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ERRATA 

Page 3-
In paragraph 1, line 15,/0'1' the figure" 8-20 " read " 8 '20 ". 

In paragraph 2, line 1,/0'1' the word" conclusions" read" conclusion", 

In paragraph 3, line 8, insert a hyphen at the end, 

Page 4-
In paragraph 7, line 9,/0'1' Q=CAv'RS read Q=CAv".RS, 

Page 8-
In line 9, for the words" were removed" read" was removed", 
In Figure 6./0'1' the word" Projection" read" Projections", 

Page 9-
Delete the word PLAN below Figure No, 8, 

Page lO-
In the 5th line 

.f. -033x22-0+ -OI4x6-4 
JO'1' 2S-4 

from 

read 

the bottom, in the equation against the first N, 
-03Px22-0+ -OI4x6-4 

2S-4 

Page 11-
In line 3, against the letter N /0'1' the equation 

__ :I -039xlO-P+-OI4x17-4 
r....... 28-3 ' 

-039x IO-P+-OI4x 17-5 
2S-4 

In lines 13-15, cancel the portion against (a), (b) and (c) and substitute-

(a) G 2-4 N- -039x9-0+-014x1P-l - -022 - t '021 
' ,- 2S-1 -. agams , 

(b) G "6 N -033xP'5+-014xlS-1 - '0204 - t '025 .,.. , 2S-2 - agaIDs . 

( ) G 2-6 N- '036xP-2+-014x1S'9 
C - ,- 2S-1 '0212 against -022, 

In Statement VI, item (iv), column 2,/or " 0 '236" read "0 '0236 ". 

In Statement VI, item (v), /0'1' "0 '236 " in column 2 read" 9 '022" .and 
for " 0 -022 " in column 6 read" 0 '0212 ", 

In paragraph 16, line 2, for tl:eword "is" read II was", 
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Note dated NotJemher 1927, on .. Moikl experiments (0 ascertain tke effect of partial 
lining of the' MaJegaon Cut ' in miles 38 arul39 of tke Nira Left Bank Canal," -

by c. C. Inglis, B.A.I., M.lmt.C.B., with D. V. Jogleka., B.B., 
ASs>s1arlt Bngineer 
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16. Reliability of results. 
17. Calculations of the effect of lining on water levels and a:fHux in the Malegaon Cut under 

different conditions. 

Plate 1. Longitudinal 'and Cross Sections of Malegaon Cut. 
Plate 2. Nomogram 'for Manning's formula. 
Plate 3. Water levels in Mal.gaon Cut for dif1'erent amounts of lining. 



Malegaon Cut in Miles 38, 39, Nira L. B. Canal 

Malegaon Cut-Shows the formation of eddies 
caused by the very rough sides 

Malegaon Cut-Looking upstream from lower 
end 01 Cut Malegaon Cut-Lower end of cut looking 

downstream 
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Malegaon Cut Model at Distributary No.5, Mutha Right Bank Canal 

Malegoon Cut looking downstream when the 
present full-supply discharge of 452 cusecs 
was passing; showing the depth of the 

cut, roughness of the sides, etc. 

Discharge of 0·83 Cusecs equivalent to 620 
ClIsecs; new F.S.Q. looking downstream. 
The view also ehows the pointer plate 

arrangement to observe water levela 

The view of the model after the bed and sides 
had been lined 

New F.S.Q. passing through the Model 
looking upstream 



3 

Note dated November 1927 on "Model experiments to ascertain the effect of partial 
lining of the • Malegaon Out' in miles 38 and 39 of the N ira Left Bank 

Oanal," by O. O. Inglis, B.A.I., M.Inst.O.E., with D. V. 
. Joglekar, B.E., Assistant Engineer 

1. Object 01. experiment.~Prior to remodelling, the full supply discharge of 
the Nira Left Bank Canal was 452 cusecs where it passed thl'oughthe deep, 
narrow, Malegaon Rock Cut. The conditions will be seen from Photos 1 to 4 and 
Plate No.1.· 

