settlement of inter-unit disputes by a special pro-
cednre.. . ‘The- final form.o{these -elauges _ynll not be known until the Biﬁ is
pasped into law, but: theiru,_'gene‘ralf efféct is to maintain for Governors’ and
%ﬁbﬂﬂqmmissianem! Provinees and for Federated States the Rulers of which
have mas e»n&ﬂeehrationil)lpdel;eﬂléuﬁe }}1141{ thés MQMM been in
force for many years, . Disputes in which.a State which-has not-moceded to
the Pederation, or the ruler of which bas made a declaration under Clause 134,
"LMOBY ‘
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is concerned would form part of the relations between the C
States and would be dealt with by the Crown Representative;

2. Turning to the spgge§fi0n- tha«t'ﬂimmediatc legislation should be under-

r from undue interference, I am to

islation is under the existing constifution in
. respect of water supplies, irrigation and canals within g province. Under the

new Constitution these subjects remain provincial, and the only change will be
that they will be in the charge of a Minister responsible to the

legislatuire. The Government of India do not know the precise scope of the
legislation which the Board ‘have in mind, but T am to suggest that in this, as
in other similar matters, it will be necessary to rely upon the discretion of the

provincial Legislature and of those responsible for administering the law in

at the present time.”’
ENCLOSURE.

Revised clauses 130—134 of the Government of India Bill.

Interference with water supplies.
130. Complaints as to wmterference with water supplies.—If it appears to
ent of any Governor’s Province or to the Ruler of any Federated

the Governm'
State that the interests of that Province or State, or of any of the inhabitants
thereof, in the water from any natural source of sup

: Y, A ply in any (overnor’s or
Chief Commissioner’s Province or Federated State, have been, or are likely
to be, affected prejudicially hy— ‘

(@) any exdoutive ‘action or le
In be taken or passed ; or

"' (b) the failure of an

gislation taken or passed, or proposed to

y authority to exercise any of _their powers,
distribution or control of water from that source, the
ay complain to the Governor-General. S
e Governor-General receives such 3

ess he is of opinion that the issues involved

ance with such instructions .as he may give
e matters to which the complaint relates, or
he may refer to them. C

(2) A Commission so appointed shall investigate the matters referred to
them and present to the Governor-General a report setting out the factg a8
found by them and miaking such recommendations as they think proper.

(3) If it appears to the Governor-General upon

orders and issue such lett
of request for the purposes.of .the proceedings of the Commisgion ag they me:;
make or issue in the exercise of the jnrisdietion

al » ‘ of the court,
(5) After considering any report made to him by the -
Governor-General shall give such decision and make such

ddmmission, the
.matter of the complaint as he may

order, if any, in the

ed request him so to do, he shall refor the matter to Hig Mas

'in Couneil ‘and His Majesty in Couneil may give such fa‘eﬁ:fg
o _ and make such order, if any, in the matter as he deems proper.
. (6) Effect shall be give in any Province of State affected t, f
made under thig section by Higs Majesty in Council or the Gow'rergb:?go::g;ll:

rown and Ihdiap
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d Act of a Provincial Legislature ox of a ,Sta% which is repugnant to the
g:de:ns}ilall, to the extent of the repugnancy, be void. , '

Subject as hereinafter provided the Qovernqr-Génel{a;ll,iq;;fasghcg:;()txé
‘ () o by the Government of any Province, or the ufe 05; State
e e '}tran time, if after a reference to, and report from, a ) cisio;i

it ted, (ﬁlna:c}édaas a}’oresaid he considers it proper so to do, vary any de
2;°§r3§§ given or made under this. section : . . N o
:ded that. where the application relates to. a decision or order qt
Providd Majesty in Council and in any other case if the Governn;lqn
?flsany i’ro}wrrince or the Ruler of any Szatetﬁﬂ’ectedt trequ;ast ﬁlil;

' r-General shall refer the matter N
i(d) ngtdoinﬂé?)ui(c)i‘fg::i His Majesty in Council may, if he considers
pr?)i)eryso to do, vary-the .deeision or order.

: sogty i i the Governor-General

by His Majesty in Council or the Governor-

__(8).An 01;@6; .g:gec(nﬁa‘in directions ag to the Government or pegsongs by

under fhis Sxece;ges of the Commission and any costs 1ncurred‘bby aqg r(:lvlrltll(;e,

\év:x ?Lzl (ffepirfons in appearing before the{ C%mmlssm}:,i a;fldt (a)so' i’i‘il'x)'a’:xs’ i%nrelatez

ale ol costs to be so paid, , :

?x thge?l?gsu Iz)tr Ogoiilg, emaxp;ng:s e{;lli'orced as if it were an order made by the
0 ex J

F ede:;; (;zllrt;'unctions of the Governor-General under this section shall be.
: , im in his discretion. : : o
exeraised by W I;Iw:lz;fith water supplies of Chief Commissioner’s Province.—
: 182. Interfe‘r&e Governor-General that the interests of any C_hlef Cpnmgls-
If it appears fo e, o of any of the inhabitants of such & Province, Fn:l e
stoner § Provm;,;tural source of supply in any Governor’s Province or Federat-
“:iats{ai’;zo}?;:: }{)een or are likely to be affected detrimentally by—
ed r

) any executive action or legislation taken or passed, or proposed to
(@ be taken or passed ; or . . ‘
(b) the failure of any authority to exercise any of their powers,

' istribution or control of water from that source, he
with gespec§ t%jthiliggﬁétggt?ﬁ)iﬁcs fit, refer the matter to-a Commission a,p(i
may, if he in. gance with the provisions of the last preceding .sectlo’n . l.g,n
ointed a}fcor rovisions shall apply as if the Chief Commissioner’s trl?
thereupon { 0?}9 p'rnor '3 Province and as if a complaint with respect to the
vinfte Wﬁr?i ?,eegv::lade ‘;)y the Government of that Province to the Governor-
matter had bee: - |
General. s i ots ' ed.—Notwithstanding anything in this Act
188 Junsdwtulmot:));ﬁoz;is :ra:}c'l%fher court shal} havg julzisdictlon to enter-
neither the Federa uit in respect of any matter if action in respect of that
fain any po o s ?)een taken under any of the three last preceding sections
mat:;:r émégg:'nllﬁgrft of a Province, the Ruler of a State, or the Governor-
by the

(}enellz;in Ruler of State may ea;éiude application of provisions as to waler

tained i is Act wi t to in-
) / isions contained in Part VI of this Act with respect to
«mpply.—-'l‘he_'t ﬁr:yv;:;gn:upplies shall not apply in relation to any f;ledtel‘;;(t,zg
gjtrt;;eriﬁgeRﬁer whereof has declared in his Instrument of Accession tha !
ate th

ovisions are not to apply in relation to his State. '
pr '

IMEMIV. © | )
Tortuosity of rivers and their training by means of embamkments ’’.
“Tor

- Nove 1934 —Secretary was ihstructed to enquire from
. Boara Meetmé’ al\;o;voe@g;rt information was available with them, particular-
the Railwa ‘tB%%: deepest recorded river embayments behind gul(iie ba?ks. He
ly in regard to all Members requesting contribution 'of information from re-
oo and of papers by aclected offcers on the subject. . . .
cords, of pa by sel

i e instructions the Secretary addressed the
In accordance with the Abors him to the-Chiéf Ergincer of the
Railway Boardl c]’?aikw ay. . That officer supplied a graph showing the chahge in
Eastein Bengil . os between Sarda aund ‘Pabna, and some Yearly surveys of
oGl ffvers. argosed by ihb Railway. Comporite plahs of “fhe Ganges
Be;:’s:; ﬁv":ohersardain’d Pabna- hdve been promised and are awaited. '
sufveys betw -

L140BI.
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Foreign correspondents were addressed and a copy of the enquiry, to-
gether with abstracts. from some of the replies, is attached herewith. - Many

e ou Inglis (Bombay) who is experimenting with a model of the
anges above and below the Hardinge Bri e, Aoc £ that bibli h
is also attached. (Appendix V1) & g opy o at bibliography

Members of the Board have been asked to supply inf i t
invite selected officers to read papers on the subjegg v iformation and to

The following Note on the subject has been prepared by M
President and will be presented at the Board Igee{)ing. 7 3r. W. L. C. Trench,

L

Note o~ ““TorrUosITY OF Rivers ’’ 10 Br mEAD BY M. W. L. Q. TRENOH,
(PB.ESIDENT).

The question of the tortuosity.of alluvial rivers is one in regard to which
a considerable amount of data exist, but which has not so far been system:
atically treategl. It is moreover one of the hydraulic problems in which the
irrigation engineer and the railway engineer are both vitally interested. The
reason which leafls to increased curvature, and the minimum radius of curva.
ture which any FIVeT can assume before a cut-off occurs are matters of import-

a?pﬁndi_x 7(c) of the Bakhra Dam Report. 1In this appendix the actual length
of the river is shown as a Percentage of the direct length between varjous points.

I It will be seen by an examination of these figures that although they are
;0 many cases conflicting and not reduceable to any general theorem, there
1s, In general, a progressive increage of tortuosity’from the head reaches of
the tributaries and the Indus itself down to the sea. For instance, it will
be seen on page 137 that whereas the tortuosity between Bakhra and Patial is
only 9.4 per cent., it rises to 40 per cent, between Usufpur and Hareki in the
case of the most‘recept surveys. Similarly the river Sutlej rises from 40.5 per
cent. between Hareki and Ferozepur to 56 per cent. between Adamwahan and
Panjnad. The Beas river does not indicate. any increase in tortuosity
throughout its length, The Ravi river shows an increase of from 11.1 per
cent. betyveen.Muktesar and Madhopur, to 61.7 per cent. between Sidhnaj and
Chenab junction. This river, however, includes the curious reach of the
Sld!ma; Whlpl} has no tortuosity. I understand, however, that there is an
ancient tradition that the Sidhnaj is, in - origin, artificial. Similarly the
Jhelum river riges from tortuosity 2.8 in its upper reaches to 7.9 above Haveli.
In the Chenab river the tortuosity is very irregular in different reaches, but the
Jame general trend, i.e., from no tortuosity to tortuosity of: 10 to 20 per cent.
In the lower reaches, is indicated. On the Indus itself ‘the tortuosity - ig
3.7 per cent. between Kalabagh and Bilot and from 44 to 94 per cent. between
Kotri and the gea. The factors which control the tortuosity may be as follows :—

(a) the general slope of the country to which the river must conf.
This slope diminishes from the foot hills to the ses in the sm
way that the tortuosity inereases,

(b) the erodability of the strata through which the river passes. It

is probable that as the sea is approached; apart from any loeal
variations, the strata is more easily eroded thay it is in the
upper reaches, ' ‘

(¢) the actual discharge and silt charge carried by the river.

It is' common knowledge that even g very small stream flowing through fiat hn&. |

meanders about.” There are also cases of large rivers in similgy oonditions

developing a high degree of tortnosity, so that the influence of dischiarge . ix -

obscurs. In fegard to the silt charge carried by the water, it would appesr

reasonable to assume that a lesser silt charge would inerease ﬁhompumtylu
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erosion of any stream and increase its cqpacit}f‘for developing curves.' The
following questions would appear to require detailed Investigation :— '

(a) Under what conditions does a river tend to increase its tortuosity ¢
(b) Under what conditions will tortuosity diminish ?

(¢) If erosive action occurs at any place tending to form a curve, and
assuming that the soil is uniformly erodable, is there any method
of ascertaining what degree of curvature will eventually be obtain-
ed and how far the erosion will proceed ?

With regard to the question of the conditions under which the tortuosity
of the river will increase, it would appear to be a maitter of practical observa-
tion as well as theoretical soundness that when the energy of & river is, for
any reason increased, the river will endeavour to absorb that energy by in-
créasing its length and an instanee of this has occurred in recent years in
Lower Sind. In the delta area the river Indus used to flow to the sea
through two main branches below the bifurcation. These were known as the
Ochito and the Hydari. In years gone by, the Ochito took the main discharge
but it was a river of extreme tortuosity. The discharge passing through the
Hydari was an insignificant amount. Gradually discharge of the Hydari in-
creased and that of the Ochito diminished. A year or two ago the
Ochito ceased to flow as a perennial mouth of the Indus and con-
tinues to flow in the kharif season only by reason of the fact that a
new or two new heads have recentlv been excavated for it.  The Hydari now
takes the whole of the cold weather flow and the vast bulk of the hot weather
flow, and is, compared to the Ochito, substantially straight. The river there-
fore has greatly Increased energy per unmit of length, In addition, within re-
cent years 3 large bends have disappeared at and above the former bifureca-
tion. The result has been a retrogression of levels and a reduction of speci-
fic discharge levels between Jherruck and the sea, and intensive erosion in certain
places where the river is forming fresh bends necessitating the construction
of loop bunds. . It would therefore appear reasonable to state that when the
velocity of the river is increased for any reason, a ‘l.engthening process will
take pl'a.ce. It is, however, not so easy to obtain data in regard to the reverse
process, i.e., does a river tend to lengthen itself when, for any reason, the
velocity is artificially diminished 7 In fact it has been observed in many cases
that when a weir or obstruction is placed in a river so as to flatten the slope
and diminish the Velocity,‘qot only does the river not tend to straighten
itself above that point, but it tends on the contrary to wander, The reason,
however, is different and is probably due to the fact that any checking or

- diminution of the velocity of a soluble river tends to create silt or sand banks

consisting of the heavier grades of material carried by the river, the silt or
sand banks form obstructions in the river and increase the Liability
of the river to'erode its banks in greater curves. One wonld imagine there-
fore that in such conditions a river was in an unstable equilibrium. The
greater -the initial check of velocity, the greater the tendency to form sueh
banks, and the greater the curvature.becon.les, resulting in a further checking
of velocity, owing to the flatter slope so obtained, and therefore the formation of
additional curves should proceed indefinitely. No doubt there is a limit to this
tendency, but what the limit is and what would lead to a river resuming a
straighter course would appear to be a matter deserving of investigation.
In this connection an interesting article has recently appeared in the
Engineering News Record of August 22nd, 1935, In which' is "described the
conditions of the Missouri river between Sioux City and Portsmouth 100
years ago and at the present time. The dlstange by river in year 1804
between these two points was 250 miles, today it is about 150 miles, The .
extraordinarily great tortuosity in this river 100 years ago ig - described -
as being due, to the fact that the river. channel was bordered by heavy timbey
g0 that the river was almost completely filled with tree-snags to such an extent -
that ome:observer described the appedranice of the river as being like 5 field of
dead trees. - This heavy timber has in the course of the last century been cut .
down and in great flood of 1881 the river straightened itself out to itg present
alignment. with the result that the level of destructive floods hag heen reduced
by some 8 or 9 feet. . This would therefore appéar to be a case in which”
an increase of energy and, in addition, a deoresse in the powers of ‘Yesistance
dne-40. the dﬂm“ﬁf’: of -the forest on‘the -banks has led downt to:a' dedreased
tortuosity and not to sn.imereese..-The river-duting the- flood. mentioned
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found, in fe_).ct? that its line of least resistance was in a more or less direct
route. This is therefore a case in which the opposite effect to that discussed
above in the case of the Indus occurred. The conditions under which such
a reversal of what appears to be at first sight the reasonable behaviour of
a river would seem to require detailed study. A further very important
point is in regard to the question of the minimum radius which an alluvial
river can take out without causing an avulsion. Sir Francis Spring has stated
in his study of the behaviour of the rivers that the minimum radius of curvature
is equal to the width:of the river. It may, however, be that the relationship
between the width of the river and the radius of curvature is indirect. 1f
we agree with Lacey that for any given discharge and silt charge the dimen-
sions of a stable channel are fixed, then the width of the river ‘assuming that
it is on the average stable throughout its width, would be a function of the dis-
charge and therefore the radius to which the viver will adjust itself will be
g function (if vt.held_lscharge and the silt charge in it, - e
e a more logical conception and basing the minim
the Wlt}ths of the river.  There is a fligrtheer 'I:uggﬁ:;lgn
tortuosity of the river about which very little, if any, lit

Both to the irrigation engineer and the railway engineer the length and posi-

curvature merely on
connection with the

current thereafter flows smoothly along the guide banks or whether it tends

guide banks. What then is the maxim iqui
current and the guide banks which canml;a(itgll;rqm
structuﬁag l?t hasnf been found that where fluming
mum obliquity of the entrance wing walls to the

t‘,hal.‘_lbin ?ilmtfh an exit expanding obliquity of 1 ciunr re{g. s}f:ulsm?ﬁ(tl b: oe
(txesua e therefore to know whether these ratios have any utility i and
o the location of the gunide banks of Permanent str T Ty 0 Tegard

. uctures in rivers.
There appears, in short, to be a v

: ery great field for h i -
matters, and the method of research research in thepe
of uti_lit’y. As o first stop o prs :1 sebcyief?ﬁ%il:)s of models is likely to prove

No. 165-J. 136,
CextRAL Boarp o IrmiGaron.
“ KeNNepY Corrags ! i
Simla, 8. W., the 11th January 1988,

From - '
A. M. R. MoxTagy, Esq., 1.8.E., MICE,
Secretary,
o Central Board of Irrigation,
32 foreign correspondents.
Sm,

1 am directed to inform you that the subject *¢ 108]
. ect ¢¢! .
been listed by the Central Board of Irrigatioxi f(fr dggfggséiy;'gifn?lﬁg;rs " bas
The necessity for this examination has aris )
. : 3 arisen f; .

?st flood season, certain large river works, e.g., r;%ﬁv;};: %,?fd;gat dunn% the
amaged by the record dl.scharg:es attained. oreover, some diﬂi(:l’l haye ine
experienced in restoring the training works owing to o tend ty is beiyﬁ

the rivers to assume a fresh course. ency on the part

2. The information required by my Board is best described ag under ;
What causes tortuosity or sinuosity of rivers ¢ ‘ -

What is the effect of regulating the discha A
or escapes, on the lengthg‘of zhallsnegfll;ﬁoay!mt“dahpn reseryoirs

This would appear to

erature is available. .
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What 15 the effect of “ cut-off 1 | o

What is the effect of weirs and bridges or other control points, erected in
the bed.of the river ? - .

What is the effect of varying the silt burden of the stream on the
tortuosity of rivers ? . .

Does a river, whose mean discharge is reduced by draw-off for irrigation
purposes, shorten its length by reducing its tortuosity ?

3. The above are the questions which the Board is cireulating in It_idia. and
I am to say that my Board would be greg.tly obliged if you can furnish any
information or reference to published views on those and any other points

regarding the ¢ Tortuosity of Rivers.”’.

' I have the honour to be,
S,

Your most obedient servant,

' (Sd.) A.M. R. MONTAGU,

11-1-35.
Secretary,
Central Board of Irrigation.

TxsTITUT
DR A
Geographie Alpine, =
2, rue Tres-cloitre.

- UNIVERSITE DE GRENOBLE. -

Grenoble, le 4th February 1935.
(Translation.) .~ . ‘ =
Dear S, : o _ _

I reccived thi§ morning your very excellent technical articles ; they have
interested me very much, and, in view of their special and novel.character,,of[
propose passing them on fo an engineer friend who is particularly jnterested in
jhe. experimental hydraulic study of irrigation and who has organised here, on

tant hydro-electric construction company, a hydraulic

‘ ) impor : AP
?:ll)lgx!ztgivaxith g)mall seale models of dams, water catchments, irrigation canals,

ete. R '
You ask 1oy opinion regarding the sinuosity of water courses and certain

of its effects. 1 must confess to a certain. measure of .embarrassment as regards
this important question. The origin of sinuosity appears to me to be perfectly
atural. In every witer course, the current tends to strike alternatively first
against 'one bank and then against the other. Gradually. the current cuts into
gfch point attacked and at these points moves the bed laterally by forming
concavities which increase ceaselessly. Hence the bends in a stream. The
older the stream, the more accentuated these bends become ; by older I mean
the case where the evolntion of the profile lengthwise has reduced the slope to
a émall factor. The more slowly the stregm flows, the more tortuous is 1.ts
The Mississippi.and the Danube in Hungary afford examples of this,

coué.?g. Jso the Tisza prior to the construction of certain works, about which I
:vsﬂl lha:e"sométhing to say further on. When a water course, which, from the
storv of its. course, is obviously very old, finds itself raised by a positive move-
ment of the grotmd or when its basic water level, at confluence or estuary, is
Iowered, it very quickly resumes its erosive activities ; in this case, it digs
itself in, where it s, between the raised banks or even in a. veritable canon and
reniains’ tortnous. This is so in the case of the Meuse and tl.xe Moselle when
erossing the -Ardennes plateau or. the Schl.stqse Rhine Massif. One of our
; ' dinarily tortuons in its lower reaches in spite of quite

[3 T tl'aor 0 [ )
:n:)l:s’;id}?;all;(l):, ;fo;§—°~6o metres or a little more per kilometre. There is no
doubt this was formerly a very old river with a small declivity whose erogive

activity was resumed as the result of a lowering of its basic water level. .
" In the f wihdings between high steep banks, there is no danger to
mhd{; }il;zdcag:igges lm- for banks, generally speaking, of a good height. The

natio: ite different in the case. of non-sunken bends wlhich flow through

situation is Qe vial valleys ; here, in the case of flood, the current. very

broad, flooda

often outs straight across the cord of bends by the most direct route.” Tt can
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attain quite a considerable speed over the flooded area, tear up the culturable
earth, cut new beds outside its old normal bed, and break down bridges. Thus
for example, in June 1875, the Garonne, during exceptional floods, forsook a
bridge which had been constructed for it a little downstream of Toulouse, and
great efforts were necessary to force it back to its course under the bridge.
When the currents which cut across the bends in this fashion meet villages or
towns on their route, they occasion damage which is sometimes ‘* murderous ’.

This fact was proved in a cruel fashion along the Garonne and the Tarn during
the terrible flocds of March 1930. i

I find it difficult to say what should be the effects of abundant transport and
deposits of mud and sand on these phenomena. It seems to me that, in places
where the deposits are such that the bed fills up, it is more difficult to contain

the water within its bed, and that the breaches in flood-time are more serious
and more numerous. This, apparently,

is what is happening on a large scale in
the too flat and too wide valley of the Hoang Ho. - ppening g

As regards remedies, I see nothing for it but continnous embankment, but
with one condition, and that is that, by ’

an artificial grouping of the b
bed be previously decided upon which is grouping of the bends, a new

shorter and where, as a result, the slope
is more marked and where the increased current will be s! sult, the slop

the bed of obstacles which block it. A magnificient example i

work is to be found on the Tisza, a river Whiglxll is extremely%on%foz?:nsy&Zd gtf)
be very dangerous, as the disaster of Szegedin in 1879 showed. The Hungarian
engineers shortened the course by 453 kilometres or by 32 per cent. The slope
changed from one of 3.7 centimetres per kilometre to one of approximately 6.
The accelerated current dug down at certain places to a depth of 2 metres, so
that floods, which became more sudden and higher because they no longer over-
flowed the banks but followed a shorter and steeper path, have not for a long
time over-ﬂgwed tlie embapkments. These are however cases to be met whore
these remedies are impracticable, for the nature of water courses is very complex
and vanéa%. Ce];ctahtlﬁ courses,teven when shortened and embanked appear to
carry and deposit sufficient matter to continne raisi i ; oA
the embankments are impotent. sing their beds. In such & case,

I must apologize, Sir, for confining myself thus to the domain of generalities
and for not quoting more concrete examples. Any fregh i oL gene
reach me I will send on to you. v fresh information which may

Yours, ete.,
(8d.) M. PARDE.

rage discharge incressel
A reduced discharge carrics less

P.8—You ask me whether g reduction. of the ave
the tendency to sinuosity 1 T do not think 80.
mud, but at the same time the i i
becomes more feeble.

W_n Dx_mnmnr,
United States Engineer Office

’_ 6156 Commerce Building,
File No. 54.2. St. Paul. Minn,

_ B February 15, 1938,
Mz. A. M. R. Moxraov, L8.E., MLCE, ete,

Secretary, Central Boayg of Irrigation, Simla & N
Dear Str, g ” | mia, 8. W., India.

. . . ‘ Jan : . s
information concerning the sinuo(zxsi’;r %%%361;81935’ mn which you request

very little first-hand data available which would’ mpogret to say that we Lave

h : . direct g
questions. However, the follo : Supply v answers {o your
of your questions; - Wing suggestions are offered in regard to some

» . . » ' — - ‘
From Tisza auflak, 206 kiiometres from the souroe, to the eonflucnce with ‘the Danube. . -

strong enough to clear-
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1. What causes tortuosity and sinuosity of rivers !

i i ‘ i ight line

It is believed that the tendency of a stream to deviate from straig
flow is 1fieﬂlssen’cial]y the result of a combination of non-uniformity of the bed as
regards its resistance to erosion and the presence of complex systems of cross
currents induced by changes in stage and irregularities which may exist in the

bed.
2. What is the effect of ‘¢ cut-off 7’ 1

Dxperience with ent-offs on the Mississippi River in this dis'grlct has indi-
catedD lIluri(’i‘lll(;'urious results when the cut-off is properly placed with respect %o
curvature above and below the cut-off. However, cut-offs which are not properly

laced or which causge large increases in river slope are quite liable to resqlt in
gxcessive erosion and further changes in the course of the stream. It is believed
that the effect of proposed cut-offs may be studied to advantage by means of
model tests.

is a number of references which you may find of value in your
tudEl(l)(i'l(ssii(lll(:ssity of rivers. It is suggested that you correspond directly with
1s;h ])Sirector U. S. Waterways Experiment Station, Vicksburg, Mississippi, for
fu(:-thcr infoi‘mation applying to the application of model tests to problems of
sinuous streams.

Very truly yours,
(Sd.) DWIGHT F. JOHNS,
Major,
District Engineer,
Corps of Engineers.