On page 68 of the Nira Valley Development Project it was proposed to line the 
cut with concrete from mile 37-4228 to mile 38-1729 ft.; later, however; the 
length to be lined was reduced and altered to mile 38 to mile 38-1800. It was also 
proposed to splay the entrance and exit for about 150 ft., to join on to the nstural 
section, vide report on afflux in the Malegaon Cut, dated 14th June 1926, by the 
Executive Engineer, "Poona Irrigation Division (now Nira Left Bank Canal 
Division). It was estimated that as a result of this lining, a discharge of 636 cusecs 
would flow with a depth of 8' 25 ft. of water, the mean surface fall being equivalent 
to 7'-6" per mile. ." "" 

Under the old conditions-with no lining-the lnaximum depth of water in 
the Cut was" 8-20 ft. at Gange No. I (Mile 38-170) which corresponded with a 
discharge of 452 cusecs. " 

The depth of water was not, however, uniform throughout the length of the 
Cut, being comparatively shallow at the lower end; so in 1915 six gauges were fixed" 
at intervals of approximately 400 ft. in connection with experiments carried out 
to ascertain the value of • N' in Kutter's Formula-and the value of • N-' 
has recently been worked out iIi detail for each 400 ft. section. 

A discharge curve for Gauge 7-below the Malegaon Cut-:..has also been"worked 
out, and the depth necessary to pass 636 cusecs discharge extrapolated. 

2. The conclusions drawn (by the Executive Engineer, Nira Left Bank 
Cansl Division) from the calculations made was that 636 cusecs could be passed with 
an increased depth of 2' 23 ft. at Gauge 2A, equivalent to 1'90 ft. at Gauge I 
where lining is to begin and that a freeboard of 2' 5 ft. could be maintained. 

3. There seemed to be several objections to this proposal :-
(a) The afflux would have been considerable up to the Pandara Rock Cut, 

about I! miles upstream-because the fall in the canal in this "reach is 
exceedingly small-less than 6 ins. per mile-in places. 

(b) Even in the past, breaches have been frequent in this length; 
(e) Losses would be doubled, being proportional to the square of the 

depth; so that the additional loss would have been of the order of three­
quarters of a cusec Qr more; which, capitalised at 5 per cent.-putting a cusec 
year at the very low valuation of Rs. 2,00o-would have"been equivalent to 
a capitalised value of Rs. 30,000. 

Hence it was considered desirable to see how the water level could best be kept at, 
or near, 147 '95 at Gauge No. I-its originsl Full Supply level. 

4. Alternatives to raising the banks were :­
(1) Widening ; 
(2) Full, or partial, lining. 

As the value of • N' for the Rock Cut was known, it was possible to estimate 
the widening required and its cost, but the effect of partial lining was difficult to 
calculate or predict; so permission was obtained to carry out model experiments, 
and a model of the Cut was constructed in the Bascule Flume at the Hydraulic 
Testing Station" at Distributary No.5, Muths Right Bank Call1,l-as shown in 
Photos 5, 6 and 7. . " 

5. The relative scales and dimensions of the Model were as under :­
Depth and width = 1/I2th" those of the Malegaon Cut. 
Length = 1/18oth that of the Malegaon Cut. 

The tota.llength of the model was only 15 ft. and the length from Gauge No.1 
to Gauge No.7 was 13' 28 ft., equivalent to 2,400 ft. of the Cut. 



4 

Cross sections of the Malegaon Cut were observed at distances of 50 ft. 
apart from Mile-No. 38 to 38-2700 ft., and the model sections were based on these. 

The positions of the gauges of the Cut were as under :-

Mile 

Gauge No.1 38-170 

" 2 38-570 

" 
3 38-980 

" 4 38-1370 

" 5 38-1770 

" 6 38-2160 

" 7 38-2570 

The model gauger. wer.efixed in the same relative positions-to the scale 1 : 180. 
The sides and bed of the model were of wood, and wire nails were driven into the 
sides, so that the distance between the ends of the wire nails corresponded to the 
cross sections of the Out. Cement concrete was then filled in between the nails, so 
that the cross sectional area of the model was 1/144 that of the Cut. 

6. Method of a.~certaimimg water levels im the model.--The Bascule flume can be 
tilted, by means of It jack, to make it possible to obtain any desired slope; and as 
the flume had to be tilted from time to time,relative water levels could not be 
~easured from gauges fixed on the flume. Vertical posts were therefore built into 
the ground on either side of the flume at the seven gauges and horizontal battens 
were fixed on the top of these and pointer plates attached (see Figure I). The 
battens were all fixed at the same level-to simplify readings-and slots were 
made in the pointer plates, so that they could -be moved up and down as required. 
and clamped. 

C,.oss Section 
F"IG'/' 

Iolo",~on"o'l bart,," '} Pointer plate: 1"-
n , n 

Ve ... tical pos., 

!==,. i-== :=: =--~ rL--',] ------

M.:'d.,J t 
Baseule f'tu.m~. 

7. Difficulties-Roughness of the model.-The first difficulty was to make each 
section of the model of exactly the same roughness as the Malegaon Cut. 
This could only be ascertained by carrying out a large number of experiments 
of the trial and error variety; but eventually the desired degree of roughness 
was obtained. 

At fiist glance one might expect to get dynamic similarity provided the model 
were exactly to scale in all dimensions. In that case the full scale discharge would 
be (Scale )2' 6 times the model discharge. It must be pointed out, however, that Q = 
A V and V = C ylR8 or Q = C A VRS ; the discharge ratio will not, therefore; 
equal (8cale)S-6 unless C remains constant; and as C is a function of the wetted 
perimeter this had to betaken into account. A consideration of Manning's formula 
shows this at a glance; because his value of Cis 1'';8 ~; in other words, 

V = ~ RUB 8112• 

The alternatives therefore were to reduce the roughness in the, model or 
~llow. for a r~duction in discharge proportional to ~.' The latter was adopted. 
In this experiment. 
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8. Selection oftheformu7n, to beused.-(a)-Comparison of the coefficient of 
roughness by Manning's and Kutter's Formulas:-

In the calculation done by the Nira Left Bank Canal Division, Kutter's 
formula was used, in which ' 

41'6 + 1'8ll + '00281 c= N S 
1+ (41'6 + '00281) _N 

-5- -.1& 

& Q = A.V. & V = cVR.S. . 
where R = hydraulic mean depth. 

, S = surface slope measured from gauge to gauge. 
& A = Sectional area 

Manning's fo;mula is d = 1';86 RI' 
& hence; 

Q 1'486 11 1 
, =""'N"" A. R.-II 81" 

The difference in the value of ' N ' by the two formulas was entirely negligible 
for the Malegaon Cut--as will be seen from the comparative statement below ;-

Statement 1 

Gauge No. Kutter's • N t Manning's' N' I 
, 

1·2 •. .. . . '0349 '0345 
2-3 .. . . .. '0366 '0366 
3·4 .. .. .. '036 '036 
4·5 .. .. .. '0372 '0373 -5-6 .. .. .. '0277 '0272 
6-7 .. .. .. '033 '0329 
2-4 .. .. .. . ... '037 
4-6 .. .. .. . ... '034 
2·6 .. .. .. . ... '0355 

. 
• 

but for the model there was,a considerable divergence:­

Statement II 

Gauge No. Kutter's 'N' Manning's 'N' 

2-4 .. .. .. '0178 '020 
4-6 .. .. .. '024 '031 

Rema.rks 

~Rema.rkB 

(b) Manning' 8 formu7n, adopted.--One had only to, compare the model with 
the results to see tliat Manning's values were much more nearly correct for the 
model-assuming 'N' to take into account relative scale as well as superficial 
roughness. 

This was Ganguillet and Kutter's avowed intention, as they wrote: "the 
coefficient' N ' must indicate not merely the roughness of the material of the sides and 
bottom of the channel;. but also irregularities of profile and generally the conditions 
causirlj/ retardation of flow." This and many other causes such as the degree of 
turbidity of the water, eddies rising from the bottom-in short all causes of retard­
ation of tke flow-as well as m~re roughness of the wetted surface, are covered by 
our' N' (vide page 98-99 of Hering & Trautwine's translation). 

The meaning of ' N ' is a question on 'which there 'is much confusion of thought. 
In text-books, ' N ' is generally shown for various surfaces, such as' planed wood, 
cement plaster, earthen channels in good order, etc., and most people have 
adopted that meaning. The above quotation shows, however, that that was not 
Kutter's intention and actually we know from long experience that 'N' varies 
inversely as the size of the channel. _ Thus' N' in the river Indus at Sukkur is 
about 0' 017; whereas for large canals' N ' is abput O· 0225 and for small channels­
O' 025. In practice, therefore, Kutter's' N • is not a surface coefficient, nor is it 
a regime coefficient--because small channels in equally good regime give higher 
values of • N.' So it should be looked on as a measure of relative roughness, not; 

If 92-2 . • . 
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of absolute roughness. The point for consideration therefore was as to whether 
Kutter's formula took scale sufficiently into account. For low values of' N' it 
see1D-8 to do so ; but for high values of ' N,' it does not. 