Srevexs anp Koox, SpaLpiNe BuiwLpiNg,®
Consulting Engineers. Portland, Oregon.
February 25, 1935.

F. 500. :
A. M. It. Mo~eagu, Esq., LS.E,, M.L.C.E,, etc.,

Secretary, Central Board of Irrigation, Kennedy Cottage,
Simla, 8. W., India.

Drar S18,

4 r favor of January 11, regarding ‘¢ Tortuositv of Rivers.””.
ThisISti]l%‘eZt }ir: 1‘:‘)eing specially studied by the U. 8. Engineers staff at the experi-
nt station in Vickshurg, Mississippi. I submitted your questions to Herbert
I]geVo el, former director of that institution. He has submitted a brief note on
ea:ch ogi‘ the six questions under your paragraph 2, which I am transmitting to
vou as follows :—

¢ 1, Tortuosity of rivers appears to be the result of an effort by the river
" to establish an ‘adjustment of slope necessary to produce a velocity
not too great for the material through which the river flows. I am
enclosing a self explanatory photo of tests now in progress at

A Ticksburg. / -
itt ta in available on this point, but in my opinion the main effect
. thtl:ilcllabg to produce a length that will remain fairly constant over

an extended period of time.

, Vicksburg, and cut-off recently made on the Mississippi River

5 Tesizxig tolcdispel the belief that cataclysmic changes will follow the

occurrence of a cut-off. In Paper I of the U. 8. Waterways

' Experimens Station, a full discussion is given, and a fairly complete

Bibliography presented. . . S -
is i5 difficult to answer in general terms but I believe there will be
+ 'Thliéﬁydiiif‘.ﬁa, if any, practical effect unless the system is greatly
extended. deali ith {hie. bat beli :

, - of no experiments dealing wi 8, but believe a large burden

., b I lfn:fﬁgi'it l\;onilphave considerable effect on the regime of the stream.

' .1 might ask, however, ¢ How is one to vary the silt burden of the
raacBI N ' :
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stream hy any considerable amount 2’ Thi

Stream by any considers his woul ]

3‘(739t’t0r experimentation, and we might suggest i(‘;l :) ) ?l ine sub
icksburg when we meet there in April N o the lab. at

6. Again I have to answer that I don’t k
1 now. .
at Vicksburg are designed to obtairY thg‘ };istwg?a? ,I0W In progress

An adequate answer to either one of these i
. , u : s s .
I think Mr. Vogel has answered your questionsqagstzzgzl;fs;sttlzl::ig llﬁalfiself but
one.

In addition to what he has said, the following comments oceur to
me :

1. The sinuosity of a river is largel

; PLLD ) y depende . .
alllld deposits scdiment. A sedlmept-carrying stregfnogu‘ﬁggther .(;r not it carries
than the surrounding ground, which flattens the slope t.i‘P 1ts banks higher
which causes the river to seek a new channel. These t}I:in on 8 break ocours
engineers in fndia and it were common-place to mentiongist are well-known to the

2. If by regulation the discharge could be made absolut

the stream still carried sediment, it would be tortuous ely constant and

5. The silt burden of a stream can be

. redu :

;eservon's. _.If, however, the channel below thgegeggrigﬁrc?nstﬁuc?lon of storage

r:ﬁgez ¢} sﬂt-l‘)ea':-mg stream again before many miles. Ifss?lt uvmil’ the strenm
3 ed from a streamn and its channel be made stable, its t could be entirely

be subject to change. » 1ts tortuosity would not

[ am including the photograph mentioned by Mr, Vogel

Very truly yours,
(8d.) J. Q. STEVENS.

Municipalite &’ Alezandri
unicipalite d’ Alezandrie. Alezandrie le 19th, April 1935

Service Technical.

From
J. D. Arkinson, Esq., B.A,, MI.C.E,,
Chief Engineer, Alexandria Municipali
y , Ale unictpalit
" paiity, Egypt.
A. M. R. MoxTacu, Esq,, ILS.E, MI.C.E, ete
*9

Secretary, Central Board of Irrigati
, O rrigation, India, Si 1,4
. a, Simla, 8. W,

With reference to your letter No. 165-J. 136 of the

enclose a few notes which, I hope, may be of some little inllth January, 1935, I

terest.

I must apologize for the delay i ri
‘ polog: elay in answ
nature of these notes ; the subject is one \:hiélhg iirxct)::eéfst%ealg f?cf the l()irief
eatly and I

ghould have liked to have dis :
but 1 really have ot the tim:a (tigsggds (‘:.he matter at considerably greater length

The reason for this is th#ft T have just recently been nominated to th t
e pos

of Chief Engineer of the Cit i
{ ) y of Ale
and find my time very full occupied ﬁng;lailgxdplégve left the Irrigation Service

I have been repiaced in the H i
. I ba ] ydraulic and R
gg;lész?o 1(1)5 hP?bhc \?{orks by Mr. J. E. O.’B. Echlin ?ggr]: trust i
good cnough t.o (:orﬁ ‘Inue to send to him the very interest o ihat you will be
from tim lxmc, ave in the past sent me, and he, for hi P bers that you,
he onl; 00 glad to correspond with you on matter 1§ Ak
orward you copies of publicafions of the Section 0O

ches Section at the

I have the honour to be,
S,
Your most obedient servant,
(8d.) J.D. ATKINSON,
Chief Engineer,

_your letter and give
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Copy of Note received from Mr. J. D. Atkinson, Chief Engineer, Alexzandria
Munwicipality, with his letter dated the 19th Apnril, 1935.

The Nile in Egypt has followed a remarkably stable course during the 24
years in which I have had knowledge of it and the necessity for study of the
points raised in your letter has never arisen to the extent that it would appear
to have done in the rivers of India.

It is true that very considerable sums are spent annually in protective works
in the Nile but practically all of this has gone into repairs of the banks, which are
almost continuous throughout the course of the river in Egypt proper, in the
construction of safety banks, in dry stone pitching and in spurs almost univer-
sally constructed of stone which is plentiful and easily obtained from the hills
bordering the valley.

I hesitate to dogmatise regarding the points mentioned in paragraph 2 of
the following remarks from my own observation of the Nile

and its branches for what they are worth. Unfortunately I have not all my

notes with me to refer to.
(a¢) What causes tortuosity or simuosity of rivers?

The principle cause would appear to be the natural tendency of any channel
towards a stable regime ; that is to say a velocity producing neither scour nor
accretion. The windings of the stream, where, of course, the nature of the
terrain through which it passes enables it to do so, are no more nor less than
nature’s adjustments. \

The range of discharge of the Nile from low summer to high flood is of the
order of 1 to 25 and the range of level is 7 to 8 metres and during the flood it
carries a silt charge of the order of 2000 parts per million by weight.

During the height and early fall of the flood the river appears to level its
bed to a very considerable extent ; it is unquestionable that a very rapid fall,

whether naturally caused or resulting from reservoir filling operations, makes

navigation difficalt where it had, during the previous low season, been compara-

tively easy.
A stage is reached when the river commences to cut its low stage or summer
channel. The summer channel varies very considerably from year to year and
the points of attack on, or retreat from, the

has been observed to determine 3
main bank during the next flood and to this extent exerts an influence npon the

course of the river. . .
(b) What is the effect of regulating the discharge by retardation

reservoirs or escapes, on the length of chanmel below ¢

ffects appear to be quite local and only observable in the
the regulation unless this has been done so rapidly as to
anks of the river.

Generally such e
immediate vicinity of
cause slipping of the water-logged b

(¢) What is the effect of ¢ cut-off ' 1

We have no recent practical experience of this in Egypt. I recommend to
your notice the very interesting series of experiments and reports on this sub-
ject issued by the U. S. Waterways Experiment Station, Vicksburg, Mississippi.
T attach a list® of those which I have personally seen. You will find observations
on a number of your questions contdined in these papers. |

(d) What is the effect of weirs and bridges or other control points erected
in ihe bed of the river#

My observations regarding this are that such effects are again purely

localised in the immediate vicinity of f;ontrol pf)ints.
(e) What is the effect of varyng the silt burden of the stream on the

tortuosity of rwver

This is rather a difficult question to answer. I.f the question concerns the

effect of the silt burden towards tortnosity in a straight channel, I do not think

it has any effect. 'But certain experiments made in Egypt on'the distribution

of silt on bends seem to show that there should be a tendency to accentuate an
1d naturally be within the limits of the stable regime.

existing bend but this wou : :
(f) Does a river, whose mean discharge is reduced by draw-off for irri-
. gation purposes, shorten its length by reducing its tortuosity 1
I have not observed, 80 far the Nile is concerned, that such is the case.
o ' *Not primted. -
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Extracts from letter dated 29th April, 1935, from Mr. R. F. Walter, Chief
Engineer, United States, Department of the Interior, Bureau of Reclama-
tion, Denver, Colorado, to Mr. A. M. R. Montagu, Secretary, Central Board
of Irrigation, Simla.

" * * * »
* » » » *

The mors widely accepted view to-day is in general and briefly, that the
length and slope of a debris-carrying river, i.e., its ¢ tortuosite *’ is a still
obscure function of the discharge and the solids load. Below a reservoir which
removes the entive soiids load, there will be a tendency to flatten the slope by
degradation or meandering or by both. If the channel is limited laterally by
bluffs, a vertical lowering of the bed (degradation) will result. A river in &
wide alluvial plain might decrease its slope between ground sills by lateral
migration or meandering. ‘

Likewise, if for some reason the material of the bed load coarsens, a short-
ening of the river length and a concomitant increase in slope should r‘e’sult_

N.B.—Bibliography on the subject “ Tortuosity of Rivers” is given as Appendix VI.

Item V (1).
Résumé of ‘ Design of Weirs on Permeable Foundations ”,

Board Meeting November 1930.—It was generally agreed that the theory
in use on this subject was far from perfect and required further investigation
and research. It was decided to invite all Chief Engineers to collect informa-
tion on the subject and to have experiments made, pipes being inserted in
suitable weirs for the purpose.

Board Meeting November 1931—Mr. Burkitt tabled his note on a re-
inforced concrete design and after discussion the Board requested Mr. Burkitt
to elaborate his note and to send copies thereof to the Secretary who would
furnish them to all Provinces for opinions.

Further discussion took place as to the existing knowledge f -8oi
below such works and the following conclusions werg; reachedg:_0 sub-soil flow

(#) Design of works on sand foundations must be materially affected by
consideration of the sub-soil water-table. Whereas in rivers the
presence of sub-soﬂ water-table was evident and musgt be taken
into consideration when designing works, its presence below new
c_anals was not so obvious, and the stability of such works was
liable tg be affected by considerable rises in the sub-soil water-
takle after the canal had been opened.

() Observations on existing works founded on sand indicat
?at;lre ‘?fl lﬂ'ti sub-tsm{ is 80 variable that it is not possibleedte}}iantitg};ye

o forete e actual pressure which will obtaj i
point under a flat floor. ebfain at any  specifi
f}‘:xrtheli obscrtv;ations are required to confirm thig

nese observations, pressure pipes should he driv.
side (but not lower) of the floor in each casg. drive

(i) Experience goes to show that it is not possible to estimaté ac-

curately the length of the howzontal i
removal of sand from below géon 2l floor required to check the

(w) For the above reason a vertical im erviou
X : 8 cut-
steam edge of the impermeable ﬁoorf)is an ab?(l){u(’)cﬁ B ne o,
' should be suf.’ﬁclently deep to prevent the withdrawal of sand
. It was further decided that the Provinces should he invited to exy
opinions in regard to the essential principles of weir desi ith express
reference to the necessity of other lines of piles. 1 with - special

Board Meeting November 1932.—Mr. Hadow tabl

made on the Panjnad Weir by means of pressure pipes, and - they were com

pared with similar observations on the Deohs Barrage, United Provinces

After some discussion the Board decided not to r
. * e i i

plification of those recorded the previous year. 'lsltl):d ;?Zs:lgf: lu(s);b()sng 1 am-

discussed and the tentative conclusions already recorded, re ervations

more data for their substantiation. It was dec; duired considerably
tions from wherever facilities existed, and: alzgliﬁd ::v:&u tor more observa.

analysis promised from the Punjab. Mr, Burkitt’s reinforoege mathematical

.for a barrage was discussed and Mr. Burkitt replied to the var?gﬁgrzﬁti%?:;g:

'When making
n to the under-

ed results of observations

e necessity and
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Board Meeting November 1933 —After some discussion on the matter of
procedure adopted in examining subjects discussed by the Board the following
resolution was recorded :—

(a) that further intensive study of sub-soil flow beneath actual works
was essential, _

(b) that in view of the active part already taken by Mr. Khosla, and his
published papers on the subject, the compilation of a com-
prehensive note on the subject should be entrusted to him,

(¢) that Mr. Khosla should be supplied with all available observations
on the subject from India,

(d) that in order to secure uniformity of observations he should prepare
a note on the nature of observations required and the form in
which they should be tabulated : this note to be communicated
to all interested, through the office of the Board.

Mr. Khosla read a paper on the following :—
(a) the observations he was conducting at Panjnad,
(b) the instruments he was using, ,
(¢) the method of recording observations, |
(d) the interim results achieved, ~

and after a discussion on the paper the Board passed the following resolu-
tion :—

(a) that Sceretary should communicate with all Members of the Board
drawing attention to the importance of the work now being
carried out in the laboratory of the Research Imstitute at Lahore
on model experiments, on the flow of sub-soil water beneath works
on sand foundations : and a‘l'so to the importance of the observa-
tions amd work therein being carried out by Mr. Khosla on full
gcale works,

(b) that Secretary should suggest the advisability of placing pressure
pipe points and making observations in accordance with the
methods developed by Mr. Khosla in all new works and in old
works under repair and in other situations where possible,

(¢) that in co-operating in respect to (b) above, Members might well
ask Mr. Khosla to suggest ‘rk’xe number and pOSItlon of observation
points, to faeilitate uniformity of observations,

Meeting November 1934.—The Chairman referred to Mr. Khosla’s
noteiﬁa:}?e .subjecf which was about to be published by the Board, and to
Dr. McKenzie-Taylor’s memoirs on his laboratory investigations. He drew the
attention -of the Board to one phenomenon noticed by Mr. Khosla, viz., the
effect of temperature on the pressure gradient below a work on permeable

foundations. .
The Secretary tabled a short bibliography on the subject.

evelopments—Reference is invited to Board Publication
further demands for copies of the Publication, the question
der disposal. Reference is also invited to the Punjab
olume I, No. 5, Volume II, Nos. 9 and 10, already sup-

Subsequent d
No. 8. Owing to {
of its revigion 18 un
Research Publications V
plied to Members. f fons for mprosing the mothods et

est for suggestion s deseri
. TInh‘Ilﬁgg él;elfeﬁﬁ, 8, the Cl%igéf Engineer, Bahawalpur State (Sir Bernard
garle‘c) roposed that an attempt be made to frame some rules for the design
of thzze vgorks. ‘An extract from his letter is given below. S

[

” f ith July 1935, from Sir B
Batract from leter Mo, 9400, J0ieh S irur Goverment, 1o e Seavetory

Central ‘Board of Irhgation, Simla.

. » * L] ‘ . .

. » . L » . . |

oz Jale " . Orma,tion now before the Bo r .
1 do :.thlggf%eggzzﬁilgl‘%i %ﬂt to enable tentative rules t% %e r;;.;g:g _
g(;ntlh‘:»a;l\?i‘:;;ce of officers when designing works to be built on homogenous
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sand foundations. Possibly the Executive Committee might think it advisable
to ask Mr. Khosla to frame a tentative set of rules for discussion at the next
meeting of the Board.

Now that it is known that the Bligh theory does not hold good, it is very
necessary that officers should have rules to guide them in fixing the following
data before attempting the design of a work to be founded on sand :—

(¢) Length of flexible protection upstream to prevent scour which
might reduce the effective value of the vertical cut off.

(¢¢) Depth of vertical cut offs below the floor and position of same.

(¢#2) Length of pucca floor up and downstream of the work and method
for calculating the thickness at each point.

(i) Length and best type of flexible protection downstream of a work.

These probably could be fixed in te
velocity through the works, separate fi
course sand.

rms of the maximum head on and the
gures being given for fine, average and

Such rules would be of the utmost value to engineers throughout India.

Irem V (2).
Résumé of *“ Design of Falls *’,

Board Meeting November 1930.—Colonel Pollard Lowsley referred to ex-
periments carried out in the Central Provinces to prevent erosion below falls
and suggested that information on the subject should be collected from all pro-
vinces with a view to a type design being evolved which, while economical in
cost, would obviate scour and wave action downs

tream.  Various solutions,
:such as the employment of })afﬂe walls or floating booms, were discussed. The

nowledged by the Board and all Chief

Engineers were asked to examine it and forward the results to the Burean, for

discussion at the next meeting.

Board Meeting Novembqr 1931.—The Board first examined the type plans
and the completion plans which had been provided by the members in response
to this enquiry.

After discussion the Board recorded the following conelusions :—

(4) In general the Board recommends that the ¢

of fall (referred to in the Digests ag
ferable to the rapid type.

vertical drop *’ type
‘“ free overfall ’) is pre-

(11) A raised crest is preferable to the noteh type.

(##) The length of the crest should be ag great as possible having regard
to the channel bed width, in order to reduce the discharge per
foot run of crest to the lowest possible. The Board were not
prepared to lay down any maximum discharge per foot run of
crest as this was bound up with so many other considerations.

(iv) The Board decline.d to make any definite recommendation as to
the maximum height of any individual fall, but recorded the
opinton that the United Provinces practice of breaking a large
fall into a number of steps appeared to be highly satisfactory,

(v) On the subject of cisterns the Board invited the attention of ite
members to the practice and formula in vogue on the Sarda
Project wherein the depth of cistern depended upon the discharge
per foot run of crest, the drop in water surface and the depth of
water in the channel. Sir Bernard Darley pointed out that pro-
vided the depth on crest is not greater than 4 feet, no cistern is
required unless the drop in water surface is more than 7 feot.

(vi) As regards protection downstream the Board considered it im-

possible to record any recommendation in view of the diversity of
opinion and practice. This item required further enquiry,
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- the opini at prolection against lapping action
T expressed the opinion that pro

11131? sfs?cg)qciblepof theoretical treatment and conld best ‘lbe 1metlby»a layer of
gfsvel or broken brick at a little above and below full supply level.

: : types of falls in
: ber 1932—After discussion of typ .
Madﬁxoéargzgl fe§§27gili‘022?eqféum was made to conclusion () of the previous

- year :—

distributed across the
f free falls, a number gf notches _ . :
Widt;: l]):? t}ﬁ: echsgizl l;?ad proved S,latisfa('»tﬁll‘y’}n practice, owing to the interac
ivi i ther .
i he individual jets one upon ano |
o L(Z[f t eH;igh’s paper on the subject was discussed and the following con-
r.

clusions were recorded :— = Mr. Haigh’s note on the Dissipation

(1) The Board is Otf)eﬁ})vt,m%laxgg?tli‘allé, hasgbro}(en fresh ground in the

O eyt this subject, Its value justifies the Board in order-
itflegaﬁlsleprinting and distribution as a Board publication,

ir 1 ferable to a broad crested yveir from
(2) The Shal.'p'creSt%dwwglfr ;ﬁefgf dissipation but other gon&deratlons,
the p,gg:ituloafriZ; and metering, may make the provision of a broad

e.g.,

X ir necessary. ) . ofs
crested Wel:i of the total crest Wi.dth must involve addl‘gonﬁ%
(3) Any conirac }(I)n ;stern. Where unavoidable, arrangements shou
expense in the CIS:EL ‘et uniformly over the cistern entry. Ex-

ve I"éigg ;Ee?; et?gtﬂt{(;d]ial diaphragms on the glacis are effective
peri

for this purb>®* ing wall or baffle, described in
: invi eflecting wall or baflle, deseri
(4) Attention 1s }f;xl?o ;nlﬁ;t;grtl% : 24 by M§ C. C. Inglis (Supem}telnd-
Bombay Techn caIrrigation Research and Development Cire e%i
ing Engme.er;c ensure a reverse roller which scours the bed Wet
T}iis df}fmzﬁg :f the masonry work and piles up the silt agains
below t% ¢ the work.
stream end 0 . .
the .dOWZI\; ember 1933 —After discussing the methodlﬁiioezan‘xls—
Board lﬁw eettmgdisc(;vsse y the Board the following reso
ing the subjects

adopted :— approached with a view to his undertaking

(@) that Mr. C. Cra é‘:}iﬁso‘%e a comprehensive note on the subject of
the prepa

¢« Falls 7,

i ti 2
(b) th&t I\ﬁl Iﬁg{&%?sg)osal for this purpose,
D % .

i Dececan) be requested to
L hief Engineer, Bombay )
(c) thagf Mdr're{::(?xi;bl(ecf;(?iﬁﬁes to Mr. Inglis for this purpofse.E
alior i ¢ Dissipation o nergy
. aigh’s paper on . d >
The decision to Rub‘lgzlsl Lgéofisidgered, and after lil:g;ls:ao? _ff the various
pelow - Canal alls or the following resolutions were e s postponing
criticisms of the pap dorses Sir Bernard Darley’s action in p tpont
(a) that the BoardfenMrorHaigh’B paper on the ¢ Dissipation of Energy

1 that Seeretary could obtain should be placed

ublication ©

2
below Canal Fallsfu ;ther action is taken in this regard, the result
v )

(b) that befor; O;n action on the resolution on falls (above) should be:
ariging 1T ' ‘ .
awsited, ' mbay) be requested to permit an ex-

(¢) that Mr. Ln;w-béwcf;ﬁ?;é’oﬁg by Mr. C. C. Inglis on the following

hat Mt
penmen . ' |
ines :— i ith the model experiments already
' hFor purposes of cor%l pagﬁfaﬁ Khan Fall, construct a model for .
(1) completed ogoglledi :;}llara‘e and the s?me gurface drop, of a free
the same :dth of the channel. ‘
overfall, the full ;glbe conducted as far as possible for the szmie
’e Emeriments shou charge as were utilized in the former experi-
(@, variations of 'qlsclud'e one at a discharge of abeudt 25 cusecs per
0 in s 8 SIS S

}I:i?)%tiﬁ:n of cill in the prototype.
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(41) The experiments also to include enquiry into the effects of vary-
ing cistern depth if time permitted. '

Board Meeting November, 1934—Chairman stated that various reports
were awaited and until they were received there was nothing specifie for diseus-
sion. Mr. Burkitt mentioned the possibility of utilization, instead of destruc-
tion, of energy below falls, and the cconomical construction of flank walls at a
fall.

Mr. Murphy outlined the model tests on the destruction of energy below
Khanki Weir.

Subsequent developments.—Reference is invited to the minutes of proceed-
ings of the Research Committee meeting of July 1935, paragraphs 53 to 59,
pages 22 and 23 of this compilation, and to the Punjab Research Publication
Volume II, No. 8, already supplied to Members.

Item V (3).
Résumé of “ Waterlogging and Land Reclamation ’’,

Board Meeting November 1930.—Mr. Harrison explained methods being
adopted to watch the rise of the sub-soil watertable in Sind. Mr. Hadow ex-
plained the work being done by the Waterlogging Board in .the Punjab.
Mr. Hadow proposed to prepare a history of waterlogging in the Punjab since
1880, and it was decided that similar papers should be invited from Bombay,
Bengal, and the United Provinces, for discussion at the next meeting.

Board Meeting November 1931.—The discussion opened by reference to
notes submitted from the Punjab, and the following conclusions were reached :—

(a) that a high spring level caused salinity of the surface where salts
were present in the soil, but salinity at the surface did not neces-
sarily denote a high water-table,

(b) the effect of rise in the water-table depended on the nature of the
soil, ‘,

(c) where land was only waterlogged, drainage was an efficient remedy.

The Board requested the Punjab to concentrate on Dr. McKenzie-Taylor’s
enquiry on rotations on damaged lands and to favour the Board with a detailed
report of progress. '

The Board requested Mr. Harrison to furnish a report on the progress of
the sub-soil survey in Sind.

In conclusion, the Board recorded its provisional opinion that reclamation
of waterlogged and alkaline soils was definitely possible by lowering the sub-
soil water-table except where a hard and impermeable crust had formed, Even
in this latter case it appeared that reclamation was possible—and perhaps
economically possible—and requested the individual Members to provide the
Board with all the possible information on the subject.

Board Meeting November 1932—The following conclusions were record-
ed :—

(1) Prior to the undertaking of any scheme for the reclamation of salt
affected lands, it is essential to conduct an examination of the sub-
soil by experts in this subject.

(2) An efficient surface drainage svstem for the rapid removal of storm
water, in areas suhiect to appreciable rainfall, plays a most im-
portant part in checking the rise of the sub-soil water table.

The converse holds good. Where the water table shews signs of
falling due to natural causes. the retention of rainfall by ohstrue-
;ifl\il of drainages and the construction of tanks, tends to check the
‘all,

(3) Among others, Dr. McKenzie-Taylor’s notes and reports clearly
indicate that under certain circumstances reclamation of salt
affected lands definitely is possible, but Sir Bernard Darley’s
remarks go to shew that reclamation has failed in certain areas in
the United Provinces. The Board canmot, therefore, record final
conclusions on this head. Investigation should continue and it is
hoped that Members will continue to communicate all information
on this important subject. ' .
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Board Meeting November 1933 —The Secretary reported receipt of reports
from Research Officers, and information from foreign sources on the subject.

Mr. Hawes gave an account of the conditions in Sind which led to the insti-
tution of sub-soil investigations, Mr. Murphy. stated that prior to any attempt
on reclamation of lands damaged by waterlogging or salts, a thoroughly efficient
system of surface drainage had to be constructed as an essential preliminary.
Unless this was done, the various processes involved in the restoration of

damaged areas, were so much wasted labour.