Now for low values of' N' and normal conditions Manning's and Kutter's 
formulas give almost identical results; but for ~gh values of' N' this experiment 
has shown that Kutter's formula does not take relative roughness sufficiently into 
account and that Manning's formula, under these conditions, is decidedly better; 

. and this probably holds for most tllodel work .. -This formula has the further 
enormous advantages of being simple in form; clear as regards the relative effect 
of factors; and capable of easy mathematical treatment. 

Hence.Manning's formula has been adopted for all calculations in this Paper. 
It is not, o£'course, disputed that for large rivers, Kutter's formula, which takes 

the slope factor into account, is still the best formula to use. It should not be 
imagined, however, that Kutter's formula is correct, and that other formulas 
are mere simplifications and approximations to Kutter's. All formulas, including 
Kutter's, are mere approximations. , . 

9. Equivalentdisckargeto bepassed through the model.-By Manning's formula: 

Q1 ofthe model = I! l'~ ( ~)* Sl 
Q of the Cut 

- 144 X 121-

(provided Nand S are the same in both). 
The correct discharge equivalent to 452 cusecs was thus' 0·6 of a cusec (see 

Plate 2 for velocities by Manning's formula). . . 
10. Effect of velocity of approach on results.-In a chann~l of uniform 

section the velocity is constant and the fall in the water -levels In any length 
is due to loss of head caused by roughness; or in other words: . 

Slope = fall in water-level ...;- distance; , 

orS=~;, . 
but in a channel of varying section, the velocity is not c,onstant, and we must 
allow for the velocity of approach, i.e., the fall in the water surface between the 
upper and lower sections is due to two causes: 
r:t 'J (a) the head lost in overcoming friction; and 

] (b) the head lost in creating velocity. . ' .. 
,,:~The effect of (b) in the case of MalegaonCut 18 almos~ n~gliglble ~s com~ared 
to'the friction head; but in the case of the model the friction head IS r~latlvely 
reduced-due to the longitudinal scale being'reduced, whereas the velOCity head 
remains the same and hence is relatively considerable. So the total drop 
required was: 

h + hll 
V , 

where hv = head required to create velocity 

and hn = head required to overcome friction. 

The drop in surface had therefore to be worked out by Bernoulli's theorem: 

( V: ) _ ( Val) 
. or S = Y1+2g Y.+ 2g 

L 
where Y1 and Ya are the heights of water surface above a datum level; and VI' 
VI the velocities at the two gauges-see Figure 2 .• 

FIG:.2 

, . 
: v,. .v t + Yl 

....... - _;-.-"O("..:...";....,._~_ • ..,._:-~_._ .. ...., __ _ _ ... _+. 
\. 

Ga 
;:1.----· .. ·-- L -- ... -,~~~--+.-jl 
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. - As stated above, ' N • for the Malegaon Cut, obtained by this luethod, differed 
very little from 'N' obtained when the headrequired to create 'a velocity of 
approach was ignored-vide Statement III below. 

Statement III 
Manning's I N I when 

• • Manning' • • N • when 

s= (Yl+ :~)-(Y.+~) Ga.uge No. h 
S=L 

L 

G.I-2 - . 
'0345 '032 · . · . 

G.2-3 · . · . 0'0366. '0355 
G.3-4 · . .'. 0'036 '0365 
G.4·5 · . · " '0373 '0374 
G.5-6 " " · " '0272 '030 
G.6-7 · . · " '0328 '0327 

11. Exagge:ration oj the SUrface slope in the model.-When a discharge of 
O' 6 cusec (equivalent to 452 cusecs) was passed, the fall in the water surface between 
Gauges Nos. 1 and 7 was only about . 025 ft.; so it was very difficult to observe 
the difference in water levels between gauges with sufficient accuracy--despite 
precautions being taken to get ·steady flow conditions,-because as a result of 
the roughness of the sides of the model, fluctuations in the water surface could 
not be eliminated. Hence to make the measuremeuts of 'h ' easier, the surface 
slope was increased to four times the !.original slope and later t<l nine times-the 
corresponding discharges being double and three times the original. This 
increased the velocity and hence the head required to create the velocity. 

It was foulld that when'S' was increased nine timelJ, surface undulations 
developed,--due to the velocity approximating to the critical velocity-and hence 
these observations had to be rejected. 

As already e~plained, the distance between ganges in the model was only 
2"2 ft.; so tliat 'h' in each gauge length--even with the exaggerated slope­
was small; consequently a slillht experimental error caused a considerable error 
in 'No' It was therefore deCIded to calculate' N' for the gauge lengths 2 to 4 
and 4 to 6. . 

12. Mean velomty and mean wetted pe:rtmete:r.-As the section varied 
considerably, mean velocities and hydraulic mean depth of the sections were 
worked out from measurements of three cross sections in each gauge length and 
arithmetic means were adopted for V & R. 

13. Expenments.-(i) In Series IV (Figures 3 and 4), 'N' was observed 
before any lining was carried out with 1'2 cusecs' equivalent to 452 cusecs with 
slope exaggerated four times and was found to be '039 and '033 between Gauges, 
2-4 and Gauges 4-6 respectively. 

.; . 
" 

SECTION 

GI Ge GS G4 GS G6 G7 

[..1 .. : .: .. L .... ,.;.,. , . ..1 : .. -.... ~, ... .;j .' .. ~i.1 

J 
.; 

. .,:' 
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(ii) Series V.-In thie series the water levels were observed when discharges: 
of 0'83 and 0'40 cusec (equivalent respectively to the new F. S. Q. of 620 cuseCB 
and H. W. Q. of 300 cusecs) were ;passed through the unlined model. The water 
level at Gauge No. 7 was maintamed so that the depth of water corresponded 
to 6' 5 ft. and 8' 9 ft., as these were the downstream levels anticipated for F. S. 
and H. W. discharges. The water lines were then marked and recorded. 

(iii) Series VI.-The sides between Full Supply Level and Hot Weather 
Levels were then lined-as this was one of the prop01'als 1m' lining (Figure 5). 

PLAN 

fiG: 5 

GIG Z G.3 G 4 G 5 G {, G ,. 
I ' I I • • • # 
, I I I I 
I • I I ; • I 

>;·I' .. ,····i .. ·· .. ··j.·,···.;..··:.;.. ... !:--~ 
I I I I • I I 
I I I I • • I 

,~ .... ; .. ,: :.j-.- '-:-:"-"J:"~':I:':-:':';:':''''; ....... ' .,,~ 
( '. '. .: 

Sides above H.W:L. 

In making the aides smooth, half the length or proljecting cbipt:l were removed' 
and then a plaster coat of half the height of chips was added as shown in F~ure 6. 

'. 

Projection were .. emovrd 

Ploste .... 

Chips of stone •. 

Measurements of the sections after lining were made and tables of area and 
wetted perimeter prepared. A discharge of l' 5 times O· 83 cusec or I . ~5 [cusecs 
was used to exaggerate the slope 2'25 times. 

The effect of lining. the sides between F. S. L. and H. W. L. was found 
to be very little, and certainly not worth the trouble and expoose which would 
be involved :-

Statement IV 

Series No. 
N - G'2-O'4 G'4-0'6 G'2-0'6 I 

Series IV .. .. Unlined .. .. 0'039 I 0'033 0'036 
Series VI .. .. Sides between F. S. L . I 

and H. W. L. lined .. 0'037 0'027 0'032 . I i 

(iv) Series VIL-In this experiment, the bed was lined from Gauge No.1 
to Gauge No.4 only, the portion of the bed from Gauge 4 to Gauge 7 being left­
rough (see Figure 7). 

&ECTION 

F"IG:7 

GI G2 G3 G... 65 G& G7 

1 i 1 ~i : : 1..;...: .... 1 •• :: •• L .. :./ ... ,.:.L. ...... .,~ 
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In lining the bed, care was taken to see that the wavy unevenness was 
maintained-as would actually be the case if ~he Malegaon Cut were lined~but 
proj~cting points 'Yere removed .an~ the hoIJows in the bed (see figure 8) were fiIJed 
m wIth murnm wIth a rough b.mdmg coat of cement put on the murum to hold 
it; because without this the murum.could not withstand the high velocity. 