Board Meeting November 1934—After reference to the findings of the
Research Committee on the subject it was resolved that Members should invite
the attention of their Local Governments to the harmful effect on agricultural
lands of the application of irrigation water having a salt content exceeding 60
parts per 100,000 of water.

Subsequent developments—Reference is invited to the minutes of the

Research Committee meeting of July 1935 at page 22 of this compilation, '
Item V (4).

Résumé of ‘“ Staunching of Canals ”’.

Board Meeting November 1932~—Mr. Hadow referred to a mote on the
subject from the Punjab, which included a full description of the lining of the
Bikaner Main Line. Mr. Burkitt instanced his experiences with a self-
stannched channel—the Dipalpur Caz;al———and after some discussion on the
question of the bed silting, the following conclusions were reached :—

(1) The staunching of canals was advisable in the ipterests of conserva-
tion of water and the prevention of waterlogging.

(2) The self staunching of canals by the deposit of fine clay silt was
clearly only possible in those channels carrying a full charge of
suitable silt and flowing under conditions which made such deposit
possible. Whereas the staunching of banks by this means was
fairly cffective, staunching of the bed was decidedly problematical.

nching of canals by masonry or concrete was purely a ques-
(3) Tlgoit{ﬁ econgmics. Where the logses were so high as to render
lining imperative, masonry or concrete hm‘ngs. were effeetive.
There were other considerations which might justify such linings

but, in general, these were not economical at the rates ruling in -

India.
; mber 1933 —Mr. Burkitt stated that while the lining of
Boarﬁfggeggﬁ%rzgfgsvas possible, it was not feasible in the case of an old
a ne;v cﬁ?ch had already been excavated in earth and opened for irrigation.
cana V;’ s the design very different but the time during which the canal must
Not only wa llow of the lining being done, rendered it impossible. Mr, Hawes

Ze :ioasgdazgoi nt of the experimental work being done in Sind in connection with
a

ing the Rohri Canal. . .
gealing the November 1934 —Brigadier Haswell promised to supply the

Board Meeting . ir with ¢ TP
. rk of lining a reservolr wi gunite ?’, He also
qurg ‘ﬁiﬁﬁ ;fet eifoslt);geeggem'ments could be carried out in Baluchistan on the
151:2 ofestabilized earth for canal 11n1ng's;i ; ;
rded :—

ing resolution was reco
The following of the Central Board of Irrigation records its unanimous

That this meeting isting large channels or main canals, is impracticable
opinion that the lining of ex;it)lélf arg A

ini i ounds
. a?ﬁi??: :hgropinion that the lining of smaller channels, branches, distri-
is A

: : e.
butaries, ete., 18 POS&l ning may be economically possible, but that

o s L
Where the soil is permeable, ) table for general use. The search for such

€ A t, sul e . e
1o tmptlerllﬁulef :;;ti&tlep Zﬁsgﬂe’ subject was of prime importance to the irriga-
material, s

tion departments in Ilndlze nis—Attention is invited to the minutes of the

. Sub}feg?)ga;i zgf(;e gﬁ-.eting ‘of July 1935, paragraphs 26 to 31, pages 20 and
eseare n1LEe i

91 of this publication..



44
Irem VI.

Copy of Resolution No. 11, passed by the 12th Conference of Medical Research

Workers in November 1934, and adopted by the Scientific Advisory Board
and the Governing Body of the Indian Research Fund Association.y o

This Conference notes the rise of malaria that has occurred as the result of
the Sing Irrigation Project and regrets that the definite early warnings of the
Malaria Survey in this respect had apparently gone unheeded. -

. Infuture, in all provinces in India, before any irrigation or major engineer-
ing projects are undertaken there should be, where it does mnot already exist,

compulsory co-operation between the Irrigation or other Department erned
and the Public Health Department. P concerne
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PART IV.

' TEGHNICAL PORTION OF THE PROCEEDINGS OF THE
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TECHNICAL PORTION OF THE PROCEEDINGS
OF
O TINa NOVEMBER, 1935, - S NUAL BOARD

Pagr IL.—Professional and Technical.

Item III—To consider the recommendatio

A . : n of the Ex i .

regarding th ; igati ; ¢ uxecutive Co

Ingdia. g the necessity for an Irrigation Adviser with the GOVem;lglltttgg

In introducing the subject the President recal i

refergnce to it in his address to the Board when opel(;?ngdth?r rl‘;;‘ané: Noyece’s

explained that it arose out of the discussions of the Indus Wa}cpers %‘ lngs, and

Committee®. The matter was brought to the notice of the Executive g(fnbu.twn
their meeting in July 1935. The Executi;zmégﬁe

and was discussed by them at
or discussion by the Board and therefore

mittee considered it to be a matter £
resolved that it should be included in the agenda for the next Board meetin
8,

and that any findings of the Indus Waters Distribution Committee should be

put before the Board.
The President then read the opinion expressed by the Ind
of the Ind}ls Waters Distribution Committee to the effect th:{)eg}lgeniy embers
an Irrigation Adviser with the Government of India would have gI')re:ﬁnce of
and that the creation of such a post zvosii

pedited the disposal of that case,
facilitate early settlement of gimilar controversies which- must undoubtedly grise

in the future. .
The President then said it was for the consideration of the B '
such a functionary was desirable, what his duties would be, a;:d é)}?;?h;hf}ggg:

would be sufficient work for him.
Mr, Bedford was of the opinion that the Irrigation Advi
asgociated with the Board, which position would create sufficient i:g:ks}i%gglﬁi;e
The President stated that he was not in favour of a permanent President for
r with the Government of India would be

the Board, and an Irrigation Adviser Wi
400 senior an officer to andertake the duties of Secretary. Although the Irriga-

tion Adviser could be a me per of the Board he did not think his association

m
with it would occupy

his time to any extent.
Sir William Stampe stated that in his opinion there would be no great scope
for such a post un

der the new constitution, and the Board would be undermining
its own importance

by supporting the proposal.
The discussion then turned to the procedure for examining projects sub-
mitted to the Gover

nment of India, and whether an Inspector Genera
necessary for that work. The President stated that he presumed the GLv;vris-
ment. of India would continue to convene sub-committees of the Board to deal
with such cases, a8 ad been done in the past. In his opinion it was better for
a Committee of two OF three Members to examine a project, rather than one
officer. This opinion was also shared by the other Members of the Board.
Mr. Waller stated that if there was a8 DIF case to deal with the Members would
not be able to spare the time to examine it thoroughly. Mr. Bedford was of the
opinion that most of the heavy .work vyould fall on the Secretary. It was then .
o ested that when a big case is required to be dealt with by a Sub-Committee
1 technical secretary with staff should be appointed for the
le to continue with his normal work,

of the Board & gpecia ]
he Board’s Qecretary was unab

Purpos & :f ?chat nature was on haqd, as had been the case with the Indus
‘1100, This proposal was unanimously supported

Then worl'It ibution Comml
Waters Distributl tion was framed and passed.
idered the question referred to by Sir

and the fouowing-resolﬂB d have consi
tion.—The Boar ave cC .
Resolu Fﬁgan'k Noyee in his opening address of advising the Government
of India to re-appoint an Tnspector-General of Irrigation or a
Engineer, and are gf the opinion that the present
rtant projects, controversies, or other

Consulting, = Chich impo
er
gystem un itted to the Board for disposal by Sub-

Y aia]l matters are SuDTLL )
B%igli;ittees of the Board, 1s more suitable. |
.\ d are of the opinion, however, that when such heavy case
T?a&)g be exomined, & gpecial teg:hmca-l gecretary and staff should b:
appointed to the Sub-Committees, by the Board, and the oot
ghould be sncluded in the cost of the enquiry. e
en taken op.
: 1 of the

' Thecy VI was th o ‘ ,
Ttem ¥ Temort, parograph 7, page 85,

opPide Volume
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Item VI.—To consider a resoluti
W L0 Cf olution .
v orkers regarding rise of malaria i Sind an%azze.a;i by the Medical Research
ion and Public Health Departments. peration between the Irriga-

The President stated that thi
- t‘ : at this matter came i
th);emi ;gssgggmlttes ai the Secretary had received :I;o? tf)lfe tl}s:st meethg O b
an abour Department and he desyired igsl’;fl%ltlilgx;m fro;n
8 as to

whether the matter should b i
i thor the matfer s followse :cins1dered by the Board. The President then read

“ This Conference notes the rig
; Y , e of malaria t
glfeﬂltfalsz:;lig ISI;‘Igalthn Project and regrets that tlilzt éleaﬁsn?tc e the result
rvey in this respect had apparently gone un%eeezglg warnings of
ed.

In future, in all provinces in Indi

. . , ndia

ing projects are undertaken there shlc?l’llge{)(;rewin
compulsory co-operation between the Irri at’io
and the Public Health Department.’’ gation

The Presi :
he had maézselge?lgr?tated;hat with regard to the first portion of th i
had put up a gilcllningeza?tlor;fro}m% t’? at it originated in a report fronf reﬁs Olutmﬁl’
A . Ty 1n Potoro and wh . L a 1irm who
gggglg‘?&ped i)w%ng to their staff and labou:'V boei(;?mg(l)amed that their work was
malaria-ridden even before the projectgcamvzn ‘1’;1:(1)1 anletma. The
Xistence, and

although there was the ibili
possibility of i DI
was opened, there was 1o data, t}(; (;ug;)fgftrlt&lll zlilf“;liggv Increased since the Barrage

With regard to the se
that h i cond Dpart of the resoluti :
This wfazvg;:ega&ogr olfl zlorkmg In co-operation witltogcll’leM I\Eecfltimhla{)dson ated
s sy ey e o B nd e (g sl o
. )y . ’
Government of India, Industries and La%%gg g)e;gﬁﬁzz'lccate 2 copy of it to the

Resolution.—The Central B i
: ntral Board of Irrigation ha
: g;:::seoii; I;Iheedli;ilidlziggaggh V?orkers find tvlfaz1 (;theg'ethhagst%:el? %
: _ : malaria in 8i ' o
there is sufficient evidence to decideutlhglzzlza(tll’lslt)eut %%e nggar(:;)nmder
. agree

ers that close co-
uthorities to pre-

Y irrigation or major engineer
ere it does not already exist
or other Department concerned

Item I.—~To consider th i
. . e P ,
regarding water rights and the repfyefszl?:?;tg tet

The President stated th i
t copie
Agenda (pa hat copies of the letters h ; :
M%- . Ric}g)r dgsi)sn2lzatr? ‘2\3#& I:ch:snggpgrt)t,h andbsinceS tha;ad igzle;ela lonfcltliiei;gngle
1' 8 "\ ‘ - n es j i i -
circulated to the Members. He asked Mr, R?cﬁfg’s:gptlssoginwz‘};ch d_had been
e discussion,

Mr. Richardson stated that in hi ini
of water i S hat in his opinion it wa
refo:mzrilr'lrgi‘ggiig;ﬁmtely laid down as conditions ;eggcgﬁsar}: to have the terms
Wwas not a reserved subject. He fearegnt%l:tg’wil’:d um.ie;tt%e
er might be

used as a political weapon, and the cultivator would be rendered helpl T
. elpless. The

Northern India Canal and Drai

l ralnage Aect did ific ri
persons who were entitled to water and unleslgo’fh%';,i:g eslgzﬁl;:f‘thtsl in thgse
e claim under

the Act he foresaw considerable difficulties in the future If that
. at were not

possible then he advocated the ; i
With complaints of water b ft:;g()ducmn of a Water Board which would deal

The President referred t '
) o clause 21 )
‘ :flz;.)t%%ttl;at the owner of a Watercourse ngs gllliit]lge(:lmbay
ubject to the rules in force. This would appear to tgl:l

ter to the Government of India

Irrigation Aect which

t .
lon was made and approved, water need not be given. H

case decided in 1 : -
ontlet, n 1902 which ruled that the Executive Engineer could not close
IR v an

- Sir William Stam
‘ampe was of the opini o . .
tors o as pinion that
vators secure against intetference under the ne\;’rc :‘;?ls&gfl:g::lebz %akgigu lﬁ;
’ R S b e no

rared a régumeé 0B _
_g;,f this Re;port)‘;im.t re_g;ﬁtten had beén consi
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think a Water Board would serve the purpose as speedy disposal was necessary
and there was bound to be delay if they had to be dealt with by a

in such cases, y
central agency. Mr. Lane agreed with that view.

The President then read the findings of the Indus Waters Distribution Com-
mittee, to the effect that they were unable to frame any rules for the allocation
of water, but had endeavoured to act according to the general direction of the
Secretary of State, namely, that in allocating water, the greatest good to the

They were of the opinion that, generally

test number must be sought. . :
 aking, 1 ights in water 1n perpetuity should not be allowed.

gpeaking, the acquiring of 11 :

After some discussion Mr. Lane .propos.ed-thafc a resolution be framed re-
cording the opinion of the Board that in the irrigation acts of the various pro-
vinces the right of application of water rights required to be defined more
precisely. Mr, Bedford did not agree as he.tho_ught the resolution would cut
across the findings of the Indus Waters Dlstrlbufuon COI.nIDIt.Itee,

Diwan Bahadur B. Narasimha Ayyangar said that in his opinion the main
factor to be considered was the question of claims for compensation, and he
thought it would be dangerous to define the rights. After further discussion the
Board decided to take no further action m the matter.
| - . h isitors were invited to joi

i esearch Officers and other visi o join
the Iﬁﬁeg@,sﬁiﬂeﬂzﬁx, Part II of the Agenda, was taken up for discussion.

Jtem II1.—To consider the qufes;cion of means to secure the equitable distribu-

i " jrrigati ater in the future.
{ion of irrigation W ater o sestion had e out of fhe diseussion

: lained that this .
The Presxdentts e};}% :he Jast meeting of the Board, when it was decided that

on Water Righ ° : . . (
i means suitable to thp1r own provinces, with a view to
2{2::112:{:;2'3 %Ldé ;%?:iuxilfgeting, and he would like to know whether Members had

considered it. e e ]
: 10 tated that in his opinion the only means of securing
S1r. Wlllh,:i? tggﬁ?oenso% water was thropgh the cg-operatwe or volume_tric
the cquitable Ci8 in the United Provinces on tube-well irriga-

. ful
svatem which has been SuCCEss the whole supply of a large channel or distri-
tion. Mr. Inglis sai that where or—like a sugar company in the Deccan—sale

ol m
butary was sold to & single cOMCH :table but it was impracticable in the case of
of water by measurﬁmﬁ?ﬁlﬁﬁsrseﬁned to the Contract System which existed

small cultivators. water of an outlet was sold to a cultivator or
in the Punjab No guarantee Was given that the outlet would get
cultivators throughout the year or any season, and the cultivators took their
full discharge tor lgfactor was generally in the neighbourhood of .8 for kharif
chance. The qup]ﬂY Lacey said that there were two aspects of the case, that
and .7 for rabi. 1‘-1 24 the equitable distribution of supplies, and pointed
is, a fair basis of sale, & ic or based on the acreage matured,

Jlumetr
out that Whethela tl;?;:‘l,:sa;vizge‘:}fen the demand was in excess of the supply.
difficulties wou‘c oo that fhe £wo aspects were adgmmstratwe and techmca.l.
The President stateé Sealt with the administrative gide of the question, and it
The Board had just the other side, but as there was nothing before

1d have to be obtained. He was

ider
s now for them to COBSIC T & o rmation wou
the apon, further lnfﬁould be taken up first by the Research Com-

Board to go up $
f};ethe opin.ior}c th%;tgfe %ﬁ:ﬁm ?l_‘his was agreed to and the following resolu-
er ) ' '

tion was passed. of the opinion that means to promote the
.Resolutio@.—-The . ?r‘;g;‘gioﬁrﬁf irrigation water should be considered by
equitable dis and that in this connection the aspects

the Researchd g?‘gﬁl:g:’g for such water on its equitable distribu-

he metho !
:c)ifo:; ghould be congidered.

n u .
 Ttem V w88 '.chen ta:;; sull))j ects brought forward from the previous meet-
Item 17.--.—1’—?(31 d&%’::rss" Reports, and the resolutions of the Research Com-
ing, the Resea : '

mittee. ire on permeable foundations.

1) —Destgn o We » .

Trene V (,1)' Df:;‘;i th£ Chair the Secretary stated that he had pre-
ruetions o 4 Chieh would be found in the Agenda (pages 38 to

the Sijecs.ént fosition was that the question of Rai Bahadur

fthe Pre » idered by the Executive Com-
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rules on certain points for the guidance of engineers designing such works.

At the invitation of the President, Rai Bahadur Khosla, st.at.ed that since he
spoke on the subject before the Board in November 1933, a considerable amount
of work had been done in the field—notably at Panjnad and Khanki and in the
Irrigation Research Institute at Lahore (Punjab). Tt had been established thq’c
the field results could he exactly reproduced on the hydraulic or the clectric
model, both for homogeneous subsoils and for stratified ones. It had also been
established that the seasonal variations in field due to silt and temperature
changes could be reproduced equally well on the two

types of models. This was
an advance of a fundamental nature, as it laid the foundation for rational design.

head, and the discharge and nat
soil the most economical and safe design could be worked out,

The controlling factor in all designs was the exit gradient or the hydraulie
gradient, at emergence at the tail end of a work. The limiting exit gradient
was 1:1. Above this value the subsoil gt the tail end would lift up, resulting
in failure of the work. For seeurity a factor of safety was essential. Four was
considered a suitable value for thi.

ure of sub-

The other controlling factors were the depth and location of the standing
wave. This latter must occur well up on the *‘ pacea * floor, These factors
determined the length of the downstream flooy and, in conjunction with uplift
pressures from subsoil water, the thickness of this floor.

Rai Bahadur Khosla then stated that he had written a note (Appendix IT)
giving a general outline of the Scope of the work to be covered in the revised

edition of Publication No. 8, which he hoped would be ready early in 1936, but a
certain amount of investigation at the

Research Institute had still to be com-
pleted. He said he would like the Board to decide the factor of safety which
should be adopted for the purpose of the caleulations, The President said that
the Board would like to have hig vi i
brought up at (he time the revi

Under instructions from the Chair the Secretary stateq that a résumsé on
the subject would be found in the Agenda (pages 40 to 42 of this Report), and
called attention to the minutes of the last Re

L search Committee meeting (page 23)
wherein it was resolve

d that the reports of Messrs. Gunn ang Inglis should be
awaited before the matter wag further discussed. S

r ince then g copy of
Mr. Gunn’s report had been supplied to Mr, Inglis,

Mr. Inglis was invited by the President to state what the position was.
Mr. Inglis said that from hig investigations he had concluded that the Khanki
design of downstream treatment with arrows was very satisfactory for weirs.
With regard to canal falls, he found that for low heads the non-flumed desi
was suitable, but for ordinary canal falls the flume design had given the best
results. From the hydraulic point of view

' ) the flume fall wags satisfactory, as
also for distributarieg taking off upstream.

He-was not sure of the question of
cost, and suggested that the two types should be dealt with on the same lines
and the costs compared. L

type designs, as suggested by Sir Bernard Darley.  The question of cost would
be considered at the time of deciding

g upon the type to be adopted for icular
conditions, Mr. Lane said that he had been g ot
fall, but no such fall existed in the D
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' : flicer placed on special
ful, they should be studied by Sa(t)nmg typicali designs for com-
had praved successtt ' who should then prepare 1d be prepared for those types
duty for Ehe %urlﬁf:f 'which standarg desiﬁ?cg?:r conditions, for discharges of
parison of cost, a be the best under D -y
whlclh0 gve5r(;30 f(l)%r(l)((i) té’ 000, 5,000 and 10,000 ucl:seOf exporiments on falls should be
say ! P sults e . in types
: ; that the re nd if certain typ
The President Proposei(ilng of the Rggearch foﬂfllltlffek;eacompare 4 with the
considered af the ne:;t mearticular cOn,dluons’t't > The question of cost would
were found suitable Ol;ufd guccessful in prac lce:a s over which the type designs
designs which had I’)é:ored Meanwhile, the rang agreed to and the following
also bave o bep(frl(l:ll “hould be decided. This Was |
were to be pre

i . designs for
regolution was pass d approve of the proposalftl;ﬁt toyg:iozstﬂt the
ResolutiowTTFh:llSBosa}‘irould %e preparedt,h anltlle xatl';l Ze tinf; OIE the Research
Canal 1d be considered at the hould obtain plans of those
guemsmtmiaezhouMeanwhile, the Secflflt, agdg tﬁg ranges over which the

o .

i oved success ange
pa gea};li(;l;l: :;7: ‘g)rbe prepared ghould be decide
type _

. d Reclamation.
logging and Land © invi tion to the
B dsion from o Presidon s Ssrlar Ivifedstenin i
Under instruct}onts lf; otxltlle Agenda (Pagegz‘;tz %e read out the Committee’g
tésumé on t,:;le sﬁzgzirch Committee (page {th a salt content of more than 6
minutes of the

t irrigation Water, & o oil, provided
lution to the effect that 1rng§:u1)11;eg et Wt detriment to the soil, pro
Teso
1
parts per

; : soil, or in both.
00_,000 Ofl ‘f‘;;:f ;f;:gnt in the water, or ln. fhe s0 ,1d inform the Board
there is sufficient calcl McKenzie-Taylor if he cou t be detrimental if
The President then asked Dr. h the water would not be
e tent up
t con

to whieh in both. Dr. McKenzie-Taylor
the limit of 8 ent in the water or soil, or 1n 00

hat
uld be used, but above t
caloium were pres 100,000 the water c0

d to ex-
rts per 1 ing damage. He referre

replied thatt;llp tov};7 f: Posgibihty oflgsngﬁulllgi's contention, and alsosto work
proportion Ameri

istrict. He
. in the Sargodha Distriet.
iments carried out in al area and in jab Irrigation Research
gg;e i?‘zie Lower I?aflhfgﬁe%aﬁvolved at :/}cl:r 5;1: J:iﬁtab{e For irrigatli(%l or
formua A% hether 8 ¥ bove 60 parts per 100,000
stated that a 1d indicate W tent was not a + could
itute which wou if the salt cont n 60 and 117 then i
!I:;'Z:tlt‘ﬂecould be 'i”l‘l‘dgﬁgfwt:ls safe ; if it was. t‘)’st,zeleﬂ it could not be used
y hen the
arts water, ¢

A causing damage. , ‘ far
Fon, which was sesepted ttention to the fact that from roewte 5o far
ton, ;on—The Board call nsed for irrigation withou d 60 parts per

Res d“:m:' water . I‘zﬁbl;: galt contents do I;:ji:é;x:?d up 1‘;0 a salt
a7 3¢ its 8 e that propo .
000 palrfts of wateé;-e ve‘l?g. maxf safely be usgxtll l?ol;%wdil b:};gr:
ioogi;ent of .9.b01£1‘ﬂ:_‘l 212 either the 80i i 1?51 ty;a(t);rl,) x?:v(lanting aamage-
is caloitim P90 there is 1o posel ion was bound to arise
st et e walrlgging qustion vaa bound o ais
The Pr“ideﬁtsols:‘:i?n indicated gﬁﬁ: from the work being done in the
r -

ittee
again, an%h 13;9 further resﬁt’: Z::fd be considered by the Research Committs
raiab and in Sind, the rest

Boer jab and Sind be pooled
ond then later by the tod that the results from the Punjs
Mr. Bedtord SRR, o President

and clroulated, comec ¥ (8)—Shaumehing of Canals.

: ecretary invited referemce to
' . 'froih the President the(‘gase 43 of this Report), and to
. jons 1rord LU 5 Agenda 21), and the resolution
Underémt?;;“guy tin W iittee meeting (pege 21),
the réspmé o1 ﬁ'fa aarch Cotibr =~

n e F | o TR
the minutes of ﬁ*‘?l”" .Ca — Cain CuC?ia.) Xm
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of the Committee to the effect that although some of the types of lining already
experimented with had proved satisfactory in particular cases,

: there was still
need for further research in an endeavour to evolve an efficient and cheap

lining for small channels. The President then asked if Members were able to
report any further progress on investigations.

Sir William Stampe and Mr. Anderson stated that experiments were still
in progress in the United Provinces, but so far they had not been able to improve
on the brick in cement lining used in connection with the tube well irrigation

schemes, which had been discussed at the last Research Committee. There-
after, the following resolution was passed.

Resolution.—The Board confirm the resolution of the Research Committee
that although some of the types of lining already experimented
with have proved satisfactory in particular cases, there is still

need for further research in an endeavour to evolve am efficient
and cheap lining for small channels.

Item V (b). To consider the summarized reports on irrigation research

during the year, and the conclusions arrived at by the Research Committee at
their meeting in July, 1935.

The President asked if any Member wished
the reports, as some of the Research Officers were present and would no doubt
be able to reply. Mr. Inglis asked if Mr. Lacey would explain the methods by
which the losses in channels recorded on page 31 of the Agenda (pages 8 and 9 of
this Report) were obtained. Mr. Lacey gave the necessary explanation. The
President asked whether the case of a long reach of canal in which’ there was
an off-take had been considered, because in such a cage jt had been found that
there was a variation of discharge at the lower end. He thought that this could
probably be connected with {he fact that during the day the evaporation losses
were greater. It was apparent that no such case had been considered.

The President then read the Resolution of the Research
49 of the Agenda (page 21 of this Report), to the effect ¢
considered it necessary to estahlish standard

that Prévinces making such investigations should submit a note to the Director
of the Punjab Research Institute describing the methods used in their Provinces.
The President asked Dr. McKenzie-Taylor whether he had received any notes
on the subjeet. Dr. MeKenzie-Taylor replied that he had written a Memoir on
the subject and it had been sent to the press for printing, but he had not received
any notes from the Provinces. Mr., Inglis and M

. : r. Lacey stated that the Punjab
methods were in use in the Deccan and the U ited

: nited Provinces. The President
then proposed that the resolution of the Research Committee be acceptl;ad, and

the following resolution was passed by the Board.

to raise amy points regarding

Committee on page

hat the Committee
methods of taking silt samples, and

. The President then read out for the consideration of the Board the resolu-
tion of the Research Committee on page 51 of the Agenda (page 22 of this
Report) to the effect that it was essential for the temperature of the water to
be taken at the time silt samples were taken, as temperature changes affected
the viscosity more than changes in silt content

» and that the Committee found

that the data relating to the Jamrao Canal stable channels appeared to confirm

the Lacey relationships.

I Present a note t

the resolution at the next meeting of the Research Commitg;,le,t l;;c}aftoirtl?: l.ttim?tg
being he proposed that the Board should accept the first part of the resolution.
This was agreed to and the following resoluti

¢ Oon was passed.
| Resolugon.—"ahe ﬂlfc;az'g. :,ccept the recommendation of the Research
;_ ommittee that the temperature of the water sh d
! The at the time silt samples are taken. vater should be recorde
e President then read out for the consideration of the Board the findin
of the Research Committee on page 53 of the Agenda (page 23 ofr this Renort%
to thg,effect that the wse of models was of immense value in the study of
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is to give the Board an account of
: sked Mr. Inglis to give the ; :
irrigation })roblgmds(,mzéllgt %?oona on the model of th?ttfetverM(ialﬁegsﬁ ;n ‘i'zlrl)lllliil
goenngf%{thhilla Hardinge 1B];idg]r: ﬁtgnc%?llgle Clgmmlresident. expfa'me 3 what (%m %
t it w e ittee. The Presiden

that he thought v‘doult with the case on the Commi .
ag he had deall had seen the report
been done, as he had (ul , had not seen the model he ieved. H
id that although he k, and the results achieved. He
Z}Sirtlaisnaill(llf-’; fh?he pholographs of the “;(%r a rough diagram, that the River

e means . ( ’
then proceedeqCl ti’{;"({ilr?ég };)fgdge had a fairly straight approach for about
Ganges above the &

' i had changed its course several
three miles, but in 1'900?5 }-'321111‘; iﬁlﬁgggrso had affected the direction of flow
' . bridge anc

wn acro : : ;

eared to be thows & tive bank and the Right Guide Bank,

Egb;g;g&t:%:g%en thi Dam}ﬁ?i? }c'}.;ze%rli‘:ige. It had been proposed to con-
o i e 58

i tective bank, and to cut off
: ith the Damukdia pro thot was
mect the Right Guice Bal}kt;)(vi1 on the left bank above Saza{lcteBcf fsoel;?erala spurs
e protabers ever, tho Raiiway Depariment bl peleieid, oot LS
decidedt:%);tl}‘(‘))w‘five;t the water A0"0 ;c;)gl%lxr and it was then decided to ask
in an atte ,

e -

i had ot proved Sucpret. to construct a model of the river

:ﬁg %ﬁi%ez;y ggf,zemmegt_(’;o eallow Mr. Inghs ts had shown that cutting off the
: the bridge.

for 16 miles above

experiments : 1 th
he left bank Wg‘llllled‘ c)l?ﬁnitely give the water a straight line o
rance on the )
g;%tlli)zih to the bridge, but the co

ot of that work which entailed about 30 crores
d
cubie feet of earthwork, mostly har

clay, was prohibitive.
Mr. Inglis had also eliminated th

i tive bank in his model,
e Damukdia protec ;
d that the embayments were deeper. From the results of the
; tha
but it was foun
experiments t

i i the
he Damukdia protective bank amd
hey had concludgflde%]figet d(;ngers to the gafetYlﬁ)fW ?1112 r?;;ggf(;

protective do3 that the latter bauk be removed to sllow the Tiver to
It had been recorinev and thereby make}: rotected. It was also con-
attack the prOtubemnf’i sey would have toB:nrll The President stated that
bridge. The colong; a;g:tend the Right & ullfil: contefltion that any protections to
gidered necessgrt);mt Spring was r:lgltﬁtlgf the length of the protection should Pe
they had foun continuous, ali conclusion, the President asked MI{e Ing 1}511
; rosults of tho xperiments bofore the Hescareh
whether he Proposiy to which Mr. In%?fﬁﬁ? the Committ}il:ee' g saidt 2;:: )ﬁ:ell;g

) to be done if the experimen _

ished by D nt of work Irrigation and Railway

Do still 5 considerable 1 be of very great value -tf;t  model with which one
was 451 ted, and this WOUI, d the use of t}le ‘ P}; urs. The large model how-
comprzmel’lts. He explmneas.reproduced in six hours. The largo mod e
Depa; flow in the Ganges v;‘on and took almost af m yverv asefal for its
year ™ much slower it Mil the ¢ pilot . mode ;;,%swas gbing to happen, so
ever we> k hours. A.lthoug eral indication of wh ly, it was not sufficiently
model 1x)qchat is, to gV & gellci be regulated accortzlll}g Striu; resent state of our
’purtp o:ﬁ,e large mOd?lledcgtl)lncl‘uSiQns to f?errﬁﬁc?fe zlx?eetingl'),' he considered the
i}éz“mte o A hgeltlzld already said sﬁ 11)2 continued, but as it was of interest

hovlzlecl%e;) ¢ very great v:l::dalﬁiﬁgzys, gome arrangement should be made for
work W : .

to nearly ot from the centre. 4 until 9-30 aae. the next day. -
meet'lrr;_)ge t;i fﬁng was t'h(ein :nggiethe 5th November and proceeded to discuss

v : m‘ble a o ‘

he Board 888" 5 taken up.
the i'.fems on fh; ;f;nﬂ of the ]&Send& ;a;ad kindly promised to read a paper
. 0 - .
m - that Mr. L# deliver it.

Tee President stated asked Mr. Lacey to 11 of the Agenda compila-

The & Flow , sod e seen on _page 89 A
on ‘¢ Regime at it would are a publication on the design of regime

tated t rep! » jeot in 1931, Technical

Mr. Laoeﬁ’as been ?‘kedwnt?ttgmg paper on the ::Efentmlrrigation Branch,

tion thet De he had Public Works Dep date by summarizing

10 . Actual y Provinces,, pring the subject ?p'to, a . i
o No. 1i '[g(xln Hiogtion would PHINE ST S0 olain  simply his hydraulic
y P

] 1011C8L VT r oPOSed
but the gx;%g; ¢ work. ‘He now pro
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theories, as not everyone had seen his 1931 i ibuti
the Institution of Civil Engineers, and it Wogﬁlp: o ae s contributions to

o Tve as an introdueti h
publication he had been asked to prepare. Mr. I, a troduction to the
the subject (Appendix IIT), at the conclusion of ::I}lrl:llll etxil: elgge&;icli)glif tllllflfkgg

him for explaining the subject so clearly and concisely.

Ttem IV of Part II of the Agenda was then taken up

Item IV —To discuss the subject ‘¢
by means of embankments ’’,

The President opened the discussion b tati
for the subject being added to the Agenda,}L: ?:llf

Tortuosity of rivers and their training

g that ag he was responsible
that he ought introduce it

was merely an attempt to indicate the extent of
lines of investigation, and the last paragraph Of(f') thtfl: i&?iﬁﬁf Zﬁtgnrtnheed ?gisible
p.

The President then asked Mr. Lacev }
rubject, to which he replied in the neg:{ivlg., 1;)?1 th%% E;ﬁpared any note on the

with which he was in agr , seen Mr. Inglis’ note
his note. greement. The President then asked Mr. Inglis to read

Mr. Inglis stated that it was very short i
ciples, and then proceeded to read ilt.y ?ﬁgpeﬁ?xmﬁﬂy e with first prin-

invited the Members to discuss the subject. The President then

Mr. Bedford asked if Mr. Lacey had been able t

relative effect on tortuosity of the variations in silt agdfggzhz?gidealf: %)a(t!}el;
; . e very 1 : ppr
with fine materials. Surplug energy would appear to be %S::&%Yinas;i%g:zﬁ

of the Indus River where the material was coarser aféd?ﬁz 2&3@?&%‘3’3

what the discharge demanded, the energy wa d i i
éc;rmin% islands and ipcreasir’lg its widgtSIr) ansd s(s):ri)&e?esgtﬁl'le ﬁ::;dstg‘(i):l migl’{
f e material was occasioned by the slope being in excess of the requireuientg f
he discharge, and always occurred in the lower reaches of g river ° 0

The President stated that there was more tend :
the river flowed at a very flat slope than at a steep :Illggefor T oig
the Indus at its mouth where it bifurcates into the Ochito and Hydari ri
At one time the Ochito, which is a meandering river, took the bull}{r :fntﬁ‘lvg?s.
charge but in recent years the flow in the Hydari, which is a shorter and te or
river, has increased, and that branch now takes practically the whole of tsilgegiesl:

charge. Mr. Inglis referred to one length of the M i ri i
time was 250 miles long and was now only about 150 I;S?g:n 'f‘}liae:hvgxl'ltlglr:i:é 1‘::3

taken place as a result of removing dead trees
MOV and snags, H ini
that the degree of tortuosity increased as the differegce betiv;ls s(;fti;rgn;::;

scouring velocities increased. ~ This would i i
. . . * e 1 i
sive meandering of rivers in clay reaches. xpiein the Missouri and the exces-

Mr. Inglis then stated that he had been aunthori
] : orized b i
tﬁ g%t his report printed, and as extra copies could be suf‘)rp{i}::l ?:1 ll\zveagb?ragg
the Central Board of Irrigation for their Provinees, at practically the cos of

the paper, he would like to know h i )
that he could make his indent avgco f§nl§f§fy copies were likely to be required so

The President then passed round Mr. Inglia’ )
Bridge experiment and asked for the number of c%%liless ::(flfi’fe gn the Hardinge

After enquiry from the Members the Secretarv i :
tentatively, 400 copies could be considered as the gaﬂ%r?eﬁiﬁ'{r. Inglis that,

ements.

The President then said that the question i i
the research on this subject should beqdiscnaseadslfo X}l;ogzidg om]g e Somtime
informed them that the Bombay Government would not be able to ¢
their Research Statgon at Poona, and it was for the consideration of the' d
whether research with such large models should be continued, and what ari‘ e
zz;?ﬂgg&%lgeomle ]i;or lgxe vﬁ)rk I'fo be do(llle, and whether it should be m:geg ‘:

of the Board. Mr. Lane sai t the questi i ?
Research Station at Poona was under oonsigfal:actgn, (gfgtlllﬁifgt@lggﬁnﬁe
decided he thought the work would continne. The President continuin ata.tet};
that he saw the necessity.for an experimental station whape large - mo%els of

andering where
, and cited the case of

on

‘from Lake Fife it

" used in the experiments,

- Poona could bo X¢ p or returning fr

‘irrigation regearch

‘Gu
r, Lane had : O,E'M" Sen B
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lengths of river conld bé installed, and at one time he thought it would be a good
0 . .

tggg to have one near the Barrage at Suidaur. o Province conld or should

i ted that in his opinion Bo single Trovince conid or should

Mr, Inglis eta re, and it should be the work of a special

take on exper imentgln;‘(;’frﬁfmt%ﬂz ﬁ‘t‘ra. He was of the opinion that the work

research Sifati;z,:tnﬁ:e to be dene by scientific Pundits. Mr. Lacey supported this
was not of a '
view very strongly. d that he was in favour of having a central research

tate .
Mr. Bedford s incial stations.

station as well a8 pron' . inion that Poona was admirably suited
Mr, Inglis, contnzug;gx; %:vi%c I;lfogi%ed the necessary facilities, and the
for such a rese?lrch 'i?hz existing Research Station had an ample supply ofdwa;cﬁr
climate was good: that no pumping was required ; the
4 s good command, S:he water was clear for ten months of

i d :
discharge was free from,ﬂuct%:;?;nf:;or, ag different grades of silt had to be

 That was an 1mpoT ter already contained silt it was difficult

e o . andtlf %ﬁez-vea;as also an advantage in being close to
gilt cpntent-Poona which was dealing with the closely allied
Station & nd had rendered them valuable assistance.
dynamics, & would be easily accessible for all Provinces.
four hours from Bombay ; and so was handy for
ached in fo om leave. aSllr Bernalll'd t];zx,.rley lft:éte% glaa:
ceeding 0 Ies a central research station, but at tha
zﬁgsig:iZultﬂl’ﬂ gom@ssl‘i?;: ?v;::)ﬁeedls came into practice, the provinces were
time, before the extensive e He thought it would be a question of going
4 vincial statian®. X tral station. The President then read

; f pro .28, .
11;2 fgz %ﬁogingeﬂ ZS,) su?sfﬁ';bﬁsgort of the Royal Commission on Agriculture in
o

to get the desil:ed
thegMeteorologlcal
sister science of aero

India was 80

aph osed in connection with agricultural
f:giapﬁ?f}f }i)eals with the proie‘;l;a% g‘(g; vovibed therein ould bo spplied fo
and stated that the P ¢t the Central Board of Irrigation *’

merely bi” ’“bsgﬁﬁgfrih », In reply to Mr, Lacey the

cil of AS‘,‘ic“ : lems, for example, the Hardinge
for * the COIne’ d certain pFOb : as’ required, but he agreed that the

research,

Pregident eaid 1 which & central Stalt;:l}chzir own local problems, The Board

Bridge wse’ﬂfio%e encouraged to 80

inces sho ) tion.
provi’ d the following resolu considered the present state of hydraulie

: i d having
Resohution—This B, capecially by means of models, find that the
resel“”' 80 19,111‘1 aﬁ%aﬁi‘t’ea that the time has come to expand the
wor
nd the capacity O
w%z];tli‘:)lmresearch station 18 neon
S ation would be a.spemal resp

st of any one Province to finance, and that
ity © S(r,egsary. The conduct of such a
sibility of the Central Board of

sta.tn:;i T with & view to keeping the work in touch with practical
o otio :
considerations. resent Poona station for such work and

. itability of the P ' .
gpecial Smta"! ) o be closed down almost immediately was
The tlﬁa fact thathlt ;ztlelx‘fgfgntgf tehe Board indicating that immediate
brought to the 4. It is not intended that the work of this central
action 18 rquil:: éhall be a substitution of such research work as

; research st& Hly be done by individual Provinces for the solution
a

must 0eCeS7 lems.
 of their local p;%};d in paragraph 49 of the Report of the Royal
The system desc Agriculture in India, dealing with agricultural
Commission fé‘ appear to be eminently suitable for hydraulie
researcll;,v:;‘;‘; andpis cuch as is contemplated by the Central Board
research v

of Trrigation. aper (Appendix V) on the tortuosity

ta walllo I;zdtﬁ’gjpjjﬁfdabﬁ the President to describe briefly the
g Wi

" rivers in Bemga LT ote. . '
obdervations contained 1;1:,1;329(1 his remarks by saying that he had not had
Mr, D. N. Sen Gup te which he now submitted, and still less time to
much time to prepare the no ghly, and for that reason his note would

thoron .
. trioate problem VeIY b T mpt to place before the Board observar
:me:gtin nsri’ve. It Wﬁi:gr:f whigh might aesist them in their delibera-
$ons from some of tl;ie f:ﬂgsiow od that the rivers were more tortuous in the
e o ;
tions. Iis observa
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upper reaches than in the lower ones, and that the tortuosity was affected by
the discharges, with particular reference to branches taking off the main
stream. The Ganges started with a tortuosity of 10 per cent., then fell to 5 per
cent., increased to 30 per cent., dropping again lower down to 15 per cent.
From his observations it appeared that the tortuosity of the rivers increased as
the discharge was reduced. The introduction of artificial obstructions was also
responsible for changes in tortuosity, for instance the construction of the
Hardinge Bridge across the Ganges. He had seen the plans on which the
course of the river had been plotted for the years 1868, 1915 and 1933, and it was
interesting to note that whereas in the year 1868 the river was very tortuous
above the &ite of the bridge, in 1915 it was fairly straight, but in 1933 it had
assumed once more a tortuous course. The flow in the river was considerably
obstructed by the bridge, and tortuosity followed. In reply to a question from
the Chair, Mr. D. N. Sen Gupta stated that the discharge in the river at that
place had not changed appreciably since the bridge was constructed.

Mr. D. N. Sen Gupta stated that there were so many rivers in Bengal to be
studied and so much data to collect, that it was not possible to investigate the
subject properly unless special facilities were provided.

The President thanked Mr. D. N. Sen Gupta for his remarks and said that
it would be better to put the matter before the Research Committee at their
next meeting. This proposal was agreed to and the following resolution was
passed.

Resolution.—The Board consider that the subject ¢ Tortuosity of rivers
and their t{raining by means of embankments ’’ should be included
in the agenda for the next meeting of the Research Committee, at
which they should consider the lines on which further investiga-
tion and research were necessary, and the steps to get the neces-
sary investigations undertaken. 3
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APPENDIX 1.

m————————

BIBLIOGRAPHY ON LiNiNG oF CHANNELS AND Guis,

et e

1904—1910.

1. Punjab Irrig —Tests of linin ; .
lime slurry, cement slurry clay puddle and coal-tar were ma?ise (;xfl fﬁdﬁuﬁ}’ bhydrau.hc
linings 4 to 5 years old the efficiency ratios compared with unlined charizl' ith
erude oil 1|16 in. thick 40, oment slurry 1|16 in. to  in. 5.7, clay puddle ﬁe.s were
5.7. The cost of crude ¢il lining was Rs. 2-8-0 per 100 sq. ft., cement slu ]1;: tvh lek
to Rs. 3 per 100 sq.ft., clay puddle Rs. 3 per 100 sg.ft. Concrete linings 1;?; tl? . 240
efficient, but the materials used and the workmanship must be the best and close supeiwr‘l;:t

n

is very necessary-

ation Technical Papers.

1913.

Newell, F. H.

9, Principles of Irrigation Engineering, N. Y., McGraw-Hill, 1913.—0
55-6 discusses lined ecanals. Where concrete lining is used it is :econon;i ln_ pages
the side slopes 78 steep as possible. In placing concrete in canals Wit?la fo make
great as } : 1, it'is ovdiparily —necessary to use forms. With slopes of 1 hso.pes as
to 1 vertical or flatter, form3 are not required. Canal linings are usuall orizontal
in slabs, of 10 ft. or morc. 3 to 6 in. thick. In cold climate the cmtomar; tc}?im;tructefi
6 in. Weep Doles are used to prevent excessive hydrostatic pressure behind lin(i:n::&;nlg

&

frost damage.
1915,

N. Y., McGrow-Hili—States that

Eicheverry, B. 4.
and  Engineering,
avourable soil conditions may be taken

3. Irrigation Practice |
minjmum thickness: for concrete lining Wwith £
as 1 in, and preferably 14 in.
atement ghowing
g irio accoun

Gives tabular st qariation of thickness of lining n

> ecessary
various side slopes takin t the slope of the repose of the Eaxth_ for
ods of laying concrete. v

Describes meth
ous linings

Gives table of costs of vari

schemes. .
Gives & general formula for determining the justifiable expenditu ss
which linings of different costs can be used eco!;)]:; aﬁ‘ll;mg, and

whick have been constructed on different

the rate of seepage for
C= ..S_gl(-i g — 26-4ipo
26- 4ip Qvd
(=Cost of lining per square foot in cents, which will vary with the thicknoss.
Q=rate of loss by seapage in per cent. of flow mile.
Q=fow in cansl in cubic feeb per gecond.
v==value of 1 acre-foot of water, in dollars,
* de=pumber of 24 hours days during which ocanal is operated,
pr-langth of perimeter t0 be lined in feet.
j=crate of interest, repairs, depreciation.
o - 1017,
Hording, 5. T,
’ ion Systems, N. ¥, McGraw-Hill, 197

S Operation and Maintenance of Irrigat
Discusses maintenance. of concrete-lined canals on . 71.2. - Lining reduces maintenanoce
oconts by preventing ~suatic growths, erosion, gilting and canals breaks. In somhmgn
Califorhis as.»mmskiike’:mmh"attaches;itseﬂ to the concrete, making 3 to 4 cleanings
s6ason DEcessary. : ‘ ' per
L140BI .

&
o ]
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| 1919,
Davis, A. P. and Wilson, H, M.

5. Irrigation Engincering, N, Y., Wiley, 1919.—Discusses canal lining on pages 236—
45. Canal lining prevents loss of water, prevents sloughing of banks, avoids water-
logring of land, prevents erosion of the canal bed under high velocities, reduces friction.
Capal lining is usually cement-mortar or concrete, Concrete linings are usually 2 to
4 in. thick—they should he placed in cool weather to prevent cracking, In cold
climates reinforcing is required. Side slopes of 45° or flatter may be concreted with-
oat forms. The conerete mix should be about 1 ; 2 1 4. The diameter of the largest
gravel used should not exceed one-half the thickness of the lining. Where the lining is
less than 14 in. it is best to omit gravel. On the Orlangd Project the maintenance cost
for unlined canals is 123 dollars per mile (Rs. 338 per

mile) for lined canal. Gives
cost data for concrete lining on several projects,

I R B, 1820,

6. Advantages of Lining Irrigation Canals, 1920. (In Engineering News Record,
v. 65, p. §92) —Advantages of concrete lining for irrigation canals are : they permit
use of higher velocities and smaller cross-seetions, thus decreasing excavation costs ; ean
be built in locations where larger canals would be impossible ; reduces seepage losses ;
reduces maintenance costs ; maintains and permits use of efficient canal cross sections ;
prevents bank erosion and perforation.

1. Columbia Basin Survey Commission, Washington—Columbia Basin Irrigation
project.  Published by the Commission, 1920,

On pp. 94.5 discusses concrete lined canal ; lining permits use of higher velocities and
thus smaller cross sections, reduees seepage losses, requires less maintenance ; the volume
of water in the canal is small and is therefore easi 3

8. Concrete Lined Irrigation Canal, 1920. (In Conerete, v. 16, pp. 244-6).—U. 8.
Reclamation Service, Orland Project for longer stretches a 4 cw.ft. mixer was used. The
proportions of mix were 1 : 3 : 5. The mixer js set up at the cemtre of a 500 ft.
section 1o make the maximum wheel 250 .

Total cost per sq. yd. for lining was 34.30 cents (cost per 100 sq. ft, —
for 1% in. lining. Gives an ill

Rs. 10-6-0)
ustrated description of the bank trimmer an
tion.’

d its opera-

9. Costs of Concrete Canal Lining Compared, 1920.

v. 84, p. 975) —Itemized costs for lining in 1918, 1918-19
Project in California. Total cost per sq. yd. was 3547 (
4248 cents. (cost per 100 sq.ft.—Rs. 13-3-0).

Cuttle, F.

10. Liming Irrigation Canals with C
Record, v. 85, pp. 17-18) -—~States that anals is too expensive where
form-work is required, A plaster ¢ en placed without forms at
Riverside, California.  The first canal lined in this reg

ion was 12 ft, wide at the
bottom and 4 ft. deep. The cement mortar lining 4 in. thick.

: The canal has weathered
long dry summers and high flood flows during the rainy season for 26 years and is still
in good condition.  Eight miles of canal were built in 1914 with 2 in. thick cement
mortar linings plastered divectl

_ Yy on to the prepared bank, without the use of forms. The
concrete used is 1 part cement, 3 parts sand, and 5 parts of st
sereen. Describes

One
at the rate of 100

(In Engineering News Record,
and 1919-1920, on the Orland
Re. 11-2-0 for 100 sq. ft.) to

oncrete without Forms,

1920. (In Engineering News
lining of irrigation ¢

. passing a 1% in.
method of preparing the banks. The 2 in, lining can be placed
ft. per hour. Deseribes the method

of mixing and placing the lining.
Sanborn, K.