\1---~ Projec1ions in the bed rem 

PLAN 

LIm -Filling with d cOdt, 

of c;e m"nt to hold it 

. Discharges equal to Ii X O· 83 and 2 X O· 83 cusecs (0' 83 being equivalent to 
full supply dIscharge of 620 cusecs) were passed ·through the model. It was found 
that wit.h l' 66 cusecs undulations formed as shown in figure 9. 

Only the results for 1'25 cusecs could, therefore, be.used for comparison. 
This showe::l a reduction of 'N ' in the upper half--where the bed and sides 

above H. W. L. were lined-from 0'037 to 0'020. 

(tI) Series VlII.-The lining of the bed was then completed from Gauge 1 to 
Gauge 7 (Figure 10) and values of 'N' were worked out with a discharge of 1'25 
cusecs, and for the whole length (G. 2-6) , N ' was O· 022. 

\. . ..1, .. ..... .J . ........ J ,: .. ': ..l. .... :. L: : .";'.: .... U 
(tit) Series IX.-In this series, the sides of the model below Hot Weather 

Level down to the bed were also lined; so that the whole section was then lined· 
when 'N' fell tq O· 014. • 

.' 
. ,: " 

, 
:·:1 . 

PLAN 

F,.:l1 

C>Z 63 G4 G5 66 67 
I I I I ~: 
I I I I I~' 

" .. ::., "';""'1 •. : ... , ;. '-, 
I I I I I 

: ... ;·.··.L :"":;;z± 9 
dl 
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In all these series from VI to IX, the water level maintained at Gauge No.7 
was the same as that which will obtain at Gauge 7 in the Malegaon Cut with a 
discharge of 620 cusec~. 

14. Summary of results.-The values of 'N' as observed are given in the 
tabular form below :- ... 

STATEMENT V 

, 
I Equi- I . , 

I valent Slope 

Serial No. Series G.2-4 G_ 4-6 I G.2-6 disoharge eX8gger&t~ Remarks of the ed 
Malegaon times , Cut - -

(I) " -- IV '039 -033 '036 452 2'25 Unlined. 

(iii) VI -037 -027 '032 

I 
620 { Sides lined from .. .. .. F_ S. to H_ W_ s . 

('.) 
I VII -020 '031 '026 { Do. and upper --

J 
.. .. - h.lf of bed. 

(v) VIII -'021 '025 '0!2 ( Do_ and whole .. .. .. t length of bed . 
(vi) .. IX '014 -014 -014 .. .. Complete lining. 

I 

Thesc figures showed that (i) lining the sides from F. S. L. down to H. W. L. 
reducedthe value of 'N' by about 10 per cent. and is, therefore, not .worth 
the cost. 

(ii) Lining the bed in the first half of the Gut (G. 2->G. 4) had Ii very consider­
able effect, reducmg' N' from 0'032 to 0'026 or an additional 20 per cent; lining 
the lower half of the bed reduced' N ' by further 10 per cent. and complete lining 
reduced' N' to 0'014 ag against 0'036 unlined or a reduction of 60 per cent. 

15. Consideration of results.-Let us consider whether the results obtained 
tally with an assumption that' N' for a channel which is partly lined and partly 
unlined should be equal to 

N, x W P, + N, x W P, 
WP, + WPs 

Where -< N 1 ' and W. PI are the coefficient of roughness and wetted perimeter 
for unlined conditions and ' N 2 ' and W P 2 for the portion lined. . . 

If this assumption holds, then it will be simple t.o estimate the effect of partial 
lining. 

As the section was not uniform, averages had to be worked out:-

Average wetted perimeter __ 
Average depth of sides between F. S_ L_ and 

H.W.L. 
Average width .. 

G_ 2-0. 4 

28-4" .. 

3-2" 
11' I" 

G. 4-0. 6 

3'1" 
12'7" 

0_2-0_6 

28'4" 

Thus starting with serial No. (i) and ending with serial No. ~'ln) above we get 
the following results :-

Serial No. (iii) sides between F. S. L. and H. W. L. lined. 
(a) q. 2-4 

N - -033 x 22'0 + -014 x 6'4 _ '033 C1' t 
- 28'4. - as aoams . 037 observed. 

(b) G. 4-6 
·033 x ~2'2 + '014 X 6'2 

2ij'4 = '0288 " 
'027 do. 

(c) G. 2-f!. 