11. Lining Canals with Concrete  without Forms, 1920. (In Conerets, v, 17,
Pp. 167—Y) —Riverside, California canals were lined with ceme

Rivers] nt in the 1890%s. At
first 2 § to 1 in, lining was used. The slope on which green conerete will stand with-
out forms is 83 : 12, The average mix used was 1 part cement

3 to 3 parts sand and
3 parts 1} in. rock. The eanal banks were prepared by plowing and use of..a slope
kpife. The cement was supplied from s portable mixer, The sides were poured:
apd then ﬁpished with a float, after which the bottom was poured and 5 8 in, shoulden wass

S, atnt g sege
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: i - 1.096 per linear -
' h side. Thbe cost of tglsftw:ilzlemag 9t1hsel§0;z;,$ and 4 ft. 3 in,
built at the top of e8cl &% o the top, 3 It
¢, 11 m.

foot of & capal 8 f
- 102 v ing News Record,

ing. 1921, (In Engwmeering A »
te Canal Lywng, Project in Montana, speetites
al Joints for Conere lathead Proj
12. Special Join

1
i rvice, F . ; ire reinforcement.
1§, Reclmmation Se 2’in gunite with woven wire -~
v. 86. p. 902).'-"L" i(aini’m-ced concrete OT y
. ther 3 In. T
lining of either

i base of the lining to the
: ding from the ‘
intervals exten

ced at 10 ft. FARTTEE

Joints are to be pla

reinforcement. 1029,
peanotion Canals, 1922. 7 -
Weber, B. O g rete Lining S""’"“g “lalmhgx:;gﬁﬂ thick, placed on 64 miles of
13. Thin Cone ) —ULan

: i f 60 per

5 pp. 436-7 : ce has effected a saving o ‘

ing News brecor‘%,e;;- i;, tﬁ; U. 8. B,eclama;glooss i‘iﬁl has reduced seepage losses to less
the Orland Proj earth sec

laterals was

: A les of canals and _ :

thay 1|3 of those 1B clay. cost for liming 70 131 esevapora,tion from lined and un
i, Bstimated 0 Table shows secPag? o s § 19.50 (Rs. 53) 'per mile for

$ 22 Rs. 6,03,300). % :ntenance €OSt Wa for earth sections. Lin-

$ 220,000 (Rs. b annual maintes 53.70 (Rs. 147) for

lined’ canals, Average g compared with $ 1 the irrigation season. About 75 per

: tions, & ril, not i > 3.4 yd. capacity.
concrete héleddos;: from October 10 i:chi’ne mixed, uimg !zu;zl;sceoi R 5325 oapaety
ing must be te placed Was 15 ft. intervals.

at 1o

conere ; irly dry concrete mix must be
fﬁnté a(;fd tgim stakes weref:};:ﬁ eﬁgr concreting. A fairly dry
in

intervals of 6 ft.
) lopes only, at inte
the 7 i the side s nl s of 6
requir prep j?)ims were prowl;ied, on h o at dz:rs . inter
in, lining le gives cost details.
o2, ' yd; -f)_f,m. 11-12-0) per yd. Table & cents
(cost for 100 ft= o

349.). Orland Irrigation
Y Wﬂfks, v. 54; .
In Public

0 per cent.,

o cepage loss by 50 to 9

14. Lining lez 119523111 céncre’w hmng'nrteeil;f(i ’ c(I))st by 60 per cem;.t ;1‘;18
wE . 5— . . ed mal ? . cemen Ki

District, Califoriilr  ncity, and redueed B0 ring e shing 05 ovnts, sprinkling

mc'x;easixal;g;‘ sq.ft. of hlgggcenf& placing 4.2d cgif;’lies 0.3 cent, equipment charge

umt ¢ mixing < y airs an o

cents, grave} ° geznt:ént‘ water 0.4 cent’lf)fg-o per 100 sq.ft.).

and protecting - : L

ts (R«
0.5 cent. Total cost 34.2 cen

In Engineering,
. and Laterals, 1923. (
Weber, B. C. E. Irrigation Canals

; Reclamation - Service.
Lining 0 d Projeet, U. S. _
15, Coremg v. @0 1’0’{ 539“41);3 $515a.l;0 (Rs. 153) per m;iiuﬁmiiﬁpiiii‘{iﬁ
aud Contrasis 1’f arth canals ¥ als, Current meter m : Cost
i or ¢ d cana . any other type.
s, (Re, 53-8:0) for conares cansls i much less thau from ay Ger pe S
$ 19 : reto

t for
g yd. (0% ition in 1923,
geepage: 1088 tﬁ?olgr:;’;i averaged 389 ce:etgpii‘f 1011 was in :xcellent condition
ining on VI8 Lining has been necessary.

‘()lfiwlr:mifemi“d °°s.t :ltu?ék: no reinforcement v
The lining is 1% i . - |

o , '. g Irrigation Canals, 1b24. ‘(In Engineering
Code, W, B. -~ rete

Iane :« lining of the Southwest Cotton Co.,
' Concrese 9 in. lining ‘ .
16. Construction .jof " 1314—16) .—-‘:2; 90 men. The concrete ;v:: dumep(:ln dr&:
and Contracting, t :s’a’pplied by a €% 3 Section 16 ft. long mad ]
O o sows, o ' to'Y of cement.
onte & < , 1 the sides d and gravel .
m:elbaﬂs’ poured T;:t:ixfwas 5 o7 parts CORC ost for 100 sfu—Ra! 2911.0).
om, , v

. per 84g. ) ™ milof Feten
by means of chutes. o 10‘98"'0@uu1§ng +was placed in about 2{3 mile’ of ‘canal.

‘ jest 2 B¢ ; # lining on this
cost of eoncrete. hmng o‘A::Pme 2 m g6 of the concrete. The cost of lining |

; X lu 28'2'0). !
e n"ed {0 mark,ythe. i mll fof ]m Sq.ﬁt. .
stake. we!a . or aq It. ( ) e .
jOb wu ]-0'44 c "‘ rov f Al

: . (In Engineer-
Lined Canals, 1924. (I
- I Conerete lining is said to have
Cods, W. E. ction of Smé my of concrete
171 DBM‘” ')'-‘— X

WNMM”'”'?'

*

o {t, floal anﬂ. ’pmh&d.set 6 hours. The bottom was po '
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been proved. The chief advantages are : Prevention of seepage, reliability, and re-
duced maintenance costs. Lining 1 to 2 in. thick have been used success,fully in
_ regions where frost action is mot severe. In present practice, 13 in. is minimum thick-
ness, but for large canals a greater thickness should be used to eliminate inside forms
which increase the cost. The canal slope partially determines the thickness of con.
crete to be used. Tree roots, stock, gopher* holes, settling, fills, and entrance of
water from the sides are the greatest disruptive forces to lined canals. The material
u.se(%lshould be ﬁrs‘jcEt clz(ass. fnlArizona the cost of 2 in. lining was found to be 104
to cents per sq.ft. (cost of 100 sq.ft. Rs. 28-2-0 -11-0) i i

tion of the ea.rthqslopes. 4 to Rs. 28-11-0) including prepara-

Katnhack, F. E.

18. Principles of Irrigation Engineering, London, Lon —Di
canal lining on pp. 145—7. Advantages of lining. Tests, of 111?;3;: s(,:oni.iqsi?r.l ]());S(::urzs;s
oil, hydraulic lime slurry, cement slurry, clay puddle and coal-tar were madg in Indi:
in 1903 and 1908—10.  With linings 4 to 5 years old the efficiency ratios ecompar d
with unlined channels were : erude oil 1|16 in. thick 4.0, clay puddle 6 in thicl? 460
cement 1|24 to 4 in. thick 49.  While concrete linings are the most efﬁcieﬁt it is es.
sential that the materials used and the workmanship be of the best, and cloge 18 o8-
must be paid to comstruction details. ’ 0se attention

1926.

19. Large Ditch-Liming Job done ot Low Cost and High
gineering News Record, v. 97, pp. 52-3).—Salt River Pro;gect Sljzf'{dz,()nig.zbé (I”.l E”i
main canal requiring 8,000,000 sq.ft. of lining. The ecanals ;vere first ciean dlm > 0d
smoothed by grading.  Stock piles of cement, sand, and gravel were madeeal I;I) altllll
bank of the canal and a portable mixer was used for each two guns, the mixed . gt 'ai
being brought to the guns by wheelbarrows. Delivery to the gu,ns was b ma' e?-l
discharge. A 1 : 44 mix was used. Sand was obtained from borrow y'ts’,mt}\?[lty
of the canal lined was 45 ft. wide at the bottom with a 1 to 1 slope p'i‘h. .ost
forcing used was Clinton welded 4 X 4 in Nos, 14 galvanized wire fi,t;ric i eml(')elp-
widths. It was attempted to place a gunite lining of 1 to 1} in. in thicknelsrsl T:;
men were needed for each gun. With 6 guns working two nine-hour shift.s dail
progress of 65,000 sq.ft. was frequently made.  Average progress throughout ‘th; wa:ri

4,700 ft. per gun 9 hour shift. Average cost includi
(cost per 100 sq.ft.—Rs, 25). ing plant, was 94 cents per sq.ft.

Rt 1927.

20. Cement Lamings in Irrigation Canals Economic S

ing News Record, v. 99, pp. 144-5) —In the Imperiai Vallgc:;‘;ic . I;Ilg.f;;ed
required where velocities exceeded 10 ft. per second. In the case of Birch

maintenance costs were reduced from about $500 (Rs. 1,371) per m(i)le ch Canal,
$ 15 (1?,8. 41). per mile per year, by lining that cost $ 8 000 (Rs. 92,000) per year, to
expansion joints were used. and chicken fence wire mesh wag u’sed pe; !nlle. .No
The job would have been more substantial if a coping had been addedas ex.nforcmg.
sion :ioimts were placed 20 ft. apart. Examination after 4 years hznd if expan-
buckling. A pl.astered lining 2 in. thick, without expansion joints, 8 ?ed 8€(nera.1‘
in perfect condition after 3 years. Several other types of lining ‘;Vas to.und. to bé
ing gunite lining with coping and expamsion joints. Separate costs ;ret ied—includ.
and gunite linings showed them to be about the samae. ® %ept on plastered

1929.

21. Concrete Lined Canals, 1929. (In C'o'ncreté v. 3

. ° 3 . 35 . 19.
mum size of coase aggTegato for canal lining s 1 in. on the Kitkitas Cyunss Nypm s
ton project of the U. 8. Reclamation Service. Briet general discussi Fnty, Washn.lg.
and placing of the concrete, on p. 20. on of preparation

22. Lining Canals with Concrete on the Yakima Pro;
. _ oject, 1 'ngine
ing News Record, v. 103, pp. 722—5).—Lined canals of g :p;iﬁe;ﬂgéaiéi”ag sm. llfr.
aller

than earth canals, Diversion of surface water was effec
. 3 t

and drains, but in several places ground-water pressure erﬁk:g tlllllee al?:i:; cut'.l?hﬂ W%Ha

. o Sides

of the canal were trimmed to 1} to 1 slope and then w.

. ere k i N
concrete was poured.  § in. round-deformed bars were used ineptth:Pr;n‘kl:d until the
the 3 in. concrete lining. Concrete was chuted directly fr einiorcement fop

0 i .
of the form was enough to permit vigorous tamping of the c&lcrtg; Tuxer. The weight

(In Engineer-
sections were

*Small burrowing rodent, . ——
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1930.

1. Sonta Anna River Basim, Calif?mia, U. 8. A
(P 2. MZM ?eeﬁfngag}?a(%c;r).——bined throughout with gunite 2 in. thick.
28;2323315‘1 ?guaty $0.16 per aq.£t.==$ 450,55, (cost of 100 sq.ft.=Rs. 42-14-0).

1931.

Huﬂé40.CL. . Lining for Irvigation Canals, 1931. (In Engineering News Record,
. Concre

4 - itrict, Texas the lined c?.na,ls were almost all eir-
v. 107, p. ,27.()).——0nhﬂulzin1\lf[l:’;°$;: ;B::! e(; by guniting anfl finished by troweling. The
cular in sfactlon. ;I‘dethe coefficient of frietion, but f01'111ng of t?xe Wz.ﬂls by ‘moss apd
t?owel finish redue ot to some extent. The gunite was mixed in the proportion
silt inereased the coefficieR uft, dry sand.  Eleetric welded wire mesh, with 4 in.
e i . Ingimainal et o8 N0 % T B
erse C e in. No. . e
: : call for : A
for cemenés, btut ‘l‘:“,‘;rﬂfﬂiﬁﬁaﬁ: Zonstruc ion of these lined canals and a considerable
In ground-water :

acreage of waterlogged land Was reclafmed. Reinforced bri -
Division, U. Po p. W. D., I. B—Reinforce rick lining
95. Rohilkhand Canals s e years it has been found that it has stood

. : thre
::‘s trielt} Tﬁ Dl;:tklge;\l[ ﬂlzor’ftmil: afte.r2.56 or Re. 16 per 100 sq.ft. as follows :—
ry well. the ¢ . A

300 Nos. IInd Class Bricks @ Rs. 13~44.)%° . L = 4.0
300 Nos. IInd Class Bricks carriage 8 miles @. . 8. s
6-2-0%o . . -
1-75 c. fb. Ce/ment at site @ Rs. 9.8-0 c. ft. - z z
5'25o.ft.sanda.tsite@Rs.6per% o.fb. .. - o
} in. Rods (160-% cwt) @ Rs. 12 oWt N ft
Labour including cleaning of surface 25 ¢ . g
@Rs.lo%c.ft. . o =5
Total Rs. .. 16-0 98. ft.

Moore, A. J. L s ¢n Tezas, 1931. (In Engineering News
26. Concrete Lining for Img“;ggﬂ mql'laef;al of canals and ditches were lined in Texas
Record, v. 107, P 60- -—h cansls lined were parabolie, circular and trapezoidal in
between 1928 and 1981. T ed o the trapezoidal sections, the'para.bohc sections were
seotion, Hand lining was use ont guuns, 8ad the circular sections were usually lined
lined either by haud or by cem peen placed with and without expansion jolnts. '1‘.he .
by cement guns. Linings l;;:emix 451 :4o0r1:43 Steel wire mesh rein-
gunite lining is 1 10 thl:ii, larger canals and in most .of the a;:alleg ditchgs. Mﬁm
foreement was used on thO SO Tpe wider comtrRotOn R e e, 43.12.0)
tenance has been hm1ted£ﬁ;5 to 16 cents per 59 ft. (costhof X :sq.r =R )
ing cost on an aversge ¢ nditioning old cenals. The cost per mile was appro-
ineluding preparation an reco ditch of average SiZé ; 1.6, 15 to 20 sec.ft. capa-

ximately & 6,500 (Re. 17,626) for 8
eity. .
. A A :

Ruatigers, 4, ond Whitmors, el Lining on Kittitas Division, Yakina Beclamation
oot 0o o Tl S L
roject, 1931, (In { “in, thick. by m
74;.”-—0;’2 per cent. of the 'linmg Wuro?;idlzd. Lists difficalties encountered in coneret-
of a template. Underdrains Yver; py o steel plate lining machine,  Stationary and

ing. The side slopes were line db It was mecessary to gprinkle the subgrade from

’ i ety te was water-
portable concrete mixers were 7 norete was placed. , The concrete was.
the time it was trimmed “n:fdtlze o%otaining satisfactory panel joints, describes the
cured, diffignlty” was eXperieii _

joint sdopted. < - Ca e ater.cured. and  asphalt-gured - linings,
Surface cracks 'davelog@m‘.n. t::th latzsr- Describes the conerete control

but. were  .more ‘ommn w of conerete samples  from tl;e c:m.l E:t.
odi. « Bemis of O 5438 dry odied mix G of minforemest

ings, The. concrete used was.é «° lining. Dise ,

gf: am: fé’w Sert. of the cost of the
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28. Turlock Irmgation District, California, U. 8. A. (Personal enquiry by Ressarch
Officer) —2 in. layer of uureinforced concrete laid by hand without expension joints.
In preparing a channel for concreting they stand water in the channel by blocking
it up in sections for 36 hours, The water is then run out after which the channel
is graded and the conecrete laid.

A 20 eunsec channel cost $5,000 per mile to line,

This is equivalent to Rs. 18,400
per mile,

29. Yuma Irrigation Project, Arizoma, U. 8. Bureau of Reclomation (Personal en-
quiry of Research O fficer) —Small channels lined with 13 in. conerete reinforced with
chicken wire. Sides poured first and then bottom. Al plastered by hand. Ag-
gregate dumped in piles along bank. Lorry with mixer mounted on it,

80. Prosser Scheme near Yakima, Washington.
Officer) —Intake caral lined with 3 in.
canal discharge 1,100 cusecs.

: (Personal enquiry of Research
reinforeed conerete {cured by Hunt process)

A gravel blanket having an average thickness of 6 in, placed under the lini
Construction joints at intervals of not less than 8 feet mor more than 20 feeg mﬁlgé
drains laid in the gravel blanket (see specification No. 547.D. 1. 8. Department of the
Bureau of Reclamationj. :

Lining had burst in one place due to excessive pressure at b, ini
ack
canal was closed. _ of lining when

Velocity in lined section 5 feet per secound.

Cost including trimming of canal section in earth but exclusi
Ams. 336 per sqft. (cost of 100 sq.ft. Re. 21, usive of steel and cement

31. Minnedoka Project, Idaho, U. 8. 4 (Personal Investinats
; s . - 4 ey estigatio
Officer) —The New York Canal, Boise ; 2,800 cusees ; lined 'Witg 4 ?n znrfﬁemg
immzreteci I;r: one sectlgfn the lining consisted of 3 in. gunite Guniée said n(c;:ceto
ast under the action of the silt. N : : . :
old work. 1 ow placing 4 in. reinforced conerete over the

32. Report dated January 7, 1932 by U. 8. Buregu o ;
Columbie Basin Project—All canals to f Reclamation op Proposed

be 1 i ; ¢
8 in. thick. med with  reinforced concrete 4 in, 1o

Israeisen, 0. W,

33. Irrigation Principles and Practice,
erete lined canals. Many irri
vent weed growth, deereage
capacity of the canal.

Newille, F. A,

34. Charts for the
Engineer, v. 19, pp. 23¢-
concrete lined channel,

. N. Y., Wiley, 1933,
gation canals are being lined t

. > o decrease water
érosion, reduce maintemance loss, pre-

costs, and to inerease the

Design of  Irrigation Chanmels, 1939.

S R I
~43;—0n p. 242 gives g orosg section (n  Commonwsaith

view of 5 2 ft. by 2 ft.
Columbia Basin Project.

35. Exiract from Report of U. 8. Bureau

0 R . .
Total cost of proposed Columbia Basin Projec{ $630;2?§§§'%’&, dated January ?, 1933~

Total cost per acre of Irrigation Project $ 17,355,
All canals to be lined with reinforeed conerete 4 in, to 12 in, thick

1933.

36. U. P. Agricultural Canals in Tube Well Are

ingdhas been dene on Agricultural ‘canals in Tube W.
used.

ell area. Twg types have been

1. Lining with 3 in. flat bricks and 1 : 4 : :
100 5g. * % cement mortar, Cost=<Rq, 12.8.0

2. Lining with 12 in. X 6 in. X 2 in. bricks and 1 . e
Rs. 940 per 100 sq.B.: ' and 1 f 4 %mez;t mortar. Cost :o=

. 111, for some 31 miles wit
19 in. X 120 X

4 Moradabad District—Brigk 1ip.
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Liming of Agricultural Canal.

Analysis for 100 sq.ft. of lining with 3 in. Flat Bricks and 1 : 4 cement mortar.

(Leads—Bricks 12 miles, sand 10 miles.)

..oo= 3387
" 375 Bricks @RBs.9%0 - .. . -
Carriage 12 miles @ Rs. 10 %0 ' - : .
09 Cement bags @ Rs. 3 each (including ca‘mage) Lo
4-5 o, ft. of sand including carriage of 10 miles @ Bis: _om
6 % . .. S .
Plasteri:g of the inside of canal for fixing of bricks 950
in proper position . .. ..
Total .. 12-50
Say Re. .. 12:8:0%s. ft.
As. 2 pers. ft.

! tive Estimate for lining with 12 in. X 6 in. X 2 in. Flat Bricks 100 a fs. of
y zi?xglel (1: 4 Cement mortar)-—
900 Tile Bricks @ Rs. 16%0 9.9
Carriage 12 miles @ Rs. 10%e R 9.0
0-45 bags of cement @ Rs, 3 each (includmg carriage) = 1-35
9.5¢. ft.sand (@ Rs. 6 9%, (including carriage of 10

A

f

miles) o . = 0-15
. B . . - f
including mud plastering of the inside o .
Lab(::nal? for ﬁfing the tiles in proper position = 25
Total . 9.9

Say Rs. 9-4-0 9, s. ft.
Rs. 148 per s. ft.

. . ion of 1 to 2 cusecs. Nofirango lining tried and pronou.nce\d
?ﬁcgzrges';;e tllllzssf:fl ?as not properly encased in the cement plaster.
ure.

i _ P. W. D.,, U. P—Tests were carried out with _Nofrango
. . 87. R esear-ohz iﬁﬁ, ioft;r Yining ;einforeed w'ith H_esaian' cloth of % in. .m.esh.
lining, d.e 1 were 5[16 in. thick § in. thick, # in. thick } in. thick. ~All these linings
These linings could take up the load of a walking buffalo vs:;thout showing any
except 1;}1:31 first 90?; eracks. The test reaches are under observation. Theo cgst per
i;gn;t ngf _;Ji?:gchick lining is Re. 0-1-3 per sq. ft. (cost of 100 sq. ff. = Rs. 8-0.0).

. ; tral Board of Irrigation, Indig—Develop-
38, Proceedings gf_vf:iﬁnM;;:;chhi?];xapz:imented m in};gcﬁt)n into. bed sand of fine
ment and Resesrch 11 eem:ent etc., with the object of building up impermeable layer.
colloidal clay, chemica z;ml ﬁnin’g of the canal itself by cement concrete 4} in. thick,
Experimen;;s izlzn :ﬁfekacpuddled clay 1 in. thick and various types of bitumen linings,
Nofrango . d
i necessful. ;
In?ect.mns ot; clé:;:;t ?nto the bed sand not successful.  Costs fWi]l fappear n;
Imectxolllf 2eeceli ngs for 1934. No satisfactory account given of performance o
Miputes of Pro

bitumen Nniog. . Dras Ditch, 1933. (In Engineering
. s Used for Drawnage )

39, Flewible Lining 608{6' g’fcedsar F{)rk drainage eanal has been paved, at Galesburg,

News Record, v. 110, P 1 g flexible lining of vitrified blocks. The blocks were

38 m and were made with tongue and groove edges.

Mason, M. iom Work on o Federsl Reclamation P;;jwffvhwcanahm (iI: th;1 ﬁfm
. 9 d 17 } —1'he
40. Co”‘?mwMﬂ'ﬁeers Transachons, ”',98’ pp. 39 lined with 3 to 4 in. veinforced
Society of Civil Eﬂé]];im Project in Washington were = lining 4 in. Tound bars were
Division o’.gffﬁ o berm at the top. In the 3 in. luing % in.
econcrete, Wi * ‘
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spaced 24 in. transversely and 12 in. longitudinal ; . . )
linix{gs but %'in. bars were used. All lineg canallls lw’e:il esus;)paici:éngf th% :lamfa in 4 in.
sPte_clal machine was used to place the concrete on the slopes. On 2?)1- rainage. A
lining costs : for trimming 18 to 25 cents per sq. yd. (0081; of 100 l;' £t gives cranal
and.Rs. 8-5-0) for concrete $8.00 (Rs. 22) to $15.00 (Rs. 41) pe q. ft. = Rs. o-!_)-O
forcing, .014 to .04 cents per 1L, : per cu. yd.; for rein-

41. U. 8. Bureau of Reclamation—Specificati i
Government Printing Office, $ 2.00 (Rs. 5-81-)3)T cation No. 546, 1983, Washington, D. C.

Specifications for comcrete canal lining on pages 38-39 'lmd in drawing No. 10

42, U. 8. Bureau of Reclamation.—Specificati ]
Governnment Printing Office, $2.00. pecifiation No. 550, 1033, Washington, D. C.

Specifications for concrete lining on page 24 and in drawing No. 5

1934.

43. Research Secfion, I. B, P, W. D., U. P . )
llininég wligh ldiiﬁ;rents mi.\;ltuies. The thi’ckn'ess. v;raZStI;ali':egn?iutﬂrtsa&i?e?:.:;mcrete
:5:10,1:4:8 and 1 :3 : 6. The side slopss w o ene
: 3. i pes were 1} : 1

:va;re r:ed. kl :1? : 6 mixture was the best as it gave very g%OOd ;;gh no dforms
lin'};m ' “;01;1 C with. NQ expansion joints have been provided. The cost a? 1 was
An; gzgmu ing the earthwork and preparation of surface for lavi ost of N 1{1.
. 226 per sqft. (cost of 100 sq.ft, — Rs, 14.2.0). Ying  conerete s

44. Research Sectiom, I. B., P. W. D
' , 1. 5, P. W. D, U. P—E i i
ing Spun Concrete Hume Pipe lines in place of surface cfxl;:;:}itfg cﬁi‘:ﬁed °f provid-

Cost Rs. 9,000 per mile.

1935.

45, R.es.earch Section, I. B, P, W. D., U. P . )
E;?teré glmngm ;}ilth wire netfing it :: émgleits caﬁl:d :tﬁ‘gclvnv;gsl : 3 Cement
ing prepal:ation of su‘:;re fnettmg. was used.  The cost of 4 in, lini;vas 1,3 1 13'
is Rs. 14 per cent f?;ce %shlayln_g plaster is Rs. 16 per cent. sq.ft. and gfor ;u’ .
to Rs, 13-5-0 per o e en silt was used the cost for 1 in. thick lini -

per cent. sq.ft. and for % in. Rs. 11-10-0 per cent,. aq £t 1eg lining came

67

APPENDIX IL

le Foundations by Rai Bahadur A. N. Khosla, 1.8.E.,
Executive Engimeer, Punjab.

C. B. 1. Publication No. 8.(15th Decemmber 1934) on ‘‘ The Loecation and Erection of
Pressure Pipes and standard methods of observation and Record of pressures under
works on Permeable Moundations ”’ was the outcome of the resolution No. 7, of the
\Central Board of Irrigation at the fourth annual meeting held at Lahore in November
1933. The object was to standardise practice to enable reliable data of pressures
under various works on permesble soils to be secured and presented in readily com-
parable form for analysis and thus establish a rational approach to the problem of

design of such works.

200 copies of this publication were printed, which were all distributed early in the
year and there was demand for more. It was at first proposed to issue a reprint but
there had been a considerable advance in the hknowledge of the subject in the meantime
and it was resolved by ive Committee (20th July 1935) to publish a revised

the Exeeuti
edition or an entirely rewritten paper embodying all up-to-date information on the
subject in addition to the essential matter contained in the original text. Since then
Sir Bernard Darley in Lis letter No. 9453, dated the 2?th July 1935 has made speci-
fic suggestions regarding the scope and the ultimate amm of this new publication. In
view of the fresh information received from various sources and the fact that the
Bligh theory as commonly understood did mot hold good, he wanted tentative rules to
be framed for design of works, founded on sand. ‘
Resolution No. 7 of the Central Board of Irrigation at its 4th Annnal Meeting

(November 1933) reads as below :—
s (@) that further intensive study of subsoil flow beneath actual works was essen-

Design of Weirs on Permeab

.

(b) that in view of the aetive part already taken by Mr. Khosla and his pub-
lished papers on the subject, the completion of a comprehensive note on

the subject should be entrusted to him,
(¢) that Mr. Khosla should be supplied with all available observations on the

subject, from India,

(d) that in order to secure uni?ormity of observations he should prepare a note
on the nature of observations required and the form in which they should
pe tabulated : this note to be communieated to all interested, through the

office of the Board.

Publication No. 8 fulfils the requirement of item (d). In respeet of item (c)
however, there has been little response from the other provinces. This has been a
gerious handicap and were it not for the intensive work already dome and now in pro-
grews on this subject in the Punjab, the compilation of a comprehensive note as con-
templated in item (&) would still bave remained a remote possibility.

With regerd to item (o) further intensive study has been made of the subject in
deld—notably at the Panjnad and Khanki Weirs—and in the Research Institute at
Lahore. By close collaboration between the field and laboratory work, it has been
possible to make an immense advance on existing knowledge. It is now possible with-.
out much mental effort to determine uplift pressures and exist gradients under com-
plicated Weir profiles within two to three per cent. We can now prediet not only
the distribution of pressures under a work but also whether such distribution is safe.
The study of the subject is being vigorously pursued on models in the Lahore Research
Tostitute under the direction of Dr. McKenzie Taylor and is being simultaneously
ohesked against fleld results. It is hoped that in a couple of months or so it would

pressures and exist gradients under the most complicated

be possible to prediet nplift : ;
base profiles, with almost mathematical accuracy, and that without the application of

any inyolved mathematics whatsoever.

" The sdvanee in knowledge has therefore been so great and of such fundamental
charaeter that a mere revised edition will be inadequate. It i8 proposed, therefore,
to embark on the compilation of a. comprehensive note -dealing with all aspects of the
probierh, as -conterpplated in item (b) of the above resolution. This comprehensive
work will be eglled ** The Design of Works on Permesble Foundation '’

T was reque;ted to have the text of -this new compilation ready for -the present
meeting of ths Cenral Board. ‘This has, howsver, not been possible in view of the
immensd lsbonr involved and the fact that the essentisl experiments for. the purpose
kindly undertaken at my rvequest by ‘the Dimsetor of Research (Lahore) might yet
L14CBI ‘ »
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vake another two months or so to complete. The fina] draft will, therefore,. have to
wait for sometime, though every effort will be made to get it ready as early as possible.

A general outline indicating the scope of the proposed work is, however, presented
for discussion, with a view to eliciting opinion and further suggestions,

Before starting with the discussion of the proposed text, it will be desirable to
review the knowledge on the subject leading to the present advance and to discuss the
simple methods of design which it has now been possible to evolve.

The law of flow of water through permeable soils w
time in 1856 by H. Darey after a series of experiments.
of seepage flow is proportional to the hydraulic gradient o

as enunciated for the first
It states that the velocity
r
if V== velocity

H ==total head, and

L = length of path of flow.

H
then V o =
en ) i

A considerable amount of research on those lines was done in 1898 by Slichter
and King of the U. 8. Geological Survey.  Their object, however, was to determine
the amount of water passing through vario

us classes of soils, They were mot con-
cerned with the details of pressure distribution along the path of flow.

Tn 1898 Col. Clibborn, as a result of a series of laboratory experiments, pro-
posed that the hydraulic gradients along the path of flow should form the basis of
the design of weirs resting on permeable subsoils. This was the first rational ap-
proach to the solution of the problem,

The 1907 edition of Bligh’s book on *“ Practical Design of Irrigation ‘Works
discloses that he believed that the stability of a weir on permeable foundations de-
pended on the weight of the structure and not on the ratio of head to creep distance.

fn the 1910 edition, he admitted the fallacy of his original contention and accepted
the hydraulic gradient theory of Col. Clibborn,

This he codified aceording to his
irterpretation vf Col. Clibborn’s work., This is the commonly understood ‘¢ Creep
Theory ” of today.  'This creep theory connotes two things (a) that the hydraulic
gradient under the work is linear and (b) that the line of major flow is in contact with
the base profile of the work. The theory was based on extremely meagre data but
because of its simplicity it was blindly followed by the profession. Doubts arose off
and on. Some works failed although they were quite sound according to this theory
and others stood inspite of it,

: This theory was therefore, faulty, It lacked a proper
appreciation of vertical cut offs and other fundamental factors,

The first set of scale model experiments on simple hydraulie structures were
carried out by Colman (U. S. A.) in 1916, These brought out the importance of
vertical cut-offs but as the technique was crude, no m

aterial advance was made,
In 1920 Pavlovsky (U. S. S. R.

) attacked the problem
soils by the electric method,

: of flow of water through sub-
This method is based on ¢t

he well known Ohm’s law for

the flow of electricity in conduectors, viz., Current — Mﬂt‘i‘f_‘al difference
resistance
C= E

R =0 where 1=—1length of conduetor,

~ He achieved suc-
But the work 'did not

! alogy compared even remotely with those obtaining
This method, though the most potent one in our hand today,
did not go beyond the class room lecture stage.

In 1928-29 the trouble at the syphons on the U

attention to the potential danger, involved in

pper Chenab Canal drew pointed
Papers No, 13

a blind adherence to the Bligh theory.
8 and 142 read by the writer at the 1930 session of the Punjab Engineer-
ing Congress deal with these cases,  These researches led to some important eoncly.
sions, notable among which were ;— :

(a) Th.e outer faces of the end sheet piles were mueh more effective than the
nner ones and the horizontal length of floor,

(b) The intermediate piles if smaller in len

- gth than the outer ones were in.
effective except for local redistribution

of pressures,
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' i the hydraulie
the tail end. If '
g }fromthe critical gradient for the particular
v with the flow of water thus caus-
bsoil. resulting in cavities and ulti-

e
(e) Undermining of -ﬁoors start
gradient at exit was more e
subsoil, the soil partxcleg wo 1d move

ing pr’ogressivc degradation o

It was ab%o] ut el \2 (‘s,sential to have a reasonab y eep Vi
(d \.' 3 + gy t

. ,
to prevemnt undermining.
the downstream end p seareh work with regard mThpr;ssur::
i ' orm

e d new struetures and in the laboratiorg;. T ;e ormer

under existing an inserting suitahly located pressurehp p_ve D thess struc.

could > dtt))ne o ltaining a continuous and comprehens:

tures and by main

ipes.
observations of pressures from those Dip

' i A

from Karl Terzaghi (U. 8.
ibution to knowledge came Ber R o varaulic gradient
In 1929, a notable ;Ot’;%bf‘;illures oceurred by upderm:gizzitr{f, 'the oy drau ti e
and Vienna) who Statef what he called the “ ﬁowtm‘n g;r as more precise as it show-
at exit was in exﬁ;,?t enunciated by t?‘e Wgte;,ill)u;a;s v;:rmﬂd be bodily lifted up by
:; ?QZtcirfltltizl egxl;t gradient exceedeg ﬂlt)nv;g;; tw:i'cer being in excess of the weight of the

‘ force o

; i dient and
flotation due to the upwar d proportional to the hydraulic gra

o i enoth : :

overlain soil.  This upwaéd forceHI: 2;;0 dlifd some work on the effect of stratification
i irection of flow.

acts in the direc

" : the uplift pressures. .

; ological details on ) ; d pressure lines

A gh 4 developed & method of plotting stream lines and p
Forchheimer &

by a geometrical process a8 f;‘; ced his photographs of stream lme«l under a weir model.
In 1931, Dr. Rehbock produc ] fhe Panjnad Weir. This afforded the
en

: t i nduetin
tn 203, 1 van docild o L 00 o prsure pipn and o conduing
opportunity of ‘puttlng lnsuggeste d in papel's No. d the resu.l‘tﬂ obtained from it,
full scale expe“lxx-lif:::taif jtg kind in tbe' WorldT g: resulﬁ O e e e

e s . .
larg)i :;:liir;ﬁmpomnt advance in that hni;le to state the following further facts.
mar

it poss
the conclusions of 1928.29 and made 1t P

ter through the subsoil is in stream lines and can therefore
f water :
(a) The flow o

i investigated.
theoretically nves ’ »

be ? (¢) of uplift pressure (P) :tst anz fzén‘;ngzp:nzzrxt:;i foun
(B) The Hond the total head (), is constan

on sand to the

Head (H), o
o Class of subsoil so long as it is homogemeous,

> downstream water levels, .
rovided it is uniform through the subsoil,

(¢) There was urgent necegsity for re

(3) Upstream and

(4) Temperatare, P \
ong the work with :—

it varies &l ; downstream of the impervious floor,
put it varies ) its or scour upstream or
(1) Silt depost

varies int to point in the body of
; nerally varies from poin

rature which ge y _ !

(2) Tempera

the sbsolt Hadow raised the question whether the deductions made
Mr. Haaow

1 but . . .
SO fm 80 gCU ' 1 wcu]d hold go()d on other works Wlth dlﬁerent,' ar
f e P aninad e.xpleln. m ﬂOOl' and, if they were e'nough and Slutable
rom th

izontal k should be tested on
. pilex and horizom gted that the field wor ]
rangement b(;fsié sl:;e’rfulz:'ul‘e design. ﬂ}{e ﬁ:‘;ﬁ:ch Institute at Lahore  This has been the
to form & e

he Panjnad weir if the work on
jon ever made, for,

3 mblm ) T ilhl
lution of the P . ther models at Lahore, Titne .
to the ot sok going o1, On the Panjnad ?li;l (I)’anjnad and other results by the
While werk was £7°S

i s testing th he electric method

United States 1 ' results of 1916 by the e : ‘
pusy in the d Colman’s res! inad results by’ the
}{::;-1;2 ::;:ogy method. 45 I;znm?ﬁ“n' fu{{?berénge;t;daﬂfmﬁ)ﬁxn' Consequent-
e K W n . - 31.1. : h
and found t;l;aét ;Ilglgrew” equally unsuccessh_, though considered as a possible line - of
alectrie met ;

; ieal anaiogy
1y the electncft_ )

gnethod a(.)sf ;:}ﬁ;oafun' of uncertain factors md-y' _therefol:.'ei not
attack. was discard of sctudl Works.

e for a study : . -
g ever. the results obta;nzgtat;; o
Mreagov;airly’ closely with thos

the Panjnad model has paved the way
a model of t

happiest suggest

' ic seale model by, Harbans Lal -
hydraulic scale model by .. Harbans.]
g":m Zhe electrical model by Hebert.
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, Hebert’s electrical model had certain drawbacks. These drawbacks have been re-
moved and the technique perfected in the Research Institute, Lahore by Drs. McKenzie
Taylor and Vuidhianathan. They have succeeded in getting identical results on the
hydraulic and electrical models. Again it has been possible on the Panjnad hydraulic
model to reproduce the field results almost exactly by superimposition of more or less silt on

the upstream flexible floor and by varying the temperature of inflowing water or by a
combination of the two. ’ ‘

Thus for the first time in the history of research on this subject it ﬁas been possi-
ble in the Punjab to demonstrate that :— '

{a) the distribution of pressures under works on sand foundations can be exact-
ly reproduced on hydraulie or electrical models.

{b) All seasonal and other variations from the normal conditions ean be repro-
duced equaliy well o the hydraulic model, by the superimposition of
silt, temperature or both, and by simulating the stratification.

(¢) The problem is susceptible of mathematical

simplest cases have so far been solved.
matics becomes too imvolved.

treatment. But only the
For complicated cases the mathe-

This advance may be considered as a definite land-mark in the history of develop-

swent of this branch of Engineering and one that may be taken as the foundation for
a final solution of the problem.

Subsequent to this, work was done at the Irrigation Research Institute (Lahore)
op a model of the Khanki Weir (Bay 4) where the foundation ig complica’ted by the
presence of a clay substratum some depth below the floor. The model reproduced
the field results within a few per cent. This was a further demonstration of the fact,

that complicated stratification ir. the sobsoil could be successfully simulated in the
models and reliable results eould be obtained.

Mr. Haigh’s important contribution (Paper 182 of the 1934, Punjab Engineer-
ing Congress) introduces us once more to the fundamentals of design. In this he
lays stress on the fact that it is not enough to know distribution of pressures under
a floor but it is essential also 10 know what distribution would be safe. He rightly
states that it is the exit gradient that controls the margin of safety in design.

A similar line of approach has been made by Harza in his Pape ic
Socioty (September. 1950, per to the American

Some very useful work has been dome in this direetion by Drs : idhi
; ; y Drs. Bose and Vaidhia-
nathan under the direction of Dr. McKenzie Taylor. They find that the sa.le e;?t

gradients are governed by the ratio of the depth of sheet piles to the 1 i
floor. This marks a further advance. P ¢ length of horizontal

Having laid the foundation for a rational approach to the final .
. . ! solution h
problem, it was decided to proceed on with the work leading to that ts&olutionOf “

series of standard forms have been drawn up by the writer for investigation Tlﬁa
work on some of these has already been completed in the Research Institute. When

the work on the rest of them is also completed, it will be possibl i

rules which will give results with almost mathematical agcur:c;. ® l’i‘ll}:ed::;e;gplle
useful nature of work done in the Research Imstitute cannot be too highly strmig
But for that, there would have beer wide gaps in our knowledge which gaps may have'
taken decades to fill. There has no doubt been considerable activity on the subject
in recent years, in other parts of the world but so far it had not resulted in any sub’
stantial advance. The Punjab had the advantage of full size struetures fitted £ r
research and had simultaneously developed a high class of techni . y

. . . ue i ‘
skill, which has enabled this Provinee to give the final lead in theqsubg:ci experimental

The results outlined above deal with the flow of water throu |

. gh hem
subsoils. No vul;als that can be formulated on these will apply complet:f;n:“:tﬁgx
subsoils. In such cases it will always be best to have recourse
stratification can be simulated. ' 0 10 models where the

The bulk of the research work, dealt with above,
problem ; namely the flow of water through the subso

design and stability. But there is the other and equally important
is the flow of water over such works in relation to their design and ::sgfltii;y Tlﬁ:

present there is very seanty data on which to formulate rules to d i
length arid thickness of floor. For a proper study of this e aine the shape,

part of the. problem ressarch
work must be pursued as vigorously amd intensively in this ease : : ?
the case of subsoil flow. : . ' y' as h_“ been done in

relates to only ome aspect of the
il under works as affecting their
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ing i i d comprehensive note on the subject as
he following is an outline of the propose : :
indie'gt:d by Reso%ution 7 (b) ot the November 1933 meeting of the Central Board.

. permeable Foundations by Rai Bahadur A. N. Khosla, I8.E,
Design of Works on Executive Enginecr, Punjab.

Outline of Headings.

1. Intreductory—Including a review of the development of the science of flow of

water through sub-soil in relation to the design of works resting on permeable soils,

II. Theory of seepage flow.
(a) Darcey’s law.
Slichter and King.
Col. Clibborn.
(b) Forch-Heimer’s deductions.
(¢) Direct deduction of the Potential law. N |
(d) Flow of electricity through a conductor anologous to flow of water through
sub-soil.
(e) Haigh—convergent and divergent flow. ' |
(The entire treatment will be free from involved mathematics,)

III. Verification of laws of seepage jlow.
(d) Simple cascs of foor and sheet pile.
Combinations.
1. Mathematical,
2. Electric model,
3. Hydraulic model.

IV. Location and erection of pressure pipes and standard methods of observation and

record. o
(This will be reprinted from Publication No. 8.)

V. (a)v Pdnjnad observations.

1. Prototype
9. Hydraulic model.
8. Electric model.

(b) Khanki observations.
1. Prototype.
9, Hydraulic model.
3. Fleetric model.

(c) Other Weirs. ‘

(d) Important deductions.

VI. Seasonal Variations in uplift pressures.

Reasons for the same ) .
1. (a) Rilt or Seour on pervious &prons. ' ’
(b) Temperature difference between river and sub@ﬂ ﬁater.;'
9. Faetor of gafety provided by naf:ure due to (a) and (3). | |
3. Interpretation of ahnormalities, s.6., whether seasonal or due to underming or

ressons. o ‘ |
other eview of the experimental work done in this connection in the
Here a short & Institute will be added. It will be partly a reprint from Pub-

mﬁhNﬂ- 8 and partly new matter gince available.

Vi 8afe distrebution of prmurg:.
1. Flotation gradient.
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2. Factor of safety depending on—
(a) Nature of sub-soil.
(b) Importance of struecture.
(¢) Minor Geological Abnormalities,
(d) General stratification.
" 3. Inverted filters,
VIII. Stratification.
(a) General types.
(b) Favourable or unfavourable
(¢) Influence on design.
IX. Standard forms.
1. (a) Single pile line,
(b) Simple floor flush and depressed.
(c) Simple floor and one pile line.
(d) Simple floor and two pile lines,
(e) (c) and intermediate pile lines.
(f) (@) and floor upstream and|or downstream of end pile lines.
(g) Falls,.
(h) Syphons.
(k) Aqueduects.
2. Safe and unsafe forms.
3. Abutments and wings.
X. Working Rules for Design.
The Author’s new method.
Order of accuracy,
Limitation.
Curves and their application for design
X1. Modifications in above designs by the flow of surface water over the crast,
(a) Flood, scour, parallel flow, swirls and design of aprons and inverted filters,
(b) Standing wave.
(¢) Slope of glacis, length and thickness of floor determined by standing wave.

d) Dissipati £
(d) > l?tm :;:;s :) 3 tzr.lergy of surface flow. Arrows, baffles, blocks, depressed com-

" throughout of silt the reg
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APPENDIX IIL

Note on Regime Flow by Mr. G. Lacey, B.Sc, M.IC.E., L8.E., Superintending En-
gineer, (United Provinces). i

Introductory—~The writer has very frequently beon. asked to explain the practical
significance of his tkeory or regime flow and in what way it differed from that of Kennedy.
He has also been asked to give some physical explanat}on of his silt factor. In this very
brief note the writer attempis to explain ihe manner in which his forrrfulas were derived
and to give them a simple physical significance that may appeal to practical engineers.

2. Critical veloctly.—Ieunedy’s well-known formula for the critical velocity may be
written Ve D®. Oue inconvenience of this formula is that it cannot be equated with any

fiow formula of the type Vo RPS°. The writer some years ago evolved from Kennedy’s data

the formula V « Rs.  The advantage of this formula is that the critical veloeity may be

. . : flow formula of the exponential type involv-
» equated with the velocity ob‘ramgd from any . : 7p ;
?I:g (I,? and S. When clhisnuels are in bad regime with ragged berms and irregular beds the
alope is exaggerated by these extra resistances which may be summed up in the word
¢ ghock *’. When on the contrary a channel is in regime with a wetted surface consisting
ime slope is a function of the grade of silt transported and it ig
possible to derive a formula for regime slope instead of a formula for regime velocity.
3. Critical dlope~~11 the flow fornila is corrt}ct, and the eritical velocity formula is
known, one can proceed direct to calculate the regime slore, thus -—
Voo Ra aoRb S¢

and hence

a-b
. SoRC

In the writer’s first paper presented fo the Imstitution of Civil Engineers he derived
from the Kennedy and Madras data the critical velocity formula :—

V =1.17//& ;f = silt factor = '73 V¥/R that is to say for constant silt grade the
ratio V3/R was a constant. |

The Lindley data was unique since the?e were no observat.ions of the velocity, the
glope being measured instead. From the Lindley Aata the writer, in the reply to the
discussion on his paper, derived the expression,

S« R
that is to say for constant silt grade the product RIS was also a constant,
It will be observed that the two relationships derived are very simple. The inference

£rom these two relationships is that for a constant silt gradg the velocity, hydraulic mean
depth, and slope are uniquely determined. That is to say if we know the silt grade, and

one of the fundamental dimensions V, ¢, and § the other two dimensions may be at once

determined. ‘ | ~

- Figure 1.
Energy of Flow Diagram.

—Figure 1 represents the hydraulic longimd/inal section of a re-
surface is developed horizontally, and the hydraulic mean depth
annel hag also an hydraulic mean ‘width which is the wetted

4. The Ratio V3[R
gime channel. The wetted
erected upon it. - Such a eh
L14CBI _



74

perimeter. It will Le observed that the longitudina] section i
: . tion
g;?gﬁ':n‘l’:/gg the-T ?igahfner;ﬁ line r}Il‘as been elevated above the Waﬁn-ai?](;fzie?el;%y of tﬂ o;
B canie . agram. as Tchikoff has pointed out, has an interesti y the vertic

. : ng geometrical

5. It has already been shown that when the si
is constant. is i i ; e silt grade is co i
tironah bt} ' ﬂ'f:ufolli?:;x:vilent to s]tatmg that the ratio V2/2gR is ;sg:tl;;tth ff "::10 dV’(/iR
V2[2gR being a cm‘;s-ta t g11 <\ glunce at the figure shows that for constant f3l rade
to the hydraulic dep't}i l;f’ﬂ 1€ ve%c\;clty head as plotted vertically bears a :(I)ln : \ t+ g?ac}e
have geometrically simil ow. e thus see that for constant silt grade regi N
» ar energy of flow diagrams, in respeet of vertic:I diillme .channels
' limensions,

6. Froude number—It has bee
] . ‘has been shown that when the si i

f:scsmru;mf:anjtjl the expression V2/2gR is also a constan}tlf3 S:ll‘;liirﬁe s constant, or the silt
L >(q L/I'lr ; v Ite.dmllenmons of the numerator being L2/T2 aﬁgess;:o::hlg a d1meps10n.
Lx L a. . is also equal to one half of the Froude number \;)2 ¢ denon_llnator
o :ug 1?re that 1_f all channels large and small work .to t}Ie Je 1 is ot
g or('zﬁlsl‘ wiltl Ic'alvvays ‘bear the ratio of the chansxf;;l ) F{OUde e
poing_vertle .numbt Mb actor bears a constant ratio to the Froud e an et
e foaoade 1 u:;i een adopted in the first instance by the ;riimm.ber, et
\ quations would have made a greater appeal to the ph;:'i;{litem}l‘lff t:lle

ist. e silt

factor was however ado i
pted in order that unit si
e ; sil
Kennedy’s standard sand silt with a erities] velocity:c rfaatcigozf ;::E:lylrd correspond  with

7. Discharge~It will be ob '
. : served that the only di ioms i
p:erlilmz;:rt, a1(1)d S for_ co-ns'?ant silt grade f. No menti‘Zn Jin:snsg):l et so far have
. Once this is introduced the diecharge is involx"ed on made of the wetted

Referring now to par

) agraph 3 above wo ran see

;_dzlir;leer has b{;eri%placed. It is quite true that ;{:11:“:%

ensions . '

Tt be selec,t v :;lliifi :a ltiham}el can be designed. The trouble is that the i i

wetted perimeter to R th V. In other words we do not know the o e ditiension
: the hydraulic mean depth, and until we do thceozll'f:;nr?tm (zlf . th;

el as designe

may have a tendency either to wide ilti
c R nb i .
by seouring its bed and by berming y silting its bed and scouring its banks, or to narrow

8. In the writer’s first
. ; paper he coneluded i
discharges, that the wetted perimeters of ehal,lr?gcse rwlz‘lc(})lttmg oo Tetted perimeters agatnst

z%utaﬁ': sx;%oets %tf t:(l)e diS;(l'lJJarge. The relationship is diﬁiculion;tz;;ﬁ silt grade varied as the
ever that conne;tix:: 1L t anflels restricting the width. Of all the :m oving 0 the stiffness
the widest conﬁmnsftié;e M g:f'}tleﬂ perimeter and the discharge wouldegpm;: rettx}inmbips how.
! . ¢ question ari ., s ar ave received
to d . . ses whethe - ; ¢
v e e it oy o sl ot e i g
of the discharge. The relationshi dant wishous récourse to
reply to the discussion on his paper, and is re;)I;og::egoi: etx,.l?ed lg the writer in the
9. Referring now i it 18 note.
Every practica,lgengine:: f;'cgilcl:: tlh 1t will be scen that the slope is somewhat
tudinal sections as ordinaril ¢ same cxaggeration in the slope when h exaggerateq,
the horizontal scale sixte y plotted. The vertical scale may be one i 2}1 e studies longi-
every practical ellg/ineef ‘F;Iilnmches te}?uals one mile. Whatever the p;:cisee(sll:lals ’oe; f:eg,
R 11l agree that the exag, s cales adopte
ex . : geration in i .
aggeration in the vertical scale as compared with the horizg;et:ll 05::1? n(:lt‘llf' other than the
. is vertical scale

is an hydraulie vertical seale in
> the figure, th i
not the mean vertical depth, or the dg}fth on tﬁehge%rauhc mean depth being involved and

ee the difﬁcu]ty in which the canal en-
Ing the silt grade and one of the three

10. The horizontal scale i
The applies not
it_ydralllxhc width, 1.hat is 1o say to its ?::t::grﬂgﬁ:geihe T the
ci:):mtl e;ast Ot;l‘il;-:}?emgs t‘tt)leing equal smal] channels haevl; a
. irther, other things being equal ‘ i
greater than in the large channel, Appl;ling’m;};&piligxpe & thoy g er channel will be

hydraulic verti . iple
ydraulic vertical scale is none other than the exaggeractigxlxe i;h:; t'l;le exaggeration in the
RP = § € siope.

but§ e R (vide para. 3)
hence PR »Ri oV
an‘ill , P, ®» R¥ o V8 (5ince RY e V)
multiplying through by RV whi :
PRV=Q o Vofa pZ ‘ which varies as V*
f'-.’t. = and Pe Qt .
or constant silt grade. The wetted . A o
. . erimeter-di g2 ps : :
deduced without recourse to any dataI;nvoheziz; illf: h;iizil;:::atl?rx;shlg h?’s’ therefore beent'
‘ e significance of such 8

channel but also to its
Iln Nature we know from observa-
arger ratio of R to P than large

v

mmediately appreciated. The shape, for constant silt grade,

simple designing rule will be i :
The shape it will be noticed is yet another dimensionless

P|R varies ag the mean veloeity.

number.
11. The geometrical similarity in the energy of flow diagrams and the incorporation of

the Froude uumber give the writer’s eritical velocity formula a significance denied 1o alter-
native relationships, many of which have been put forward of late. The simplicity of the
wetted perimeter discharge relationship and the degree of confirmation it has received
during the last few years from many independent workers indicate that this expression
must hold the fleld until replaced by another expression supported by overwhelming

evidence.