N = '036 x 22 + '014 x 6-4 _ '031 
--28-4-- " 

'032 do. 
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Selial No. (iv) sides as in (2) and bed lined down to G. 4. 
(a) G. 2-G. 4 

N= '039 x lO'~:/14 x 17'6 ='0236 as against '020 observed 
. (b) G. 4-6 

The valu-;-cJ' N' actually observed was 0'031 whereas in the previoUs 
experiment it worked out to 0'029 a!ld was observed as 0'027. At first sight 
one might have expected no change, as this length was not altered; but it should 
be borne in mind that owi~ to the velocity of approach being higher and depth 
lower-causing the .propoTtlOn of unlined surface to be higher-the friction loss 
was necessarily greater; hence thh difference was to be anticipated. 

(c) G. 2-6,N= '0288i~236 ='026 against '026. 

Serial No. (v) sides between F. S. L. and H. W. L. and whole bed lined. 
(a) G. 1-4, N = same as in 3 (a), viz., . 0236 against . 021. 
(b) G.4-6, N= '033 X 9'5 ~.!8·9 X '014 ='02'04 " '025. 

(0) G.2-6, N= '036 x 10'1
2
:'418 '3 x '014 = 'mus " '022. 

The errors in (a) and (b) cancel out and seem to indicate that G. 4 did.not give a 
true reading-due probably to a local undulation at that point; but over the whole 
length the figures. agreed. • 

Below is given a comparative statement of calculated values of • N' and 
IJbserved values ;- . 

STATEMENT VI 
-------

G. 2 to -G. 4 G.4toG.6 I G.2toG.6 I ._------ ----- --_. I Serial No. Remarks 
N I N 

, 
I 

N I N N 
Observed Calculated Obser;ed Ca.lculated 

---
(i) .. '039 .... '033 . ... 

(ii.) .. '037 0'033 '027 '0288 

(iv) .. ·(,~O 0'236 '031 '0288 

(v) .. '021 0'236 '025 '0204 

(vi) .. '014 .... '014 I . ... 

N 
Observed 

--.-
'036 

0'032 

0'026 

0'022 

0'014 

Cla.lculated 

.... 

0'031 

0'026 

0'022 

.... 

, 
I Unlined. . • 

I { Sid •• F. S. L. to ~. W. L 
I lined • 

( Do. &nd upper half 0 
l bed . 

f 

f { Do. and whole length 0 

I bed . 
Wholly lined. 

16. RelUlbiltty of result.~.-EspeCially over the whole length of the model the 
results tally as closely. as could be expected under the conditions and there is no 
constant plus or minus error. For the paTticular purpose for which the experiment 
was carried out the results may be considered as giving sufficiently accurate 
qualitative results. 

17. Oonclusions on tke effect of lining OIi water levels and atfl'I.!X in the M alegaon 
Out IInder different conditions.-The values of ' N' (shown in Statement VII)­
obtained from the model-were !1Pplied to the Malegaon Cut in working out water 
levels for various amounts of lining and Plate 3 and statement VII show the 
results. . 

(1) It ,vill be seen that the total difference of water levels between Gauge 
1 and Gauge 7 ",-ith 620 cusec~ and no lining would be 4' 99 feet and that tbe 
present depth at Gauge 1 :Would increase from S· 49 feet with the old Full 
Supplf Dischar~e of 452 cu~ecs tc. 10'39 feet with the new Full Supplv 
Discharge of 620 Cllsecs. • 

(2) If the sides of bhe Cut between Full Supply Level and Hot Weather. 
Level were lined from Gauge 1 to Gauge 7, the depth would be reduced by 
O'SI feet or 1'09 feet higher than the present Full Supply Level. 

(3) If the bed only were lined from Gauge 1 to Gauge 4, the depth would 
be reduced by O' 95 feet; or O' 95 feet higher than the present Full Supply 
Level. 

(4) H the bed were lined for the whole length (i.e., from Gauge I to 
Gauge 7) the depth would be reduced by 1 '43 feet and the water lev!'l would 
be 0'47 feet higher than the present Full Supply Level. 
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(5) The depth would be reduced by- 2 '17 feet if the bed and sides were­
lined up to Full Supply Levelfrom Gauge 1 to Gauge 4 only, i.e., for 1,200 feet' 
length-the remaining 1,200 feet length (from Gauge 4 to Gauge 7) being 
left untouched. In other words, the water level would be 0'27 feet lower' 
than ,the present Full Supply Level. 