12. Effect of silt grade on the P, Q relationship.—One problem remains for solution,
and that is the question, frequently raised in the past, whether the silt factor, or for that
matter the Froude number, enters the wetted perimeter-discharge relationship. In other
words if for Kennedy standard silt the expression is

P=267Q
would it be necessary to change the constant 967 if the silt were fine or coarse. As matters
stand there is so much scatter in the data and so many variables at work that it has not been
possible on & statistical analysis to state definitely whether the constant 2,67 varies with
the silt grade or not. The writer has shown how it 1s Qossﬂﬂe without recourse to wetted
perimeter data to derive the fundamental formula whlch.subsequent collections of data
hether any geometrical or physical significance can

serve to confirm. The guestion arises W i i
r, if, as the writer assumes to be correct, the

be ascribed to the relationship, and whether, if,
t, the significance 13 enhanced thereby.

constant 2.67 is a true constan
13. A little reflection shows

the geometrical similarity in the two TespeC
nd in what respect can one channel resemble, or be

down. Is there any similarity left, a ' :
considered as a model of, the oliver § The only thing left is to model the discharge .
whon the dilt grade is constant the shape P|R

We have seen in paragraph 10 that ¥ :
varies as the mean velocity. This expression can be re-written P[RV equals a constant
pumber. But RV clearly is the mean discharge per foot run, or more fundamentally, the

discharge intensity.

that if two channels are taken with different silt grades
spective energy of flow diagrams immediately breaks

“.‘h..."‘

il s

, , ‘ ' 1
‘Lvy////////////// /2L

(.-.--.-e-——---P - s ewnmemns aa=ly

Figure 2.
Discharge Diagram.

¢ wetted perimeter has been plotted horizontally and the
mean discharge per foot run, ¢, verti(}ally. If we integrate this diagram we obtain the
discharge. For channels of the same siit grade theyefore we observe that not only is there
a geometrical similarity in the energy of flow diagram, but there is glso geometrical
similarity in the discharge diagram, for channels large and small, the ratio of the wetted

perimeter t0 the discharge intensity g being & constant. '

14, When the silt grade is 8 veriable the simﬂarity'in the energy of ﬁow‘ diagram breaks
down, but, if the relationship between the_ We.tteq perlm?ter and t]?e discharge is indepen-
dent of the silt factor, the geometrical gimilarity in the discharge diagrsms would still per.
kist. Tlat is o say that in all regime channels, irrespective of silt grade, the ratio of the
discharge per foot run to the wetted perimeter would remain a constant, or in other words,

the discharge per foot rum per foe* run s & constfmt. |
15. There, for the present, the problem of regime flow rests. So long as the viscosity

of the water and its density remain constant, as 11so the density and ‘‘ distribution '’ of

g i i stant ratio to the Froude number,

ilt particles, the silt factor will bear a con . _ and the

g:r:gte I:?lt di?;neter remain 8 simple funetion of either the Froude number, or the silt

factor. Silt grade whether determined in terms of average diameter, or in terms of yet
. , will always remain the fundamental variahla.

’ 0
another number such 8s the Schoklitsch

November 1935.
January 1936.

Referring now to Figure 2, th
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APPENDIX IV,

By
ZMTA ‘). (). l'n lz 1. iy, p nd’bn Engln 7 O’l'n/b De(:c n
4 » wy a )‘

In this note I merel

; - ¥ propose to d o .

explain th ; . eal with th

P e sinuosity of rivers, starting from thte :ii;plis‘} factors which seem to me to
est case.

2. The simplest ease is th i i

water e S S that visualized by Mr in hi

e i o sl i s, oo, (e o e b

dependent on the dischsrgxezfgrtlsm pther o the shape)s opii e oy u o

constant silt charge, tle riv ,-1e silt. . Under such conditio’n:n 'the netont fow wnd

approximately straight b e Wh'l te.nd Mg fclt e o i i 1
, because this gives the condition of gm?ﬁnﬁ? S ol it is

i energy of flow.

3. In nature the silt i
e silt is not unif
eoarse near the hills and b iform and due to abrasio
generally composed of ﬁneecglz:es. finer and finer, due to attxx-lit?;? other causes the silt is
lgowever, being partly due to ch di Q(;lnsequently a longitudinal séc?ftu near the sea it is
ecause the Jarg s dic 1scharge near the s i 1100 18 concave : thi
ome factor at ahtzlzll;etdQZChargfdand the finer the fitl'? ei?li gl;att:r than near the hillgi,
that the discharge remai consider the effect of ' atter the slo Varvi
o ge remains th ffect of a varying silt pe. Varying
This is approximat e same, while the si g silt charge. We wi
el ses ’ ¢ silt charge . e will a
the river cannot carxg 'ﬁli ](;gndat‘mp on some canals, V;h:;'gt‘l’le"&l les throughout the s:};:;e
This may continue until re ;’1 it is deposited at the head and tll.le 18 coarse silt in the v;ater.
s1¥t charge becomes finer oxg- de i3 approximately attaine d L iSIOPe gradually increases'
will then have a slope which decreases, the discharge rem;ﬁn- et us then assume that the
is in excess of that required tolgfr;} ehsame', The channel
the silv char ;
ge. This

will lead to erosion
0 and the way t
of energy is by sinuosity. ay the slope can he deercased with a minj
imum expenditure

i

APPENDIX V.

Tortuosity of rivers and their training by means of Embankments, .

By Mr. D. N. Sen Gupta, Bzecutive Engineer, Bengal.

In the province of Bengal—a land of rivers—most of the rivers are active delta builders
epilling freely over the land and such spilling is beneficial in different ways to the a.rea’
traversed by them. In a few rivers only which are of a torrential nature embankments
were found necessary and have been in existence from times past. But the general mass

dered desirable on account of their

of rivers are entirely devoid of them and this is consi
harmful effects. The relation between embankments and tortuosity has mnot therefor

been & subject of serious attention or study. Moreover the principal rivers "of Benga?
viz., the Ganges and the illate like a pendulum, to build up’

Brahmaputra are known to osel
the delta, and this oscillation according to some engineers should not ordinarily be checked
as it would interfere

with their delta building function.
2. Topog'raphically the Bengal soil can be classified into the following separate
the rivers do not ordinarily spill. T
(b) Upper deltaic zoné where the rivers are not appreciably affected by tides and
unless obstructed artificially spill sweet water over the land during freshets, '

(¢) Lower deltaic zone where the rivers are subject to the influence of strong tides
and the land receives gpill of saline water unless protected by embankgmentg

3. In the first zone which covers only the Western and Northern most parts of the

province of Bengal, the rivers are more or less s:teady. The soil generally is sufficiently
tion and diluvian that help a river to be-

hard to withstand fairly high velocity, and acere

eome tortuous are comparatively weak. In the 2nd zome the soil is composed prinei

of Indo-gangetic alluvizm which is more Or loss loose. The rivers can cut thf'ougcﬁp:;lg
henomenon for the river Ganges to open

soil faifly rapidly. In this zome it is a eomruon p
up a wide channel in one season for jts main current which is again completely obliterated

in course of 2 or 8 years. To combat against tortuosity of such mighty streams is, there-

fore, a problem of gigantie magnitude. The 3rd zone near the sea coast on the south is
h reversing current which generally maintain

d estuaries Wit
The rivers of this zoue have not, therefore, been dealt with

gones :—
(a) Non-deltaic zone where

more or less straight courses.
at great length in this note.

4. Most of the live rivers of Bengal carry a strong current and erode their banks

where they pass through the opd zone and frequently change their courses. Th
existence of important places on their banks has thus from time to time been th € very
Except cases where very valuable properties are involved no protective measures l‘eateaied_
on the score of excessive cost. 'Therefore wherever such erosion takes place the lo c‘;rl e taken
are generally compelled to leave the place to the mercy of the river. It would be people
of great public welfare, if protective measures of reasonable expense could be thoa I;:atter
to prevent these erosions. The subject of controlling the tortuosity of rivers tgg t out
deserves consideration. Two cases of river erosion which threatened two impm"ta :r:fore,
of Bengal in recent times are worth mentioning here. The town of Sirajgung Sit?laf Olwns
the bank of the Jamuna (Brahmaputra) was threatened with complete obliteration :‘ d(’n
part of the ecity was actually carried away by the vagaries of the powerful stream n’h a
the town was saved by adoption of suitable bank protective works and erosion *arrg texc;
altogether. But the town of Noakhali sitnated on the Meghna estuary, where no a,ttefnet
was made for protection, when it was attacked, owing to the cost involved being ::,
hibitive and not commensurate with the value of property to be protected, has PracticI;n};

disappeared.
5. An index mnap of the Provinee &
w flows in a soU

¢ enclosed® showing the important rivers of th

country. The Ganges 1o theasterly direction and is joined on its seawarg
course by the Brahmaputra at (oalundo and the Meghna at Chandpur. The previons
econrge of the Ganges was along the Bhagirathi, the lower portion of which is called the
Hooghly. The town of Calcutta is situated on this latter river. Various places of business
have in recent years eropped up on the banks of this river. A substantial volume of sea-
borne trade of India is centred in Calcutta and its neighbourhood.
lsion divertin:

6. Tt is believed that the avu g the Ganges from its extreme westerly, viz
ly course into its present southeasterly one took place about, four

the Bhagirathi—Hoogh ¢
fhundred years 2go. Gince then the headwaters of the river Hooghly have been eradually
dwindling. The ordinar¥ floodl discharge of the river Ganges is about 1,500,000 cusecs
and that in dry weather 50.000 cusecs. The river Hooghly and its upper reach the Bhagi-
rathi is practieally cut © from its parent river during the dry weather and the very
oA ————————————

' *Not ineluded in this Beport. :

L14CBI
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maximum discharge that could nov come dow
i 3 . X 'n the I ¢ . .
(ilsls:ll;:zfzs.5gr8(l)l(l) tllxxe ‘tnbu'trarles of the Bhagirathi as A?)&"}ll%h;:ogrxl C;tb head inefuding the
which orig’in,ally cai'w's‘d be channel of the Bhagirathi and uppe other small channels
of the present ried a discharge nearly four times the pper reach _Of the Ifooghly
present day has, therefore, considerably dwindled o sii?bable maximum discharge

7. The Brahmaputra alsc left j
. L t its old S
and is i course towar
considezl'laog‘l,yf(()ilé:i:g;idﬂil; Rresenfr course along the J misn;heTe}i;dof(;f ]tghe hmth centm-yhaa
size. To i . > rahma
been affected by this avulsion. wns like Mymensingh situated on the old rIi):::ahave
8. Such changes in the cours i
e of rivers aff
traffic b o ect not onl . :
in th(; céllir:iszft}t)iehaa;;g of the loclzlihtles along the old ch};x:r}ll:lvogl;n i t};z Tiverborne
. es, rivers like the Bhai . evious to the ch
in Cent . ; irab, the Na ange
ntral Bengal were active rivers and the basing Senil:lagt?;gsl ::;d the l\iathabhanga
were healthy and

; o5 ; e laceS h e t ]

9. The above mentioned i

. avulsions ap

in the course of B, ppeusr to have taken pl

was a much s }‘l)orfee;t:oz‘tlél(:lnghbecalne very tortuous and thepna::' “;hen e old chaanel

reduced and a more direct ﬂ(:)v:' ienfsat.h If by any means the tor’cuosfigt;'a lﬁei'inow followed

made less frequent. It chou e sea established such avulsi vers could be

- ot . however, be b P sions could be avoid

in building up t ) , be borne in mind th . voided or

raining work 1; ;:;e ﬁie;l]::ersfl;gzllli got”gel seriously interfered a::vité;{’ i%;ct}c‘}?:yeof the rivers
e 18 likely to cause disastrous ourse of the

s results in future

). rl. 2 o (1 M Ti: 1vide 1 ((i lhe I()“()W I
“ h(’ rivers o t;fn"d] ayv be d d d n g m .,
© Dy 1n, ain ¢ as
568

(a) ].;arge snow fed inial ri such as th G
b 1 perenmal rivers e e Br
anges and th ' r

(b) Tributary channels i
of the rivers in elass
Mahars 1 the Teestn 1o Moot g i)g asi]so fed by the snow such as the

(c) Tributary channel: of the river cla
) annel: of the ers in el d fro
o 1)‘ ! ss (a) fe m their catch
tl;e p H;ZIS’ and t}llel..Chogag\Tagpur hills—such a)s the Damodar 11;he Rt ment in
e Cossye—Haldi and the rivers to the We : ' ’
e s \ rivers to th est of and falling into the Bhagi

(d) Distributaries of the rivers i :
in clas i :
such 8s the Gorai Madhumati 8 (a), which are still active delta builders
» . . . N 4
) (e) Dl:g;:utarifs of the rivers in class (a), which are in a )
» such as the Bhairab, the Jalangi, the Nabaganga l:l(l’;etﬁz ﬁsgt lzn(l))ribund
athabhanga.

11. The rivers of the classes (a) and () are bi
. . ) an :
gNI:)da:It]:;lvgtlgh:;E ;:;lks a(xie noticeable in many placges .aﬁiof,zr?ﬁea :é;ong curren.t_ Erosion
Mo attempt has bee téx(llate to contrpl these erosions with the exce t;:e °f ineir chsamisle
discharge in these 1? v 2 also these of ela rayon. theee riverls)f, IIL i momim. g
dischargo in ¢ ﬂlese1riers an.d also those of class' (b) increaseg slow'l e e the
the land near these vg,r:nls gradual and suited to cultivation, Pr);czr'ldaﬁhe Pooding of
by the drainage from ti C?theted along these rivers. Rivers of 1:] J (o) ‘are- 1o
Their catchment areas als: areota-lﬁagpur I and have no perennial s o smpoly
in those reaches which are aff ts Iga ' _'l‘hey e eally dry in the dsoumle e exset
e e monsoona e’I("he I;)y tides and. are subject to heavy sud 57 weather exgept
o arine, the mons ﬁo'\od d.e L amodar_whxch is an important river enf e mortlived
cusecs between banks barely 3 ‘;(q)((a) arge which oceasionally mounts to g Gh'thlsj e
low as 100 cusees even. Aithoilgh fflf)?aasﬁ)?'{lt{ng}il:reasa}h ebdry ot e Tiis;i};rg: ?58;0(:2
' " : gh 1 a valu i ilisi

;:31; s:;gg::;i :1 ;lsh gie \1.1 ater dm these rivers is not always cozfdtiii::szg lcltlxlf?ml’lsmg e land,
embankments w}l;ich haI\rrl: Ige’:zezozgﬁlc::;iﬁt times to control these ;iv:j;:nl;y A;t::mpt;
embankmen I ong their banks wh : O
situated at sl:fv: S?St?ne: ?Jb)ect to beavy flooding. These emb::g::n::e onds slong:
e safo distamce mJorom the river e}%annels and the space betw  powever, are
e pecommodate the m t‘lrlemcms] of the river channels. Where the cﬁen embamlnngntg
:llxlcroanhment upon valuable ;::S:ngrae%:lmfﬁeﬁre the same unless thea::ofio:xmi:;?ﬁhu
e rivers.of class (¢) have no embanitmentélszi\ve exeeption. of the Bhaeirathi-Ho gy,
the water is saline. Along the Bhagirathi-Hooghl;, :;1?11-5 :&m;rclmtt):cigvﬁdald Tesiches 251:2{;
‘ , tective and also road and

railway embankments runnin
. ) g almost along its entire 1 .
,;l)d:oezlt;;z?;g I;SHL ”?‘{;H;S very strong tides. The banks ::gt :-eu'l‘lietnver Flooghly has a
‘lesé oalinn i moste;a l:et ?fv gl:ax;::d H‘%‘?our. Up to Caleutta tlﬁa ;ﬁ,ﬁ."i:,’,‘;' I}St'md‘?p
embankment to prevent spilli T. erever the bank is low in thig ¥ more or
pilling. These embankm In this reach, there is 4
are revetted on the river side, the cha nements are close ¢o the river and « they
on ot ) nnel does Jiver and ag th
about 30 miles above Calentta the condition is si;;)l:rget];;g :1?: Obmrtukmty to erode. Fg
| ® in this reash are

“the end of this paper.
in its course.
is 'very short in
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and there are numerous masonry structures along the banks which pre-
Higher up, however, there are stretches of low banks and the places
Il protected. A study of the two reaches of this

thickly populated
vent all erosions. :
are not so thickly populated nor so we

river would be interesting.

12. A statement is enclosed showing the degree of present tortuosity of the more im-
portant rivers of the Provinee. The average widths of the rivers in the different reaches
have also been noted in the statement. The information on these points is not, however
altogether accurate and the statement also is not exhaustive. It is intended to g,ive only a’

general idea of the nature o the channels.
13. The Ganges—In the length dealt with in the statement the river Ganges has a

tortuosity varying from 5 per cent. 10 30 per cent. It would be interesting to note that
just above the Hardinge bridge the river is more tortuous (30 per cent.) than anywhere
else. This excessive tortuosity may be due partially to several branch chamnels taking off
in this reach. There is a tendency in a certain school of thought to believe that the
construction of the Hardinge bridge and its approaches is also in a certain measure respon-
sible for the acceleration in the tortuosity in the reaches immediately above it. It is con-
jectured that the waterway provided in the bridge although sufficient to carry the dis-
charge of the river channel is not enough to accommodate the spill discharge of high floods.
The river is & strong delta-builder and spills over the banks during the flood season. In
dealing with such rivers the -channel§ alone should noi; be considered. The spill areas
carry a large portion of their flood discharges and are xpsuperably connected with them,
Any blockage in the spill areas tells adversely on the rivers also. The average surface
slope in the river is about 4 in. 1 mile. The surfface slope may have been flattered to some
extent locally for s the Hardinge bridge. In the absence of sufficicut
.1 the Bengal Irrigation

ome distance above e ey, T [ bs
zauge readings in th epartment, I am not in a position to thoroughly
sgubsgtantjate the flattening of the slope above the bridge. There is, however, an excellent

i rep ilway Department showing i
superplotted map of the river i epared by the Railway : ng ou it the
di(tl‘xzergnt coursespin 68, 1915 and 1933 in the nelghbogrhooq of the Hardinge bridge.
In 1868 the river was very tortuous—the jndex of tortuosity being about 50 per cent. In
1915, i.e., when construction of the Hardinge bridge was just finished it was reduced to
R due to natural causes. Now it has inereased to

s believed to have been
T have come across a note by Sir Robert Gales

15 per cent. ngch iI x (iten this mote
: ince gve written . .
30 per cent. Sinc ion about the Hardinge bridge.

in which he gives the jollowing informati ‘
ain cold weather course in 1782

" by the m
th of the Ganges frow Sarda to Pabna by main .
was ?;liﬁiles, in 18565 wasg 59.5 miles, in 1868 was 66 miles, I 1910 was 57 miles and in

1933 was 54 miles.

He attributes it to ase in the amount of water drawn off by the

Nadia ri d the Baral. But this does not explain the inerease in 1868.. The cold
::gtlt?e:‘z?:zhxge is generally very low and its perf:en-tage variation from year to year
may be considerable without any permanent change in the nver_bufc due to the vagarjes
of the weather. Varigtions in this length therefore may not indicate any permanent
change. In these figures the straightest courses of the river have been taken in the account
and the more - tortuous alternative —courses neglected. .The increased tortuosity
at the present day is mainly confined above fhe Hardgnge bridge. In 1868 the
Nadia rivers«-—namely—-the Bhagirathi, the Jalangi, the Bhairab 1‘:md the_ Mathabhanga
were in -8 ition a.ndd r;o doull;):t toto'l:ﬂ ;::tjironaof it;ggis cil:f;earg;;l dProt.
.ver thus deprived of 8 su anli 10
::tzli‘; tﬁ: lfszr:;lfsol:dition in the higher reach and adopted 2 more tortuous course. Gra-
dually with the deterioration of the branch channels it was carrying more water and was
1 nannel and assume a straighter cOTTs. The obstruction created by -

able to improve its ¢ dversely affected the chanuel agai
1 it roaches may have now advers y e chanunel again
and 1t8 approé y nt tortuous course in its

the Hardinge bridge Bave o e prese
‘ re. The river 18 probably ing present t :
::t:r‘;g?:tege:xﬁe the obstruction created by the bru_lge, The: view mentxone-d ‘ab?ve ap-
pt to rex ed theoretically also as will be evident from th'e explanatlo‘n given at
oS o b o oA 1f it is correct any obstruction such as & weir across a river should
irs in Bengal one of which '

astrctec onnl bout 3 years back. It is hardl
h and another co _ y ebout. y . It is ly
possible to éniveliﬁ definite conclusion on this point from these cases. If the Nadia
rivers were improved to take larger discharges and the strength of the parent river conse-
quently ré;iuud‘ it might be possible to male the latter more or less stea;iglmllts present
tortuot gdﬁi’-':g."-*’ his matter, however, requires & careful study over 8 fairly long length
of theqr’i'{;é’i'"b&h vip and down stream of the bridge and its courses for a long period cover-
G e s e T, T
: S oo o1an t be ascertained Ior 2 . Tt would be
byanblies have also 10 be eTthe ffeet on rivetn

the decre

also produce tortuosity

o B I O and i {8 helicved that §t would show clearly in on rive;
ey inerering sty end 361 DL Ly v and rilvay embukment

‘prodused by bridges et apill opeaings.

which do not provide’
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14. The river carries a very strong current. In the deepest part of the river the
velocity runs as high as 10°/see. Tt is significant that the river on the whole is fairly
straight. It is more tortuous in the reach above the Hardinge bridge for reasons stated
before. Near the off-take of the Gorai-Madhumati also it is more tortuous than asual.
This is probably due to the fact that the river here is less vigorous owing to the draw
into the distributary. Below its junction with the Brahmaputra,

¢ t the river is very
vigorous and shows very little tortuosity.

15, The figures of tortuosity of this river given in the statement is not an index of its
activity in erosion. On account of its strong current there is g good deal of bank erosion
on this river. But due to the friable nature of the soil it is able to cut a fairly straight
channel which oscillates from one bank to another periodically. The amplitude
of this oseillation is, however, limited within a certain maximum width. No
reliable and definite da{a are available on this point and will have to be eul-
lected by loeal enquiry. This is likely to give an idea about the likelihood of the places

situated on the river to be attacked by erosion. The oscillation, generally does not affect
the tortuosity of the river.

16. The Brahmaputra (Jumna)—What has been stated about the Ganges holds
good for this river as well. The Brahmapuira is more vigorous than the Ganges and
carries a higher discharge. It is, therefore, a straighter stream. Only in the reach near
its outfall into the Ganges it is more tortuous. The channel here is narrow and less
vigorous due to the draw by the Dhaleswari.

17. The Damodar —This river does not spill nor change its course to any appreciable
degree in the upper reach where it passes through rocky and hard soil, It begins to spill
about 20 miles above Burdwan. From this place the river ig embanked along its left
bank. But the right bank is exposed to flood except for a short length about 30 miles
below Burdwan. For the last 20 miles near its cutfall it is embanked on both sides. The
river has a very steep fall, it being about 36 in. 1 mile in the upper reach. It jg gra.dually
reduced to about 18 in. per mile at Amta. Lower down it is considerably reduced and is
about 6 in. per mile on the average. The river runs fairly straight probably owing to the

strong current genevated by the steep fall. Tt gradually widens up to ab o o
below Burdwan. Below this reach a branch channel takg; off o ortiot 90 miles

charge and the width of the river lower down is reduced to less

; . than half of the original.
Tt is on the whole more tortuous in the narrower reach than in the Wider.0 In ih(:ang;]l)zlr

: per fall has helped in keepj
the channel straight. It does not appear to show much difference in i’r,: behavi;ulz)'nzg.I

tortuosity in the reaches where it has embankment on one side as co i
both the sides are embanked. compared with that where

has a flat slope of about 3 in, per mile as in the Hooghly into which it falls
reach there is no emhankment along the left bank. '

a little more than in the lower althongh the slope there
is probably due to the narrowness of the channel,
one side in the upper reach, the channel is more or

In the upper
The tortuosity in the upper reach is

is much steeper (8 in. 1 mile). Thjs
Although there is no embankment on
less steady. ‘
19. The Ajoy~—This river has embankments where the
and subject to heavy inundation during floods.

rather steep being about 4 feet per mile. Near the outfall '

there are 1o gauge readings available to give any correct id:ali] Zfs lglll): ;:11:111? b?l‘l?:t:(s:{mo&tlt
of the Ajoy is the same in the upper reaches referred to in the statemen-f But SIhy
outfall the channel is much more tortuous. This is probably due to th;a ﬂI;t nearlt ‘
caused by the water being backed up by the volume in the Bhagirathi into whi:h i%crfarlsl: P

gth of this river hag been

Sometime back thig river
Ganges might be diverted along this coupge,
hmaputra about 50 miles below the offtake

land along-side is very low
The surface slope in the upper reach is

20. The Gorai-Madhumati—A 59 mile len
this reach it has a tortuosity of 30 per cent,
rather rapidly and it was apprehended that the
It will be secn that the Ganges joins the Bra
of this river. The Brahmaputra is a vigorous river when it is in flood
as the Ganges, the discharge of the latter river is to some ‘ ;
helped in the development of the Gorai-Madhumati. But ?:t:rl)l[t)eca};;dt{;:ta: % tlhls no dﬁ‘ﬂ?t
has been reached for the time being. The Ganges h i g it

unlikely that this advantage predominated ang the river kept itself to itg present course

21. The Atirabanka—is a river of a short length taking off from
has a fortuosity of 61 per cent. The surface slope in the river is very
per mile. There is heavy steamer traffic in the rivers in this localit;
require very little attention to keep them navigable. But bars

scrutiniged. In

the Madhumati, It
flat being only 2 in.
Uty. The other rivers
In the bed of the

was devoloping
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i igable. This is probably due to
nually to keep 1t naviga : :
Attrabanka hat 1o 1}3; g;;iﬁg t?)nindic;:ce that when a river loses vigour it becomes more
its tortuous nature.