,(6) If the whole Cut were Hned, the depth would be reduced by 3 '24 feet 
and the water level would be 1,' 34 feet lower than the present Full Supply 
Level. 
The most interesting result is that the water level with a discharge of 620 cusecs 

would be slightly lower at Gau~e 1 than with the present F. S. Q. of 452 CUseC8, if 
the Out were completely lined In the upper half length of the Cut from Gauge 1 to 
Gauge 4. 

An alternative worth considering-because the work will be much easier to 
carry out-will be to line the bed in its whole length. If it is considered desirable 
to keep the water down to its old level, the sides may also be lined for the first 600 
feet-either at once or later. 

The bed can be lined with lime concrete, with a coat of cement to withstand 
scour. This will be comparatively cheap and very much easier to lay than lining 
for the ~ides. ' 

As the work progresses, water-during closures-will drain away rapidly-' 
provided the lininG' is done from the lower end upwards and should any repairs be 
required later it wifi always be easy to carry out the work. It is suggested, therefore, 
that the bed should first be lined. This should not cost more than Rs. 15,000 and 
if any side linin~ is necessary it can be done later. The value ot the water saved 
has been shown In paragraph 3 (c) to be more than Rs. 30,000 (capitalised), so that 
even ignoring other advantages lining will be profitable. 

18. If this experiment were to be repeated the following modifications would 
bemade':-

(a) the model would be made atleasttw'ice as long and preferably4 times 
as long-i.e., the longitudinal scale should not be less than ith the latitudinal 
and preferably not less than one-fourth. 

(b) instead of making N of the model equal to N ofthe original, 0 in the 
formula V = 0 ../RS would be made the same in the model as in the original 
and as 

O 1'486 -
= l'I !IR , or ON = Kt/R; 

with 0 constant, N will vary as !IR 
in other words, the model should be made relatively smoother than the­
original, which would be advantageous in experimental work. 
The experiments and calculations were carried out by Messrs. D. V. Joglekar. 

Assistant Engineer, and H. V. Katakkar, Sub-Divisional Officer. 



STATEMENT VII .. 
r StatlWlmt Of estimated waterlevels at various gauges of the Malegaon Cut with differertt conditions of lining 

I 

Waterl •• .J 
, 

I Difference 

I Depth of water 
Serial Water level Water level Water level Water level Water level I Water level level ReducUon 
No. 

C'onditionf' of water at G.! at G.2 at G. 3 atG.4 at G" 5 I -at G" 6 at G. 7 between . in afflux Remarks 
a.t G. I 

I I 
G. 1 and 

I , 

I 
G" 7 

I 
1 ----_._--- ---

I W. L for 620 Cusecs (i.f!., new 
F. S. Q.) Cut Unlined "" 10"39 140"85 140"18 148"06 146"82 145"61 145"18 144"86 4"00 .... Estimated. 

2 W. L. for 620 CUBeC8 lining the 
sides between F. S" L" and 
H"W"L" "" "" 

9"58 149"04 148"41 147"24 146"26 145"39 145"00 144"86 4"18 0"81 Do" 
3 W. L. for 620 Cusecalining the 

bed down to G.4 only "" 0"44 14S"00 14S"36 147"52 146"S2 145"61 145"IS 144"S6 4"04 0"95 Do" 
4" W. L. for 620 C08eC8 lining the \ 

bed whole length "" S"96 148"42 147"S4 146"84 145"94 145"26 144"OS 144"86 3"56 1:43 Do" 
S W. L. for 620 Cusecalining the 

bed and sides down to G. 4 
only ,. .. S"22 14;'68 147"39 147"02 146"S2 145"61 145"IS 144"S6 2"82 2"17 Do" 

6 W. L. for 620 Cusees lining the Value obtained in-
bed and sides whole length ""' 7"15 146"61 146"19 145"61 145"27 145"02 144"01 144"86 1"75 3"24 N~·014Exp. anD. 6. 

8a Do" 
I 7'59 147"30 146"57 146"02 145"49 145"14 144"96 144"86 2"44 2"55 N"="016" As per Nira Left ""I 

\ 
Ba.nk Division's Caloulation. 

7 W" L" for 452 Cosecs (i.e., 
, 

present F" S" Q")"" ""j S"49 147"05 147'35 140'35 145"35 144"35 143"95 143"45 4"50 .... As observed. 
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