: i ' her a
tortuous. tuary below Geoukhali has taken rat
; i- hly.—The estuary " nd
22. The B’laglrath:hgoggmt?ined volume of water qf th];a fo:%f}ﬁ“ﬁ?::’;ﬁo 1:: d
crooked course due to i at 5 sharp angle. Otherwise the r Vh ; ower reach |
Haldi flowing into the river tnary, the average tortuosity in the lower reac , y
fairly straight. Omitting the estusry, gradually widens as it proceeds to the

. : d it
v ¢ well-trained an A '
20 per cent. The nwel(;hh‘:};% w;e Nasarai the average tortuosity is 62 per cent. The figure
sea. In the upper rea

P The training works in the lower Hooghly
. . : 98 per cent.‘ T g . 4
B L e i s s i
e OC?asg{ni?hannef even for seb going ve:§ eils :xfd grdinarily navigable b'y cou;try
of a good navigabie CRATIE lly poor in sectio inar by cot
up the river, the channel lzr%ilghﬁ {hli)s river above Nabadwip is called Bhagirathi, In
boats only. The upper ption pore i a litt

e or no water in the chann;l_duril_:lg the 'drf

i . . . i
the upper reach of th]? ?fcin the Bhagirathi.Hooghly is approximately 3 in.|mile again
season. The average 12

i anges. .
4 in./mile in the parent ;v;:‘ (juathabhanga.—-'l‘hese two rivers also are very tortuous as
] e
93. The Jalange an

. ; t.
e average fgure of tortuosity I{ﬁsg :E:teper cent, and 92 per cen
. Bh?glrathl dtfﬁe" are more or less 7% & o 8 already stated, are more
respectively, an e langi and the Mathabhanga, a 1 o e

94. The Bhagirathi, the Jalangl & the condition of the other rivers ying between
‘ l moribund state. ;-Madhumati in Central Bengal. 'These rivers are
d the Goral ighter channels they would improve. But as

y that Wit}ét:::ﬁ; nothing has been done in this direction up
pra :

or less in a
the Bhagimthi-Hoo-gh}y 1?1?1
very tortuous and 1t' is like Y
the outlay involved i8 very e 5 e
till now. gtated before, eml_’ankments ; not appear o have any

25. From wh&tdzig:n:eflllle tortuosity of a r1verdall'il;:))::i%1 s theoretically they  should

. x '

marked‘eﬂ’ect ’ri.lr,e aligned with gradual curvieris r};vers povided with wide berma botwean
create, if properl kments, & tendencz)rnt e o e o

in fr
. on the berm 1o urrent in the deeper channel should also
com;;?rlat’.clv oy bank and by its .inﬂlf::% et:: ;pressed by a semior officer of the Bengal
parallel to This view

; . There may be another expla-
take a straighter coul‘fe;ﬂhom I consulted in the matter y

igorous and straighter in
iorati men . ischarge are more Vig Lral
Irrigation Departm Jiivers carrying more d;]i‘; sp?u retain more water for the river and

nation for it also. nts by cutting off berms of the Bengal rivers which

their course. Embankments tortuosity. But as the in many places the embank-
perefore veduce their ry few oceasions and as i

should theve erflooded on Ver] s not marked.

are cmbanked are ov ol, this effect i , .
ment i very close t0 the chan® ts have been seriously felt in Beng:alhln da;lmost t?xlil ca;::
ils of embankmen'® . £ created by them and there is hardly anything b
26. The ev! do ]theel:lschle ovince. It may not, therefore, be desir-
mnhankm
rgglzret for t?:rletegzg ::’\f en’ £ they are found to red duce its spill %SChalig:O ;ﬁ:'clt‘: 311:
able to go known in Benga ertilise
. ts a . ter has been
tion of embankmen Spill water £
RRES. Flooded ar clta along the co;llrlse of the riw;g:. is gl;c;gpteﬁle.
. ; er quantities :
ther the spill being ¥ :on is thus carried forward in much larger q
Tho solid matter in suspensio is, therefore, mube‘ru'ore and after construction of
f YR
been kept of the extension of the del;ar:vio\lsly it was 96 foet 8 year and now 1 i 500
' i riv .
the embankments 8:0! educes the surface fall m theembankment. It was on this econ-
um This r b aches i the od a t
feet per ann . . delta and causes bre dar was ab?iﬁn in order to
; . . andonment of embankments whereve
sicl!eratzon ﬂ;;'icllti}'llz to the river. Thlio P;l‘:ge:tfy ail; now steadily followed by the Bengal
allow some h damage
{ mue i
artm igation. viding hard skin protection to banks
Department of W0 a river may be arrested by ﬁ:ospill agnd affect health and prosperity
. ss 2
at places of erosion. Tt may not be po + places of very great importance,
344 any way- except in piac ; o .
of the localities in 817 d the Bx's,hl!rlttl’“tza closely connected with building up of their
illation of these very hann : ir distributa
ggﬁﬁt& them to gnf v:;hteh epias!irtlfo;his not exaf:tly 1;hef :1’;‘1;:» tv;;th sant;el:ha :n elralw ayz
: 1] .
< {airly close 10 , '
chennels which are f:fm' is ot likely to- :

» n ] N
T on the e of o ts left in £18 pruc’e tortuosity in rivers. The construe-
(;znlg o river to cut off or Te
8. to be more healthy also. Fur-
Tocality adversely 10 many Way e d to
soil over which it P“t ff building up of the st .
ch more rapid. record has
sea, Expansion of delta infc the 228 % the Mississippi
along the river er more quickly, raises the water
3 0
lovel in the lowe vight embankment of the river Dam
it can be done withon
27. Tortuosity of Sneh works would not preve at spill 10 & such protection done
e ion o the v active TIvrs ie1 throughout their course, may not, as already
‘devirable. : :
s i be interfered with appreciably.
o 3 d
building up of the

LI4CBY
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28. It will not be out of place to note how the distribut
bends. Let A B be 2 parent river running in a straight
taking off the parent river. Ordinarily the spill waters .
to flow along the line of least resistance and p‘che shortes(t)fli;}:ae tgar:::v:;::r WO:l(}dbtry
straight line. What really Lappens is, however, entirely different. Th Wotue ° ;
water entering from the parent river cannot go at a sharp a le buti, s r:unﬂ e
with a gentle sweep. They strike and attack the corner Cngand if tll;les 1o 1 i
friable as is the case in most of the deltaic areas, the corner shown in hatch is ¢ e (;‘nd is
and the current being deflected from this corner strikes the opposite b li carred away
instead of flowing parallel to it. The next stage is shown in dotted Bl'n ot en angl.e
oscillation is carried downwards. The following factor algo begins t T end this
accelerates the formation of oscillations. The earth and sand washed awao foper:;e and
of attack say E are mostly deposited below the embayment say at B and fz’ rom the po_lnt
which in its turn functioning like a deflecting spur helps in throwin 1;hl'm an accretion
towards the opposite bank and attacking that bank more vigorously gMinircimeflz more
such as existence of pockets of hard soil and clay, local obstructions caused lc:ffaro:‘:atog

big trees, fallen trees, eroded buildings even sunken boats di '
of the oscillations. disturb the homogeneous nature

ary channels mainly form their
course and C D a spill channel

29. The process of growth of tortuosity deseribed
the velocity and nature of soil. But it may be necess
From the statement it is evident that when a river
rendered worse. Rivers like the Bhagirathi,
examples of this nature. Entrances to these r
channel of the parent river near the offtakes.
chennels if the parent river could be trained t
kept steady at some suitable positions by prote
lower down may also have to be stopped by gi
has, however, been no such systematic works
opinion on their effect.

above has its limits depending on
ary to keep the channel straighter,
becor_nves ‘tortuous its condition is
.the Jalangi and the Mathabhanga are
ivers are always shifting, so also the main
It may be possible to straighten - these
0 pass close to the entrances and offtakes
cting their noses against erosion. Erosgion
ving a skin protection to the bank. “'There
carried out in Bengal o give any deflnite

30. Behaviours of the Ganges near the Hardi i indi
tort.l_losity of a river increases with slackened currenric.ge 'Ilzl?igg;ep::rget:ﬁ mg;f aéeb that
monbu'nd condition of the very tortuous rivers of Central Bengal like the lgll)la ie th'y ﬂﬁe
Jalangi and the Mathabhanga and the weak nature of the Attrabanks. Th g v 1’; .
Brahmaputra and the Damodar also have more tortnous channels ¢ anges, the

. wh et
discharges and therefore are less vigorous. Theoretically also this ere they . carry less

supported. Eresion is due to the tortuous ‘moment created by the digerziﬁem?“”ﬂ}?
strength of current of the adjoining particles of water. When due to an ohsiru ;aé e
the course of a river or otherwise the slope is flattened, its_ effect a etren

of the current is felt more nearer the bank than midstream with

b in rediieing the strength
the result that the'chisnge
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dstream to bank is more rapid and the tortuous moment

i th of current from mi IR .
;: gﬁzr‘z;f:lg Therefore with a reduced fall bank erosion 18 increased giving a more
' 1
tortuous course to the channel. . . . '
¢ also seems to indicate that channels in more friable soil as in the
31..The statement aighter. Such soil is less capable of diverting the cur.rent v(rh}ch
Gangetio d%ta a;‘?lft}fe;g a nz;,rrow river is more tortuous. ,The (;;lrre?igs'ﬁcau&ng o
(i:z.u:z: ;:;sli f51\.1rns back and strikes at the opposite bank within a short ance.

Statemend.
. !
' >
Reach. g
g E
54 3 E 4 Remarks.
Name of river. § :% ao) .E
. + bn
From. To %, g g g"
B 2 8 e
f‘ 14 @
ELE | &4
S
I
-_.‘———__—_— »
Miles | Miles % Miles
20 22 10 2 .
Nimtola .. | Panka
Ganges
Panka .. | Godagari 20 22 10 1}
5 2
Godagari .. | Nabipur 20 21 3
2
Nabipur Sultanpur 20 26 30
20 23 15 1} | The Hardinge bridge
Sultanpur .. Joyanpur e Hurdingo bridgo
of this reach,
i 2 15 1} | Gorai  taking off
Joyanpur Harirampur .. 20 3 1 ol talking | of
this reach.
1
Harirampur .. Alokdia .. 20 22% 12 1 |
¢ 20 204 2 3 | Brahmaputra joins
Alokdia .. ] Solepur rbmaputra  joins
. reach.
' ' 2
Solepur Kalipars 20 21 5 :
Kalipara .. | Sureswar 20 204 5 1
: 3
Brahmaputra .. | Maganhat Chardalika .. 17 17 Nil
Jamuns .. | Chardalika .. Sarishabari .- 20 22 10 2%
Sarishabari .. Serajganj 20 22 10 3
Serajganj .. Khasdhalai 20 203 2 3%
20 26 30 1} | This excessive tor-
Khasdhalai .. | Mouth N s | excstve tor
due to the Dhales-
wari taking off just
above thisreach, and
less width.
' 1/16
Damodar Bhaladi .. | Ondal 20 224 12 /
am
1/16
Ondal .. | Bharatpur 20 23% 17 /
0 1/8
Bharatpur .- Patashpur 20 22 12 1;8
Patashpur .. Sadipur 20 224 1 12 o
Sadipur Champadangs 20 244 2
Champadangs | Amts 20 24 20 3/16
am
1
Amta Junction with 20 27 35 3/16
Hooghly.
i 15 25 5/32
Bakshi . 12
pnars, .+ | Pratappur
- . . Gewnkhali 243 29 18 8/4
Bakshi . o
Kendra Islambazar .- 20 26 30 1/16
Ajoy .. n . . e
Islsmbszsr .. | Mamudpur .. 20 26
L14CBI
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Reach. ;
B
-
Name of river. g :
g | § | ¢
o N E i « g Remarks,
3 g H k
@ 9 2 &
= | 2| § | ¥
& E 5 2
& & <
Aoy Miles Mi
. iles 9 i
Mamudpur ; o
o - ‘p Katwa 20 34 70 /16
baria Sarutis, 20 26
- 30 5/16
) rutia Ramchandrapur 20 26 /
ttrabanka Chapail Khulna 18 . T
Bhagirathi . " l
gk Chohatpur Kamnagar 16 27 6! .
Kamnagar Darihat 20 35 ; i
' 5
Darihat Nabadwip 20 48 o
' 140
Nabadwip Kalna 12 19 "
o . 58 1/4
o Nasari 20 33 65 1/4
- Kharda 20 24 20 1/2
. Nangi 20 24 20 1
Nangi Gariapol 20 24} .
. 22
Gariapol Channel creek 20 29 3/4
J i -
alangi Jalangi Nabinganj 8 17 N
. ‘ 112
Nabinganj Chanderghat .. 20 50 ”
1
Chanderghat .. | Nabadwip 20 54 . "
Mathab o
hanga .. | Offtake Pahoria 10 20 y
' ‘ 100
Pahoria Bagadia 20 38 ) e
' i
Bagadia Raghunathpur 16§ 31 88 "
_ 1/8
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' Flood Control on Alluvial Rivers.
«¢ Engineering News-Record .
Vol. 106, Nos. 2, 3 and 4. o
Jen. 8, 15, 22.
[
* OHRINGER, A ' B
5 Laboratory experiments with a view to the regularising of
1 s. 3 3 3
P - ent International Association  of Navigation
erman
Congresses. . a1
Pamphlet No. 58. )
ings of XV Congress,
Proceeding;
YER, J.: . .
e SCii'RE}"Jinwi’rkung eines Stauwehres auf einen geschiebe
ie
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98



94
$70. .... .
EXPERIMENT to determine the Effects of proposed
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82, VOD(::?;], se:udy »f Shoaling below Starved Rock Lock and

Illinois River. : L
UDR:’ Wl:terways Experiment Station, Vicksburg, Missis-
sippi. ,
Paper No. 13. I

33, VOGEL, Herbert D.:

Model Btudies of Spillways ‘gor St. Lucie Canal, Martin

County, Florida. . . L.
U s tyw;;rammays Experiment Station, Vicksburg, Missis-
sippi.

‘Paper No. 14, R

1933.05.00.

1933.06.00.

1933.06.00.

1933.07.00.

1933.07-08.00,

1933.08.00,

1988.09.00.

1938.
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*85. FUTU Li :
Die Regelung d. Hwangho.
(Trans.—Regulation of the Hwangho.)
Digs. Hanover.

*86. MACRAE, Lt.-Col. William. : R.E,

Training works in connection with th i
: e shortening of
Empress Bridge over the River Sutlej. ¢ the

Instn. of Civil Engineers, London.
Excerpt minutes of Proceedings.
Vol. 237, Session 1933-34.

Paper No. 4911, pp. 14—25.

*87. FRANZIUS, O.:
Die Regelung des Hwai Ho, des Kaiserkanals usw.
(Trans.—Regulation of the Hwai Ho, the Kaiser Canal.)
‘ Die Bautechnik .
Jg. 11, H. 40.

*88, SAHNEY, J. C.:
River Training with reference to Bridges.
¢ Indian Engineering ”’, Caleutta.
Vol. XCIV, p. 325.

*39. BANNERJE :
1Engr. E, & C.: BE, AMIE.(Ind.), Late Exec.

Damage to the Traini i i
g e Training Works of the H?,rdlnge Bridge at

¢ Indian Engineering *’, Calcutta,
Vol. XCIV, p. 445.

0. BANNERJEE, ( ,
o E, G. C.: BE, AMLE.(Ind.), ete., Late Exec,

Hardinge Bridge at Sara : The question of Silt : X
of Bed and Banks. Silt : Erosion

‘¢ Indian Engineering ’’, Calcutta.
Vol. XCIV, p. 542.

THEORETICAL study of the distribution of silt in an open
channel (Work done by the University of California).

American Geophysical Union, Washington, D, C.
Transactions. ‘

*92, SCHOKLITSCH, A.:
Ueber die Verkleinerung der Geschiebe in Flusslaeufen.
(Trans.—The reduction of solids in flowing streams,)
Sitzungsherichte der Akademie der Wissenschaften in Wien.
Mathem.—naturw. Klasse, Abteilung Ila, Vol. 142, No.. 8,
p. 343.

1933.

1933.

1933.

1933.

1933.

1938.

1988,

1938.
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for Channel Stabilization, Mississippi River.

MODEL Studies
Experiment Station, Vicksburg, Mississippi.

U. 8. Waterways
Paper No. 15.

i
#g4. VOGEL, Herbert D, :
Practical Value of River Model Studies.
v Civil Engineering "', New York,
Vol. IV, No. 3.

PRESE

EXPERIMENTS to determine t?le _Backwater Effects of
Submerged Sills in the St. Clair River.
U. 8. Waterways Experiment Station, Vicksburg, Mississippi.

Paper No. 16.

PSS

»96. BLUE, F. L. (Jr.) :
Herbert, J. K. :

Lancefield, R. L. :
Flow around a river bend investigated.

¢ Civil Engineering *’, New York.
Vol. 4, No. 6.

[y

RETROGRESSION of Levels in River beds Below Dams.
¢ Engg. News-Record .
Vol. 112, No. 26.

#98. YARNELL, PDavid L. :
Pile Trestles as Channel Obstructions.

Supdt. of Documents, Govt. Ptg. Office,

Washington, D. C.
U. S. Dept. of Agri. Tech. Bull. No. 429. :

#99. YARNELL, David L. :
Bridge Piers as Channel Obstruetions.
Supdt. of Documents, Govt. Ptg. Office, Washington, D. C.

U. 8. Dept. of Agri. Tech. Bull. No. 442.

#100. WINKEL, Rieh :

Die Grundlagen der Flussregelung.
(Trans.—Basis of gream regulation.)

Berlin.

#101. TIETJENS, O. & : Ph..D..

}Aut-hors.
Prandtl, L. : Ph.D.

Hartog, J. P. Den : PL.D. (Ttanslator).
Applied Hydro-and Aeromechanies.
MeGraw-Hill Book Co., Inec., New York and London.

Second impression.

s *

1934.01.00.
YOO gt

L™IARY BOOK
[ o2Tg 0z

N Ne

[,

1934.04.00.

1934.05.00.

1934.06.28.

1934.07.00.

1934.11.00.

1934. -

1934.
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102, ROHRINGER, Alexander :
Modellversuche uber das neue Stauwehr bei Nick an der Raab.

(Trans.—Model experiments to examine the probable scour-
ings near a weir built in a river.)

‘“ Die Wasserwirtschaft >’, Wien.
Nos. 2, 3 and 4.

FLOOD Control, Navigation and Irrigation Projects for the
Huai River System, China. ’

‘‘ Indian Engineering ’’, Calcutta.
Vol. XCV, p. 97.

———

*104. BANNERJEE, G. C. : C.E., ete.

An Analytical Study of the Hardinge Bridge problem.
‘* Indian Engineering ”’, Calecutta.
Vol. XCV, p. 419.

$105. ....
THE Hardinge Bridge.
‘ Indian Engineering ’’, Calcutta,
Vol. XCVI, No. 14, p. 263.

*106. ....

THEORETICAL and ex
ment of bed load.

American Geophysical Union, Washington, D. (.
Transactions.

perimental investigation of the move-

*107. SCHOKLITSCH, A.

Der Ceschiebetrieb und die Geschiebefracht,.
(Contains a usable bed load formula).

*“ Wasserkraft und Wasserwirtschaft .
No. ¢,

ENTRENCHED Meanders of the Herefordshi
* Geog. Jnl.”’,

Vol. 82, No. 2.

re Wye.

*109. CHRISTIANSEN, J. E. .

Compgrison of Measurements of Sil
bution predieted from theory.

Am. Geophysical Union, Washington, D. C,
Work of the Univ. of California.

t Distribution with distri

1934.

1934.

1934.

1934.

1934,

1984.

1985.02.00,

1985.
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*110. MEYER-PETER :
Favre :
Mueller :

i d
Beitrag zur Berechnung der Geschiebe fuehrung und der

i Gebirgs fluessen.
Normal profilbreite von . '
A contribution to the calculation of silt )transport
(T:::im{l:e- width of normal sections of hill streams.
{The latest on bed load formulas). .
' : ?
¢« §chweizerische Bauzeitung
Vol. 105, Nos. 9 and 10, pp- 95, and

A————————

109. 1985.

l . Engr.
*111. LACEY, Gerald : B.Se, AMICE., ILS.E, Suptg g

i jal rivers and
iform Flow 1n Alluvial rive
b gineers, London, S.W.1

ca.nals.

{nstitution of Civil En ;
inutes of proceedings.

Excerpt m
Vol. 237, Session 1933-34. .
Paper No. 4893.
e
R £ dikes on the River bed at Walkers

MODEL Study of effects o
Bar, Ohio River.

U. 8. Waterways Exp
Paper No. L.

eriment Station, Vieksburg, Mississippi.

MODEL Study of effect of Operating Birds Point—New

Madrid Floodway. . L
1. 8. Waterways Fxperiment Station, Vieksburg, Mississippl.

Paper C.

1.
®114. GILBERT, Grove Karl : '
Transportation of Debris by Running Water.

U. S. Govt. Ptg. Office, Washington, D. C.
U. S. Geol. Survey, Professional Paper No. 86.
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Publications by the Central Board of Irrigation.

. No.

Serial

Title.

Date.

Number in stock
on 1st May, 1936.

10

Digest of Technical Notes, 1931 (Reprint}. .

A summary of views of Chief Engineers on the follow-
ing subjects :—

1. Waterlogging and Reclamation.

II. Effect of deforestation and afforestation on
river floods.

I11. Design of works on sand foundations.
. IV. Fluming of canal works. A
V. Regulation at canal headworks.
VI. Design of Canal Falls.,
Digest of Technical Notes, 1932 ..

A summary of views of Chief Engineers on the follow-
ing subjects :—

1. Waterlogging.
II. Design of works on sand foundations.

III. Design of canal falls.
IV. Staunching of canals.

Catalogue of Books in the Library of Central Board
of Irrigation, Simla.

Firat supplement to Catalogue of Books—Publication
No. 3.

Second supplement to Catalogue of Books— Publica-
tion No. 3.

Quarterly Bulletin No. 1—January to March 1938.

Hydraulic Diagram Energy-of-Flow, Pressure-
{)lus Momen:gm Dxa,gtams for the simple graphic
solution of problems involving a change of section
in a stream 9f water.

Glossary of Techmcal and Vemaoular Terms in con-
pection with Imgatyn in India, togebher w1th
Standard Ni otatxons. . x

Fl series of exa.mples illustrating the use of ‘
‘ﬁ!;:l’;gaul?c Dmgmms C.B.1. Publication No. 4.

The Standing Wave or Hydmulio Ji ump ..

Observation and Record of Pressures below Works
on Pexmeable F&undatxons i #
&

Stab:hzatlon of Soﬂs by tha use of Batumen Emul-

gion. - s
S ‘

G

*

Irrigation Canal Falls .. A

24th October, 1931.

15th October, 1932.

2nd January, 1934.
2nd January, 1935.
2nd January, 1938.

15th April, 1936.
31st July, 1934.

15th October, 1934.

1st November, 1934,

18t December, 1034.
;15th Decembor, 1034

1st February, 1935.

15th February, 1036,

'y

11

170

52
50

52
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List of sub-commiltees provided by the Central Board of Irrigation.

No.

Name.

Date.

I(

n

Sub-committee convened to examine the Nyaunggyﬁt Dam Project,
- Burma .. .. .. .. .

Bub-committee convened to enquire into the causes of floods in Orissa,
and possible remedies . N

Sub-committee convened to report on the practicability of the proposal |

of the Engineer-in-Chief, Cauvery Metur Project, to utilize cement

concrete in place of cyclopean masonry in surki mortar in the con-
struction of the Metur Dam . ..

Sub-committee convened to examine the causes of failureof the Islam
Weir, Sutlej Valloy Project, on the 19th September 1029

Sub-committee convened to report on the organization of the Irrigation
Department, Bengal, and the practicability of separating the Depart-
ment and forming a separate Board of Waterways . ..

-Bub-committee convened to enquire into the desirability of remodelling

the headworks and canal systems of the Son Canals in Bihar and
Orissa .. .. N .. . .. .

Quetta Drainage Scheme, Baluchistan

Bub-committee convened by the Government of India to report upon the

Sub-committee convened by the Government of India to report on the
conversion of the Paharpur Canal (N.-W. F. P.) into a perennial canal

Bub-committee convened by the Government of India to report on Dis-
tribution of the Waters of the Indus and its Tributaries .

Sub-committee convened to suggest protective measures againet damage
cause;ll by floods in 1935 to ** Anderson ”” Weir of the Damodar Canal
Beng . .. .. ..

¢
.. ee ae

Sub-committee convened to enquire into the question of Waterlogging in
Sind . . . . .. .

12th December 1927,

22nd August 1928.

11th April 1929.

10th December 1929
13th March 1930.

16th January 1931, |
24th February 1934.
15th September 1934.

1934-35.

1935-36.

22nd January 1936.
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